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Occupations; Study Guides: *Trade and Industrial
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ABSTRACT

These curriculum materials are the first sectﬂon of a

four-part, secondary postsecondary-level course in metails prccessing.

The course is cne of a number of military-develcped curricuium

packages selected for adaptat;cn tc veccational instructioa and

curriculum development ifn a civilian setting. Block I, Introduction
to Oxyacetylene Welding, contains seven lessons covering fifty-four
kours of instruction: Shecp and Fllgh‘ 1ine SaFety Practices, Hand

Tocls, Operation and Maintenance cf Welding Equipment, Bead and Lap

Joirts of carton Steel, Butt Jdcirnts of Carben Steel, Tee Joints of

Carbon Steel, and Position Welding. Bleck II, Oxyacetylene Welding,

Cutting, Soldering, Brazirg, and Hard Surfacing, contains seven

lessons covering forty hours cf instruction: Mechaanical Drawing and

Blueprlnt Reading, Joints of Heat and Corrosion Resistznt Ferrous
Alloys, Cutting Carbon Steel, Silver and Lead Scldering, Bz az*ng
Steel and Gray Ircn Caetlngs,,Fusi;ﬁ Welding Ferrous Castings, and
Hard Surfacing. Instructor materials include a course charct, detal ed
lesson plans, and a plan of instructicn containing the units of
instruction, criterion objectives; and additional fiaterials needed.

Studert materials include a study gulde for each bleck with

cb1ect*ves, 1nformat’on, Teview exercises, and references for each

lesson: programmed text cr shcp safety: handcut of glossary welding

terms: 2nd handout blblﬂographles. Suggested audiovisuals are not
provided. (YLE)
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This military tecnnical training course has been selected and adapted by

The Center for Vocational Education for "Trial Implementation of a Model System
to Provide Military Curriculum Materials for Use in Vocational and Technical

Education," a project spomsored by the Bureau_ of Occupational and Adult Educationm,

U:S. Department of Health, Education;, and Welfare.



MILITARY CURRICULUM MATERIALS

. The military-developed curriculum materials in this course
package were selected by the National Center for Research in
Vocational Education Military Curriculum Project for dissem-

ination to the six regional Curriculum Coordination Centers and
other instructional materials agencies. The purpose of

disseminating tliese courses was to make curriculum materials
@v@ioped by the m]_lltaryf ary ﬂb’réfaCCéS’Sib’le +o vocational
educators in the civilian Setting.

The course materials were acquired; evaluated by project

staff and practitioners in the field; and prepared for _

dissemination. Materials which were Specific to the mlitary
were deleted, copyrighted materials were either amitted or appro-
val for their use was obtained. These course packages contain

curriculum resource materials which can be adapted to support
vocational instruction and cirriculum development.
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The National Center for Research in

Vocational Education’s mlssmn is to increase

the ability of diverse agencies, institutions,
and organizations to solve educational prob-
lems relating to individual career planning,
preparation, and progression. The Nationa!
Center fulfills its mission by:

* Generating knowledge through research

e Developing educational programs and
products

Evaluating individual program needs
and outcomes

Installing educational programs éhd
products

Gperatlng information systems and

services

e Conducting leadership development and
training programs

FOR FURTHER INFORMATION ABOUT
Military Curriculum Materials
WRITE OR CALL
Program Information Office
The National Center for Research in Vocational
__Education
The Ohio State University .
1960 Kenny Road, Columbus, Oh;o 2¥3210
Telephone: 614/486-3655 or Toll Free 800/
848-4815 within the continental U.S.
(except Ohio)
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Military

Curriculum Materials ~ What Materials
Dlssemlnétlan Is ... Are Available?
i‘;‘gﬁ;muin"w PRI B RO DTN :% i; K ',_'=r.'n"\'p.‘\,_.-h-;;;-ﬁ;.‘ .,_“‘ -: o

an activity to increase the accessibility of
military-developed curriculum materials to
vocational and technical educators.

This project, funded by the U.S. Office of
Education, includes the identification and
acquisition of curriculum materials in print
form from the Coast Guard, Air Force,
Army, Marine Corps and Navy.

Access to military curriculum materals is
provided thratigh 2 “Yoirit Memorandum of
Understanding ™ between the U S, Office of
Educatior. and thie Dapartment of Defense.
The acqu:red - 2azerials are reviewed by staff
and sulinct matter specializts, and courses
deemed appicat’e to vocational and iwch:

nicai educetion are selected for dissemination:

The Natunst Cent for Research in
Voeatio ul Ea-icaticsi i§ the US. O¥fice of
Cdueariagy osignated representative to
aquire ti macerials and condust tre project
activities,
Project Staff:

Wiesley E. Budke, Ph.D:; Director

National Center Clearinghouse

Shirley A: Chase, Ph:D:

Project Director

Q

One hundred twenty courses on microfiche
(thirteen in paper form] and descriptions of
each have been provided to the vocationzi
Curricuium Coordination Centers and other
instruictional materials agencies for dissemi-
nation.

Course materials inchide ,p“rbg’r,éhiﬁiéd
ihétiﬂ&’ti’dh; curriculum outlines, instructor
quicss; stoden: workbooks and technical
mangals;

The 120 courses represent the following
sixteen vocational subject aregs:

Agriculture Food Service
Aviation Health
Building & Heating & A
Construction Conditioning
Trades Machine Shop
Cleric- Management &
Occugations  Supervision
Communications  Meteorology &
Drafting Navigation
Electronics. Photography

Eriginie Mechanics  Public Service

The number of courses and the subject areas
represented will expand as additional mate-
rials with application to vocational and
technical education are identified and selected
for dissemination:

Contact the Curriculum Cog:dination Center
in your region for information on obtaining
materials {e:g, availability and cost). They
wil respond to your request directly or refer
vou 10 an instructional materials agency

closer to you

6URRICULUR COORDINATION CEHTERS

EAST CENTRAL
Rebecca S; Douglass
Director

100 North First Street
Sprmgfleld IL 62777
21717820759

MIDWEST

Robert Patton
Director

1515 West Sixth Ave.
Stillwater, OK 74704
405/377-2000

NORTHEAST

Joseph F: Kelly, Ph.0:
Director

225 West State Street
Trenton, NJ 08625
£09/29246562

NORTHWEST
William Daniels
Director

Building 17
Airdustrial Park
Olympia, WA S8504
206/753-0879

SOUTHEAST

James P il PhD:
Director

Mnssmsupm Statn University
Drawer DX

MISSISSIPDI State, MS 39762
601/325-2510

WESTERN ,
Lawrence . H. Zane, Ph.D.
Director

7% Unwersny Ave:
Honololu, HI 96822
808/048-7834
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’;5 Description
M- (1.5 first snction of a fo.r-part course on metals processing. Tramning for the entire course includss fabrication of welded structures and metal
w5508 of welding; cotting; soldering; brazing, and hard surfacing of various types of metals used in fabrication

we'd repairs; principles, techniques and proc
and repair of eguipnient; bigeprint reading; heat treating, hardnuss tasting, identification and prevention f €orrosion; os¢ ofhand and nieasuring
#t and jiower machinery such as arinders, anif presses, power saws, snd

tools: and operation and mainteénance of weiding, heat treating, rest cquipms
mietas cutting sheas.

itting shears. S3féty is emphasized throughout the course. Metal Processing Spocialist, Biocks | and Ul deals with oxyacetylene welding, cutting,

solJering; brazing; and hard surfacing, Two biocks ccver 94 bours of instruction.

Block | —  Introduction io Oxyacetyicne Welding zontains seven lessons covering 54 howrs of instroction: Three lessons on the course onientation,
Air Force career lidder dnd communications security were deleted. The remaining lessons and respective hours foliow:
Shop and Flight Line Safety Practices {1 hour)
Hznd Tocls (1 hour) .- .
Operation and Maintenance of Welding Equipment (4 houts)
Beads cnd Lap 16ints of Carben Stee! (12 hours)
Butt Joints of Carban Steel (12 hours)
Tee Joints of Carbon Steel {12 hours)
Position Veaiding {12 hcras)

Biock 1l —  Oxycetyine Welding, Catting, Soldering, Brazing, and Hard Surfacing cantains seven lessons coverirg 40 So50rs of instraction.
] 2n_lessons coverrnig 40 A0urs

Three additional iossons on Air Force Technical Orders, sugpiy systems, and inspection and maintenance were deleted.

Jeints of Heat and Corrosicn Resistant Ferrous Alloys (7 kours)
Cutting Carbon Stee! (6 fiours)

Silver and Lead Soldering (3 hours) ]

Brazing Steel and Gray ircn Castings (7 hours)

Fusion Welding Ferroos Castings {5 hours)

Herd Surfzaing (3 hours;

i i od lesson pians; and a plan of instruction
ng the units of instiuct:on, criterion cbjectives, the duration of the lessons, and additional materials needed. Student materials INCIOOE a studv guide
yi Block which inc'sdas cbjectives; information, review excreisas, and references for each lessdn: a programniec text on shop safety; a handou:

o contains both teacher and student materials. Printed instructor materials include a course chart; detait

itary technical manuals are referenced :nrcughout the
course. Thesa are not previded. AudiCvisuals $uggestaad for ose in the entire course \nclude 188 stides, 8 {:ims, 2 videotapes, and S t-dnsparency sets.
Audiovisaals 3re not providied.

Text moaterials are providad in the study guides, however, several commercial texts and m

— _ - _ 1 -
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1thrus5 ... . . Original
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COURSE CHART.

NUMBER PDS CODE DATE

.__3ABRS313% APT 15 July 1975

RSE TITLE

(etzals Processing Speclalist

RTC OPR AND APPROVAL DATE CENTER OPR__ _____ SUPERSEDES COURSE CHART

TTMS, ‘6 Nov 1972 Chanute/TTOXW 3ABR53131, 2 Jume 1975

DEPARTMENT OFPR APPLICABLE TRAINING STANDARD

Department of Weapon:Systems Support Training STS 531X1, 31 May 75

LOCATION OF TRAINING COURSE SECURITY CLASSIFICATION

_ Chanute AFB, T1linois 61868 UNCLASSIFIED

ARATION OF TRAINING CITERATURE

Group/Lock Step I ARl

INSTRUCTIONAL DESIGN TARGET READING GRADE LEVEL FOR PRES.

TERGTH OF TRAINING —
Hour

(A3 _Feeks, _0_baya)
Technical Training (TT) o N
Classroom/Laborabory (C/L) 450

Complementary Techmical Training (CTT) 100

Eeiafej i’iéii@iﬁg 7 (R’I‘) )

Standard Traffic Safety Course (Course VII) (AFX 50-24) J 12
Local Conditions Course {Course II) (AFR 50-24) _ 2
Supplemental Military Training (SMT) (ATCHM 50-20) 20
Sq commander's Call/Briefings (safety, security; WAPS; UQHJ
briefings) © 3

- 6
End of Course Appcintments, Predeparture Safety Briefing - 10

550

600

'iiIFOTAL S
MARKS e D —

Effective Date: 23 September 1975 with Class 750923

TABLE | - MAJOR ITEMS OF EQUIPMENT

‘Trajners: Demonstrator, Gas Welding 3217, Steel Tubing Welding 3216, Electrical
3219, Eiectric Welding 3218, Jet Epgine Repair 3215, Welding Torcmes 2967, Spark
Tester 4047, Oxyacetylene Cutting Applicatioms 4408, Tungsten Irert Ges (TIG)
Shislded Welding Specimens 4404, Hard and Soft Solder Joints 4406.
‘Training Eduipment: Electric Arc Welding Machines; Spot and Foil Resistance Wel
Oxyacetylene Veiding Equipment, Metal Cutter Power Shears; Power Saws, Inert Gas
Shielded Arc Welding Equipment, Rectangular Dri Bel Bubble, Pedestal Grinders an
Buffers, Metal Cleaning Equipment, Heat Treating Furnaces, Sand Blacting Machine
Drili Presses; Former—-Slip Roll; Hardness Testing Machinmes, and Tensile Testing
Machine.

ders,
d

REPLACES PREVIOUS EDITIONS AND ATC FORM 449 B, NOV 72

E B oa e 14
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3ABR53131 -

COURSE CHART = TABLE Il - TR&INING CONTENT

When o doubl

#he second ~ntry 13 CTT time.

NOTE: Tncluds time apont on technicol teelning (TT; (clossrocm/Ioborctary (C/L) ond complementary technical troining (CTT)}ond reicted

troining (RT). Exclude time speat ca Indivlducl esslsronce (remedlal Instruction). A single entry of time shawn for @ wnit is C/L tima.

RS PER
Wk N\DAY
| OF TNG

| 1y 2

F

Course Material - UNCLASSIFIED 60 EHours TT

BLOCK I - Introduction to Oxyacetylene
Welding

Orientation and Study Skills (2 hrs); Metals Processing
Career Ladder (I hr); Cormunications Security (1 hr):
Shop and Flight Lire Safety Practices (1 hr); Hand
Tools (1 hr); Operation and Maintenance of Welding
Equipment (4 hrs); Beads and Lap Joints of Carbon
Steel (12 hrs); Bitt Joints of Carbon Steel (12 hrs);
Tee Joints of Carbon Steel {12 hrs); Position Welding

(Equipment Hazards and Personnel Safety Integrated with
Above Sifbjecté)
60 Hours €/L

\, J

Course Material — UNCLASSIFIED 64 Hours TT
BLOCK IT - (Oxyacetylene Weiding, Cutting,
Solderi:ig, Brazing, and Hard Surfacing

Mechanical Drasing and Blueprint Reading (8 hrs);
Joints of Heat and Corrosion Resistant Ferrous
Alloys (7 hrs); Air Force Technical Orders (8 hrs);
Cutting Carbon Steel (6 hrs); Silver and Lead Sold-
ering (3 hrs); Afr Force Supply System (4 hrs); USAF

Inspecticn and Mzintenance System (6 hrs); Brazing
Steel and Gray Iron Castings (7 hrs), Tusion Welding
Pérrous Castings (6 hrs); Hard Surfacing (3 hrs);

Measurenent and Critique (2 hrs).

(Equipment Hazards and Pergonnel Safity Integrated with
Above Subjects)
60 Hours C/L

LT o

16 Bours RT

4 Hours CTT

FORK.

O  ATC eris

ﬂ;t PREVIOUS CDITION OBSOEETC.
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Y
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MODIFICATIONS

B5ass  J=F  of this publication has /“ave) been deleted in

adapting this m::erial for inclusion in the "Trial Implementation of a
&

Model System to Provide Military Curriculum Materials for Use in Vocational
and Techriical Education." Deleted material involves extensive use of
military forms, procedures, systems, etc. and was not considered appropriate

for use in vocational and techiiical educatior.

O
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-  PLAY OF INSTRUCTION (Cariued
i wg el T oTmm - SuRaTION ol
INITS OF INSTRUCTION AND CRITER!ON OBIRCTIvES .. HOORS! ; SUPPOR? MATERIALS AND GUIDANCE
! :
9. Tee Jotats of Carbon Steel 12| Colwm I Referemce S5 Reforemce
- . o Sa 3, 3, e
8. Glven oxyacetylens veldine equippeat e
and cazhon steel gpecizens; set m i wld Instructional ¥atertals
‘ee joiats In the flat position, free of SABR33LI1-SC-109, Tee Joints of Carbonm Steel
undercut, overiep, excessive penetratioz, and | 0 3%W-1-5 o
exidation for & total cozbined dtotesce of mo Yodern Weldiag (Chapter 1)
less thae 3/§ of the leagth of the specinen, -
evcludlag chie £I138 1/2 {neh start exd tis jast : Trsining Zouloment L o
1/2 iaeh Zafsh. ALL shog safety, good ‘house- f Sta;ienary,Ozyacetyiéﬁé}y':e}@iﬁgﬁﬁiﬁﬁht, Complete (1)
| xeeping, ad {ire jrevention zeasures must be | Tralger: 3217, Oryacetylene Welded Jotnts (12)
; thserved. | Pover Shasrs (6)
! i Toolkdt (1)
| Tralnlig Yetiods 0
,  Dlscussion/Dexonstrattan (2 Nis)
i ! Performance (10 hrs)
| L -
; : Tnstruct{onal Enviroavent/Design
l Classreon (2 hr)
! | Laboratory (11 hrs)
! « Erphasize welding safety and fire prevent{on stocedures. Explain velding
, i : Tequireranta for tee joints and joint set~gn procedures. Tnstruct
; ' ! student to rake naxtmm uSe of tetal coupons.
! "
I |
I 1
|
I
[ oo G a8 auCTIONNG. 3aRRS31Y] L7 Gepteser 1975 | PLOCKMO. PAGE .
T B 7/ AR S0 (Fisel Copp =B X 10 (Finat eeduction 1> include @i abis 33 iy '\,I.g :
3 _. Al ‘ B 7
\;;I ~




PLAN OF INSTRUCTION {Continued

LR OFETRLCTION kD CRTER O CBIECHES ;YH“;J;?{‘ SPPORT MATERIALS AND GUIDANCE
- 3
10, Positfon Weldisg 12 | Colammn 1 Reference SIS Refernce
T% %, B, 11f
a. Given orvacetylene velding eqz.ignent 10b 3a, B, 1
554 cazhoa sceel spectrem; vet wp and vzke S
f{11et welds da the horizental positioa, free Instructionsl daterlals
.f aderest, overlap, aad excessive oxidacion, | 33BR531313-83-110, Position Welding
for a total combized distance of no less than 0 3Wi-1-5
34 6f the legpth of tha specimen; exclnding Modern Welding (Chapter 1)
the firet 1/2 {nck stare zmd e last 172 dnch oL
fash, All shop safety, good housekeeping; Tralalng Eouipdest
ard fire srevention easures mst de cbserved. Statiouary Crvacetylene Welding Equippent, Comlete (1)
Trafser: 317, Oxyacetylene Yelded Joints (12)
b, Glven ozyacetylene welding equlpuent Povar Sheers (6)
and carbon steel specimems, set up und make Toolkit (3)
f11]es velds {n the vertical position, free L
of uadercut, overlay, ad encessive oxddation Trainfog Yethods
for a_tosal cemdized distance of no legs than Discussion/Deonstration (2 fars)
AT 5f she Terge of che speciman; excludlng Serforzaace {10 hrs)
the fizst 12 inch start and the 1ast 1/2 isch o
Faich. Instzuctional-Eavironsent/Desiy
Classroon (1 hr)
Labozatery (11 hrs)
Instructiosal Guldance ‘
Tohasise veldiog safety applicable to position veldiog, Sxplain velding
requireaents for Fillet velds. Explain jolot set-up, flade adjustaent,
tozch egles, aad molten pool control. Emphasize oroper joint set-up to
!cwmneﬁuurwsmdmus
1, Related Iriiﬁing ($¢entifled iz course 20
chart).
12; Measurement acd Critique 2
NP TN, 3336131 DATE 23 Sepresber 1975 | 090 1 PIGEMD. g
KTC 3N 1A Ly o {Final Copy - 84% - & X 107) (Find retion 1 nclds s et 3 i

KAN ) e VS GPO: 1971=020:40011 2
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S COURSE TITLE
PLAN OF INSTRUCTION Netals Processing Spectalist

300K TITLE

Oxyacesyleze Welding: Cutting; Solderiag, Brazing; end Hard Surfecing

DURATION

UNETS OF ‘NSTRUCTIIN AND CRITERION 0BJECT'VES (HOURS) 7 $305307 WATERIALS AND CUIDANCE
. ? 3 I
1, Mechzmical Drawing and Blusprint Readime 8 Columy I Referemce ST 2elerence
S , | a =3
a, Given shop dravirgs, diagrams, and 2 | b D
blueprints, {deatifv and intervret the L
doeasiods far each vith 754 sccuracy. Tnstructional Mterials |

T T b o BRSat-Se-a01, Yechasical Draving and Blueprint Reading
__bo Given graving zaterisls aad SRS | (6)
56-201; make shop drewings and sketches of

welded assesylies. Dravings mst be within Bloeprint: TA-3f; Mobile Filfng Cabinet
1/32 1nch of study gulde dimeasions. Charts, Yechanical Draving

Drawing Equipment (1)

Tratuiog Yethods _
Mscuss{on/Dexcnstzation (2 hrs)
Per{ormance (6 hrs)

Tnatructional Eaviroment/Desten
(lassroom (.5 hr)
Laboratoty (7.5 hrs)

Instructional Guidance

Emphasize the fmportance of shop drawlngs to the welder and nave each
student cotplete the stacion joimt shown im 3ABR53131-5G-201. Have
each student correctly interpret each part of the drawlng, Cautica
I students not to mark or write on any training literature as it is to
| 7 be reused by subsequent classes. Comserve draving paper, pencils,
and erasers.

PLNGF WETETT SN 3a8pS3) - - DS 33 coremter 075 | BONNE yr PRER. 1l
- - P - - - —_— -— — — — — — [— -
itc fom 1y PAEIOUS-COIT 345 CaSOLLTE. (Fincl Copy = 865 -5 X 108) (Pl i1 fnctod w00 st sl
NARY)
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PLAN GF INSTRUCTION {Continued)
— '
S ! BURATION R R ey
[ TOPRSTRICTGN A CRITERION G3,20" + &5 ,thouss | SuPPORT MATERIALS AND CUIDANCE
2. Jotats of Reas aﬂd CorTogion Resistant 7| Golum ] Refesence  STERaference
ferzous Alloys 2 i
D B, B, lsb
i Vishiost efdreice, {deansdy St | (9 | ke 3; B; ¢
ixd tses of Bt ang Corroslon resistant ferrous i 335 H, 18
alloys wvith 75% scourey.
o Ineructioﬂal—Haee;=al4 )
b, Civen Q;ya;etylehe w°1dinb e'ui?SEnE, (15) | 3RSIII-S6-202, Joints of Heat and Corrosion Resisteat Fertous Allovs
id Ledt aad corrogion Tesistaat fervous 2iley 10 34¥4-1-5, Welding Theory and Application
specizens, set up und Veld 1gp foints, Ired of Modern Weldtng (Chapter 18)
iadercat, oxidatios, overlap; and excessive. T0 1-1A-9, Aerospace Yetals - Gencral Data and Usage Factors
reactration for a tot8l combined distatze Of
=9 less than 1/4 of ¢he length of che specinen Audio ¥isua17Aida
excluding the firsy 1/2 fach stare aal he last Slides: otatnless Steel Joint Preparation
1/2 “ifsh. KID shgo safety, good housex2Eping, Transpagencles: Stainless Steel Jofnt Preparation
asd fize prevention pfdSureS pyst be otseTved,
! | Training Squipsent :
2. Given oxx«cet\lcne Lel iop =\-»rﬁeﬂf 1 (3) | Oxvacetylene welding Station Complete (1)
and hear gad corregio® TediStant fersous 2loy Bover Shests (9)
secizess; set wp and Feld butt foists wed Toolkit (1)
1 1008 penetration, fret of wdercut, overlas,
ad excessive oxidarion fof a rotal combised Train113 Mezhods :
t5tance of 76 less than 374 of che specieea Discussion/benonstration (2 hrs)
gxcioding the flrst 1/2 {nch gtare and the last Performnce (5 hrs)
1/7 fnch fiatsh, A1) $hop safety, 50 ; .
~ousek56;iié. and £178 Drevention pelsures ! Instrietional Eavironment/Design
st be observed. Classtoom (1 bt)
) | Lavoratory (b hrs)
d:  Givex omyscetylene weldizg quipment, ()
and hest and corrogiof tesistant ferrots alloy Tastroectonal Ceddamee . .
smwﬁmmmmmmmm mmmwM@mWMMNWMMMmmu
mdercut, overlay, s5d excESsive pedetrazien shios safety and fire orevention. Discusy the procecures for velding
for 3 toral combimey Clstance of oo less thaa | | lap; butt, and tng_fg;nzs of heat and corrosion reststant ferreus alloys.
3/6 of the leagth of the deciwen, excl iZing Exghasize conservation of netal; filler rods, and weldlng gases.
the flrst 1/2 tmch gtart &d che last 1/2
foch fiish. ALl she? safety, guod howseheep-
ing, and fire prevestion reasgres rust [
chaerved. i
i
g e, . I I _—
DG Tl NG Shengdad] L et 7 <e1:embev 1975 5LOZY NG, 17 PAGEND, {3 ]
- o ——— — O -
p."&%'?:o“.:;?ﬁ 7’:45;; u'f i(Fiﬁil Céf»i - 8 ) k.;jx !OV;) ’f"J "J'")N' MM;HJ" aved abore '5" i‘"' J
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PLAN OF INSTRUCTIOR (Continied)

UNITS 9F INSTRUCTISN AND CRITERION 0BJECTIVES

SURATION I
IMA0RY ; SUPPCRT WATERIALS AND GUIDANCE
H

4
.

Alr Torce Techzical Orders

3. Without refereace, ideatify the
pirpose, seope, amd pplicatien of USAT
sechaical orders witn 75% accuracy.

. b. Clyep techelss] ordere and {ndaxet,
lecate spesific ffems. Tvo of the three items
must e loceted correctly.

3 Colim 1 Sclsresce 75 Seferanee

4

(8 1% 5]
b ic
i i

(@ | Instructional ¥aterfals

i 3ASR93131-56-203; Alr Force Technical Orders
| ncpn S2-8; e Teree Teehutel Oxder Systes
ranch Technical Order File

. Suven techaical orders, read and 23
Interpret fechtical order calatanance d'av*ngs Audio Visual Aids
and diagrass. Tvo of, \ ee {tens mst be Fils: 1F 5390, Right the First Tize
corzectly read azd & ] o
) ’ . Trainlip fethods
4 wiesE ek f ,f (:5) | Discussion (1 hr)
procedures for ol vl L Sel-Instruetdon (1 br)
rep0tts. Performance (5 hrs)
Instructlonal Environment/Design
Clagstoor (2 Kts)
. Lahoratesy (6 hts)
Instructionsl Guldance
Steess the Lrportance of the EE?PE_‘ES_"‘_EEE““!C?}_0@953_‘?9 eurls.
Bave each studeat respond to the written items {n the lessoc and
aezomplish ATCPT 52-4, Alr Force Technical Urder Systez. Use T0
00-5-1 and T0 00-5-2; AFTC System and Distribution and Storage of
AF Techrinal Srder Svstem as reference material.
PLNOF 1TRLTT N 3yppeais) BE a1 Septanber 1075 | MO0 g | e 13
Ris : ::", Wi T oLt {Final Copy = 84% - £ X 10%) 1Ftnat redbchon b Includ ane dinie B4 llni




PACVIOL: EITiC CREDLECE,
UL GPO 1973.279 401,100

(Fraa reduction 1 nclulr @ea abave dhs (e

(Fine Copy =8 \).,J % 104

: B - ”AﬁQF INSTRUCTIO‘{ (Coh"ih‘o'
UNITS OF INSTRLCTION AND CRITERION 03JEC™. 5 = HOURS SUPPCRT MATSRIALS AND GUIDANCE
{ 2 b N
4, (Cuttlog Carbou Steel b Coluzn 1 Rolference  §75Reference
4a R
a, Fithout refcrg;gg, jdgg'if)jfghgf i &, B, &
f3c2608 pectaining to oxyacetylese cutting
oezations with 757 seeusily. IEssrucs ol Yoterials o
IBRIIL3L-56-204; Cutiiag Carbon Steel
b, Gims ory..cc"y e cutilng e‘up:r:xt T0 34W6=1-3
azé carhen stael specizens, cut up and porfore ¥cdern Weldicg (Chapters 3 and 4)
cutting cperaticns free of exeesgdve burrs azd
wmdercnt seceicss for a rotal combized dlstance Training Eyvipzent )
of no less thaz 3/4 of the lewgtb of the Oxyacetylens Velding ané Cutting Tozch Kit (1)
specizen. ALl ghop salety; posd heusekeeplag, Streight Lize Cutting Machie (12)
ané flre prevention Wedsures Zust bo ovserved. Osyseetylenc welding Station Complete (1)
! Pouer Shears (b)
% Teolkit (1)
i Treizer, Cryacetylese Tutting Asplications, 4408 (12)
scussm,mcqscratioa (i Hr)
Performazce (5 hrs)
 Irztruetione| Znviroameat/Design
Clagszoom (.3 hr)
Laboratory (5.5 hrs)
Iastruetiona] Cuidance L
Emskanize saﬁ.;: durizg the use of cutti-:g ipﬁéﬁ';; and to conserte
l uA)gcu Lo sivel pw..(..
|
1
|
| :
|
[
_;LN o N-,:;-«-. N e | 250 e gpuvpis 1075 RO/ Y L) PASEND. {}
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PLAN OF INSTRUCTICH (Contiaued) ]
URITS OF ISTRUCTION AXD CRITERION OBJECTIRES Al SUPPORT MATERIALS AND CUDANCE
i 2 3 _
5. Siiver and Lead Soldering T [ Colam 1 Gelerence SIS Referewce
S 5 s

& tdhea teference; fdentify the : 5h 3, 3, 1

arinciples and techaiques of lead and silver

soldasing with 757 accuracy. Instructional Materlals

L S JBRSIL31-56-205, Stiver and Lead Soldering

b Gves exyasstylsae waldizg equlpoect 0 é-1-5

and etal specizens; set up and solder lap and Yodern Welding (Chapters 15 and 16)

tee jolnits “Ath 1007 adiesion, free of

excessive overlay and oxidation for a total

cosBiaec dlstance of 1o lesg dhen i the

iengzh of the specimen, excluding the first

1/2 fnch start aad the lest 1/2 fach Halsh, Toolkit o) I

il shop safety, good housekeeping, and fire Tralger: Rerd and Soft Solder Jotmts; 4406 (12)

srevention caastres oast be observed. o
Training Methods .
DMscussion/Sesonstrazion (1 hr)
Petforzance (2 hirs)
lnstroctiont] Environsent/Destgn
Classzoom (L5 hr)
Laboratory (2.5 hrs)
Isstristional Cuidesce
Imohasize shop safety applicsble to soldering ‘operations. Stresgfi ¢
regulteiged for proper joint fit-Gp and the proper clesatng of matertal
srior o soldering. Rave each student respond to the written ftems in
the lesson. Euphasize conservation of high cost stlver solder.

MIDIFICATIONS |
;0 4,14 /é /7 of this publication has (have) been deleted in
adapting this material for {oclusion in the "Trial Implementation of &
dodel Svsten to Provide Flitary Curriculun Yaterials for Use in Vocationel |
PAGENC. {5

and Technlcal Education.” Deleted material involves extenigive use of

military forms, procedures; systems; etc: and was nov considered appropriate

——— — —— ——— I,

for use fn Vocational and technical educatxo1. .

0
’l redection b Includt ared diove 393 llnel
|
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PLAN OF INSTRUCTION (Continond

_ . DURATION oo S
i UNITS OF INSTRUCT ON AND CRITERION OBJECTIVES Jhoan | SUPPORT MATERIALS AND GUIDANCE
3. Gives vorkbook aad ASTora 349, ; out of the nadntensnce data collecs 's-t‘df{ Have each studeg;r respoad
ezplete 12 eatzles w1t S accuracs. £6 &ii vrittes Ltew i Sou and accomlish ATCET 52-1, Melnteasnce
Marageseat, Volume~T) II, III, and V. Make hooe study assigumect to
k. Glves xis' g_w_:;ggo._::g._.s!__mgx_zgg_fy m}:@%ﬂ -5-308;
:hc dtes aining to_the zaterial deficlency |
repozdf} system with 73h accuracy.
-, . .
8. Brazing Steel and Grey Iron Castingd 9 | Colem } Rnf»rence STS Reference
(7/2) I 5a $a
_g_.___q.z’_xgx_:g__nggeggggg!_;dentify the (5 ! & 3a; 3b, 16b
zecheaical properties produced by brezing | 8¢ 3, 3b, 16b
ferrous cast{afd and ferrdis Crought prodacts
vith 754 accoracy.
S msam-sc—-zos, Brazing Steel and Gray Iron Castings
b Givca oryacetylens welding equipment (4) | T0 34W&-1-5 ¢
gnd gray iros caspiogs, set up and braze dutt T0 34nd-1-7; Pluxes - Weiding, Brazing, and Solderiag
joluts with 1007 aheslon, free of encessive Vpdern Weldiag (Chapter 16) .
oxddstion and overlap for a total comdimed
dlstaaee of 16 less ram 374 the tength of the AudleFlouad Mde
specimen; exzlucing the fizst 1/2 fnch start Film: Braze Wniding Beads
ad the Last 1/2 foch Sefsh: LT shop safety;
5034 housekeeping; and fire prevention measures . Tradnt tng Equipoent
giist be observed. Dxyacetylene Welding Station Complete (:.)
B S Geizdess and Boffers (4)
¢ Glven oxyacetylens velding equipnent | (2.5) | Toolkdt (1)
and carbon steel specimens, set uvp axd braze
butt doints with 100X adheston, free of Training Methods
excessive cxidatioa and overiap for a total Discussion/Semonstration (2 hrs)
cocbined dlstaaze of oo less than 3/4_the Performance (5 hrs)
length of the specimen excluding the flrst o
1/2 ek start aad the Last 1/2 faek fiatsh: Instructionz] Enviroacent/Design
ALL shop safety; good housekeeping, and fire Classzsom (1.5 hrs)
prevention measures must be observed. Labozatory (5.5 hrs)
Isstrustional Guldames
Enphasize the lmortance of proper ;lo{.ggfsg;ggg, Elaze ad justmeiit,
adtieston; azd the use of Flux. Have each studeat respend to all
sritten {tes In the lesson. Make outside assigncent to r2ad 3iB "!53131-
36-279 and “odera Welding, Chapter 18. Administer apsralsal test upon
ek aoTAEIT NG SABRSSLN DATE 23 Septesbez 1375 BLOCKNO. 17 | et 18
.. 17A R e Aty (Final Copy-&/r,; R 1Final veductun R include @t abuee b i

5
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PLA OF INSTRUCTION (Continoed ]

UNI"S OF INSTRUCTION AND CRl v ERX\..N GSa :7l‘- ‘S

DURATION
(HOJRS)

, SUPPORT WATERIALS AND GUIDANCE
b

9. Tusion Velding Ferrous Castlags

EN W thout re‘erencg, 14 aat*fy t:e

- \\qgl.al .-aneanlcs o--l gl

var.ous
types of cast {ron with 751 accu'ac?;

b.  Givea netal specizens and g-lnding
equtouent, set op amd tdentify cast iron
castings by spark testing without error.
shop safety; good housekeepiag; asd flve
preveation zcasures must be cbserved.

Al

¢.  Glves oxyacetylene_velding eqqipment

ard atal specitens, set up and fusion veld
butt joines of grey cast irom, with 100X

senetration, free of wdercat and overlep for
a total cozbined distance of oo less tham 3¢
the length of the speciven, echuatﬁg the

frst 1/2 inch stert and the last 1/2 foch
firtsh. ALl shop safety, good hOusekeép*ng.

and fire prevention ceastres cust be observed.

corpletion of this assignment. Emphasize congervation of brazing rod

and {eereds =acal,

Colum 1 Reference $TS Reference

% Ua
9% 3 %, 1
9¢ 33, 3, e

Tastructional atertsls

TABRS3131-56-209, Fuston welding Perrous Castings
10 JdW4=1n5

T0 3iWé=1-7

Sodem Weld{ng (Chaoter 13)

budto gl i
Siides:

farrogs Cas:ings

Trnintﬁg Egﬁipmen _
Oxyacetylene Welding Station Complete (1)

Geinding Mickines (4)
Toolkit (1)

Tralafng Nathods
DtvCuss*c_7Dﬂson<tra*ton (1 he)
Performance (5 hrs)

Outaide Asafpnment (2 hrs)

Tastrietions] Eavironnent/Destg
Classroon () nx)
Laboratory (5.5 uzs)

I=struerions} Guldance
Erohasize the use of known specizens in identificatior of cast ;jon by
the spark &

a4titg procedute. Monitor che use of safety equipnent
during the spatk testing operation and the use of flux durlng cast {ron
velding. Yakc outside assignoent to vead 3BRS3IIL-S3-210 and Chapter
20, para 1 thru 20; Vodern Welding, Adrinister appraical test upen
colaticn of thily a9signbedt; Bophiasize comservation of ferrous

czstings and filler rod.

S_MNGE NS'QUCT O ND

NE 91 Soptesbir 1975

BLICKRD. s | iczie. g
II P S .ld_.__—

— 3RS
ATC sSte A PO TSt

—

{Fini Copy - 84% - 8 X 105
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NNOHMﬁMﬂWKwNw

UNTS OF INSTRUCTION AND CRITERION 0BJECTIVES

DURATION
?vnouay

SUPPORT MATERIALS AND GUIDANCE

100 Zazd Surfaelng

& Without refeterce, {deatify the

ourpose; tvpes; and hechanical preperties of
hard suzfaciag zaterials with 757 accuracy,

b, Gises o-vace:ylene w.lding equipzent

ard carbea steel specizens, set vp end perform
har¢ surfacing overations, free of excessive

vadercut, overlap, and porosity for a total
cosbiced distance of o less thaa 374 the

lengeh of the specimen; excludiag tae first
172 {ach start & the last 1/2 dach findsh.

AlL shep safety, gocd housckeeplag; and fire
prevent{ion 2easures must be observed.

G _\_;_mn .md sur‘aced specimens and
grinding equ‘r:ent. S8t p; grina, ad

firdsh hard susface deposit to 2 smooth, even
sorface no greater than 3732 of Z tack over
the eatire area of the specimen. All alop

safety, gosd Sousexeeding, amd tize prevention
=easures aust be observed.

il. Related Tralning (ideatified in course
chazt).

12, Yeasurededt ang Critique

STS-Reference
%a

3, B, 16
38, 3, 18

I&éiﬁ'i’ié&ﬁ &iiééﬁig

;_Lo_aa"aﬁi-a

Modecn Neldiz iChattét 20)

Oxracetyiene Welding Station Complete (1)
Grinders and Buffers (4)
Toolrit (1)

Trainiag ‘lethods
Discusslon/dcmnsr ation (1 hr)
Pecforsames (2 hrs)

Qutside !ssigament (2 hrs)

¢ Instructiosal Eovironment/Desiom

: Classrons (.5 he)

LaSezator (2

16

5 hts)
Instructicnal Guldance

Imysasize fafetj during grinding (operations and torch

Hake outside assignseat to read
lodern Welding.

3\3%31?' ”‘-301 ~and Chapter 6'

of nard surfaciag rods;

flaze adjustzent

Enphasize conservaticg

RICT .-

s i v [ o8

| JJ

N — papa— AP
UM DE NTTEYITION NG, 3ABR53131 777’L”E 2 SGDCEBEE_IS 5 BLACK ND. II A0b Ny 2 ]
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_LOUPSE NUMEER ¥ CHOURSE TiLE - W—‘ .
) RSBIBI Mctols Processins opec:.alist £Qf£én ns
JLOCK NUMOER DLOCK TiTLY
I Irtroduction to Cyyacetrliene Vielding o
LESSON TITLE -

Sholand Flight Lins ua.fcjy Practicea
LEUSINN DURATION
C“"'“‘°°"‘/ﬁabomtory Cepmiementary ToT AL
S=T ; hvﬁ?rw-v : 2 Y Hone 1 hr

_ POLREFYREMNCE

PAGE NUMSOER

PAGE DATE

) & 7 PALAGII Al H
-3 - - | 23Sep T5 b
o . . STS CIS REFERCNCE
NUMBER DATE
s7S 5313(1 _31 May 75
b _ L _ ‘UPER\ISOR AFPRG\ At
SIGNATURE DATE I B SBiGHATUNE - - - DATE ——— —

i)

PRECLANS PREPAPATICH

127-101.

L

“Jeaching steps aro 1listed in Part II.
w—

- Eo?:fzigg:c’%cgafvso r: O;“jlfi'fv CLASSIFIED WATERIAL Unci";;r;%g'gi:;,‘.?irai
S
wlone Tone Non3 1. 3ABR53131-GG-104
2. PT Fundsmentals
102¢C
CRITERION OBJECTIVES ‘ND'YFTCF&H;VS{;V: _
a., Given a list pertaining to general housekeeping, identify procedures comsistont
with sa.féty and fire prevartion meesures IAW AFR 127-101.
bs Given e list perbaimng to sl:op se.féty in the psrformmance of mqulred tasks,
identify proper safety procedurcs IAW AFR 127-101.
6. Civen illustrations of radiation hazard maxrkings, correctly ident:.ffy- each
IAW TO 00-110%-3.
‘d&; Without Teference, correctly idenmtify flight linc safety hazards and precoutions
IAW AFR 127-101i5 T
é. Given health and safoty equipment, correotly utilizo the egipment IN AFR

FORM_
AUG 72

770

ATC

€ CPro:1972729-306/23




INTRODUCTION TIME:  tO Min.

ATTENTICN:

FEVIEW: Security classification; identity of classified information; transmission
of clessified information; voicé communications security.

OVERVIEW: Shop end flight line safety; fire prevention; identification of
radioactive parts and materials; use of health and szfety devices.

MOPIVATION:

BODY TIME:
17 Practice general housekeeping con-
sigtent with safety and fire prevention:
a. Keep machirnes and floors clear.
b. Do not leave scrap behind shears.

Use proper cans to discard scrap.

QI
.l

=78
.

Keep your work area clear.

Eliminate fire hazards.

o]
.

(1) Mo Tags or other combustible

materia® in zrea.

(2) No tooks or paper on wozk
table.

f. Iocztion of fire extinguislker
g. Phone number, base fire department

h. Xo flammabls materials in open
containexrs.

i, Swmoking areas

]
3

A\ 2
[V

38




TN S
j. Electrical hazards
(1) Equipment grounded
\ (2) No frayed or bare wires
§ (3) Equipment properly fused
; 2. Shop Safety
3 ,

a. arrange hoses and arc welding leads
neatly

| b. Combustiblé material containers
? (1) Flush
" (2) Steem

(3) Electrically grounded
c. Hot metal

(1) Mark hot

7~ (2) Time
: (3) Guench -

d. Fire extinguisher in immediate

area

Cylinders

2]
1]
.

(1) Storage

(2) Marking

(3) Hzndling
f. Xeep tools not in use in proper place
g. Store metals in rack
h. Shop area

(1) Clean

(2) Well lighted

£ (3) Well ventilated




———— s B R

3. Markings epplicable to radioactive parts,

material, and areas:

a. The grimary purpose of the various AFTO

woerning or identification purposes as

described:
T b. All signs display the distinctive magenta
insignia against a yellow background with
black block type:

&

c. TO 00-110N-3, Reguisitiom, Handllng,
Storlng, and Identlflcatlon of Radioactive
ard Radloactlvely Contaminated Material:

E. Obsexrve flight 11ne safety hazards and

precautions

a: Insure that explosive hazards do not
exist.

5. Base fire warden wiii dec1de whether
weidzng will be performed when fire

- hazard exists.

c. Have fire extinguisher in position prior
+f\ ~ve1f1svls )

d. Weld on aircraft only in case of

emergency and only by special pe:mlss’on
of Chief of Maintenance and Fire Warden.

e. Weld in designated safe area.
5. fmiizé health and safety equipment
a: Protective clothing and equipment
) (1) Use of guards on machinery
| (2) ciothing suitable for job
(3) Eye protection
(L) Select the right tool for the job

(5) Ventilation

'-\) | 4,()




APPLICATION:

34BR53131 -Ws=10L.

1. Student will review end complete

EVALUATION:

1.. Student must answer correctly 75% of 211
guestions.

CONCLUSION TIME: 10 Min.

SUMMARY :

« Safety and fire prevention

. Shop safety -

: Identification of r&Giodctivs perts and materizis
. Flight line safety

- Use of health and safety dsvices

VUL N

. ASSIGIMENT:

1. Review notes

2. Review 3ABRS3:13:-SG-104, Shop end Flight Line Safety Practices
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I OURSE NUMBER /

/

COQUMSE TITLE

i 3R531 31

Vietgla Processing Specialist

sLOCK NL'MDCR

BLOCK TiTLE

I Introduction to Omcetylene i(el&ing
LESSCN TITLE
Handtools . _ . i
— LESSON DURATION
CLASSROOM /ﬁgborg'bov B CamplerentaTy TOTAL
D& D .5 hy/Poxf oF = Tona Thr

POI REFERENCE

- PAGE NUMOER

PAGE DATE

23 Sop 75

PARAGIRAPH

B SIS-CIS REFEPLNCE -

IN LABORATORY

NUMBER DATE
STS 531 2 3t %y 75 o
SUFERVISOR APPROVAL _
SIGHATURE DATE SICHATURE GATE
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Toolkit

1. 3BIR53131-56-105
2. Chart: Typen
of Files

CRITERION OBIECTIVES AND TEACHING STEPS

- a. Given a toolkit,
without error.

select and demonstrate the proper use and care of handtools

Teaching steps are listed in Part II.

—
ATE FORM_ - —_—— R T
ATC Jlemz 170 .

frero: 1972 779-306/23

R

PArunrext provided oy eric i




~N - | INTRODYCTION TRE: 10 Min.

ATTENTION:

REVIEW: Safety and fire preventicn; shop safety; identification of radicactive

parts and material; flight line safety; use of health and safety devices.

OVERVIEW: Select; proper use; and cere of handtools. Storage of Shop equipment

and meterizls:

MOTIVATION:

BODY PIVE:
PRESENTATION:

1. .Select use and care of handtools

a&. Hack saw

{ij Types of frames

3]

(a) Fixed frames
(b) 2djustable frame
(2) Biades
(a) Teetn per irich
(b) Kind of teeth
(c) Sslection of blade
(d) Cutting speed
b. Classification of files
(1) Name

(2) Grade

(3) Cut




"7\ c: Parts of a file
(1) Tang
(2) Hoel
(3) Faos
(L) Length
(5) Edge
(6) Tip
d. Correct usage
(1) Speed
(2) Pressure
(3) Cleaning
‘6. Safety precautions
£: Cold cnisels
f’\ - (1) Uses

(a) To cut metal

(1) Cape

(2) Fiat

(3) Round nose

(k) Diamond

(1) Xcep properly ground

2. Storc shop cquipment and material
;;. Compressed gases

. (1) Oxygen anc acetylené cylinders
' stored separately.

V¥

{

W



™ ®@

Stored in cool drv avea

(3) Cylinder shal be secired in
an upright pesition

(L) Mark cylinders MT when empty
(5) Handle cylinders with care

b. Volatile fluids

RN RN ALY b .

(1) TUsed waste, rags, and other

combustible material shall be

placed in covered metal cans

(2) separate containers so marked
are used for oil or paint soaked
regs.

(3) Covered metal contalners are also
provided for clean rags.

APPLICATION:

- 1. Student will select and demonstrate the

™ proper use and care of handtooils:
20 Student will review and complete
. 3ABR53131-WS=105

EVALUATION:

* 1. Student will select and demonstrate the

proper use and care of handtools without

error.-

3. Student will answer questions with 7590

dccuracys

CONCLUSION TIME: 10 Mix.

SUMMARY: - ]

1. Review selection, use, and care of handtools:

2. Storage of shop equipment and materials
ASSIGIMENT: S o

1. 3ABR53131-SG-106, Operation and Maintenance of Welding Equipment

(A
(1
an




2+ Road TO 3LWh=1-5, Welding Thacory end Application, Chapter 5, pars 5-1
' thru S—is;

2

Modorn Welding Handboox, Chapter 2; para 2-1 thru 2-35.
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INTRODUCT 1 ON
TIME: 10 Min

ATTENTION:

REVIEW: School objectives: Career ladder: Security: Shop and flightline
safety: Handtools.

OVERVIEW:Assemble and operate welding equipment: Check for leaks: Adjust
for proper flames: Close down and disassemble welding equipment:

Operator maintenance on welding and cutting equipment.
MOTIVATION:

BODY —
PRESENTATION :

1. Assemble and operate oxyacety lene

welding equipment.
a. Welding equipment in general.

(1) Stationary or portable
stations.

(2) Regulators.
(a) Single or two stages:
(b) Hoses
(c) Torches
(d) Tips
(e) Gases
1 Oxygen

99% pure

|0

Acetylene

It

a Compound of carbon and hydrogen.

b Stable at 15 PS|
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29.% PS| becomes self-
explosive.

o

Acetone is used to abscrb
high pressure.

le

Absorbs acetylene 25

(@

times its own volume:

Acetone will discharge
with acetylene gas un-
less allowed to stand

fn an uprignt positicn:

(b

(f) cylinders
1 Contents

Pressures
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Storage of cylinders

1=

portable unit

-

b: Assembly o
(1) Necessary equipment
(a) cylinders
(b) Regulators
(c) Hoses
(d) Toren
(e) Tip
c: Operation of equipment.

(1) Proper procedure for adjust-
ing regulators.

(a) 5 1bs for acetylsne
(b) 10 1bs for oxygen
(2) Lighting the torch.

~ {3) Shutving down.

L
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2. Test apparatus for gas leaks

a. Method used for checking is
done with soap and water:

b. Leaks in the welding hose
can be located by immers-
ing the hose in clean water

using normal working pres-
siires. ’

3. Adjust torch for welding flames

a. Ration of gases:
(1) Neutral i-1 ratio:

(2) oxidizing 1 1/2 part oxygen
(3) carburizing | .1/2 part
acetylene
b. Lighting the torch

~
~

c: Types of flames and temperatures
(1) Neutral 5850 degrees
(2) Oxidizing 6300 degrees

 (3) carburizing 5700 degrees

4. Close down and disassemble welding
apparatus. :
a. Tiurn acetylene off first

b. Then oxygen.

c: Open torch needle valves one
at a time and bleed the hoses
and regulator

d. Close the torch needle valves.
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screws counterclockwise to
relieve the pressure on the

diagram.

f. Hang the torch and hose up
properly to prevent kinking
the hose and aémagihg the

torch-

5. Perform operatcr maintenance on

welding and cutting equipment

a. Faulty regulator

(1)

Leakage of gas between seat
and nozzle.

(3) Graduz! increase in work-
ing pressire

(b} Defective bourdon tuba.

b. Maintenance

(4

(5)

(6) .

(7i
(8)
(9)

Test regulator vaive seat
Test for leaky connéctions

Correcting leaking valve
seat

Correcting leaking connec~
tions

Repairing ieaking diaphrans
Repairing leaking torch
valve

Cleaning torch tips
Clearing clogged tubes

Repair of hose
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c.

Practice shop safety in perfor-
mance of required tasks.

(1)
(2)
(3)
)
5)

(6)

Use goggles wten ,O0RITg
directly at flemr.

Wear protective clcthing.
then close box.

Never leave torch burning
while hung on hanger pro-
vided on bench.

Sy

Always turn off the acetylene

torch valve first.
Hardling materials and equip-
men t

(a) Lifting

1 To avoid strains, sprains,
2nd hernias due to impro-

' per lifting, levers, jacks
and other moving equipment
shall be used to move

heavy equipment.
\f 1ifting must be done
by hand, obtain help to
avoid strains.

i~

3 Stnad close to the 1oad
and 1ift with the legs.

(b) Handling

1 Finger rings shall not
be worn when handling

or storing material.
Gloves shall be worn
when handling sheet
stock:

N
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APPLICATON
Fach student will perforin the following.

1. Assemble and opzrate oxyacetylene welding
rig.

2. Test apparatus for gas leaks
. Pdjust torch for proper flames:

Close down and disassemble welding apparatus

E A VA S

Perform operator maintenance

on welding equipment

w

EVALUATION:
1. Student prcgress will be checked during

set up cf equipment for proper procedure.
7. PAsslstance will be given wnen NECassary.
CONCLUSION: . TIME: 10 Min
Surmary :
1. Asseibling and operating welding cquipment.
2. Test apparatus for leaks
3. Adjust torch for proper welding lames.
L. Ciose down and disassemble welding equipment.
5. Perform operator maintenance on weiding equipment.
ASS I GNMENRT:
Review notes o - S
Read 3ABR53230-S5-107, Beads and Lap Joints of Carbon Steel
Answer questiols in 3ABR53230-WS-107. o
T0 34Wh-1-5 Welding Theory and application para 6-1 thru 6-11.
Modern welding para 1-1 thru 1-34;
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GRAPRIC ATIDS AND
UNCLASSIFIED MATERIAL

(cont)

Film; Lipes of Susion
s
Film: Fillet Wolds
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- INTRODUCTION TDE: 10 Min.
)
ATTENTION:
REVIEW: Assembling and operating welding equipment; test for gas leaks: proper
welding flames; close down and disassenble welding eguipment; operator
maintenance on welding eguipment.

OVERVIEW: Characieristics and uses of carbon Stééi§ setup and weld beads; welding
: lzp joints in the flat position; opsrating power equipzent; preparing

metal specimens.

HOTIVATION:

BODY TRE:

PRESENTATION:

1. Characteristics and uses of carbcn

steel

£. Three types of carbon steel
N (1) Low carbon .008=1030
® (2) Med carbon 1031-10L5
(3) Migh carbon 1046-2%
b. Characieristics of carborn sieel
(1) - Weldability depends upon carbon
conttent
(2) &s carbon content increases
weldability Cecreases.
(3) Carbon is a hardening agent used

in steel to make it more stronger
C. Uses
(1) Weapons siyters

(2) transpertation




(3) Home

(4) Industry
Properties of metal

(1) Beat conductivity
(2) Expansion

(3) Contraction
Controlling expansion and contraction
(1) Pixtures

(2)  Stress relieving

(3) Amount of heat

(k) Velding seguence
Strength of welded joints
(1) Weld metal deposit
(2) Tyse of soint

(3) Size of the weld
(L) Iocation of the weld
{(5) Opératcr skill

Te Tmi nology

(1) "T# thickness of the base metal
(2) Fusion zore

(3) Root

(4) Throat

(5) Weld reinforcément

(6) Tace

-(7) Toes

w
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Set

(8) meg (lap joint)

(9) i?enafrafion

welding methods

(1) Forehand

(2) Backhand

Filler rod

(1) Composition

(2) size

(3) Purpose

Welding tip size selection

(1) Thickness of the base metal

(2) Heat conductivity

Joint preparation

(1) Femove scale; rust; oxides
from fietal, to keep impurities
out of the wld.

(2) Burrs must be removed from
edges
(2) Grindexs
(v) Files
(c) Position plate

Beads without filler rod

(1) Neutral flame

(2) Molten poct (2480-2750° F)

(3) Silight circular motion in
direction of travel

(4) Bead width

L

(Lh
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" ©. Beads with filler rod
(1) Neutral flame
(2) Molten pool

(3) 2dd filler rod to leading
edge of molten pool

(1) ¥ovo torch from side to side

(5) Forehand method

(a) Por metal up to " thick

(b) Torch angle 60% in the dize:-
tion of travel

(c) Filler rod L5°

d. Bead specifications
(1) 1/16" - 3/32% thick metal
(2) Bead width 2-4 7
o (3) Penetration 25% = $0%
- (L) Reinforcement 1T max.
3. Set up and weld 1ap joints in the flai
position
a: Types of lap joints
(1) sipgie fiilet

(a) Weld:d on one side only:

(b) Docs not develop full strength
but is strounger thain a butt w&id
on some applications.

(é} When tubing or framer overlap or
telescoped together the lap
joint ig preferable to the butt
joint.

(2) Double fillet
(2) Welded on hoth sides
— ; L

|
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(3)

(b) Suitable for more severe
load conditions then
single fillet lap joint.

(c) Does develop full strength
of the base metal.
Joggled lap joint

(a) Used when metal must be

kept on the same plane.

(b) Difficult to prepare:

(c) Produces a greater strernith
than the single fillet lap
joint:

Welding specifications for lap joints
& St F J

(1)

(2)

(3)

Fusion zone

(2) The area of wold zetal
which has penetrated beyond
the original surface of the

base metal:

Legs - Usper, egual o base

metal (27)

Lower; 1= T

Poot

(a) Portion of the veld metal
depogited at the bottom of
the joint..

Toe:; good fusion.

(z) Iocated zt the edges of the

weld face:
(b) Without undorcut or oveslap:
Face slightly convexed
(a) Outer surface of weid Face

Penstration

o

60



() 30 to 50% of thickness.

N S
(7) Throat
(a) 1T
: (b) The distance through the center
; of the weld from the root to the
: face:
H
P (8) ©On metals of different thickness;
g base specifications on lighter
metals
c. Procedures for lap joints 1/8" or less
(1) clean and deburr
(2) Overlap plates L-6 T:
(3) Tack at 13" intervals
(4) GCheck fit up
(5) Forehand method of welding
- (a) Torch angle 60 degrees in
N\ direction of welding:
(b) Filler rod L5 degrees
(6) Pre-heat metal plates-
| (2) More heat on bottom plate:
(7) AXdd filler rod in upper edge
" of molten pool.
(8) Keep molten pool centered
between both sheets of metal:
(9) Determine speed of travel by
size of molten pool.
d: Welding faults
(1) Excessively concaved bead
(2) Too much heat
(b) Not enough filler rod:
- 6
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) (2) Excessively convexcd bead
(a) Not enough heat
(v) Too much filler rod
(3) Undorcut
(a) Usuelly at toes of welds
(v) Wrong torch angle.
(c) Overheating
(L) Overlap
(a) Usually at toes of welds
(v) Underhsating metal
(c) Tuproper addition of filler
rod
L. ;6péra£é power equipment

&: ©One operator at a time.

“N "b. Eemove all jewelry

c. Material will be placed under hold
dovm.

S. Practices safety in operation power
equipment and welding equipment

a. Yo horse playing or running allowed
b. Secure proper guard on grinders.
c. Keep machines and floor clean.
&. Chock for clectrical hazards.
2. Sccur: oxyacetylene rig.
6. Utilize nealth and safety equipment

a. Proicctive clothing and equipmént

-
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(1) Use of guards on machinexy
() Clothing suitable for job
(3) Eye protection
APPLICATION
1. Given materials and eguipment for stringer
beads and lap joints, the student will:
a: Prepare joints for welding
b. Weld joints to specifications

2. Students will observe all safsty pre-
cautions during accomplishment of project.

EVALUATION:

1. Students projects will be checked during
layout; and welding for proper procesdures.

2. 4Assistance will be given whan necessary.

) END OF DAY SUMMARY
SUMMARY (Day 2 - 2 Hrs)

1. Chardcteristics and uses of
carbon steel

2. Velding procedures

3. Velding faults

;. Specificatioris on welding beads on
plates and lap joints

5. Operate power equipment; pieparc
metal specimens

ASSIGHMENT:

1. Review notés of classroom -

discussion:

2. FBeview JLBRS3230-56-107 axd

34BR53230-W5-107.

o
|
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M thru 6-11
L. Review Modern Welding Handbook,
para 1-1 thru 1-23

INTRODUCTION TO NEW DAYS INSTRUCTION

(Cont'd Day 3, 6 hrs)

5 1. Remotivation:
2. Review:

a. Characteristics and uses of carbon steel

b. Set up and weld beads
c. Set up and weld beads in the flat position

d. Operate power egquipment and prepare metal specimens

3. Check home work assignment.
APPLICATION: (Cont'd)

Refer to objectives 2;3,Y

R 2 TR

1. Given materials ard equipment for
stringer beads and lap joints the
student will:

a. prepare joints for welding.
b. weld joints to specifications.
2. Studerits will observe all safety pre- :

catuions during operation of power
equipment and preparation of metal

specimens.
" EVALTATION:

1. Student project will be checked for
proper welding procedure and preparatiom.

2. Assistance will be given when necessary.




S L o
SUMMARY (Day 3, 6 hrs) 1. Welding beads

END OF DAY SUMMARY

2. Set up and welding of lap joints
in the flat position
- 3. Operating power equipment and
preparing metal speciiiens
- ASSIGNMENT: B ) S
1. Review notes taken in classroom
discussion

2. Review 3ABR53230-SG-107 and work

- : 3. Review TO 3LW4-1-5 para 6-1 thru
: 6-11

L. Review Modern Welding Handbook
para 1-1 thru 1-23

INTRODUCTION TO NEW DAYS INSTRUCTION
(Cont'd Day L, L hié)

7N 1. Remotivation

RN A
BEY: 1 S

2. Review

a. Welding beads
- b: Set up and weld lap joints in the flat position
. c. Operation of power equipment; metal preparation:

3: Check home work assignment

APPLICATION: (Cont'ad)

Refer to Objectives 2, 3, L

1. Given meterials and equipment for
stringer beads and lap joints; the
student will:

a. preparc joints for welding.

b. weld joints to specifications.

10




XX

m Students will observe all safety pre- 7
cautions during operation of power equipment
: and preparation of metal specim-ns.
¥ EVALUATION:
1. Students projects will be checked during
layout and welding for proper procedures.

2. Assistance will be given when necessary.:
CONCLUSION TIME: 10 Min
1. Characteristics and uses of carbom steel
2. Set up and weld beads
3. Sét up and weld lap joints in the flat position
‘. Operate power equipment and prepare metal specimens

ASSTCIIENT
A

"~ 1. Read 3ABR53230-SG-108, Butt Joir: of Carbon Steel

- 2. Inswer questions in 3ABRG3230-WS-108

3: Read TO 3LWL-1-5; Welding Theory and Application para 6<7b.

g’

4. Read Mcdern Welding Handbook, para 1-20

)

b




. e e e il il ee leim it aeee rp—

LERSOM PLAH ( Part), Geiieral)

v

APPAGUAL OF FICL AND DATE

LTI O

PEIL 22 M7 _ | o

o mnen 7 P

ABRS313L Metals Processing Specialist.

_ALCOCK MmNt N Ve e TITLE

L | "fntroduction to Usyacetylens Welding

LEsioN TITLE -
| Butt Joints of Carbon Steel

S _LLSAIH DR ATINN ] L
cLassnczw /Laboratox; Complementary . 1=
) g P :

D&p2 o ot A0 Torh
D & D 2 hrg/Perf 19 None ! l - 1 hrs

RS HR 22 S TN 3 B el . o

PAGE nuMeLR T wEg A T \_?»n\vhrnu

1 ; 23Sep 75

S €iC g RiiERiNT L - L
NUMBER a "?';7 ¢ = -
STS 53111 | 31 May 75
L SURLRNISOR ARIRAN AL -
5IGHATONE - naty T A tnt oArh

Pis m L Ann P RE I ARATION ) —

ﬁ EOL::J'.’CIE\:;II:AOYCC.,}:\ED It ,(;\,:\1,“;,’.‘:!:::!‘ tL?.f-:;fii';§ VAT AL " .(~":‘r|£vc ?\IF'E,_A'ZU, B
i S _ SLCLANYIEILD T FInaAL
1. Stationary Oxy- None 3ABR53131-SG-108
acetylene Welding Toolkit None 1. 3ABR53131-5G-108
Equipment, : 2. 10 34Wa=l=3
Complet: i 3. Modern Welding
_ Complete Bepchatail
I P (Chapter 1)
2. Trainer: 3217 . MTUCEC .
3. Power Shears G- Slides - Burt
) | 5. Film: The Square
Butt Joint
L _
— ——— CHRITERON QOUZECTIVEY . 2D TEACHIE. ZT00S
r— - - - R — - - -
a. Given oxyacetylene welding equipment and carbon steel specimens, set and weld
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o . INTRODUCTICH PIME: 10 Hin.
r
ATTENTION:

REVIEV: Characteristics and uses of carbon steel; metal preparation: welding
beads; setup and weld lap joints in the {lat pesition; welding

terminology; cperating power equipment: weld bead spocifications:

. OVERVIEW: Preparation and sot up of metal for a butt joint; types of butt
joints; welding technigue; weld bead specificaticns.

MOTIVATION:

BODY TRE:
FRESENTATION:

. Joint preparation

[y

a. Rexmove a1l scale; rust, and
oxides from the metal surfacs

£c keep impurities out of the

ﬁ’i welcd.
b. Purrs must be removed from edges
{1) Grinder
(2) File
c. Thickness of metal

(1) 1/8" or less no beveling
required

(2) Over 1/8% bevel one or both

(3) sinzgle v
(L) Double V
(5) Single U

. (6) Double U

68
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2. Set up and weld butt joints in the flat
5 position.
a. Edges on the same plane
b. Support plates with edges between
- fire bricks
c. Rigid butt joints
(1) Space 1 T
7 (2) Tack at 13" intervals
) (2) Keep tacks small
- (b) Check alignment after tacking
(c) 100% penetration
- (3) Use horse shoe method
- (2) Repeat process as filler
m0d is added
d. Opén butt joint
~ (1) One tack is required to hold
sheets of metal on the same
plane. :

(2) Space front edges 1T and back
edges 1T plus 4" per foot of
seam length

3 L
e. Welding procedure

(1) Clean metal

(2) Neutral flame

(3) Use forehand method

(L) Torch angle 60 degree

; (5) #iller rod L5 degree

(6) Inner cone 1/16" above molten

pool
s 2
gy
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)

f.

(7) Dip filler rod in center of
molten pool

Weld bead Specifications

(1) Height of reinforcement 75% of T.
(3) Penetration 100%

(L) No undercut

(5) No overlap

(6) Even contour

(7) Taper gradually into base metal
at the toes of the weld

Operate power equipment

g.
b.

c.

One operztor at atime.
Remove all jewe -~

Material will be placed under hold
down clamp

Practice shop safety in performance of
regquired task

No horSé playing or rurning allowed
Use guard on machinery

Wear proper eye protection

Practice géhéféi housekeeping consistent
with safety and fire protection

a.

b.

Keep machine and floor clean.
Do net leave scrap on shears
Keep work areaz clean

Eliminate fire hazards

L e o oo RENE PP TRVeY
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. {1) No rags or other combustible
™ material in area.

(2) Use proper container to discaxd
scrap in.

APPLICATION:

1. Given materizls and eguipment for
welding butt joints the student will

a. prepere joinis for welding.
b. weld joints to specifications.

2. Students will observe all safety tre-
ceutions during accomplishment cf projeci.

EVALUATION:

1. Students projects will be checked
quring layout and welding for proper
procedures.

5, fkspistence will be given wner necessary.
END OF DAY SUMMARY
SUMMARY: (Dey L, 2 hrs) ' s
1. Joint prepzraticn
2. Set up

3. Welding procedures
L: Bcad specifications

ASSTIGEMENT:

1. Review rotes tzken during clase-
room hourc.

2. Review 3ABR53230-SG-108 and wozk
sheet.

3. Review 70 34Wh-1-5

; i. Review Modern VWelding Handhook

1
~




. INTRODUCTION TO NEW DAYS iNSTRUCTION
( ont'd Day 5, 6 Hrs)

1. Remotivation
2. leview

2. Joint proparation

b. Set up

c. Welding procedures
d&. Bead specifications

3. Check home work assignment.
KPPLICATION:
Refer %o Objective 1

'1.. Student will be given material and
eguipment for welding butt joint.
Student will perform the following:

_ a. Prepars joints for welding:

b. Weid joints to specifications.

2. Students will observe g1l é;féty

precautions during accomplishment of

project.
EVALUATION:
1. StLdent project will be checked for

proper weiding procedure and preparatloﬁ.

2. Aééistance'will be given when necessary.

>~ ¥
'ev)




SUMMARY (Dey 5, 6 Hrs) <
1. Joint preparation
2. Set up
3. Welding proccdures
L. Beazd specifications
LSSIGIENT: -
1. Review notes taken in classrocm
2. Read 3ABRS53230-SG-108 and work
sheet.
3. Review TQ 3LWh-1-5
) li. Review Modern Welding Handbcok:
INPRODUCTION D0 1T+ DAYS INSTRUCTION
(cont'é Day &; 4 hre)
1. Remotivation t}

2. Rsview

a. Joint preparation
b. Set up
c. Welding procedures
d. Bead specifications

3. Check home work assignment

APPLICATION:
Refér to Objective 1

1. Given meteriel and equipment student
will pexform the following:

'&. Prepare joint for welding

b. Veld joint to specifications. B

!

~”

.~ I
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7~ Students will obscrve aili eafety 7
précautions during the acoomplichment
of pxojeot.
EVALUATICN:
1. Stuscnt projoct will to checked for
prooer weclding procedure z:id preraraticn.

2. 4Assistance will be given when necessary.

CONCLUSION
1. Joint preparation
2. Bszd specifications
3. Set up and weld butt joints in the flat position.

ASSIGENT:

1. Read 34BR53230-SG-109, Tee Joints of Carbon Steel
ﬁ 2. Answer ouestions in 3ABR53230-¥5-109.

3. Read T0 34Wh-1-5, para 3-18.

L. Read lModern Welding Handbock, para 1-23.

TIME:

10 Min.
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N INTRODUCTION TIME: 30 Mins

ATTENTION:

RKEViTWr Procedures and techniqués for welding butt joints in the flat position:

OVERVIEW: DPrccedures and techmiques for welding tee joints in the flat position.
A
VOTIVATION:

BODY TIME:
PASSENTATION:
1. Joint preparation
a. iémavé,écaie,frﬂsﬁi and,5iidé§
from the metal 3uriace to keep

impurities out of the weld.

A

b. DPurna must be remcved from edgss.
(1) Grinder
{2) File
¢. " Thicknesg of metal
(1} 1/8 or less no beveling required
(2) oOver 1/8n-1/2" vevel eingle V, 1,50

(3) Over 1/2" bevel double ¥, L5°
welded on both sides

(L) Over 1/2" single U bevel welded
on one gide only

2. Set up and weld tee joint in the flat
position
" a. Space vertical sheet 1/327-1/16" above
- horizontal sheet

.
(05}




AW

(2)
b. Tack

Perviits sesiexr fusicn
No excessive heating

‘weld at 13" intervals when

welding on both giden

(1)
(2)
(3)
(L)
(5)
(6)
(7)
(8)
N ®

c. Weld

Seis,

g
3. Oper:te
a. Ore

b. Remo

hold

Tack alternately from one side

Keep tacks small
Check alignment
Check proper spacing
Preheat bottom plate

Most of heat directed on
bottom sheet

Check angle of teorch

Add filler rod on upper edge cf
moiten pool -

Neutral flame
bead specifications

Upper leg 13" T

+3

Lower leg 11
30-50% penetration
Flzl to convex face
power equipment
operator at a time
ve all jewelry

e o o N
dewn clawmp (shear;

¥
\I

)

58
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7\ Practice shop safety in performance of
roquired task.

‘ a. Mo horse playing or running allowed:
b. Usoe guard on machinery.
¢. Proper clothing for protection.
&; Wear proper sye protection

5. Practices general housekeonzn# consistent

with safety and fire prevention.
4. Keop machirne and floor clean:

b: Do not ieré ’crap behind shears or

¢. Keop work arce cleen.
d. Eliminate five hazard.

8. Lo regs or othei combustible
mzterial in area.

#« f. TUse only prcper can to discard scrap.
i ATPLICATION:
Refer to Objective 1.

1. vaen materials and equlpment for welding

tee joints, the students will
8. prepave joints for welding.

b. weld joints to specifications:

ro

Students wlll obgervn aTl safeus p*ﬁ—,

EVALUATION:

3. Students projects will be checked during

layout and welding for proper procedurcs.

5. Assistance will be given when necessary.




»

~ END OF DAY SUSHRY

\
e

SUMAlY: (Day 6; 2 hrs)
1. Joint preperation

2. Set up oni weld tee jeints
3. Bead gpecifications

ASSIGIIMENT: 1. Review notes taken in classroom
 during discussion.
2. Review 3ABRG3230-30-109 and work-
B sheet
3. Review TC 3Lwk-1-8
L. Reviéw Modern Welding Handbook

INTRODUCTION TO NWEW DAYS INSTRUCTION
(Cont'a Dy 7, 6 hrs)
1: Remotivaticn
2. Review S
a. Joint preparation -
b. Set up and weld tee joint
¢. Weld bead specifications
3. Check home work 2s3igrnzent
@ ~ceurcarion: D
Refer to objective 1

3. Given matorial and equipment the

a: DPrepare joints for welding.
b. Weld tee jointe to specifications.

2. Students will observe all safety pre-

EVALUATION:

1. Student project will be checked during
preparction and for proper welding

procedures.

~, Agsistance will tc given when neccisary.

.y I
(Yol




~ BiT OF DAY SRZthRY

 SUMMARY: (Bé& 7, 6 hrs) 1. Joint preparation
‘ 2. Set up and weld tee joint
3. Bead specificationg

1. Review notes taken in classroom
discussion. -
2. Review 34BR53230-<SG-105 and work
- sheet. _
3: Review TO 3L% J’i—I;S
Li. Revicw Mcdern Welding Handb ook

TNTRODUCTION T0 =W DAYS INSTRUSTICH

(cont'é Dey 8, L hrs)
1. Remotivatiocn
2. Review B
2. Joint precpa sration
b. Set up and ueld,.ee joint

c. Weld bead speocificativas
3. Check homework assignment
APPLICATICN:

Rmm to chjactive 1.

' 1. Given meterial and equipment the student
will

&. prepare joints for welding:

b. weld tee joints to specifications.

2. Students will observe &l safety pre-

cautions during accomplishment of project.

EVALUATION:

1: Student project will be checkeé during

preparetion end for proper welding
procedures. .

-

2. Assistance will be given when necessary.

50




CONCLUSICH TIME: 10 Hin.

SUMMARY :

Joint preparation

Sot up and wold tee joint in the flat posilion

Operation of powsT egiipment.

ASSIGITENT:

1.
2.
3
L.

Read 3ABRS3230-SG-110, Pesition We 3.
Answer questions in WS-110.

Read TO 34¥W5-1-5, Velding Theory and Application para 7-7 thru 7-8.

Read Modern Welding Handbookx, para 1-25 thru 1-26.

(‘\“J\

/.
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L | (pb}
) INTRODUCTION TIME: 10 lins
i TENTION:

REVIEW: Procedures and tcchnigues for welding tee joinits in the flat pocition:

OVERVIEW: Procedurss end techmiques for making fillet welds in the horizontal

and vertical position:

MOTIVATION:
EODY TOE: ;
PRESENTATION:
1 Waelding rositions
7% . =a. Horizontal
_ (1) Parts in verticel position
i end inclined more than L,; .

(2) Seem runuing rerizontally.
b. Vertical

4

(i) fgrﬁé inciinbé Licre uhan
L5®.
(2) Sezm rumning “~rticalily

2. TFezctors restraining force of gravity-

a. Cochesion of tne molten pool

(1) Parent nmctal and zdd filler
rod bc:n@ thorougnily locked
+ogethe

. (2) & factor afféctinz cohusion

is the amount of heat applizd.

(3) TMorc hezt increzses fluidity. .

EMC . .. N - 5‘3

Aruitoxt provided by Eic:



(h) Result ting in greater tendency
of metel to run or f=11.

(5) Most impo: ctor in
position -

b. Support provided by the vase zetal

and solidified ’liler metal.

(1) sSolidified weid metal, as the
bead is forming; acis as a
shelf o kegp molten pool

from running cr sagging:
¢: TFiame preszure

(1) Xeeps pool from runnirg ox

sagging.
(2} Pushes pool forwaxd:
é¢. HMaimpulation of filler rod
(1) Chilling affect
e. Surface tension
Set up and meke fillet welds in the

horizontal position

g: Clean and deburr metal
b. Lay metal flat

c. Overlap pieces 2"

d¢: Tack weld cvery 13"

e. Inclire joints at 45° anglc,
OTr moxrc

(l) Sean rwmirg horizontal

f. WVelding in the Horizonial position
(1) Torch angle kS degroes
(2) :Difééi flere sligntly upwexd
(3) Move tip from side to side

to depocit metal wniformly.

2

!
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Aruitoxt provided by Eic:

Practices shop

(4) Add filler rod Lo upper uvige
of molten pool.
Set up and make fillel weldy in the

vertical position

&. prepare motzl
b. Set up and tack weld in the flat

position
c. Incline joints at L5° angle or more
(1) Seam running vertically
d: Welding in the vertical positiion
(1) ame po;nteu unwa*u at
L5 degree angle.

(é) Pressure of gagdes fros ti D
helps support molten zetal.

3) Remove flane momentarilty
R flane momentaril;

if mctel tecomss overheated.

(L) sSoilidified me
as a snelf zns pro
tional support.

'..l

o

\‘ (4]
pt

O

X

[

O

Cpern*te power equipment
g&. One operator at a tixe:

V. Remove all jewslzy.

c. Heterial will,bé vlaced under hold
down cleop. (Shear)
0 §é?é%§ in performance

of required tasi:

.

g&. No horse pléying or ruwming allowed.

Use guard on machinexry.

ot

c. Droper cloihing for protection.

d¢. Wear proper eye vrotection.



.

i £ 1. Practices general hOL..:Or’C“Dl]I” consistent

with safety end fire prevention:
&. Xeep machine and floor clean.

b: Do not lcave Berap beliind shoar
or other equipzent.

c. Keep work arez clean..

d¢: Eliminate fire hazards.

(i) No rags or other combustible

material in area.
(2) Use only prover can to
discard scrap.
8- Utilize health and safety squipment
&. Protective clofhing and eguipmons
| (1) Use of guerds on mac chinery.
(2) Clothing suitavls for job.
(3) Eye protestion

Pefer to objectives 1 and 2

1: Given materials and equipmint f¢ ,
making fillet welds; the student will

a. prepere joints for waldingz.

b: weld joinis to specifications.
3 D

|
c?—!
I

2. Stulent vill cbserve all saf
Cautions during accemplishment f
project.

EVALUATION:

1 Sgudent projoct will be chock d on
during pr“nﬂrz*ton of iocint rnd
'prcper welding procedures

2. Assistence will e gi.on when necessary.

O

— 4 L

ERIC
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b7

W



SUMBLARY :

END OF DAY SUTiiRY

(Day 8, 2 hxs)

ASSIGNMENT:

Wi
L .

Joint praparalion
Welding proccdires
Welding specifications

Review
Review
Ansver
110

r]OL'CJ o o
"*VR)37‘0:SG3110
questicns in 3ARRS

230

\.u‘ ‘

Lol
IS4
H
o
.

|
n

\ll
ct
‘_,‘
H
o
fo]

1
PO

INTRODUCTION TO NEW DAYS INSTRUCTIOH
(Cont'd Dzy 9, 6 hrs)
1. Réﬁbtivé€i5i
2.
%
__ APPLICATICH:
Refer to objec:ives 1 ang 2
l: Given meterials and L_Ji”ﬁent Tox
mzliing fillet welds the siudent wil
&. prepare. 431 its,
b. weld joints to Spéclf cations.
2. Student will observe safety )
preceautions durineg 7“C0”pjl ‘boment of
project:
EVALUATION:
1. Siudent projecis wilil be cheelied
during preparation of joint and
rooper welding procediten.
2. Assistance will be given whéen naccossary.
[ R
I ,
w— 5
. R o
Q o}

ERIC

JAruitoxt Provided
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o
SUIMARY: (Day 9, 6 hxs)

T .
Adva e

ASSIGIME:

INTRODUCTION TO !

(Comt'd Day 10, L hiouzs)

w7

J

END O% DAY SUIDZRY , -

Joint preparaticn
Welding procedures
Welding specifications

W N

Rev1ew nongfiii

Review 3ABR53230- 5G-110
Complete 3ABRG3230-W3-110
Review TO 3hWh-1-5

. Revicw Modern Welding Handbosok

.

I NI

7—\ {
Jslu

DAYS INSTRUCTION

1. Remotivation
2. Revicw
a: Joint preparation
b. Welding procedures
c. Wzlding spscificaticns
d. Chicck homework assignment
‘r"“\ APPLICATION: ;
Refer to objectives 1 end 2
1. C)ven ma,Vﬁl 1la &nd equirzcnt,
the stident wili
a. Dprepare joints.
b. set up and weld joints to
"specifications
2. Students will obzerve all salety
pre\nutlonv during coo“pt ishment of
PLOJuGY .
EVALUATIO N :
1. Student prowccu +111 be chiecked on
duri:, preparntion ¢f joint and
proper welding procedures.
2. "Assistance will be given when necessaiys
_ .
o 6 9
Kl ‘\ [
vy -
o '

ERI

Aruitoxt provided by Eic:
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concLEsion TIFR: 10 Fin.

é SUMLARY :

1. Welding positions
2. Factors restraining the force of gravity
 3: Set up and welding procclures
Li. Operation of power equipment
5. Shop safety
6. Hoalth end safety equipmeiit
ASSTICIIERT
1. Read 3ABR5$230-56-201, HMechanicol Drawing and Blueprint Reading
5. Answer questions in 34PR53230-WS-2Cl, Mechanical Drawing end Blueprint Reading:
3:. Rezd TO ,z;Wh—ir;, Welding Theory and Application, gard 11=1 thru 11=3.

Reed Modern Welding Fandbesk,; pacz 28-27.

89
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welded zssewmblics: D

Feaching steps

Hop uraw:.m.), diagrans; and
suTn ey e

&6 Given o
dimensions for ez .l with T5% acc
b. Given draw:cnv material and 3ABRLS

awings mus:

biucprintc, identi s Ly and interpret the

and

sxide aimersiin

are listed in Part IIs

o
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- INTRODUCTIOR Il 10 Hin.
Talk about lessons "1 ‘Block II, D

i I, ATTENTION :

Manzoement; to Syctems; etec: Talk cbout d

participation.

2. RuVIZW: Security, Sarcty practices, cperation and nainionancé of oxyacetylernie
welding cquipmant, type: of flumes

Upon CCTD&Cb;Oﬁ of this lessom you 11 be able to expluzin the

3. OVERVIEYW oJs uhic il C
purpose and use oF bluz printe the various views wil Information fownd cn z
print and also lay oul Lubulrr assenbly drawing.

. ﬂOTIVATI s Need for welder to : ow Lo mead e T
for fatrication of anything {Tool be. rues; tizorach; asircraft; ensing part

pauches).

BODY TRE: 7 hes LD oain
PRESELZATION
1. Purpssé of a drawing
a. Shapc of an object
o b Size of an cbject
' 5 of an obaéct
2. Inverpret shop drawing; diagross znd

blaeprints
2. Purioce of vlucprintco

(1) Show how t..o 0B is to i
done

(2) One nan's
ferrcc 1o

b. Uzc

(1) Show var Jﬂ~ ivws, ¢ consicrs
znd detailc.

c. Consiruction

a. Intcru ing

ERIC

Aruitoxt provided by Eic:

el
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C.

e
b ]
=
[e)
(e

b.

ERIC

Aruitoxt provided by Eic:

(1) Socctional views

sibic to look incide

(2) Thne tyoe of scciion iz detor-

mined by the azmount

removed.

Other information found on

(1) Title blcck

(2) Change block

(3) General motss
(L) T--al notes
ntifica- on aﬁé usc of
Drawing beaxrd

Drazuing poper

(1) Colox

oawzng pencil

(3) Use of Blaic

Triangles

(?) Position cn board
{

T dzewing o

of exterior

blueprints

o)

e

L
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(1) 30° 60° friangle-90°

(2) 15° Prianglo-90°

(3) For use with T-squara for

draving vertical and sl
lines

Protractor

(1) Purpose

(2) Proper use

Scalec .
(i) éhapcS

(2) Types

(3) Graduztions

Cotipass

(1) Purpose

(2) Construciion

Drawing to scale

b

Gotnmeteic Principlec

a.

b.

c.

Al

Fatio of drawing to objoc

a
v

Detzil drzwings ususlly te €

= [ S P SO
nd Consti

f-)

Circle

(1) A lirc drawn cquidisten:

the centex
(2) Diameies
(3) nadius
(4) Cizcuafcrarce
(5) &
Perpendicular lines

Porallel lines

o
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d. &ngles
e. CGeometric principles are usc. to

accemplizn: variouws drawing problers
roridly ¢d wcecurately.

(1) Heavy solid lins

(.0 Reproscrt outline of object
t: Hidden Yincc

(1) Short dashiec, mediwa w-izht

(2) Distinguish suxfaces that

ptaih it b
caxivt Lo seen

c. Qenicr lines
(1) Altermating long and short
dashes mzdivm weight
ate the cxact
holez, arcs, rzdii

+ unbroken line

1ts of dimensi- s

. Projcction line
(1) Exiremcly light

(2) Project diffcrent views

D
A




10.

ERIC
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b. DPercpective

c. Isometric

5. Goiigue

¢. Orthograpnic most used
Siop drawings and sketches of
welded acsemblies

a. TFront; top rnd cide views

(3) Front view shows Iengtn ond
heig

(2) Top vicw shows length and width

(3) Side vicw shows height wnd
width

b. Principles of dimensioning
(1) Detail

(2} Fosition
(3) Overali

c. Letters and figures
(1) Style of lettors

(2) Plac:mant of figarcs

e. Tolerance
Secticnalized drawines

2. Full cectior

ol

5. Nzlf cecilion
¢. Broken-out or pootial suetlon
Crosshatehed cections

a: Purpose

vt

0!
ST
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C.
11.
.

b.

ASPLIC

the

2.

ERIC

Aruitoxt provided by Eic:

z: WUsing shop d* 55

-

YPCS

Welding Symbtols

INT=RIT

oD
ang

will interpret dimen

cicns
sing nepile filing cabinet draving

:nt will comstruct = shcp
of the staticr joint in SG 2CIL

d

student will irierpre
7555 accuracys

ioﬁo..-,x

Locate and lict +the cvernll Zimension
ori the side vigw.

Ans.
type of dimension is
iew?

What the

on the frounk

Po.;.)..blb JLI N
or L/4"

Locate and list
this drawing

Scale 3/16" = 1% - 3/23/%1

—.

IRT



ey

TR




Each student will answ

r with 7p/o accnracy,
queéstions concerning glechanical drawing and
blue print reading~"Instructor will chc:l: for
accuracy. '
a: ‘What does z center line show?

. Ans. ILocation of holes
b. JSéfiii? tolératice ’ -
{tn§ Amount of variation pemtte& in
size and location.
c. Vhat dimensions does a front view of
an orth:graphlc draw:.ng show?
ins. True height and leagth
‘d: 411 leters and figures on AF
drawings are placed in what Dos:.uon‘>
. Ans'; Horizontally
3.- ir;sf"i. tor will} check for accuracy to within
1/ 32 in. of study guide dimensions:
(Day 1; € hrs) . END OF DAY SUMMARY
SUMMARY:
7
,,Eq
O : 9?

ERIC

Aruitoxt provided by Eic:

Piupo.we of a dr.«.. fi' ngs.

Identification aud txse of a

draving

Drawing to scale

rins iplea and

Geome b

Staz_zdard drawing Zines

Types of drawincs

’

Y

Shop drawings -and zkeiches o
welded assemblies

Snctxonc Tized d;**a'rrr

Cross hatched sections

T



" (ay 2, 2 hrs) - INTRODUCTION TO NEW DAY 'S-INSTRUCTION

 REMOTIVATION: Need for mechanisal drawing

. REVIEW:

Evaluate outside assigmment. Critigue

fiissed items.

1.

f*a:pcsga- of a drawing

iéé@j;?;@étibn snd use of drawing

equipment

L. Drawing to scale

5. Ceometric principles and

ccnStr@btibn

Standard draving 1inés

“Types Uf%"awing?,

Shop drawing and sketchessof .
welded asscmblies

_Scctionatized s ravings
10. Cross hatched sections
GVEﬁvféﬁ:

- 1. Interpret shop drawing, diagramc and
blueprints
Welding cymbols

-

79

Roview:

Read: 3ABR53131-5G-202

Modern Welding Handbook .

34BRS3131-SG-201 o -

i

4

Para 18-13; 18-1h and 18-17

and blue Vpi‘infs .

U

. .\fv*rm-\.“_-‘-ha o~ ey

3

|
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~ BODY .

APPLICATION 7
2. Each student wi,i,i,ﬁéénstmc::"c a

shop draving of the station joint .

in SG 201 Figure 19
EVALUATION:

structor will check for accuracy to wlt‘nn
.1/32 in. of stud,.f gu.dc dimerisions .
77777777 I CO‘Y"LﬁQTO'
SUMMARY
1. Purpose of a drawing . ‘_ | .
2. Identification and use of drawing eguipment
3: Drawing to scale
L= Geometric primciples and constraction
5. éféﬁdaré aréwing;l'ines : - .

6. Types of dTawings

7: Shop dravings ~ad Sketohes of welded assemblies
8. Sec%lonallzed drawing | |
9. Cioss hatched sectiors
0. W;eié_lno °ym‘bolo
ESSiGTREﬂT.

1. Assignment gnen at end of day summary.

REMOTIVATION: ~ . . -
>LOSURE: ' L ' s
‘ 9

~
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- LESSON PLAN {-Part |, General)
3 APPROVAL OFFICE AND Dl}'(? INSTRUCT-OR . ] N

TWSTT 77 .éf.{t}fi‘j#}z?e;uéﬁ ;:;-(’ - —

CGIRSE NOMREN COUNSE TITLE - S S
SABRS3L3L fatals Processing Specialist |
L . aLock TiTLz Oxyacotylens Welding, Cutting, Soldéring,

L " . Brazing and Hard Surfacing .

.

LESSOM TITLE

| Joints of Heat and Corrpsion 'Rééi_é%éiiﬁ Ferrous Alloys

. - LESSON DURATION
Ty Complementary. ;
A s TP

e RS i PO REFER LML e s e iATERT S T g
PAGE RUMBER . - PAGE DATE PARAGRAPH

CCASSROOM

) /Laborato
1 5a st

s

L'L.x)"jl)

- STS:C1S REFERENCE R
NUMBER o . : DATE [ , .
STS 531X1 ~ ] 31 May 1975
SUPERVISOR APPROVAL . 3 °

b s} . - Lole’ g a7 - ) :
. 9 a 1'.}zr” - o . RN

SIGNATURE _ DATE SIGNATURE ; DATE

PRECCASS PREPARATION _ ] -

EOUIPMENT LOGATZD .  KOUIBMENT
1N LAQORATORY __FROM SUPPLY

___GRADIIT AIDS ANU
UNCLASKFIED MATERIAL
1. -Oxyacctyléne . . S / o 1. 3ABR53131-SG-202 |
.. Welding Station Consol.dzted ' : | 2. TO w15
. Complote . Poolkit None 3. Modern Welling
2. Power Shears S (Chapter 18)
—~ : - : 'E';' grt: lﬁ-—tli—? D R 1
o N S | » | S: Slides: Stainless|
oL = . Steel Joirit 1
: 1 O . Prepsration .}
s . . _ . CRIIERION OBJECTIVES AND TEACHING STEPS (j;onEon m T, 7&5 i

CLASSIFIED MATERIAL

4. Withoik refemence; ‘identify the types and uses of heat and corrosion resistant
ferrois alloys with 75% accuracy.

I

b. Given oxyacetylene welding equipment, and heat and corrosion resistant ferrous

alloy specimens; set up and weld lap joints; frce of undercut; oxidation; overlap;
and excessive penetration for a totnl combined distance of nc less than 3/i of
.  thie length of the specimen excluding the first 1/2 inch start and the last 1/2-
: - dnch finish. All shop safety; gcod housckecping, and fire prevemiion measures - |

must be obscrved:

c. Given oiyicetylene welding eguipnent and heat and corrosion resistant ferroug
alby spocirions, set up and weld butt joimbs with 1007 penctration; frec of under-
cut; overlap; and cxcessive oxidation- for a total combined distance of no less
than 3/ of the specimen exzcluding the firct 1/2 inch Start and the last 1/2 inch

finish: All shop safety, good housekceping; and fire preventiorn measures must
" be obsexrved. o S '

Q I i - . - . - o i
ATC :;’g';z ' ﬁo B ;o _ 10@ K } | | - ‘,cronnniioi/i'l




D e e L
SRR T

R D LESSON PLAN {Part I, Genaral) ¢ ee‘m TION SHEET L
CRITERION OBIECTIVES AND TEACH"IG STEPS (Continued) .~ -
> d. Given ggyggggf%ﬁnglre;gmg equipment; and heat and corrosion muxotant ferrous
; alley specimens, set up and weld tee joints free of wpdercut, overlap, and
excessive penetration for a total combined distarice of no less than 3/14 of the
length of the specimen, excluding the first 1/2 inch 5tart and the 1ast 1/2
§ inch finish. A1l shop oa.fcty, good housclfeoplng, and fire prcventlon measures
- must be observed. ' .
Teachlgg- stegsh;:g:- il:fedm;r;‘f’;rt II. T T
- °
s '
) AT ‘
D \;\\._
: 10; ’ N
, _ AN
EMC . onu 77:? - ) . 76;; i;i;i iiiii\_o;j_’\ﬁ~
mmm ATC Lye’y; 7704 i i
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2! "

INTRODUCT I ON ~ Time: 16 min

ATTENTIGN Talk about Hcat & Corrosion Resistant Alloys; Hot Sections

. of Rircraft engines and Chow Hall Stainless.: L .

PRESENTATION :

“ MOFIVATION Sernous responsibility of wejders whether in field manntenanC°

REVIEW: During our, last lesson vie learned the purpose and usc of drawings -
and blueprlnts ’ ’

OVERVIEW: Upon comolctxon of this lesson you wtll be able to apply the
welding proceduies and iechniques necessary to make lap; butt and tee joint

of heat and corrosion resistant steel.

or Civil Engirneers. .

BODY Time: 6 hrs ho min

Types and uses of stainless steel
2. Distinguish the uses and types of -
stainless steel. o ~ ‘

() Stainless s:cel brbbéﬁiy mos t

important metal in high specd

gircraft. i
(d) Heat [e§xstant and maintains ;j
strength at high temperature « g

S gen
~TL8)  Corrosion résistance.:

(c) High'ténSiLé strength, L

(3} Tfbes usc mostly in the AF
are 321 or 347,

- (55 Type 321 is stabilized by
.® certain pcrcentagc of
titanium and in type 347

the stabilizer is columbium. . -

() This typc of stainless
steel is used a great
deal in the hot SCCthﬁ
of an a:rcraFt.

:

"
Y
L

oy
I’Q;
oo



: ™ -
o S B o \o -
2. Setting up and welding lap joints of ;<8 '~ SHOW SLIDES
a. Welding procedire.
(1) Clean metal edges and
remove burrs. 3 .
- {2) Fit upper and lower pieces
tightly together.
e R ( J)’"’?lm‘mj(}?-rﬂxdp ot the™ ~Onﬂz-~—-—--.;-.-:~_..:~:-:~.£-'~:-:—:~;~;-'-:~’~:-. R R R
flux rods: .
{4) - T:p one or two sizes smaller
tian for same thickness carbon
steal (62)
- (3 ﬁ&jisg flame to slight lv 7
carnurizing w th1h6" atnex. )
(5) ack w:1d at ons insh intervals
mezing tinws we smell as
nossibic: .
{(?) St:i:t =% one end and complete
"8 \l‘ . :
L {3) Direct flame mostly on E
Eéttéﬁ sheei: -
: (°) 4Add filler rod nezr top eage - -
- ' ‘of joint, keeping rod slightl -
in advance of pool and. a¢low B .
ing the molicn mezl flew into
the pcel and feathesx ~ff a2t end
of joint. :
(16) Turn work over znd weld othﬂr
side: 5
(17) Dc not remove touch:too quick=
ly at the end of weld or oxi- -
dation will take place.
(12) Remove all Flux
- (13) i‘é'h‘é’cié with Instructor.
3. Set tlng up anc. Vcidinh butt jciﬁtsg.bf-S.S
a: Welding procedure;'
(1) Clean metal edges and remove burzs.
o 7 : :

103



(2)

(3)

(L)

(s)

Square edge may be used on
metal thickness up to 1/8
inch.

Spa01ng should not exceed the
metal thickness after tacking.

Tack apprO?imateLy'bné inch

of the Joxnt flux rods.

s ;~.--..__,_--_(6j~_:$¢p_ona~4u “two-sizes-smaller——

&3)

(8)
C)
(10)

(1)
(12)

than used on cafoen steei:

Wei:d'xng fi:ame slightly carbur-
izing with 1/16" feathex.

Flame directed at LS aégféé_
angle.
Filler xod 20 degree angle. -

Do not remove touch too quickly

7 ...
at the end cof weld oxr oxidasion

will %ake place.
Reémove all Flux.

Check with fnstructbr.

APPLICATIOIT- 1.. Students will set up

and well lap.joints of S.S. _

2. Students will set up
and weld Butt soints of
SoSo *

BVALUATION: In"tructor will check for

' Sett:mp- up and we]dmg Buttn

accuracy IAW TO 3LuIL.—1 5

sa;ety, good house"ceenmg

anc¢ fire prevention mcaz-

Types ard uses of Stainless -
Steel.

u"‘"ttlﬂg‘ up and weld:mg lap
Joints.

101nt

A

2, 1} hrs) _ END or DAY SUMHMARY -

- 104



ASSIGNEMENT
R4, Review :ABRS3131 -se-g'dz' : .

. - 2. Complete ATCPT:52-L, &AF
L TO System.

X (Day §, 3hrs.). ¢ INTRODUCTION TO KEW DAY'S INSTRUCTION '

» —
—

1e E‘vaﬂ:uate Cutside ﬁsszgnment
'y " Critique Missed Items . o

i -2, REMOTIVATION: Responsibility of
‘Wéldérg Pexformarnce.

1. Types and uses of Stain-
le:ss Steels :

Settlng up and weldlng
lap jointe.

L OVERVIEW: Set up and welding oi‘
S S. Butt joints.

i : PRESENTATION \ . . “BOLY
h. §ett1ng up and"WeldJ.ng Tee Jo:mts of s.S
a:. Welding procedure. - _ v

== - (1) Clean ths metal to be welded,
S remove burrs. .

(2) Tack fe’%éf-y’ inch:

(3) Flux the underside and back )
side of +he joint and filler ~ods.

(L) TUse it Spacers.

~. (5) &djust the fleme to slightly car-

burIzIng with 1 16" feather.

(6) Tack weld at n intervals.

(?) 'Weld by th° fore ha.r'd ‘ne1 hod di-

= tom sheet. , : - —

(8) Add rod to upper part of the
" joint keeping the rod within the
1imits of the flame and allowing -
molten metal to fiow imto the pool:

(9) Feather cff at' the end of the weld.

ot

.b (16) Bemox:é ﬁlﬁuif ;77'_ B IOS g §



Ly e = ; A . ®
Check witn Instructor.

r 2

wﬂ)"w :

APPLICATION: 1. Stulents will set up a- 3

weld butt joints of 5:8s

2.% Student will set up and o )
weld tee joints of S.S. '

L& . s ) - .
4 \i7} o J St L. o - -

EVALUATION: Instructor will chzck for accuracy . ’
: . IAW TO 3hwWh-1-5 and observance of | e . ]
3 hecobnenine . - ~

all shop safety, good housekeeping
an3 fire prevention measurves:

EVALUATION: Each studcht will enswer with 75%
gccg;acy‘questlon~ co*ce;nlnr the = - .
.Eypes a:IH TI.“eS o‘f ‘S'. S Tng tmbtor'i <. ;—..wf;._'..-- :__.‘...;,. e e e S R e R e TS L T TSI I

wl*l chack for accuracy.

[ —- - e A

1. Name one tyve of S:S. that is
conmonly used by the AT.
3 ox 347

2. What stabilizer is used in your

answer to ‘he first question? : : .

Q.

~ 321 B A

¢ Titanium  or Columbian Effi

Y
“‘\ug“

. - 3: Which T9 will be consulted to

a . [

: ) flndgth types_and_uses_of various - -} —

ST T T T types of SKSL?

- 36 1*1A2§ ﬁérc;bécé Metals and’

. h Which series S.S5. is called
- Xustenitic S:5.7

300 Series o,
CONCLUSTON .4 Time: 10 min
1:" ‘Summary ‘ -
1.- Types and uses of St;;nzeés Steel.

2. Setting up and welding lap joints 1
- A 61‘ S'S' . N B - .

3. Setiing up and weldlng butt

joints of S.S. Tl ‘ .

li. Setting up and welding tee joints
- ) of G3.S.

9. Assigoment: Given at ond of Day Summary. )

Q!




LESSON PL AN ( Part l Genoral)

Y

INST RUCTOR

COURSE NUMBER P

COURSE TITLE

l Metals Processing Specxa;hst

EEOCK NUMBER

|11

LESSON TITLE

BLOCK TITCE Ox;yacetylene Welding, Cutting,; Soldering,
ard Surfacing .

4 f—
T 1 c<rON DURATION
CLAssRooM /Taboratory Complementary ' ToTAL :
D&Dlhr/PerfShrs None 6 _hrs
] POl REFERENCE N
P}GE NUMBER PAGE GATE ~PARAGRAPH :
1k 23 Sep 1975 B
| , $TS/CTS REFERENCE >~ .
NUMBER . DATE N . R
| gme £31x] - 131 May 078 " - —
_ _ SUPERVISOR APPROVAL =~
SIGNATURE DATE SIGNATURE - “ DATE

- PRECLASS PREPARATION-

EOUIPMENT EBCAT E%
IN LABORATORY

FROM SUPPLY

EO':HPMENT

CLASS!F!ED MATERIAE

_ GRAPHIC AIDS AND _
A ARERIAL

Oxyacetylene Weld-

Toolkit

- 2 T03Wh-1-5
} 3. Modern Weld:.ng

i 3A:BR533:31—SG—261;

" Torch Kit None
2. Straight Line Cut- (Chapters 3 and
 ting Machine L)
-3. ‘Oxyacetylene Weld-|
- ing Station Com-
plete T

cont on reverse)

CRITERION OBJECTIVES AND TEACHING STEPS

2.

E.

-

Teaching steps are listed in Part II.

-

E)

o

_Without mference, I&entxfy ‘the factors perta:.m.ng to o:qracetylene cutt:.ng
operations with 75% a.ccura:cy.

G:Lven ox:ya.cetylene cuttlng equlpment a.nd ca.rbon steel spec:.mens, cut up am&

411 shop safety, goo& homekeepnrg, and ‘fire preventlon measu.res must be observed.

¥

-~ FORM
AUG 72

770

. i?cro 1972 779~ :u/u

ia

ko
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INTRODUCTION Time: 10 min
1. ‘Attention:

2. Review: During our last lesson we lcarned the USAF TO_System and use of

indexes

3. Overview: Upon completion of this lesson will be able to apply the
techniques and procedures of oxyacetylene cutting. :

-4. Wotivation:

BODY Time: 5 hrs 40 min
‘Presentation:

1. Factors pertaining to oxyacctylene

cutting - |
a: ﬁflgclgles of oxyacetylens.
cuttlng

~ )
(1) OXYétetyiEhé CUttihg i§ thé

&

(a) The metal is heagud to a

bright (cherry) rc
temperature.
- - 7\.
(b) A jet of high- pressure
oxygen is forced against
©  the hot metal causing a
narrow slot or "Kerf'* to
separate the metal.
b. Cutting Torch
(1) Something 1ike welding torch \ o
(2) Has three tubes
. (a) Preheating oxygen
(b) Prehesting acetyléene
= (c) Cutting oxygen tube
_ ' 7 . -




(3)

@

Cutting Tips o ' -

welding tip™ —

1 Has. as many as 2 to 9
orufuces -

2- Four préhéét-ing ari#iaég

3 oOne (1) cuttnﬁg oxygeﬁ
orifice -

1 ) - y

Méiﬁfénance of ciitting tips -

.c: Safe 'cufttin”g p’i"o"céduré;

(l)

UL e o

@

" ""used drun ngrels tanks, or
other . g%e rs until. they
have been yroughly clzaned —

(a) Accumulation of slag wnil

_Sometimes OCﬁ.UL—O-FP—t'T'p'—'—’——_f_ ﬁ
/ - .

Remove~slag, fasten torch
in vise using a soft-
material or a wood b]ock

-on face of jaws to pre-
vent damage to the torch and’
tubea . _ S

(c) Remove gbe siag by using

a fine emery cloth or
‘fine file

Select a tlp cleaner
two (2) sizes smaller than -
the tlp orifices .and clean
- by’ moving tip cleaner up
.. -and:down.- -{Caution) Do not
" twist as this may break -

‘the tip cleaner in the
orifice IR

»

Never do -any cutting.oh TN . . .

(2)

(a)

o -

Cleannng '

Steam shouid be used- if

'*IZSbéniéﬁié ool
(b) Steam for a minimum of
three ' (3) hours

~

o

:
g
. st




SH

(c) Flusing with hot water
for bhé (1) hour is

recommended

(3) Hove all combustible materiai

F A (a) To a safe distance

(b) Or move work to a safe
.distance from combustible

mater:al

e YO

(4} Never cut material in suchk a
pritibh that it might permit
par hot metal or Sév5féaii B

‘ sectlg ns to fall om gas cyllnders'

Thoses;, Tegs or ?eéf

(55 Care must be taken to prevent
slag from clogging. c"tt!”g,,
orifices which will occur if

torch is held too close to the
work

Ky

2. "Cutting carbon steel =
a. -Procedures for cutting carbon stee!

(1) Plain carbon steel with 2 car
- bon_content of 0 35% or less
will cut readily without special

precautions otner than those

- _ cuttnng procedureo reqUtred for -

~{2) Connect CUttihg attachment

(3) Open torch oxygen vclve .ul!y .

(5;_ tught torzh, adJust preheat - flame

to neutral

(5) Depress ‘cutting oxygen fever fully
rezdjust preheating flames to neutral
with valve on cutting attachment.

e Release cuttnng oxygen lever .

. -

(6) Hold the torch 30°-

Hold to, the work; heat

s to 4 cherry red

(7) Slowly depress the cutting oxygen .
. " lever to its fully open position . °

\

~%

| :{\"fiffé : ;1~i{) |

J




(8)

Move as fast as possible without

losing the cut

b.

(9)

Higﬁ

In case the metal stops eparatzng
move the torch back, re-keat then

continue cutting

Alloy §teéjs

Preheat to approx:mately BS F-

to prevent the metal from formnng

a hard layer along the edg= of
cut . .- ,

d.

. é.;

Beveling carbon steel w:th a
cutting torch :

4
@
(3

@

‘Torch- control more difficult

than sﬁﬁéié edge Eﬁf?iﬁé

Qpeed of travet and s*eadxness

a smooth even bevel

A line made with chalk can

be used to indicate the top

edge of the bevel

A piece of angle iron can be
C]éﬁbéd'ihto ooéitibh to éid

_insure steadiness

(j)

_Cutting of rouhdséioék

Raise 'a burr.on the stock

-.using a hammer and-a chisel.

_ -This wiil help start the

.eut” wrthout prolonged. heaf:ng‘

(2) ‘ﬁftef-the cut—is started, the -

G

torch is raised *5 the vertical

position for the remainder of
the cut :

The preheatlng flame is the -

same dustance from the sur-

-"j\
v
Bl

INTERIM SUMMARY

-‘-.\._‘_.,"\_' N




.

()

The simplest cut is the sguare

. cut as in prepara.ion of a butt

)

Using either chalk or a center

punch—to—moke =2 Hnc arcond

the pipe whe*e the cut is to

 be made

(3)

W

(5)

The cdt is started at the top
center of the pipe and Yarried

down to the bottom center line

When cut is in progress the
torch shculd be constantly

pipe -

When bottom point has been

reached; raise the torch and

restart at the top to
complete the cut

f. Flame gouglng

a)

(3)

qulck and acrurate remcvai

of a marrow strip of surface

metal from steel plates,

7 forgnngs and ca;tlngs

(2)

doas riot penntrate thr cagh

" the metal

removnng brac&ed wglds or

.groovxng metal that is crdcked

@

to insure good penetration vnen
it xs repa:red ay welu.ns

AN

peci
or

a] curved tips are used

i
flame gouging O

s
fo

g. Clrcular cuttnng

(1)

(2)

on free hand cq;txng of the

Same material’

Béne with either hand torch or

machine tcrch

R

R




< : .
e - - 7
v

(3) Rate of travel is determined by

(4) For cutting with a hand torch

' a circular cutting attachment
shbuld be uszd <
(a) The attachment consists . A -

of a rod with a clamp ' ‘

attached to the torch head:

An adjustable center point

on the other end may be

set to the desired radius o o -

(b) The cutting attachment can
be locally manufactured
with the-aid of the machine.

shop.
h. -Machine cutting®

(1) The principles cf flame cutting
"are the torch is manuaily or ) : oy
mechanically. controlled . _ o w/

(2) Hachine fiame cutting

©  advantages .
(a) Better workmarship s , i -

(} Greater acruracy . - :

(c) towgr cost,

3. Cutting Equ:pmgnf Maintenance . - s

e T e " INTERIH SUMMARY

= = =75%:accuracy .questions pertaining
‘ to oxyacetylene cutting. operations. o o -
Instructor'thl check fcr ‘accuracy. _ . T

'"EVAEUATiBNf *Each student wr]l ‘answer w1th - : - . ; ’ T,

1. Defnne Kerf ;

The narrow slot that separates . s ) S

' 2. How many cutting oxygen orlfices o R e
i .does a cutttng tip have? s ‘ . I '

Dne .




. ‘;_\_\'\7.4
3. _Before cutting ﬁr§éff§i howt
- “many hours minimum should it
be steam c'eancd? -
) Three : V I S
L. While curtiag, hotd the torch
approximately how far frem the
metai?
1784
ENG OF DAY SUMMARY
SUEEARY 3

1. Factors pertéiﬁihe to cxyacetylere cutting

2. Perform cxyacctVIen° cut'!Pq o _.\;Evns

3: Cutting equipment maintenance .
ASSIGNMENT )
Review: 3ABR53220-SG- 208 o o
| 3ABR53230-WS=206 = R
‘Read; Modern Welding Handbook Chapter 15 )
- 3ABR53230-56-205
3ABR53230#WS-2®5
Completes ATCPT 52- voL | Maint. ‘Mangt.
- ATCPT 52 -VeL I Maint. Mangt.

-7 ANTRODUET!O:f TQ HEU BAY'S IQSTRU’TIOK

1. Remotivation:
¢ .
2. Review: o R
‘1. Factors pertaining to .> z R
, oxyacetylene cutt:ng 7
i, Cuttnng carbon stcel
3. Cuttlngfequupment maintenance
\; : -
- 7




APPLICATION:

Presentation (Contlnued)

Students will perform oxyacetylene

%

EVALUATION::

L]

 SUMMARY:

- .———~cytting operatlons an

malntenance on equipment

Instructor will assist when necessary
check for accuracy IAW 34W4-1-5, and

check for observance of all shop

safety, good housekeeping and fire
prevention meastres

CONCLUS 10N

1. " Factors pertaining to oxyacetylene cutting

2. Cutting carbon-steel

Y S S
3: Cutting equipment maintenance

ASSIGNMENT :

kY

% Given at end of ﬁéy §ummé}§

Time:

i
b4
10 min
4
’- -i\;i
4
4
- i~ N



" Ao

LESSUN PLAR ( PE?? I, General) I

INSTRUCTOR

COURSE Nuussr Ik

COURSE TITCE

Metai:s Process:tn.q Snecz:irst

(BR53131

\Z0CK NUMBER

II L. ‘.;, o .:

BLOCK TITLE exyacetylene Weld:.ng, Cutt:.ng, Solderlng, —

LESSON TITLE

Q:leer and Iésd Solder:.ng

C ompiémentary

CLASSROO”’E&EOI’a‘r ToTAL
D&D 1:‘.§I/Perf r None 3 hrs
o POI REFERENCE
PAGE NUMBER _PAGE DATE PARAGRAPH
15 238ep 75 - 5
o STS/CTS REFERENCE _ .. o
. NUMBEQ . CATE
{srs o3 . . . 31 Mav 75 .
. o SUFZRVISOR APPROVAL e
" SIGNATURE I DATE SIGNATURE DATE
7
PRECL 43S PR Eﬁ TION —-——
QUIPMENT LOCATED . e e s - GRAPHIC NS AND
- F L;;ap:?;;n&:?f;o%rvm r::n? 'SPUMPEPNLTY 7 CLASSIFIED MATERIAL UNCL KSSIFIED ﬁi:’:igixl.—— _
. C”’i Oxyacetylene Weld- Corncolideied - o 1. 3ABR53131-S6-205
.+ IN& ing Stdtion Com= JToolkit ) None 2. TO 34wh-1-5
" plete : ~3——Modern Welding
2. Power Shears ‘(Chapters 15 & 16}
3+ Irainer: Hard &
Soft Solder
" Joints, Llj06. g T
CRITERION OBJECTIVES AND 1sacm;75;75?s —

i(?»

afety, good nousekeenlng, ‘and fire preventlnn measures must be observed. ‘

solderlng with 75% accura.cy.

lGJ.ven o:qya.cetylene weld:.ng equ.:.pment and metal specimens, spt up and soider
,'lap and tee joiits with 100% adhesion, free of excessive overlap and oxidation
"for a total combined distance of no less than B/h the length of .the specimen,
excludlng the first 1/2 inch start and the last 1/2 inch finish. A1l shop

L]

EE C ATe S

770

AuG 72

‘FORM

6

I GPO1 1972 779-306/23-

A ]




78 ,
<
. K o iﬁfﬁﬁﬁﬁéfiéﬁ . -
. . . . o . : ) Time: 10 Min g
ATTENTION: — - = E

o
|

REVIEW: During our last lessor we learned the factors and techniques
- oﬁyaeetiléﬁe cutting.
OVERVIEW: Upon completion of today s lesson you wiii be abie to apply

the prInciples and techniques of silver and lead soldering.

MOTIVATION:

BODY

_PRESENTATION:

1: Principies and techniques of
silver soldering

v produced by heating the base
Sl A -metal to a temperature between

1145° and 1650° F and adding a

" silver alloy filler metal with a

melting point within this
temperature range

(1) Will bond most ferrous and
nonferrous metals

S (2) Is a free flowing metai in the

molten §E§Eé : <
(3) Melts at : a lower temp than the
- pa*entmental

(4) Can be sweated into a tight joinmt
(5) Tkere are several types of silver
‘ solder with the silver content
" .. ‘ranging from 10 ‘to 80% and having

\\\3 melting point'from 1145° to 1650°F;,

(6) Sil%er soider is obtained in rod, .

. iy = _ I ”

strin}\wire and granulated form

Q : LT N , \\\\\\ 3 S :
- . , ) R 4

\ﬂ\

Time:. 2 hrs 40 min

[ 3



B..

Joints desipned for silver solder

(1) Important factors

(a)

Typé of ﬁéEéi Eé Se joined

)
te)
(@)
)
(£)

@)

fit wp and results obtained
differ from that of a
fusion weld

Silver solder should not be
used as a filler inbeveled

type joints
These alloys flow freely
into narrow 6penings -

is 002 to .QOS inches

Preparation of joints
(1) Cleaning: .A clean oxide free
surface is very important to
insure quality and a sound
joint
(a) All grease, oil, dirt and
other oxides should be
removed from base metal
and filler rod to insure
a good bond throughout
the joint
- {b) For rust and heavy oxide,
sand Eiéétiﬁg can Bé used
(c). Grease and oil éiﬁ be
removed by trichlorethylene
and trisodium phosphate
td) Other cleaning agents or
- machines & grindersziyggfers,
" emery cloth, vapor degreéréfé,
files and some acids
(e) All plating ‘should be remcved

to insure good bonding

2

I~
Frat
X

 §;{

el



Ll

- (2) It is recommended that the .

soldering process be Derformed

as soon as possible after cleaning

[= W
*rj
[
&
®
1]

(1) Fluxes serve a dual purpose in
effectxng Sﬁiééé gﬁif6ti

when silver soldering

—— . __.—— (&) React with surface films;
TYeducIng themgivdinga —

. silvcr solcer

(b) Form protectl'e films during

the soldering cycle thus_pre-

venting reoxidation at ele=

vated tcmperatures required
* ' for soldering

(c) - Assist the silver to flcw :

2. Silver soldering various types of joints

a. Clean surface of metal

b. - Flux surfaces éa.sé joined together

c. Align pieces, overlap -a minimum oo
of 3T ’
d:  Soft meutral to slightly carbur-
ization flame, use outer envelope
of flame

e. Heat joint until flux starts to

melt, apply filler matcrial, con-

tinue heating just long enough

’. to flow the filler metel com-
pietely into the joint

£: _Keep the torch in motion

g. Remove flux'. = | Interim Summary

-~ 2

clean surfict to the molten T me e

Q!

’3f“merinciples “and techniquea of 1eaa
solderxng
a.~ ‘The soft solder process is used
for joining most common métals
with -an alloy ‘that melts at a
: temperature below that of the,,”,

= '_base metal and aiways below 800°F




joint depends on the penetration

of the solder into the pores of

the base metal surface and the
PR consequent fbtﬁétiaﬁ of a base

between the parts :
- G Soft solder dompositions S
"““,—:v—iii — — - = - - <
T - (1) Composed priscipally of lead
- and tin with or without the
addition of antimony, arsenic,
or tismuth to impart desired
qualities
- 7 @) In .general, the higher the - .
: 7. lead content; the higher the
’ mielting point
- ) Eigyj}gad solder for joints )
- subjected to temperatures as - B
_ high as 400°F : i o 3
- (4) High tin solder has a lower -
s . melting point, used for joining .
low-melting point fusable ]
alloys - -
d. Fluxes
) (1) Corrosive and non-corrosive ”
(2). To remove and exclude small :
amounts of oxides and other
impurities fromNg\e joint .
Being soldered - © )
. v . (a) ' Prevents re-oxidation of
- : . .the surface when heated
— ——{b)—Lovers-sustace tension
(c) Flux is readily displaced
by the solder
4: Cleaning - '
e . 7 S \ S
a.” Chemical - ; - o : ;D
, : : ’ - ? i B S
- ~b. Mechanical ; . - Interim Summary

\)“ | - o . R 12” | - | ﬁ




5. Lé:iii soldering various types of

specifications ' : =
a. Clean metal i -
) b. Apply flux-
C. Tin areas of the base netal
to be joined together
d: Align the joint -
e
_ _ —e+ Apply Keat, scft negtgg%iglgmeg
outer envelope, keep torch in < - 4
motion : - -
. £. Apply solder
g: Lead solder will flow into’ .
space by capillary attraction .
) h. Remove all traces of flux
1. Observe all shop safety, good ;
) hou§gkgeg§jg and fire pre- ' :
vention measures in perforuance B o ‘
of raquired tasks . Interim Sumnacy

APFLICATION: 'Instruc;or will administer Appraisal Test 1dentifying

principles and tochniques of lead and silver soldering.

EVALUATION: Each student will ansver with

75% accuracy; Questions conccrning

5 E C the principles and techniques of

lead and silver soider. Instructor

will check for accuracy.

1. What is the melting point rante
for silver solder?

| 1145°F to 1650°F

2. :What is the recommended siivcr '
' solder joint clearance?

.002" to .005"

3: What type. flame is used for soft

- goldexring? -

————-—-—8oft neutral -

[}
o

7

/02



Soft solder always melts below
what temperature?
800°F

. END OF DAY SUMMARY

- (Day 5, 1 hr)

1. Principles and techniques of
siiver soldering
2. Silver soldering various type
' of joints
3. Principies and techniques of lead
soldering -
4; Cleaning
5. Lead soldering various types .
of joints - 2
ASSIGNMENT:

Review: 3ABR53230-SG-205

Complete: ATCPT 52-1 VOL III Maint: Mangt:

. bs S;i?éf soldering various types

ATCPT 52-1 VoL IV Mzint. Mangt.
: 3£BR53236—567206 and answer quegtibﬁé

¥ . INTRODUCTION TO NEW DAY'S INSTRUCTION
Evaluate outside assignment and

critique missed items

REMOTIVATION: AF Aircraft, cannon
9 - plugs and other parts

REVIEW

a. Principles and techniques of silver

soldering

of joints
c. Principles and techniques of
lead soldering .

- 122

Y



T SR ST .

: d. __Cieéning” ‘ - R o .

b U o e. Lead soldering various types y v _
. of joints - .

4. = OVERVIEW: Lead and silver soldering various
- - types of joints. - L

i ®
. PRESENTAIION (Cbntinucd)

-

APPLICATION. Students Wlll set ﬁfi and

3',,7— . )
?
-ﬁVﬁtﬁ%fIéN§ - iﬁsif&EEBE will issisf when

necessary; check for accuracy

g
IAW TO34W4-1-5 and check for
observance with all shop ¢
safety, good housekeeplng
and fire preven;ion measures
~ o . CONCLUSTON - o ~
. ~{Day 6, 2 hrs)’ . = . ' . . Time: 10 min
- SUMMARY 3’ - ' : ' .
< - 1. “Principles ahd techniques : s
T of silver scldering.
L - 25 Silver soldering various types
et . .of joints .
_ 73 Princibles and technlques of ) -
£ - - _ : lead soldering :
‘ﬁ. ’Gleaning- ) 7 f
S 5. Lead soidering various Eyﬁés - 7
R of Jcints _ .- . . P
v A§Si§ﬁHENT Given at end of day summary o ’ . c
.+.  REMOTTIVATION: . S S
. CLOSURE: - | S
7 .

A\

A 2F I
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;Bra.zn.ng Steei a.nd Gra:varon Castlngs

| APPROVAL OFFICE AND DATE - " INSTRUCTOR

| TWSTI 4'(; .

COURSE NUMBER COURSE TITLE

3ABR53131 : ‘ . |Metals Pi’éceéélng Spec:.a.llst

- PLOCK NUMBER N BLOCK TITLE Uxyacetylene Welding, Cutt:.ng, Broldenng,
iz, . '.Brazmg and Hard Surfac:.ng

LESSON TITLE-

~

_______._LESSON DURATION

cussnoou/;ﬁaborafox.y - - vfigompj:émentazy 7 ] 1'.31'.;“_7 o
:‘.D&DZhrs/PerfSh:cs - |2 brs o , , © "9 hrs.”
E I ' _PODIREFERENCE Lo
:PEGE‘NUMBER . P@GE DATE . <o PARAGRAPH
18 _. |23sepig5, - 8
: — - STS/CTS REFERENCE
WOMBER - R , GATE . ; )
&&5329@.— T 31 May 1975 e e S e
B SUPERVISOR Appga Al : .
_SIGNATURE = . | - . ~__.DATE : I SIGNATURE - DATE
. N . 7 . - 7i§éc"t Qr'Sisi 7ERiEﬁE"§7Ri'rl'iIlroi.!lr R B . L e T i
ENPMERTIcMES ) UM cuassiriEomatemiaL L SRATHS AR ANS
1. Oxyacetylene Welad| . Toolkit =~ None . . . | 1: 34BR53131-5G-208
ing Station Com- O 2. T 3LWL-1-5
; -plete. L .+ 13..70 3L4Wh-1-7-
J 2 €rinders and. Buf— R : : S L. Modern Welding
. fers ; ' - . _ L ~ (Chapter 16) 1
- o : 8 : » S 5. Film: Braze Weld
. : T . : - : “ing Beads
. CRITERION OBJECTIVES AND TEACHING STEPS . L
« a. Without reference, identify the mechanical pmpe:@:teefgmd:uced; by bra21ng ferrous
: ca.st:.ngs a.nd. ferrcus wrought products w:Lth 75% accuracy. ,
b. . Given o;qracetylene weld:.ng equlpment and gray iron ca.st:.ngs, set up a.nd braze
, butt joints with 100% adhesion, free-of:excessive oxidation and overlap for a
4 . total combined distance of no less than 3/h the length of the specimen, eqccluLng
2 the first 1/2 inch start and the last 1/2 inch finish. 411 shop safety, good ” -
17 housekeeping, a.nd fire prevent:l.on measu:ces must be obse:r:ved;. ‘ o
¢. Given oxyacetylene weld.mg equlpment and -carbon steel _specimens, set up a.nd braze

R i

butt joints with 100% adhesion, free of excessive oxidation and overlap for a .

" total combined distance of no Iess than B/h the length of the specimen excluding

the first 1/2 inch start and the ldst 1/2 inch finish: #11 shop safety, good

: housiceep:.ng, a.nd. f:.re prevention measu:nes must be observed:.

'?L‘éachmg steps are h:ste& ;n Part II.

l |

ﬁ
Z ¢
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. :heated but not melted; the brazing ' . - ‘ -
filler metal melts and flows at temp- o -
eratures above 80C degrees F. . U

‘a. Advantages

INTRODUCTION . Time: 10 min’

-
.

Attention:

ﬁeview. Buriﬁg our. iést esson we learned the USAF Inspection and Maintenance

. System and use of the Man—hour Reporting and Manntenance Data Go]lectxon
System.,‘~

eV?ineW, tpon completion of lesson you will be fam:]uar with the

fundamental prnncuples and be able to apply the techniques of brazing s;eel
and. cast :ron. -

' .Metiﬁﬁtibﬁ:'

Hechanacal propertJes produced by

broZIng

a.'_Stronger than a soldered joint
TS
b. Is used where mechanical strength
and pressure proof joints are _
ae51red - o ) : : , -

el It does not affect the heat

- treatment of metals as much as
-fusion weldung - P . _

: ™ L ) ’
d. -Used to join diSsiﬁiiar hetaiS' - .

' Braznng is an adhes;on process in

which the metals being Joxned are’

(1) “The fact that brazing is done
- without melting -the base netaJ
great]y snmp]nfubs the repa:r .

. procedure.

~

L

| k o - BODY : " Time: 6 hrs 40 min

foe

PRI
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. 5¢

'.F]UX - . - L=

" a. Gray cast iron

(2) Due.to lower temperatures )
~ required when brazing, expanslon
and contraction are less.

(3):,Brazlng Is also the on]y practl-
: clé method of repanrlng malleable
and whlte cast iron castnngs.'

(%) Brazed JOlntS are more duct:le

a. %onferrous alloy used as a filler
- material. . -

b. 'Composea chnefly of c0pper “zinc and
‘tin. :

c- 'Meitnng temperaturec range)from

approx:mately 970°F to 2030°F.

NS
a. Material® used to prevent; dissolve or

facilitate removal of oxides and other
undes:rable substances. :

b: .Keeps bbth the braznng filler metal and
the metals being jOlned clean durung
. the brazing operatlon..

c. Powdered and or liquid form:

Gray cast iron and Carbon steel
(1) Contalns "90-94% bﬁ?é iFBn*

_ fé} Very fluid when mc]ten, solidifies

_ sloW]y, ideal for castnngs or
intricste design.-

3) Brazed of fusion welded satisfactorily: .
'b. -Carbon steels

(1) A1l carbon steels braze satisfactorily.

" (2) ‘Low

3) ,ﬁedipml~i

—

Interim Summary

[y
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vif&):

High

Brazing Gray Cast lron and Carbon Steel.

(1), Clean metal

(2)

(3)-

@

(5)

Il

- {a) *one size lzrger than

‘Butt Joints .. L

a.. Procedures | ' : s

(a) Grind or wire brush edges

(b) Remove surface dirt and
- .grease at least one (1)

. inch on each side of joint.

(c) Clean with a grease solvent
: dry cleaning solvent, mineral
spirits paint thinner.
(d) Sear edges with an

oxidizing flame

(

Bevel all joints =,

(a) Use grinder

(b) Checking grinding wheel o IS
for nicks or crack . :

. (c) Check rests for distance

from wheel
(d) - Round all sharp edges
Select tip size

.welding steel the same
thickness -
Select filler rod - , . ’ a

-

(a) According to fijler

‘téb]ej
(b) sSelect to ‘right composition

(¢} Filler rod is composed of
‘copper; tin and zinc.

Flame adjustment - h -

Ul



-

(a) Slightly oxtdrzihg flame ' |
: for tlnning T

:(5)'.55 oxndlznng flame is used

also when a layer of bronze
_-does the Job sufficiently”

" (e) flf two or more layers of

:(6) Pre-heat ]

(a) Pre-heat cast iron .

N

(7) F]UXL/\ .

(a)  use a liberal amount of flux - ) ._h . 3

(hi After the tinning process is

iiéj .Applyxng the fnller rod
(a)

0]

(;)

bronze are used flame should

be neutral*

l Approxnmately IZSOF

full red heat -
2 Snmll parts;c;h'hé pre- -
' heated ‘with tbfeh

Iw\

Lafgeipagtg.sﬁéﬁid be pre-

heated in a furnace:. - S ,

-

(b) ;?re~heat't3?béﬁ steel , o

.1 Approximately 1200 .~ ¢ . ;
- (cherry red)

when tunnlng the base metal

completed the flux should be : ' : X
" used sparnngly to avoid too : : i
much- reduction of the oxide

film covering . the mo]ten pool

Cenitral ‘cone is held ?rom ’ , i
1/8 to 174" away from
‘'surface meta! _

“The flame is pointed ahead of -

- the deposit at an angle of
~about 45°

When base météi is too cold

~ the bronze w:ll not spread 7 -

/69

"

.(;)‘E.



(9) Tinning the base metal A S e -

(a) Thin layer of bronze

. ovor the area to be brazed

(iﬁ) “Whan base metal is too hot the
bronze will ball up and vapors.
will rise from the work. You i
are burnnng the Zzinc out of the ' , *
bronze ' '

{ii) Braznng should not be used on

castlngs subject to temp higher
" than 650°F -

~

(12) Cooling e | ST
.(a) t¢ast iron
-1 Small parts should be cooled

=  at room temp. covered with
asbestos if poss:ble ,

-2 t§r8?,9§f§5 should be cooled

in furnace with z11 openings - )

. in furnace sealed. Furnace S » T
_should be runup to- specified

© temperature. Place part in__
furnace than. turn- furnace off-
parts; cool as the furnace -

, cools .
l - « 777 o o 7 7 é
- (b) Carbon Steel & o ' - L .
'j; No particular method of |
cooling -
(13) Removing Flux - = o | | -

:(55; Use chipping hammer

(5} Use wire brush _ ' ' ~ Interim Summary
(]ﬁ) Brazing fumes can be hlghly tbkic.

assure adequate ventilation.

(15). Some cf c}eanlng solvents are
in flammable, assure adeqguate fire ' ) o~ .
" preverition measures. i interim Summary




Y
APPLITATION: Students will set up and braze
| . : E&?Baﬁ steel butt j6|ﬁf§
EVALUATION ; Instru;tor will ass;s; ‘when necessary
Coe . check for accuracy 1AW TO 34Wh-1-5,
" gnd check for observarnce of al 1,556]5
safety; good housekeeping and fire
prevention measures. .
END DF DAY SUMMARY * =~
SUMMARY
1. HMechanical propertles produced by
" brazing
2. Brazing definition, advantages
v 3. Braznng Rod
) k. Flux,
- 5. Gray Cast lron & Carbon Sieé@
6. Brazing G--y Cast Iron & Carbon ,
Steel But. 46iﬁt5 -
ASS|GNMENT : -

Review: 51;31752717y0;71 TR

* 3ABR53230-5G-208
3ABR53230-WS-208

Read: 3ABR53230-56-209 -

Complete:

3ABR53230-W5-209

Read: Modern Welding Béﬁdﬁéﬁk;ééiégiépﬁ_iﬁi§.

lNTRBBUGTlGN TO NEW BAYS leTRUETlON"

1, Remotivation: Do 1606 Job on any braz:ng job

2. Review:

A,

2. B

-

Mechanical propertles produced by

brazing
Brazing definition |



Eraiiﬁg,ﬁbd'
Flux
Gray Cast lron and Carbon Steel

LY

Brazing Gray Cast Iron and Carbon

-~'Steel Butt Joints

'RESENTAT ION (Contxnued)

\PPLICATION: Students will set up and braze

'VALUATION:

VALUATION :

1.

o

HMARY

butt joints of Gray Cast Iron
L\

‘Instructor will sssist when |
necessary; check for accuracy AW
TO 34Wh-1-5; and check For s

housekeepxng and fire prevention

measures.

Each' student will answer with 75%
accuracy questions concerning the
properties produced by brazing

ferrous castings and ferrous wrought

products: Instructor w:11 check

for accuracy.

ls braz:ng stronger than a so]dered
joint? .

Ans. Yes - 7
4

When is bfazing used?

Ans. When mechanical strength or

pressure. proof  joints are desired.

Does brazing affect the heat treatment

of metals as much as fus:cn welding?

Ans. No

. - Can brazing be used to join -

di similar metals?
Ans. Yes

 CONCLUSION

LA

brazing

me:

14

10 min



" ASSIGNMENT:

. _“‘."‘m‘

Brazing definition
razling .Rod
lux -

Gray Cast Iron -and Cacbon
Steel

-

Brazing Gray Cast lron and -

Given at end of Day Summary

g

o
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Fus::on He:’td:ng Ferrous Gastings ) o
__LESSON DURATION

CLASSROO La.bora.tory — Cbﬁplementa:ry ] . TOTAL -
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—FAGE NUM NUMBER _ , ~ . . | PAGE DATE L i PARAGRAPH
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R SUPERVISOR APPROVAL i
SIGNATURE . DATE _ SIGNATURE : DATE -
" b
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Eprourireocae | pmwen | cosreowsensc | SRammesotae
1. Oxyacetylene - ﬁé/f‘j L I - | 1. 3ABR53131-S6-209
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_ Complete . : . " - - . | 3. TO 3LWh1-T
2. Grinding S ' : . -lj. Modern.Welding -
Machines : o R o __(Chapter 18) . - |

CRITE RION OBJECTIVES AND TEACHING STEPS

Without reference, identify the _mechanical propertzes and uses oi‘ various t,’ypes
of cast iron with 75% accu:cacy. ,

.9)1

b.. Given metal sﬁcmens a..nd: gra.nd_mg equlpment " set up and :Ldentli‘y cast iron
- castings by 'spaxk testing without error. A1l shop safety, good housekeeping,

- ‘and fire preverntion méasures must be observed. R

c. G:Lven o:qyacetylene welding equipment aad. metal sPecn::nens, set up and fusion
weld butt joints of gray cast ironm, with 100% penetration, free of undercut 1.
and overlap for a total combined distance of no less than 3/1;, the length of the
specimen; excluding the first 1/2 inch start and the last 1/2 inch finish.

Ly SPeLLTElIly ALY RO Y= AnAsb &/

All skop safety, good housekeeping, an& fa;re preventa.on must be observed.

| G- i iiozoi=s .o S
(_seaching steps ave listed in Part II. e

W o oo ot

. R T LK Tmas saa mamrea




INTRODUCT I ON . Time: 10 min -

|. Attention: S : - PR N

). Review: During our last lesson we learned fundamental principles and

techn:ques of braznng steel and cast iron.
0

3. Overvnew' Upon completion of this lesson you will.be familiar with

the fundamental principles and be‘ﬁble to apply the technique of fusion

. welding cast iron: e
4. Motivation: ’
BODY ' Time: 5 hré 40 min
PRESENTAT I ON - _ ‘ Discussion; Demonstration, .-
, : s ' Performance :
1. Mgghgnlcgl propert:es snd uses of ‘ L
various types of cast iron. : : ~ :
a. Cast lron in General i .
(1) Product of Cupola FdFﬁé&é ;
(2} _Tgpe of cast iron produced - : I
is determined by rate of ’ :
cooling from the molten state
3) Ebmposed of iron - :
’ (ﬁ} Composed of between 2.25 and i
" 4.0% carbon . :
. (5) Possesses low tensile strength
(6) Possesses high compression :
strength )
(7) Used extensively for heavy
tmEChihL parts
b. White E st Iron is Gray. Cast iron i N
(1) Cooled rapidly from molten state .
1 . :

o




2)
3)

A

Silvery white in appearance
Mechanical properties:

(a) Wear resistance

~(b) Hard and brittle

W

Only method of repalr is

c. Malleable Cast Iron

(1)

Produced By heating white
cast irom to about 1650°F,
holding it at this temperature

. for several hours or days and then

(2)

(3)

p——
S

d. ﬁray
(1)
(2)
3

. .
T
-yt

S W

cooling it S8lowlv.

Dull gray in appearance and

§omewhat lighter in color than

gray cast iron
Mechanical praperties:

(a) can be bent slightly -
wrthout Breakxng

(b) Shock res:stance

(c )» Best method of repaif
" is brazing | : -

Cast Iron

Cooled slowly f rom mo}ten
state

Dull Gray appearance

Mechanical Properties:

(a) fhéight

(b) Rigiaify

Only Cast Iron that can be
repaired by fusion weldlng or
brazing. o

2. Spark Test IAW TO 34W4-1-5

.’*“
W
arr

</l



a. Brnnq Metal in contact with hlgh

speed grlndlng wheel

(1) Check characterlst:cs of

complete spark stream carefully

(2) Spark stream wlll vary In one.
-more of the following; color,
density, shape and length

(3) Positive ldentlfucvtcon can be
made by comparing the spark

stream of an unknown metal with
those of a known metal

(4] -Spark test charts are also
available

(5) White Cast I ron
(8) volume very small
(b) Length 20"
(c) Calor close to iesea - red

3(3) Color at end of stream -

straw
(e) Quanity of splrts = few:
(6) Haii;ﬁié Cast fron .
(a) Volume moderate |
(55 Lghgfh 30
(c) ,Ebidr Close to wheel - red

{d) Color at end of 28tream -

"straw

(7) Gray Cast Iron : .
(a) Volume small
() tLength 20°

() Ccolor close to wheel - Red

<




. (d) Color at end of stream = : < I

,Straw M ' : - j
. ¢ (e)- Quantity of Spurts - Many L

- - - = o P

- 34 Chip Test- ~ a : T S : o o

-

éq'fﬁfstlnguashes one type of Gast lron - ' ..
"~ from another : : .

;m;”vgﬁszﬁ narrow chlp :s cut from the part . . ...

~ g -
. . -

wnth a chisel : < SR S o o

c. The ease wnth which the metal can be

P ‘chlpped and the form of the chip gives
i - a means of aaentlflcatlon .

.3; T0 3#“& -§=5 gives specuflc |dent|f1cat|on

of each’ type cast iron using the chip
test : SL " .

- < ..

g, .Fusnon weld:ng of gray cast iron: buit : - o | o //;

. Jjoints o . .o o : E -

. as Prepar:ng the metal for fusnon _ v B g o \25..
welding - .. ' ' . E : : .

(XN

) Clean metat . - . s

“3!

" {a)" Sand blast can be used for o

- .fumunggfoxMeé e :“;W;;"TLm ¥ ?w- .
(Bil,Solvent can be used for _ . s .

= removing rust or heavy - : ° o : S

_.____.-;_f o ._,v__,'__'.._.,..._b,.:.,. ‘COatl l"lg of UXI de T

Ty

(2) Beve1 metal

@) 1f thé'ﬁétéi is heavier " . - , 3
than 178" cross section, ' ' T e
. the edges are. to be : : B S » : o
E;Géféa ’ : A T Do e w7
S (b) . Cracks br.hreékg,thét-

R . - cannot be removed for , . .

- T beveling can be chipped : , B L -

out with a round nose or. ’ : o ’ T

’ al;ﬁéﬁd pOlnt chisel = ' : ' ' -~
v . - i L ’;; -




S (a) ’sﬁéii‘id' a crack start to
- C extend when heat Is app-
~lled; stop dri-ll-to

ot ~ prevent its spreading.
(3) 6rind off sharp edges . ‘
(a)’_ Use portable grinder | , .
(ﬁ) Pre-heat f . ] : - o Lo
LT a (é) Depends on: type and shape - -
. : of .castings as well as ‘
the nature o? the break :
(b) Large castigg§ aueh as . . : : .
cylinder parts usually _ -
pre-heat the entire unit _ : . :
S before making a fusion R
weld.i . . : ' ' ‘ )
(c) Smal]igastlng local .
ﬁFe-heat iS adequate. '
(d) The pre heat te@éifor o . C :
gray cast is approximately ,,3" ' ) : ST
- 1200F. ] . : :
R . . LU . . . P
L Fiﬁi 'Rod ’ B
. ] {3) use flux on rgg at all : .
D times on FE§|on Weldlng
i ® Tack T - o
(a) Tack should be made on
each end of the metal and
also on the center. ;
i?) Torch Eééﬁﬁlques-
o -
(a) Tlp should be one size
larger than used for
7 steel the‘same thickness.
/—\ . -
(b) This will help keep from.
, blowing moltenmetal ahead
g , T on cold surfaces of ‘the
- o - jOlnt.
- 5138 i




.(C§ Caution. must be taken . . T e

~ also to prevent burning
+ out the bottom of the vee

(d) The tip of the central
+ cone is held approx. 1/8"
to 174" away from: the

: o molten pool,

.

“ (8) Neutral flame
(9)  Backhand welding
(iﬁi Stir molten pool wlfh rod
(1) Cool slowly o : ‘ _ Interin §Uﬁﬁéi?> 

APPLICAT!ON' Each student will ldentlfyiygguous

cast iron specnmens, utilizing
grlnders _ .

EVALUATION: Jnstructor will.check for accuracy
: 1AW T0 34W4-1-5, observance of all

_ shop safety good housekeeping and . L
'flre prevention rmeasures. o o

(Day 9, 5 hrs) - END OF DAY SUMMARY

R} L . B » . ; .

N ; : : =‘ ‘ =
BE 'Mechanucal propertles ana uses of

various types of cast iron
2. Spark test

: 3. . Chip test
" h, Fu5|on we]d:ng of gray cast |ron"
' butt JOlnts . :

-

' ASSIGNMENT

"Revsew: 3ABR53230-SG 209

Read: 3Aé§53£§6=§é:éjé .
. ’ /0

ATCPT on jbs‘:v '




‘ 4',. - 7 . ) . . L . ..’ . ]3,
(ﬁaﬁ 10 1 hr) ; INTRODUCTION TO NEW DAYS INSTRUCTION -
1. Evaluate CTT Assignment and Critique Missed Items: - -
fi. Renotivation' Must avoid over heating, warpage & distortion.
3: Review: -
- 1. Mechanical properties and uses of
various types of cast’ iron
2. Spark Test : o ‘ I
Chip Test
- . 4. TFusion We lding of gray cast iron
o butt joints
PRESENTATION (Contlnued)
APPI:.ICATiON 2: Each st’udent will set’ up and . -
' fusion weld gray cast iron :
- butt 3oints.j
Evm.uﬁxoﬁ i. Instructor will check for accuracy
- IAW TO 34W4-1-5; observance of all -~
-..~......Shop safety, good housekeeping and  ° .
. fire prevention measures. Instructor
- : wﬁ:i assist students when necessary. -
. iy
"2, ;Instructor will administer appraisal :
test. Student will answer with 75% i
" accuracy questions “‘concerning mechanical *
' properties and uses of various types of
-cast irom. P
L . CONCLUSTON - IR
co- o - ' 4 o ) ’ o Time: 10min
SUMMARY
1.  Mechanical properties and uses of
" various types of cast iron
. 2. Spark Test . - o ' -
. 3. -Chip Test
4. 'Fusion”yeidingfof gray cast -
“ - irom butt joints
B ) - .
- . .!aemeat_enjd__of__nay_s_mary_ ‘
o Reﬁotivation. L --’“_ tl. ' i o s
Cl’déiii'é. T PR 0 o T



APPROVAC O’;Fl”CE AND DA’(%' 4 _‘ lNSTRUCTOR N . . . . . B . ) i R
TWSTIZL deny'7 @ 4’{_,4/ | K C L
_COURSE NUMBER - COURSE TITLE" ' »
L;;i_‘BR533;3L,W,,f7 . Metals Processing Scecialist - P —
| erock Numeer .- 4 BLOCK TITLE Oxyacetylene Welding, Cuttlng, Soldenng,
‘1 IT - : Brazing and Egrd Surfacing .
LESSON TITLE ¢ : i :
- Hard Surfac:.ng : R
. . CESSONDURATION. . : -
CLASSROOM . /Taborator; o Gompﬂ:emezrta:cy _ _ BRI
| D & D Whrfrertfifors | Hone ' - 3 4rs|
- e — - T’Ui REFERENCE - e — - ——— — = ——. — ]
PAGE NUMBER' M PAGE DATE - Lo i ’Plﬁxﬁﬁib}ii . T
20 — LN : 23 Sep 1975 L ) 10 -
R T - - - S$TS/CTS REFERENCE T e e —f—
. NUMBER ] o ) - : : . DATE ) : . E :
STS 531%1 . L | : 31 May 197% L —
: : ‘SUPERVISOR ABB&F{VAr - . - .
L SIGNATURE . -DATE ' SIGNATURE - DATE ]
: . PRECLASS PREPARATION . = I — 2
soymentiocires [ s | casmeomarenac | SRAmweaes e
?—5 Oxyacetylene - | i .} 1. 34BR53131-56-210
=7, Welding Stat:.on ’ A : ST R - { 2. TO 3Lwh-1-5 -
- Complete ~ .. | . = .3 70/ % B ' [ 3. Modern Welding
2. Grinders and’ Yy AZI{JZ . (Chapter 20j
- Buffers . ! . . Toolkit | None . ' 5 T

JBJECTIVES AND TEACHING STEPS

a. Wzthout refererce, J.dent:.fy the purpose, types, and mecham.ca.l propert:.es of

hard su:r:fac:r.ng materxais with 75'% accuracy.
b. leen oxyacetylene weldlng egu:.pment and carbon steel specmens, set up and
"~ “perform hard surfacing operations, free of excessive undercut, overlap; and
 porosity for a total combined distance of no less than 3/& the length of the
#specimen; excluding the first 1/2 inch siart and the last 1/2 inch finish..

A1l shop safety, good; housekeepxng, and fire prevention measures must be
observed. . ,

.-c. G:Lven ha:r:d surfaced ...pecn.mens a.nd gr:.nd:.ng equlpment, set up, g.r:.nd and

finish hard surface deposit to” a smooth, even surface no greater than 3/32 '
of an inch over the entire area of the specimen. All shop saf ty, gocd house-

- keep:.ng, and fire preveht:on measures must be observed.

B 2R ' ) L L o

jf\“‘feacm steps are nsterm—?art—' o R - 1

EKC \TC L?c'-,“-';i 7,79

‘ - . -? . . - _ e i — o —— — g

. .. - - . . . )

. ) . o , ‘ . ¢ .
T - , : : : , R . . ,




INTRODUCT 10N
. Attentlon:

S

Review: During our last lesson we learned the fundamental prih;ipies7and'

Time:

proper procedure of welding cast iron. {Fusion)

. 7777777/ e e = . } A
. Overview: Upon completion of todays lesson you
" fundamental principles of hard surfaci

carbon steel.

. HMotlvatlon: ' | _ -
a T S

RESENTATION:

ng an

d be able

Time

will be_ able to apply the

to-hard surface

: 2 hrs 40 min

&

r
Il
By
N

. Purpose, types and mechanical '
" properties of hard surfacing
. materials:
a. Hard surfacing is used to .-
 extend the life of a part; .
the overlay may contribute
(1) Hardness
(2) Abraslon resistancé
(3) Impact reslstance : i
(§)  Feat resistance . 7~ 5
(5) Corrosion resistance ) ‘
(6) ‘Antifriction properties “ ,
b.  Metals which can be "hardfaced” =
(1) Most steels and stezl
.- alloys may be hard:
surfaced R
{
\ \
; ‘: ;l - K
2 ) 1 ,
) | N ‘
- J



(2) Some. high vanadium steels

and high speed tool steels

cannot be hard surfaced -

-2 Jbb~%equireméﬁis to consider

(2; Metal furfaCIng ma*erlal
- wearjngicondlylpn

(3) The process most econ-
omical for application
3. To meet the various requirements many -

types of hard facing alloy have

developed, for simplification these

altoys are generally classnfled into
= five broad groups

a. .Eroup.lz 7
. > - 777i]7/77 o ) . ]
T - {1) consist of an iron base and
: : has- less than 202 of alloy!ng
elements
.{2) Has greater wear resistance

_than any machine steel

_(3) Although not as hard they
' have greater toughness and
shock _resistance than‘other
’“hard ~facing alloys

. EON Tﬁey are used to buuld up
-7 oo - -.badly worn-sections--before
applying a final harder . _
surface with a better grade

- of hard facung alloy

(5} - Stoodex. and Stoody self—
* hardening are rods which

-fall into -this group
b. Group i

~

iron and more than .20%
- alloying elements

(i} Iron base havlng 50 to 80%

Interim Summary




(2) These alloys are used for .

itha flnal hard ‘wear resis- ' oo

part has been bullt up with
strength. rod
(3) Stoodite and haschrome are

types of rods used. for this
agplncatlon

(4) For metal to metal friction
- and severe abrasion (Gears)

.c.  Group Ill : o L

(1) consists of nonferrous alloys
of cobalt, chrom«um and : .
,w:wtmmsmn s _ - ——
(2) silfram and stellite are the
: ‘hardsurfacing rods found in
. - this class

(3) Toughness éﬁa{sfiéﬁ§fﬁ

(4) This-material is used exten-
, slvelv fbr the valve seats in -

d. Group IV:

(1) This group of alloys consist ' .
of so called-carbide materials
of diamond substitutes and
are the hardest and most wear
resistant of all hard facing

materuais

. (2§ Maxnly tungsten carblde 90 -
95% :

(3) The remainder being cobalt;
- nlckel and Iron or s:milar . "
‘metals - :

(4). Extreme earth abrasion and’ : _ T X
~earth cutting operation

(5) Cobalt; nickel and iron give
: strcngth, toughness, heat

.resistance and-impact strength

to the. tungstcn carbide.
. o

o "'l*""**:1'12;4:::_7_',:;-::' i T o




- (6) Ssome of the alloys are almost
‘ pure . tungsten carbide no all-
oyung elements - '

(7) Alloy of this group is in form | | _
of small casting _ : - s . N

wearing surface -by means of

other meta}s

- {8) They.are welded on to the

(9) Use rod boruumrand cobalt | - .
bor i uim : A"ﬁiz{ :

e. Group V: .
o : \

. {1) This group of alloylng cons- , -
ists of crushed tungsten o -
carbides of - various sizes. ' '

“ {2) May be fused to strips of :
. mild steel tubes of various
diameters :
(3) * May be applied to wearing S ::} :
. surfaces- as welding rod . o :

E (ﬁ; }Grushcd tungsten carbide are .' - )
dlso available in loose form
as granular pieces or powder .

{5) Can be sprinkled on wearing - 1 g
surface and melted iﬁtd it ’ . ' - .
° i5j5 More expensive but has a ,
longer life o - ~
(?) Tube borlum and borod are
some of the types in the
group 5 classes
(8) Rods used are borium and’ o
: cobalt borium %
(9): Extreme carth abrasion on . , i 3 :
- small parts on thin sectuons : Interim Stummary o
L. Preparatnon of metal fBF hard surfaC|ng
" a. Must be clean. of all scale, rust, . - ' . o ;:;.
~..dirt or other foreign matter. : : :




(1) Grinding
(2) Machining
(3) chipping : >

(5l When these ﬁetheds\are not

avallable use:
.~ . (&) Filing:

(bl Wire brush

G e {c)—Sandblasting .

(5) The latter methods are not
.+ recommended due to leaving
small partieies -of foreign
‘matter on the surface of the
‘mietal which has to be floated
- out during the hard—facing

- operation.

- () All edges™of grooves, corners,

.to prevent overheatlng.; L oat

b. @re-heatlng E

- 4? (ll;'Same i hard=facing as in '

(al; Steels in the heat treated

'condlt:on should be annealed

.(b) Quenchnng in water W|ll

layer :
(c) Quench inoil if it is
necessarY
c. Fluxes Used when there is more
than.pne layer of - alloy necessary

and oxides formed on the base
metal

(ll; This helps to remove scale

(2) ThlS agglles to cast iron, a

~cast _iron flﬂx may be used

.
A
3




Y

,(3) Flux permits gas, oxides
and slag inclusions to
come to the surface

(4) This will result in a
hard and solid surface
. layer

d. fﬁicknéﬁé of éépbéit

-

facing deposits range

from 1716 to 1/&" in
dthickness e

, e

(8) Depends upon
specific application

; aaea‘gaffaéiag carbon steel

a. -Select tip two sizes larger -
than for welding

\\\5. Adjust to carburizing flame . -

\
\\45° .

- Y

Torch angei 45°, rod angie

d. ing metal up to sweating -

& 'éﬁéck,fcr cracks in éeﬁééit

b, . Inspect for insufficient ‘edge

buildup and burned'.deposits

\

. €. Grind off approximately 172 of

the deposit and inspect for
: porosify -

-

X
e. Aﬁﬁly ‘hard surface rod ia . _ 7
_ similar manner as brazing . i oo
* " rod R _
> , - Interim Summary
.'Finishing and briuding hard surface
- deposit -




o . 2
Apr’zcxiiﬂﬁ: 1. Students will set up and hard surface carbon steel.
2. Students will grind and finish hard surfacing deposits.

" .IAW TO 34W4<1-5 and corecr -%-;*vancc of all shop safety,
good ﬁ6ﬁ§ékéé§iﬁg énd f£ir> provention measures.

EVﬁtﬁﬁfihﬂﬁ ] 1. Instructor will aesist when necessary, check-accuracy

2. Instructor will administer ovpraisal test. Each student
will answer questions with 757% accuracy; identifying the

purpose; types and mechanical properties of hard surfacing *
materials. .
) CONCLUSION
SUHHA%?: 1. Purpose, types and mechanicai prcpertiés'df hard éﬁrfécihg,'
: materials. | _ §5~
—— _1w o | é. JJob requivements. _;V“ B i . " f‘ ' \\i' ;
¢ ;3; bfypes of hard fééiﬁg alloys. ' - .
o " 4. preparation of metal for ﬁafa-suféaeiﬁg.f
5. Fard surfacing carbon steel: |
. 6. Finishing and grindiﬂg hard ‘surface 8é§é§if§
CTT ASSICNME !T' Read 3ABRS3230-SG-301 Metalll- Arc Weldihg and answer
questions: ; 3
REMOTIVATION: e . ’_ Lo 3
CLOSURE : . | L
- e
’ 7
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|

{
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R : ‘SHOPAﬁﬂﬁ FLIGHT LINE SAFETY PRACTICES .

P .
~ Bl N -
R . S a

(OBJECTIVES

*

After completing this study guide and your classroom jmstruc-— .
tion; you will be able to apply safety precautions in the shops
with radioactive parts and materials, on the flight lipe, and you

will be able to utilize health and safety devices. | \

- -

personal safety and fire prevention are especially important im

metals processing because of the types of equipment which are used.
The use 6f gas welding and arc welding equipment involves working
with open flames and exposed electric arcs: In heat-treating there
is danger of injury fréﬁ_tﬁé;élécgricfﬁurnacer6f from hot metal.
. _Electroplating involves the use of acids which can inflict bodily

injury. Weld repair of fuel tanks,- if proper precautions are not

o

observed, can expose the worker to explosive or toxic gases. We will
N . discuss specific safety and fire precautions relating to the various C
items of equipment and metals processing operations as we_come to _ e

ther in the course. In this study guide we mention briefly general .

precautions which must .be observed with regard to shop safety, healtlr

and safety equipment; the.flight line, and radioactivity:
o o -

INFORMATION *

/ | : °

r

v

: 1. Keep oily or greasy rags in covered metal containers.

| ST )
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Study Guides and Workbooks are training pblications authiorized by Air Training Command (ATC) - -

Tor student-use in ATC courses. i ' )
* The STUDY GUIDE (SG) preseats the information you reed to complete the unit of inztruction or

makes assignments for you to read in other publications which contain the required injormation.

" The WORKBOOK (WB) contsins work procedures designed to help you achicve the dlearning
objectives of the unit of instruction. Krowledge acquired from using the study guide will irelp vou perform

" "the missions or exercises; solve the’ problems, or answer questions presented in the workbook.
_ The STUDY GUIDE AND WORKBOOK (SW) contains both SG aid W B material under one cover:
The two training publications may be combined when the WB is not designed for you to write in; or when

Training publications -are designed for ATC use only. Theyv are updated as tiecesszrv for training:

.- purposes, but are NOT to be used on the job as authoritative references in preference to Technical Orders
- or-other official publications. . : . : - - g
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2. wipe up oil or grease spots from the flcor and the work- S

bench immediately- - ) - v ' : i:;‘
3. Do mot weld in the vicinity of flammable materials..

- 4. Make certain that a fire extingnisher is near before you

begin welding. ' , ' :

5; Do not allow hoses or arc weld1ng teads to.clutter the
area and become stumbling hazards- . : :
6; . Keep all handtools and special tools not in use in'their

7. Store metals in a stock rack: - - <.
8. Keep the shop area clean, wer1 lightad and well ventilated.
Health and Safety Eqﬁﬁaéﬁt

;l. ) Do not wear ragged clothxng,,or clothing with open pockets,
missxng buttons; ‘or rolled cuffs.. - co <

i

2. ¢ Do fiot wear low—cut shoes. - :

-
-

3. Wear approved ‘helmet. lenses, gloves,iand apron for orotec—r'

tion against infrared and ultra-violet rays when arc—weld1ng._ S

W

{ﬁ; 7Warn all: persons near electrlc welding operatlons agalnst -

: 1o'o'king at_ the éff..

5.} Wear the type of goggles approprlate for the type oF welding

———betng—performed. Wear goggles while you are us1ng a cutting torch

" 6. Wear chipping goggles-to protect agaxnst flylug hot slag
when you are cleaning welds. o oL 7 .

. -

: .7 Mnrk hct metal. Do not leave hot metal in places where it
' will create a hz ard ' . ;

é.:f Do not” hold hot, welded materlal with tongs, rags, or with

gloves dhich you use for buffing ané grinding.
' 9; . Cool all welds prior to bufflng, grrnding, or Jnspectrng

10. * When you are- electric—uelding outside the stationary

booth inclose ‘the arc with a portable screen to protect personnel.

. ll.r. Spillei cﬁtting Jubricant must be promptly moy Jed up to
avold the danger of slipplng or fatling. . -

¥
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“machine is in operation.

e 3. Do not allow your clcthing to become saturated with fuet”

A

. Btht PRESS

- . -

‘The following precautions apply to drill presses:

1: .- To prevent the work from slippxng in the hand during

drilling or borxng, clamp the stock to the table of the machine

f; - If the -stock becomes loose from a clam or vrse during

drllllng or boring, stop the machine.‘ Never try to stop spinning:

3™ Chuck wrenches must not be left in the chuck while the

T . The operator of & drill press. snould not wear gloves,

loose  unbuttoned cuffs, long flowing tles, or jewelry
. 5. Never attempt to use a rag to brush shavings or surplus
0il from stock being drilled T -

FIRE PREVENTION

,
-

Eqnally as important as gcod housekeeping is an efficient fire

prevention system.i lou should carry out all safety precautions
tain—to—t& ires. You must “know what _to do

When a fire occurs. %anv fires are caused by carelessness and by
poor housekeeping.f Oily rags are fire hazards. Poor storage

> . practices, especially: of flammable materlals, may cause fires.

) 6verloaded-e1ectr1ca1 outlets and defective circuit breakers are

" also fire hazards. IHere are a "few precautions that you should

observe' you can add to the 1list from your own experience. i

il: Do not allow oily rags to accumulate:

2. - Observe the signs in the ¥O SMOKING éfééé' S

or oil.- If they do, change your clothing as soon as possibie.

&, Do not store gasoline, kerosene. Jet fuel, -or any other~-«;

flammable fuels in open containers . oz

5. Make sure always that the static ltnes are in place znd

'J that the aircraft is grounded properly before you work on it

-~

. 6. Do not put cigarettes ot matches in a waste basket even
if they appear to be out. o . - S

- -

7. Do mnot open any oxygen valve near a flame or a lighted

cigarette: v K

) Sinee fires will occur fio matter how many precautions are
taken, you must be ready to fight ther quickly and effectively.

You should know the telephone number of the base fire department;

the location of the fire extinguishers, and which type of extin-

guisher to use for the type of fire you are fighting. ‘The
| < as Coe

N -
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-large. letters on posters in thc shop,. in the barracks; and on

the flight line. As.a rule, the base telephone dlrectory has
thisﬁnumber _printed in large letters on the cever page or on

one of the first pages of the book: If alarm boxes are installed’

on your base, learn where they are and how to use ther. Locate

the fire extinguisher in your work areas; determlne what type it
is, and 1earn how to use it: if the need arises

s . wEthe ANB cam\:s SAFETY

telephone number of the base fire departmcnt is usually posted in

Because of the potential fire and explos1on ha7ards present

in any welding or flame cutting operation, safety rules muei be

rrrrrr

equipment;.

~

1., No welding should be done on containers having had combus-

“tible materials in them until 'the containers haveé been properly
flushed and steamed R

-

‘2, TanRs removed frem aircraft for flushing and steaming
must be electricallv erounded during,theeooerationliiiillﬁiim,1

-

3. Welding on aircraft is to be done only "in the case of

emergency and by spec‘al pern1°51on of an officer:or superv*sor

charged w1th‘the respon51bi11tv for welding 'aud flame cuttlng

i When welding is performed outside of certain de51gnated -

safe areas, permission mi<t be secured from an officer or super--

-visor having 3urisd1ction 2nd special precautlons mest be . taker
against fires. - - - =

- i . - .

5;‘ Hot metal shouid be cooled or marked ﬁ6l

’ -"6.v ﬂosescand ‘arc welding leads should not be aiioned tgzclut—.

7o i A fire extingu1sher must be ‘in the immediate v~c1n1ty when

welding is' to bedone.. One or mor° fire extrnguishers should be

carried as regular e« uioment on . a ortab‘e weldin a aratus.
3 g A I - P g appe

- 8. 1If welding must he done within 100 feet of tanks contain;né'
.flammable liquids or vapors; no one shiall be allowed to work on ‘the

tank -or- remain closerto the- tank than the welder. -

Storage and Handlihé of Eyl mders
1. B Oxygen and acetylene cylrnders should be stored separately
in a cool; well ventilated, fireproof buzlding

2. Exp1051on-proof electrical eouipment must be used in

cylinder storage rooms.

3" No open flames, grinding tools, or spark-en1*t1ng devices
should ‘be used thhin Ehe storage rooms.

- - - . 3 20 ) . . : .
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4. . Sﬁoking or carrying matches must rot be allowed in the
storage roo?.

5. Cylinders shoulo be"'stored in an upright position while

in storage. : ‘ s : ;

6: Gylinders must not be stored near - combustible material.

: 7. Cylinder valves should be closed tightly and protec*or
. caps should be in place.- . ,

:—~"~-,i8f--uCylinders should be used in the order received and marked :
T "MT" when empty. . o

9. Cylinders should be ‘handled with more than- ordinary
caution. Rough: handliﬁg may causa leaks that may result in an”
explosion. . .

s

~10. Cylinder.valves or plugs are not reparable. Leaking ‘.
cylinders must be removed into .the open away from fire. SRR 4
R .

1f.f Valve protertion caps should rot be used for.lifting cylin-

‘ders: Ctadles stould be used for moviﬂg cinnde:: with a crane.

",~

12.. Welders rust know the markings for cylinders:- ,\cordirg f/

' to the gas contained: s s : _ : Ny
1

12. . Acetylene 83§,“?§E,E°t be t*ansferred from one cylinder - L s /4

3 _mi_H-Aa~onother-or—mixed—with_othLz_gasessunde jx:ﬁ;reumstances. . o

lé. Néithér acetylene nor oxygen are used to tést for ieaks .o 7
in any con'alner. o e

5. 011 and oxygen under pressure'may form a self-explosivc ' o e

P Y o i

’ mixtu;e' therefore, no oll; ;gases; or lubricant of any kind should , S

be used on - cxygen cyiinders or regulate connections.

3

RV S

' of materials.

>

KL Cylinders shotld “not be used as tollers or for the §upport

- llc 1 cylinder valves mus: be th"wed out, cnly steam or tot
water may. be used. : ' :

FLIGHT LTﬁn SAFETY

> — -

l. Whennvcr possible. remove units from the aircraf* and ‘
- weld repair them ir the shop. | _ . : .

c i.[ Weld or aircraft only in case of emergcncy and then only

by special permiss‘cn of the supervisor in charge of the aircraft,

. 3. When welding must be performed anywhere on the Eiigﬁ;fiiﬁe

outside of dn51gnated safe areas, secure permission from hé officer

in charge of rhe area.
21
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. 4. Remove all flammable materials-from the area pricr to ™
relding. - - . : : .
5. Insure that suitable fire extingyishers are in place prior -
0 welding.. . . o :

6. Insure that explosive hazards do°not exist prior to
relding. ‘ )

7. If aifire hazard exists after all precautionary measures
jave beén taken, the fire warden will decide whether welding will
e perforied. ‘ N o >

 RADIGACTIVITY -

. ' . Radioactivity is not normally a health hazard in metals
S@bcessing;iesﬁégié%iy since nondestructive inspection has become
1 separate Air Force specialty. You may never be required to work ~

lear radioactive or radiqggiiygiébhtéﬁiﬁétédfmate;ialé;rhobgvggi
-adiation is such a serious health hazard, that elaborate precau—

“Jons .are taken in the Air Force to guard against even accidental

exposure. You cannot see radioactivity; and several hours may - -
elapse after exposure before you feel any effects; therefore, you

mast Jbe able to instantly reccgnize radiation warnings.

) L

. There are three types of radiation: ‘alpha,-beta, and gamma. & SRS
single particle of radioactive material may emic all three types of ’ R
radiation. - Alpha and beta radiation have very little penetrating ' '
power. Alpha radiation penetrates only a few {nches of air and
beta :adiatibﬁdgéﬁééfétés'6h1y a few feet of air. External contact ' )
is. tiot harmful® Alpha radiation is harmful only if youbreathe; eat, : -

or drink contaminated particles; or if they come in contact with a

broken skin surfacei Exposure to beta radiation is more hazardous

than alphria radiation because cf its greater penetrating power.,K You -

can protect against it by wearing a respirator and protective -
clothing. Gamma radiation pemerrates many hundreds of féet of air;’

there is no barrier which can completely stop its penetration. .
External contact is extremely hazardous and can result in cell damage -

elther externaily or internally. The primary purpose of the various ;
AFTO Form 9 warming signs is to guard against gamma radiation:. i

A1l radiation signs display the distinctive magenta insigﬁié : R

against a yellow background with black block type as shown in . .
figure 1. The warning signs are designed to attract immediate ’ D
attention.* Each sign is designed for a specific purpose; and the

exact size for most of them is specified by technical order: The

AFTO 9 series forms are listed below. } : )

1. AFIO Form 9, Radiation Area Warning Placard (8 1/2 x 11
inches). These placards are posted in conspicuous. places and 3

indicate that the radiation intensity in the area excceds a safe -

Ievel. :




o7 2. AFTO Form 9A, figure 1, Radlation Warning Tag (3 1/2 x 6 1/4
. inches): This tag identifies radioactive parts; .equipment; or - =
N ﬁitéfiii. It is attached to each item. o

3. AFTO Form 9B, Radiation Warning Label. This s a flexible
. but durable gummed label. A sufficient number of labels are

attached to.insure that one is visible from any direction of - - R
approach. -

Z.' AFTO Form 9C, Radioactive Material Warning Placard (8 1/2 x

materiais are stored. oL .

. This placaqd warns against eating, drinking, or smoking in the

area and is diSplayed as directed by the base medical service.

N - AFTO Form 9E Figh Radiation Warning Placard (18 x 24
inches): This placard identifies an area in :which the radiation

intensity &xceeds’ 100 mr]hr.
_ 7. ) AFTO Form 9F, Airborne Radioactivity Warning Placard The
use of this placard is directed by the base med: cal service when -

— Prior to working nea;_radioact:ue_or~radioactive—eoptam
materiais metals processing people and in partxcular the shop fore-
mari, should-become famillar with the 00-110 technical order series.
Tnis series provides useful information about safety precautions,
decontamination’ procedures, and radioactive wasté disposal. For

more details-about marking:and idqpti‘ication of radioactive and
radioactive contaminated.materials,; consult-T0 00-110N-3, Reguisiticn,

Handling; Storing; and Identification’ of Radioactive and

’

Radioactively Gontaminated Material.

i ~ - N
-
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. Figure 1. Radiation Tag.




Metallurgy Branch R . . 3ABR53230-5G-105 - -, [ 4’9
Cﬁéﬁﬁtélﬁ?ﬁg Illinois ) : -

HANDTOOLS

OBJECTIVES ~  ~

~ After completing thig"étudy guide and your classroom insifuction;

shop equipment and materials.
iNTRBBUGTiGN

Each tool and measuring device is designed to do a specifzc job
in a specific way. Although some of them can be used for more than
one purpose,; you can do' a better job by using them for their
intended purppse.. By learning to properly use them, you can _improve

the quality éfvibur work.
INFORMATION | - —
HANDTEOLS

. The process of laying out bench metal work projects and the
subsequent shaping, forming or manufacturing of these projects
require a good knowledge of the tools which are used to do the _
job. We will explain these tocls in more detail so that you may .

acquire some of the tecﬁniques and tricks-of-the-trade that other=—

vise might escape ycu and p*eve 134 you frem deveiopinz skiil ia

their use.
7
. Figuve 2. Racksais. —
- " HACKSAW .
Frame

" A hacksaw 1s used to cut metal wuch as a carpenter's saw 15 -
used to cut woocd. Common hand hacksaws have elther adjustable

25




‘frames or solid frames as shown in figure 2. Hacksaw blades of
various types are inserted in the frame for.different kinds of work:

An adjustable frame can be adjusted to hold blades from 8 to 16

inches long. A solid frame, although more rigid, takes only the
length of blade for which it is made. This length is the distance

between the two pins which hold the blades. in place. All hacksaw
frames hold the blades either parallel or at right angles to the

frame and are provided with screws for pulling them taut.

Blades

. BRacksaw blades are made of high-grade tool steel, hardened
and tempered. There are two types: the all hard and the flexible.

All hard blades are hardened throughout, while only the teeth of
"the flexible blades are hardemed. All blades are from 7/16 to 9/16
fnch wide, with 14 to 32 teeth per inch, and are 8 to 16. inches long.

Each blade has a hole at each end which hooks to pins on the frame:

-~ The teeth of all hacksaw blades are set to provide clearance
‘for the blade. The three different kinds of set are alternate,

taker; and undulated, as shown in figure 3. Alternate set means

that alternate teeth sre bent slightly sidewise in opposite direc-
tions. On a raker set_tlade, everyggﬁifalﬁadtﬁ remains straight,

and the other two are set aTternately onan—undulated set blade;

ghort sections of teeth ste bent in opposite directions. A blade
ghould have just emough set to produce a free; spooth, rapid cut;
which makers 2 kerf slightly wider. than the biude itseif, and removes

A6 more stock than necessary.

i

_ Belecting the’ best hacksaw blade for a specific job is.a ques—
tion of using either an all-hard or flexible blade with a pitch test
suifed fo the work at hand. Several factors should be considered

_in blade selection. - ‘ '

-

1. An all hard blade is best for §é§iﬁ§7§fé§§§;t§6i steel, -

east jron, rails, and other stock of heavy. cross section.

2. An general, a flexible blade is-used for saving hollow

ghapes and metals of liglit cross section, sich as_chiannel iron; tubing;

tin, copper; aluminum, or babbit: = - S

_26

S
k]



INCORRECT

__FOR TOOL AND
HIOH CARBON STEEL

'PLENTY OF " NO CHIP CLEARANCE

bonzauRon.ﬁFE.Ef& .

WWEE WORK N
STRIPPING TEET“

TWO OR MORE .
TEETH ON SECTION.

’,sz TEETH PER INCH

FOR GONGUIT, THIN.
TUBING, SHEET MEVAL

STRADGLE  wo"

~ STRIPPING TU XY - SR

Figure 4. Correct Pitch of Hacksaw Blades.

3. Figure 4 illustrates the princ1ples involv d

) ectxng
‘blades with the most suitable pitch for most jobs. -

a.  Use a blade with 14 teeth per in_ch on machine steel,
77777777777 This course pitch mzkes

Tcoid-—roi.’ced steel; or. structural steel.

the saw ‘ree and fa t: cutting.

. b. Use a blade with 18 testh per inch on solid .stock,

_This |

aluminum, babbit, tool steel, high—speed s»eel or CdSC irom.
pitch is recommended for genera; use.

c. Use a blade Wlth 24 teeth per inch on tubing, tln,
If-a

- courser pi*ch is used, thfn stock tends to strip the teéth out of
Two or more teeth should be in contact with the work; as

the blades.
shown in figure Ii.

d. Use a blaoe with 32 teeth per inch on_ thin—walled

~a
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- Figure 6. Making Cut Deeper Than Frames

: after selecting the correct blade and insﬁringfthaéjii is
stretched tightly in the frame; mark the stock at the point to De .
cut with a scriber, soapstone€, or pencil. If special accuracy 1is ~

required; nick the work with a file and start the 'saw in the nick.
Be certain that the work is gripped tdgncly inm a-vise,; with the line

to be cut as close to the vise jaws-as possible:- To cut angle iron

or-any odd-shaped work; expose as much of the surface as possible
so that a cormer may be cut gradually and_the maximum number of teeth
engaged throughout the cut. It is best to start cutting on the

widest surface of the work. Figure 5 shows the fight and wrong methods

of starting hacksaw cuts. The hacksaw should be held vertically and
moved forward with a light steady stroke. At the end of the o
stroke, relieve the pressure and draw the blade straight back. &after’.

the first few strokes, make each stroke as long as possible without -

striking the .5aw frame against the work. Do not bear-down om the

saw on the return stroke. Keep the saw in the sdkme plane. through

the cut, otherwise the blade may be cramped-and broken. To make a
cut deeper than the frame; turn <the blade sidewise,. as shown in
figure 6.. The most effective cutting speed is frem 50 to 60 strokes
per minute. When the work is ‘nearly ‘cut through,; relieve the pressure
on the saw slightly to prevent the teetl from catching. Special care
is needed -toward the end of -a cut through thin material. To cut .-

very thin stock, it is advisable to clamp the work between two pleces
of wood_or soft metal and saw through all three.pleces. 'This prevents
chattering and possible damage to the work. | : -

 The chief danger in using Hacksaws is injury to the hand vhen a
blade breaks. The blade may break if you bear down too hard onm the
cut or do mot push the saw in a straight line. If the work is not
tight in the vise, it can sometimes slip, twisting- the blade enough
to break it... : , T '
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S FILES
A file is a hardened high-carbon steel tool for .cutting,, removing,
smoothing, .or polishing metal. The cutting teeth are made by diagonal
rows of chisel cuts along the face of the file; as shown in figure 7.
' - =CUT ’ | N
. ' Figure
. Files are classified by name, grade, and cut. The cut may be
either single or double, as shown in figure 8. The grade refers to
the distance between parallel cuts and may be listed ir the order of
X coarseness as float, corase; bastard; second cut; smooth, or dead °
) smooth, as shown in. figure 8: : ) s -
" ..Files are made in various shapes and range in length from 3 to
e 24 iishes. Figure 9 shows a cross sectional view of the various
c - £ile shares. ‘ - '

L eme wm B -

PELAR RNFT €96E " 3-3G0ANE I CHOSSMG cammey

(g

Figure 9. Shapes of Files

(A

ERIC: . - 184 i

Aruitoxt provided by Eic:



Mi1l File | T
« - The mill file i< a single cut file tapering in thickness. and width
for one third of its length. It is.useful for fine work: This file

is available with either square or. round edges o with z safe edge

ghich is"smooth and has no cutting teeth.,
Flat File  © ' |

'f"iﬁiéfiéféiaagsié cut- file tapering in thickness and width; it is
used mainly as a fast cutting tool. - ' C
Rourd File o | “

The round file is usually tapered and has a-single cut. It may

be double cut in larger sizes. It is also known as a rat tail file.
getr é ail

Parallel or untapered round-files are also available. The main use
of this type of file is to enlarge circular openings or concave
surfaces. o - '
Hand File
- This is a single cut file, .similar in shape to a flat file with
parallel sides and 2 slight taper in thickness.” It has square edges;
one of which: has az-safe edge: B 2
#alf Round File

- - This is a double-cut file, tapering in thickness and width,
with one flat side and one oval side.- This file is used for removing
stock rapidly and for filing concave surfaces.’ :

.Selecting the Correct File -
1. -For heavy, rough cutting, use a arge, ‘coarse, double-cur
ite. o N : .

e

G 2s For finishing cuts, use a second-cit or smooth, single-
cut file. S . R )

" 3. For filing cast irom, start with a bastard cut and finish

with a second-cut file. — .° ) _ : oy
| 45~ For filing soft steel, .tart with a second-cut, and finish -

with a smooth fite: = I - : S

R

) ¥

- = - Figure 10 Float-Cut File:

bjé,u -
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U51ng a File : /Z;;
.palm of the right hand, thumb on top, and
‘left hand with the fingers curled under it, as shown in figure 11.

a

.. 5. For filing hard steel, start with a smooth-cut, and—£finis
with a dead’ smooth file. .

- G

) 6. For filing aluminum; lead, or babbit metal, use a float cut
file; as ‘shown in figure 10.

7

?; For smatl work, use a short file, for a med:um sized uork*
use an 8 or 10 inch file; for large work, use a fite as large as

. you can convenlently control

ra

M

Figure 11. Correct Way tc :dold File:

The correct way toihold a file is witi the handle against the’
he end of the file in the

In filing, lean forward with the weight evenly distributed on both
feet. The file must be held straight or tﬁe surface of the work

becomes uneven. Too much speed may ru:n She file and the work; so
do not take morc than 30:to 40 strokes per minute. Apply pressure
on the forward stroke only.  Lift the, file from the work on the re~

" turn stroke t0—prevent it from becomlng dulled by the .scraping

‘action. Apply only enough pressure to make the file cut evenly. On

. s>ft metals, such as aluminum or lead, ‘presstre on the return strogef;;
- 21ps to keep ‘the cuts in the file clean of metal. When roun” r=rfaces
ure filed, best ‘results are obtained by’ work1ng as shown in figa-w 125

This is a rocking motion.

It is bad praotlceito bear down hard' on a new file. When the

file is new, th£ teeth are very fine and cannot stand much prrssure.




ﬁéiﬁ the work firmly in"a vise; with the surface to be filed pro-
jecting slightly above the vise-jaws, and parallel with them; as i

shown in figure 11. 'If the work is not firm in the vise; the file
may chatter and damage the teeth: : ) '

Figure 13: Draii-Fi l1ing.

.~ To produce a very smooth surface;-work !5 sometimes draw filed.
In draw filing, move the file sidewise along the work, as shown in

- figure 13. A single-cut smooth file should be used. Pressure is 4
heaviest on the stroke towgrd the body and very light on _the return
stroke. For a finished smooth surface, wrap a piece of fine emery

cloth around the file and proceed as in draw filing.
3 ‘ == : .

A file should never be used without a handle; since the tang may
jab intc your hand. 'Be certain.that the handle is held firmly on

- the tang of-the file. Small files, such as rneedle and ignition
~f4{les, have integral handles. ' : 4
File Care
~_ PINNING. - In ﬁhé:fiii§§7§§7§6ft’ﬁétéis; narrow surfaces, or
corhers; small -particles of metal are likely to clog the teeth of
“the file .and scratch the material being filed:. This is called pinning.
Pinning is usually the result of putting too much pressuré-on .

PV




tlie file, especraiiy wvhern it is a new one. ‘To avoid pinning, be ‘ .

certain that the file is brokem in before taking heavy cuts. Rubbing
chalk on a file before uslng it helps to prevent pinnlng :

BREAXKING IN. A new file should be broken in by using it first

" on brass, bronze, or smooth cast iron. ‘s mew file should not be

broken in on a narrow surface, _ such as sheet iron, bec“use the nar-
row edge is 11ke1y to break off the sharp points of the teeth: &

new file should never be used to remove the fins or the scale on.

cast iron. Most of the damage to new files is caused by using too
much pressure during the first few strokes.

A file should never be used on material harder than itself or
on sandy or scaly castings: One stroke across such a sand or

scale makes the file useless. To prevent scratching in filing.

wrought iron; steel, or hard rlber, apply a little 011 to the surface , .
of the file to- lubrlcate .the. chip. » - o '

BRUSHING

Figure 14. 5ié'aﬁing a File.

CLEANING. If a file is pinmning or not cutting properly, it

should be cleaned with a file card, pick, and trush; as shown in

figure 14. The plck is a small pointed wire instrument often
furnished with a file card for cleaning out individual cuts in the
file clogged too tightly with meral to clean with a file card: To
clean a file, lay it flat on the bench and draw the f11e card and

. HANDLING. tike any cuttxng tool, a file is ea511y dulled by

rOugh or improper handling. Files should not be thrown into a

‘drawer or tox where they can rub against each other or against

other tools. It is best to store them in separate nolders, such as
clips; straps; or holes cut in.a wooden block. Too rapid- strokes
or failure to lift the file off the work on the return stroke quickiy

;

-



spoils its cutting efficiency: For best results and long file life,

use the file card and brush often.

Safety Precautions
1. Ne sr use a file without a firmly actached handle, parci-
cularly in filing work rotating on a lathe.

2. Do not salvage a small rat-tailed file for the purpose of

using it as:a prick punch.

- 3, Never use a file as a pry: It my break and throw off
tiny bits of steel which may fly intc your eyes: '

4, Never use a file as a hammer, as this not only damages
the file but my throw steel particles into.your eyes-

9
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FLa SaFE  IROUND-DIAMOND

, AFLAT . {ROUND.1D
ROUNDED - i NOSE -ROINT -

. Figure 15. Commonly Used Cold Chisels.
- Corpectly Sharpened.

_ CHISELS

Cold chisels.are tools used for chippipg or cutting cold metal

by hand prior to filing. ~They ars made of a-good grade of tool

steel, hardened at the point, and sharpened to a cutting: edge at
one end: They are classified -according to the shape of the point,
the most commoan shapes being flat; cape, rouridnose, and diamond-
point, figure 15. :

Best results can be obtained if the type of cold chisel is

selected for the particulariwork to be done.

1. Use a.flat chisel for cutting sheet metal or for chipping
fiat surfaces. ' -

- 3. - Use a cape chisel for cutting grooves, slots; or keyways,

Lo - -

or for ¢hipping flat surfaces when a flat chisel would be too wide.

~ 3] 4Use a roundnose chisel -for cutting round (concave) grooves

‘and for drawing back drills which have "run out."

4, Use a diamond-point chisel for cutting V-shaped gronves: -

- 189
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Figure 16. Correct Use of Cold chisel.

Using Cold Chisels

As a rule, the cold chisel is used for cutting wire of small

-round stock or for cutting sheet metal or plate. Figure 16 shows
the correct way to hold the hammer and chisel and the best position
.for the work. The cutting edge of the chisel should be placed at

the point where the é:giis,desiréai”ét the angie which will cause
it to follow the gesixe§7fihi§hed surface. 7Aftg;ﬁééth'blbw of the
hammer, set the chisel to the tbrrec§7§651tibﬁ7for the next cut.

The depth of the cut depends on_the angié‘étfﬁhicﬁ the chisel is
heid in relation to the work. The sharper this angle, the deeper
the cut. It is best to watch the edge, and not the head of the
chisel. Sharp, quick biows ghould be struck, taking care that the
.  pammer does not siip off tb ssel and injure your hand: 8
 To cut wire or round stock, the following procedur2 should be
used:

1. Mark the point at hich the cut is to be made with chalk

"or colored pemcil. .

2.  Place the ork on the chipping bicck of an anvil or on

any soft metal support. ) , |

© 3. - Hold the chisel with the cutting edge on ‘the chalk or
pencil mark and the body of the chisel in a vertical position.
4. Strike the chisel a light blow with the hammer, and examine
the chisel mark on the work to ﬁéke_certéiﬁ'the cut is at the desired

5. Drive the chisel into the work with vigorous blows. The
last stroke oT twoﬁéhéﬁld be made lightly to avoid unnecessary damage
=~ to the supporting surfacc.. _
R ' 35
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6. - Heayier work can be cut in much the same way except that
the cut is made about halfway through the stock from one side, the
work turned over, and the cut finished from the opposite side.

Figure 17. Cutting Sheet Metal With
Cold Chisel.

 Cutting sheet or plate metzl with a coid chisel should be

avoided as much as possible since stretchxng of the metal invariably

results. Bowever, when there is no alternative, the best procedure
is as follows: )

1. Draw a straight line on the work with a scriber where the

cut is to be mzde:

2. Gr‘v the work firmly in a vise with the scribéa:iiﬁe even

with or JUSL below the tip of the vise jaws; with the waste metal

'extendlng above the jaws, as shown in figure 17.

P

3. Use a sharp chisel énd starr at the edge of the work and

cut along the scribed line, using the jaws of thz vise as a base

for securing a shearing action. Hold the chisel firmly against the

work and strike it vigorously. Be sure.to keep tne cutting edge of

the chisel flat against the vise jaws,; as shown in figure 17.

with a light machine oil: This makes the chisel -easier to drive

and causes it to cut faster than it would if it were dry. To chip

cast iron, chip from the edges of the work toward the center to
avoid breaklng off the corners. . A

Care of Co]d Chisels

SWARPENING Chisels, like all cutting tools, must be sharp to

give sat§§§ag§9r27§erv1ce. The cutting angle should be about 60
degrees and the edge slightly rounded; as shown in flgure 15. Shar-
pening is usually done on an ordinary coarse grinding wheel. The

chisel should not be pressed too hard against the wheel; or enough_

heat may be generated to remove some of the hardness from the steel.

If the cutting angle is ground too smaii, the chisel is not safe to

36
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‘ ANGLE AT CUTTING EOCE. TOO SMALL FOR muuouu 'mn lm,us:n
SENERAL USE AFTER IT BECAME DL

CORREST ANGLE AT CUTTING £0GE

Figure 18. Results of’Correct and
Incorre"t Sharpen*

use. If the angle is much over 60 degrees, the tool cannot cut
. properly. Figur> i8 shows the results of correct. and incorrect :

sharpening.

MUSHROOM HEAD. The biows of the hammer eventually cause the

blunt end of the chisel to spread out untii~it resembles a mushrocom.

when this happens, the end shouid be 8r°°?§,b§°5,59,§5§ original

shape. It is dangerous to use a chisel with a mushroom head
Beéanée pleces may fly off and. cause injury.

“safety Precauti ors

The foliowing precautions should be followed in using cold
chisels, both for the worker's safety and to prevent damaging

either the tool or the work. ) -
. 1. A chipping guard "should be placed in front of the work to
guard against flying metal chips. o

2. Always wear gaggiés.

3* Keep the hammer and the blunt end of the chisel free from .

hand.

4. If the fork is held in a vise,rthﬁ jaws should have guards

made of soft metal, such as copper or:brass, to protect the finish

of the work. Put a block under the work so that it cannot slip out
of the vise. Always chip toward the solid jaw of the vise. If

. possible; avoid chipping parallel with 'the jaws. 3
RULES

; Rules used by the welder are graduated measuring instruments

“ﬁéually made of metal. Ordinarily, the edges of a 12-iach rule are

graduated in Sths .and I6ths on one side and ip 32nds and 64ths on
" the other. Figure 19 shows the edges of a rule.
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Figure 19. Four Edges of a 12" Rule:
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If you can locate the labelled fractional values inm 8ths, 16ths,
32nds; and 64ths; locating odd fractional values such as 51/64; is’
‘relatively simpie. You first locate the riearest labelled fractional
value on the 64¢° #¥e; which in this case is 48/64 inch and then

count off tLre . : minor graduations, 48/64 plus 3/64 equal 51/64
as shown in figure 29,

64T

sgf e ) )
il

, Figure 20. - Locating 042 Fractional
- . Values on 64th Scalz:

Locatdng odd fractional values in l6ths and 32nds; as shown in

figure 21; are done in the same manner as locating 64ths. In some
cases it is easier to subtract minor graduations, especially when it

- _1s mearer to cme of the larger labelled values.

. . b 4
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Figure 21. Locatwg of 0dd Fracttonal Values on 32nd SCaZe,
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?égure éé; Application of a Steel Rule:

 Figure 22 shows some of the applications of the steel rule. The
rule should be cared for by wiping it with light machire o0il and .

carefully storing the rule in a separate compartment of the tool. box

to protect it from rust; scratches, and other damage..

Pigure 23. S’crf'ber;
LAYOUT TOOLS v ~-
Scriber

Figure 23 snows a scriber which is used for marking lines on

metal. It is. generally used with a straight edge rule. Centers

of holes can be located with it by drawing two intersecting Iines

according to specified dimensions and marking the intersection ‘with

a center punch. The bent enc is used for marking the inside of



B -

A AT ar O AR S A ARSI M L L K e

23 .32 2 20 A3 1 i J!‘ ,Ji -'c ¥} ,-'2 1‘- 1w - J; —L ;t Ay ”t J,‘
BRIy e e e 2 22 22 208 2.2 2 =
22 - )‘u - 20 - s b6 a3 #6 3.12Fv e 3 3 ¥ 8- 3. 4. P
C bligots iy Bz

ey MY A AR TR SR

/ T . SOLID SQUARE

.

J -

"CARPENTER'S SIEEL SOUARE
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COMBINATION SET
/‘;/éigure 24. Combination Set and Squares. ' =
cylindrical objects or parti%iiy,§i§§é§7gEEésgég., Keep the scriber '
sharp, and in scribing limes, hold it firmly to the edge of the
straight edge using only enough pressure to leave a clear mark
with one stroke. E ' v : A :2
: e . RN

- Squares are used for measuring and checking angles: :Figure 24
shows the commonly used types. t fo

e

§quaées -

. The solid square is convenient for

checking right angles only. The carpenter's steel square is quite

often.used by the welder for layout jobs on large metal surfaces:

Combination Set ' . : -
 The combination set is used for shop layout work. You should
become familiar with its numerous applicatiors. The illustration

of the combination set in figure 24 shows it aquipped with a pro-
tractor head; square head, and centering head. Be certain that

the blade and accessories of the combination set are kept clean:
Apply small amounts of oil to the blade occasionally to prevent
rusting. Figure, 25 shows a number of applications of the square

and center head: Figure 26 shows a common application of the protrac=

tor head in checking the angle of cut on 2 scarf tubular splice.

Figure 27 shows a center punch vhich is used for marking the

“enier of holes and radii for laying out work and for making a

conical depression in metal for starting twist drills. The size. ' P

of the center punch is determined by the diameter of the base of ‘the b(\;

cotie forming the point. The size of a center punch to use for any No

particular job is determined by the size of the drill to be used L Q -

and-also the puzpose for which the center mack is made. -
‘ ¢ .
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Applications of the Square Head and Center Head.

Figure 26. Application of the
: Protractor \Head. :

o

" CENTER PUNCH
SI1ZE |

MV |

"/‘f‘r‘

Figure 27.

I

S~

The included angle of the point of the center punch should be

120° to allow the

118° included angle of a standard ground driil

to seat well into Ehe bottom of the conical depression, as shown

in figure 27.

If; as sometimes happens; the first location is

slightly off center, a correction can be made by tilting the punéh

and driving the point in the direction desired

When the error

tion and given a sharp rap to insure a perfect new location for the

drill point.

5
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Pigure 28. Dividers.
Dividers - y ' - | : :

" Dividers are.used for measuring distances between points, for -~
transferring distances directly from a rule; or for scribing circles.. :) :
Figure 28 shows a pzir of dividers. Kecp the points of the dividers -
sharp, and use only enough pressure on them to make a ¢lear mark :
on the work. . :
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Metallurgy Branch : s o 3ABR53230-5G-106
Ghanute AFB, Illinois o= i

OPERATION AND MAINTENANCE OF WELDING. EQUIPMENT
*OBJIECTIVES

After completing this study guide and your classroom instruction
you will be able to assemble and operate oxyacetylene equipment, :

test apparatus for gas leaks; adjust torch for proper- welding flames, -

*disassemble weiaing apparatus; and perform operator maintenance on

welding and cutting equipment.

INTRODUCTIBN

for the setup and operation of both stationary and portable

oxyacetyiene welding equipment. Air force shops make extensive use

of portable welding equipment. In shops which have stationary

equipment, the portabie outfit is used for werk which cannot be

done in the shop Basically, the equipment used for each is the

same except that the gases are piped to the welding station in a

stationary setup. The portable outfit is operated directly from .
. cylinders of gases which are mounted on a cart or truck. Double

stage (two gage) regulators must also be used on portable outfits.

The welding outfit is your most important tool as a welder. You

'must be familiar with the proper care-of the outfit and be aBle to
maintain each unit of -the welding setup.

\

INFORMATION
OPERATION AND AﬁSEMBLY OF OXYACETYLENE WELDING EQUIP%ENT

The equ*pment consists of oxygen and acetylene regulators, two

lengths of hose with fittings; and a welding torch together with

a cutting attachment or a separate cutting torch: In additionm,:

suitable gozgles are required for eye protection, a spark igniter
to light the torch, gloves to protect the hands, and wrenches for
the varjous connectiocns on the cylinders, regulators, and the

torches.

The use of oxyacetylene welding equipment involves hazards

whlch are speczfic to such’ equipment and others that relate’to

heating in general. The oxyacetylene flame and the sparks produced

in welding and cutting can ignite combustible materials and can
cause damaging fires The precautions comnonly obServed to prevent

and combine them into a flame.

STATIGNARY GXYAEETYEENE WEL.DING BUTF{T
‘The stationary oxyacetylene welding equipment shown in figure 29,
consists of a single stage regulator for oxygen and a single stage
= ; 43
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" Figure 29: Statzonary Welding Statton and'
: . Eﬁuzpment :

4% regulator for acetylene attarhed to the gas distributing pipe 1ine
a-welding torch with a set of tips, 12 1/2 to 15 feet of acet,lene

and oxygen hose and fittings for attaching to the regulators and . _ S ::2

torch apparatus wrench, torch 1gniter, and a pair of welding goggles.

- _Régu‘lators-

Regtlators are either of tbe single—stage or two—stage type.
- eingle:stage regulators reduce the pressure of the gases from =~
-cyiinder or line pressure to working pressure in one stage. Two-~ -

g “agt ;é§§l§tors perform the same work in two stagesg Since the
 pressire drop in each stage is less wity 3 tRonetass regulator,
the pressure regulation is more accurate and less fluctuating

_Although- mechanical details of raggiator construction Vary among

(\

'différent manufactnrers, the funddmental operating prindciples are
,xhe same. Thesé- same ﬁrinc-ples apply to botﬁ oxygeh and acetylene,

reguiators.v

'rftypicai singie-stage regulator. The regulator mech;n;sm consists ' e

of a nozzle throvgh which the high-pressure gases pass, a valve
‘geat to close off the nozzle, a diaphragm, and balancingisﬁrings.ﬁ

"}‘These.are -all inclosed in a suitable housing.’ Pressure gages are ' : ’ .

SiNGLELSTAG” REUULATOR. Figure’ 30 shows the design of a

provided to indxcate the pressure in the cylinder or .pipe line
»(inletj as well:as. the workiiig pressure {outlet). The gage nearest

. tge cylinde’ valve is :the high-pressure gage used-to record cyiinder
,'préésure.. The outlet pressure gage is the icw-ﬁressure gage used

",.to indicate tbe working pressure. . : : _ _ v o

L&

7~oxygen enters:*he reguiator through_ the high"PE?§§P" inlet

n or filter which removes dust

~connection ‘and passes. through a scree

and dire.:* “The ceat. closiag of f the nozzle 1s not rcised until the
: sﬂdusting screw is’ thrned ia. Wheu the adius'ing geraw is turned
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PAruntext provided by eric I

- E Figure 30. C(ross Secuzon, Szr*gZe—SE&éé Regulator:

in (clockwise), by turnlng to the rlght _pressure is transamitted to

the adjusting spring. ' The adaustlng spriag presses down upon the

diaphragm, which in turn-presses on the yoke and overcomes the

pressure of the compensating spring. This forces the yore forward,

thus opening the passage through the nozzle and allowlng the oxygen

to flow into the low-pressure chamber of the regulator. The oxvgen

passes from nere through the regui:atcr ougl;gt a;nd hose to the torch,

y the
an-’i
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" and the adjusting spring which tends to open it again. These springs

dct against each other and the position cf the seat depends upon the

pressure of the gas within the710w—pressure chamber of the regulator:

This pressure acts against.the ‘diaphragm and ‘helps the compensating

Spring keep the seat. closed. If the torch 1s shut off the otvgﬁn

If the torch valve is reopened the oxygen pressure on the dia-

phragm dﬂcreases, overcoming the pressure on the compensatrng spring

. and permitting the adjusting sprlng to-move the seat away from the
nozzle. This allows the oxygen to flow again and prevents the
pressure in the low—pressure chamber from falllrg further.f These

opening and closing of the torch valve. In normal operatlon,,thc

.a perfectly balanced condition when the seat is held slightly away

from the nozzle. The smallest fluctuatioca of pressure brings about

an instantaneous compensatlng movement of the diaphragm, prrngs,

amount set.

First-stage automatically redu?-s H ’ & TdonnI o Taeile Ko
S GR - - Sccond-stage is  adjustable by
pressure to 125 Ib; per 3q: in: { ,,,,,

hand to any desired deiver
The second-stage operates from f } ressure u :i) 78 Ib. per 1:?
this eonsint pressure. : !H‘ P P v

Oxn;cn entirs rcgulalor intet at
a pressure of 2,000 Ib. per sq. in.

chulamr) pros xd:s even how
and accurate delivery.

. rigure 31. Tuo-Stage fégazazay;;

. TWO-STAGE REGULATOR. The operation of the two-Stage regulator
is identical in principle to that of the single-stage regulator. The

only difference is that the total pressure .drop tekes place in. two

stages instead of one.’ Ia the. highfpressure r.tage; the pressure is

reduced from the intermediate pressure to the working pressure. The

high-pressure stage has a set pressure reduction which is au'o@agrc,
while the low-pressure stage is controlled with the adJus ‘g screw
“to permit setting the proper working pressure as shown in rigure 31.

GAGES. 0x3gen and acetylene regulators are equipped with

cylinder and working pressure gages. Although mechanical and operating

Bfiﬁciples of both regulators are the same, acetylene regulators
46
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are not designed to withstand the high pressures demanded of

' oxygen regulators. The acetylene -high-pressure gages are usually
graduated to 400 psi. Working pressure gages are generally '
graduated to 30 psi; although acetylene in the free state should
not be used at pressures exceeding.l5 psi. |

. Oxygen cylinder pressure gages usually have graduations in black
figures to:3,000 psi; although the pressure within the cylinder does
‘not exceed 25000 psi at 70°F. The high-pressure gages are also ..
graduated. in red figures for cubic feet from 0 to 220. This permits
the direct reading of cylinder pressure and oxygen content in cubic

. -feet. The gages are graduated to indicate correctly at a temperature
of 70°F. The working pressure gages.for welding are generally graduated
in pounds per square inch from 0 to 50. Regulators intended for use :
in heavy-duty cutting operations are graduated to indicate pressures
as high as 400 psi. . . : P ' 1
Regulators used at stations to which gases are piped by manifold,
or from acetylené generators,; have only one gage. The regulators are .

- used to regulate the working pressure of gases flowing through the .
distributing system to the torch. These regulators are of the single- =
stage type and are designed for low pressure since-the line pressote
set at the manifold or generator-is less than 15 psi for acezylent

and 100 psi for oxygen.
Torches

The oxyacetylene torch is used to mix oxyg:n and acetylene gases

in definite proportions; and provides a means of directing and .con-
. trolling the size and quality of the flame produced. Tcrches are .
produced in several sizes and consist of a-hand.2 equipped with twe
' peedle valves, one for adjusting the flow of acetyisnc and 2 for
adjusting the, flow of oxygen. In addition, they com.is: of nv.e

connection glands, mixing head and retaining out; waixing chamber, -
and a set of various size tips. Torches are classified as equal-~
pressure and low-pressure injector types. : :

. _ T :
- INJECTOR TYPE. These torchcs operate on an acevyleme pressure
of less than one psi. They were originally desigcned for use with lou

pressure generators where higher acetylene pressurcs wer~ rot availatle.
The acetylene; passing through relatively large cpenings [« Z7awl 'o%0
the mixing head by the suction created by the oxygen AS it zascas tizrough
the injcctor nozzle: The oxygen is under a much higher pressire, rargic g
from 10 to 40 psi, depending upon the-tip size. Thi oxyge: passing
through a very small orifice in the injector nozzle at nigh velctity

crrates a vacuum effect that draws the required amount o° acetyle= irto
the mixing chamber. . , ' o ° ~
: FQUAL PRESSURE TYPE. These torches operate on nn acetylere

pressure of 1 to 15 psi, depending upon the tip size. The torch i3

" designed to operate at equal pressurrs for both oxygen and acrity'ene:
In this case, the openings at the torch needle valves are equal, ond
under equal pressures, deliver equal volumes of oxygen and aceivlene
to the mixing chamber. The mixing chamber serves only to mix the
"gases .and in no way aids the flow of gases, as in the case of the

injector torch: The equal pressure torch las certain advantages . -




‘over the injector torch in that the type of flame desircd can be
more readily adjusted; and since. equal pressurss are used for both

gases; the torch is less susceptible to flazhtacks.

"XYGEN HOSE OXYGEN NEEDLE VALVE  MIXING HCAD RETAINING NUT

CONNECTION GLAND )
L ___~ WMIXING HEAD

——

ST ' rer—
(A Se——dvad PR
= fﬁf—rz ]
. < : \\.47 -

eI T P W ACETYLENE NEEDLE VALVE
ACETYLENE. HCSE. .

CONNECTION GLAND

Figure 32. Ozyacetylene Torch:

The welding torch, as shown in figure 32, mixes the two gases
together in correct proportions. It also provides a means of directing
and controlling the size and type of Wwelding flame produced.

ReH TusE MIXER EINGERTIP
TORCH TU | jeS-ACETYLENE VALVE

~ FINGERTIP
OXYGEN VAL _

' TUBE AND TIP.
__ COMEINATIONS

v
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Torch ?ips

Weiding tips, shown #n figure 33; are furnished in various

. Styles or types, some have a onﬂ-piece hard copper tip; and others

have a two-piece tip and mixing head combined. The tip sizes are

designated by numbers, and each manufacturer has his own system

for designating size. The tip sizes differ in the diameter of the
orifice in order to obtain the correct volume of heat for the work
to be done. Since welding tips are made of copper or brass, extreme
care must be exercised to prevent damage to the tip or brifice; Tips

specifically for cleenxng the tip.

RIGHT - HAND THREAD GREEN OXYGEN HOSE

: ) O E_g' “_— —————3 -
t———— - = ¥ ——
= S gt : =
——; N — r
—— [ & - ——] i
e ! = v

- -y RED ACETYLENE HOSE

. T LEFT-HAND THREAD

Figure 34, Torch Hose Connections.’
o ) - 15 '
Welding Hose : . N

T R
The hose whlch connects the torch “and regulator is speCIfIcally

manufastured for.this .purncse. t is strong, nonporous, and suf-
ficiently flexible and light to yield readily to torch movements.

It is constrnc*ed to withstand hlgh internal pressures and the

rubber used in its manufacture is chemically treated to remove

sulphur~1n order to avoid any possibility of spontaneous combustion.

. Weldingfhose ts avallable in varxous 51zes, depending von the
class of work Zo -3 which it is intended. The size of the hose is

~ designated by the inside diameter and the number of plIes of fabric
‘Which. it coitains. The hose used for light torches is 1/8 to. 3/16"

in diameter and has one or two plles of fabric. The acetylene and

oxygen hozes are the same grade but Ziffer in color. The oxygenvi

hose is gre=n or black while the acetylene hose is.-red or maroon.

Hoses are equir -2 -d with connections”at each end_ in order that they

may be attached to their respective regulator outlet and torch ir et

connections. These connectiozc consist of a swivel nut and gland.

To prevent a dangerous interchange of welding hose, the threads on

all acetylene hose connections, regulator outlets, and torch inlets
are left. hand threads and grooved to further simplify their

identification; as shown in ffgure 34. . .

-
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Starting Up a Stationary Welding Outfit

@’,,,CheCR the hose lines to insure that eech 11ne is connected

to the proper regulator outiet and torch inlet connection, and that

the gland nuts are tight- v -
2. Check the torch valves to make sure that they are both
closed.

' 3. Select the proper tip and attach it to the torch mIiing
~head: Tighten it with the tip wrench. :

"4, : Open the: -torch acetrlene’ valve and adjust the acetvlene

o .

regulator to give a work:ng prrssure needed for the tip size used.

s

5. Close the torch acetylene valve: . —
3.: Open the torch oxygen ‘valve’ and adJust the oxygen regulator
to give the required working pressure.

7. Open the torch acetylene valve and light the gas with the
igniter. -

8. Adjust the acetylene valve to give = flow of gas suificient

to cause a slight’ gap between the end of the tip and the flame.
9. Readjuét the acetylene—tor’ﬁ‘va*ve to the desired flow of
-gas : : o : : ] : _
- . ] . . 7 R ‘ 7 ,
10. Spen the oxygen torch valve siowly until the luminous central

cone becomes well-rounded with nc feather at the tip of the comne.

>

X

L o PORTABLE WELDING OUTFIT

A complete portable welding outfit, shown in figure 35, consists
of the following items: a cart with a carbon dinxidefFi ¢ extin-
guishers; a supply of oxygen and acftylene gas ir cylinders; :
oxygen and acetylene pressure regulators complete with gages and

- connections; two lengths of hose with adapter cornc.tions for the

regulators and the torch; .an apparatus wrench; a safet; flint igniter;

and a pair of weidirg goggies.

B

. There are many rules in regard to the cure and. handiing of this
<€quipment. You must continually be on the alert to insure that you

 are following these rules. Damage to any part of the equipment can

put the whole outfit out of comm:ssion until that part is repaired

or repiaced. Settirg up, turning on the gases, 1ight*ng the torch

matically in order to prevent damage to the equipment or injury to

yourself: The follewing procedures are based upon years of . . -
experience and will assure operator safety and prevent 35mag° to

1the apparatus. o

' 50

IText Providad by ERIC.

EKC"_. - Iss

9 -

Nod:




R

ding Outfit.

Portable Wel

35

gure

Figu

linders to Truck

, B
S

3

S L
‘8 (Vo)
Iy !

= ™~
TR

s,

Q

£

o

R .

.
Aruitoxt provided by Eic:

E\.



Q

ERIC

Aruitoxt provided by Eic:

Figure 37: Blowing Out Dirt
in the Outlet Nipple.

A

E figz&?é 38. Tightening the Umion Nut. ‘ '

1; Place the acetylene and _oxygen cyl1nders on rhe cart,

2. : Open each cyllnder valve slightly for an instant to blow
out any dirt that may be lodged in the outlet n1pp1e, figure 37.

3. Attach the regulators to their respective cylinders and
tighten the union nut with the apparatus wrench figure 38 Acetylene

between the cyirnder valve outlet and the regulator.

. .
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Fzgure 39. Attachzng qgge %0 Rbgu’” tor;

4. Attach the red acetylene hose to the acetylenme regulator

outlet which has left-hand threads. Attach the green oxygen hose to
"the oXygen regulator which has right-hand threads. Tighten the nits

with the apparatus wrench, figure 39.

. Figure 40. Releasing the ReguZator
Pa i Adgustzng Serew.
. 5.  Releasé the +ég'uiat'o'r adjusting screws by turning them -
s counterclockwise-until they are loose; figure 40, Open the cylinder
7 valves slowly. Open the acetylene valve 172 turn.and the oxygen valve
’ all the way: . » o e
\,\,_ - :- '
Q ) . . 53 : ] : B .
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6. Blow-out the hoses one at a time, figure 41. Open each " \ N
regulatdr by turnlng the adjuétlng screw clockmlse After blowing .
Figure 42; - Gheck Points fbr ﬁeaks
7. Connect the rod acetylene hose to the torch connection
gland marked AC, and " the green “oxygeq hose to the torch connection -
gland marked 0K, ""d",ib ;o

&

T 8. Select-the pr oper size torch t1p and attach it to the"
torch. Tighten it moderately with the apparatus wrench.

P
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: 9; B Adjust the rcgulators to the workrnb pressures of the

gases. Open the torch acetylene valve and adjust the regulator
to the. required pressure, then close the torch acetvlene needle

valve: Adjust the oxygen working pressure in the same manier.

10 To light the torch; open the torch acetylene ncedle

valve and light it with the flint igniter, then adjust the needle
vaive to give a bright iuminous flame:

1. To aéjuét tﬁe torch for the neutral welding flame, open
the torch oxygen r-edle valve slowly until the feather at the

end of the centrax cone disappears.

Testing for Gas Leaks - ‘ _ .

After assembling the apparatus, all co neetions should be

‘checked for leaks before lighting the torch,\as shown in -figure 42.

With the gas pressure adjusted to the working\?ressure, close the )
cylinder valves ‘and release the regulator adjuysting screw. A : :
_pressure drop oa the working pressure gage ingicates,a leak between
the regulator working pressure gage and the torch valves. A pressure

drop on the high-pressure gage indicates a leak around the cylinder

valve outlet. Gas leaks indicated by these methods can bt 1located

by applying a soap solution to the connections. A leak z- any of the
connections causes a soap bubble to form: Leaks in the welding hose
-can_be located by immersing the hpse in cleanfwater using normal
working pressures. Leaks in the hose are indicated by a string of
Subbles; )

1

of the atmospheresand the water. Oxygen is a very active element

and combines with practically all materials ‘under suitable condi-

,tinns, sometimes with destructive results: Grease and 0117are highlv

combustible in the _presence. of pure otygen. Rust on ferrous }

aluminum are all due to the action of oxygen in the atmosphere.
This acticn is known as oxidation.

Commercial oxygen is chiefly used for welding and cutting with

oxyacetyiene torches: The value oI o4rgen71ies in the fact that

it supports eombustxon of the fuel gases in the process 1nvoived
Oxygen is obtained commercially either by the liquid-air process or - |
by the electrolytic process. 1 '

\l.
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_ The 1iquid—air process supplies most of the oxygen used for

welding. In this process, air is compressed and cooled to a

temperature -321°F when the gases becomc liquid. As the temperature

of thé lijuidmmir is raised, the nitrogen, in a gaseous form; is

given off first, since the boillng point of quuid nrtrogcn is ~-321°F.
The oxygen is given off when a temperature of —297 F is reached.

~-then compressed into cyllnders for use.

In the Electrolytic process, oxygen is obtained by separating

water into hydrogc: and oxygen by passing a direct current through
the water to which an acid or alkali has been added. The electric
current breaks the water down into its chemical elerents of hydrogen
and oxygen. The oxygen collects at the positive ;enninal while

.the hydrogen collects at the negative terminal. Each gas,; having

passed through suitable pipes, is compressed into containers.

OXYGEN CYLINDERS. The buik of commercial oxygen is supplied in

seamless steel cyllnders containing 220 cubic feet- at a pressure

of 2;000 psi at 70°F. A smaller oxygen cylinder contaznzng 1106 Cubic;

feet at 2,000 psi ar 70°E is also available for the convenience of
users requiring small volumes, or for ease of handling for outside

Jobs:

VALVE STEM NUT

WHEEL
8BOWNET T c
VAIVE 3TCm . I ~RUBBER WASHER

— LOW. MELTING_ POINT
M[ TAL WASHL'ﬂ

VALVE NEEOLE

fgéﬁré 43; Ozygen Cylinder and Valve.

-~

?iéﬁré 43’ shows the construotlon of an oxygen cylinder and

cylinder valve assembiy.rFThe valve shown is the needle-type and is

made of high—strength’fno corrosive gopper alloy. A bursting disc
of the valve consists of a thin copper

in the nipple at the rea
- diaphragm supported by a fusible alloy metai washer, and is held in

place over the end of thelnipple with a cup~shaped nut: The alloy
} 56
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vasher melts at approximately 240°F, so that in the event the cylinder ,727
js exposed to a temperature absve_ this point, the disc either

bursts or fiucters freely and releases the pressiure before the

expanding gas can ‘reach a aangerous pressure in the cylinder.

Acetylene and Acety'l ene’ Ey'l inders

B ACETYZEVE Acetvlene is the fuel gas used in the production
of the: high-temperature oxyacetylere flame.r It is a -ompound of
carbon and hydrogen (C2 H,) which has two atoms of carbon combined
with two atoms of hydrogen in its chemical structore. Acetylene

is without color and has a distinctive odor that is easily detected
even when it is ‘difused into the air. "It is a stable corpound’
under low pressure at normal temperatire, but it becomes unstable
when it is comptessed in a container to a pressure exceeding

15 psi; Under 2 pressure of 29.4 psi; It becomes self-explosive,
and a slight ~ock may cause it to explode even in the absence of

oxygen or 2'- Tt;:&:es of acetylene and air containing from 2 to
80 percent ~-ne explode when they are ignited. The problem

of storing . .enie under pressure has been overcome by dissolvirng
it in ace%o..., ~hich is capable of absorbing acetylene approximately

25 times its own volume.

3

; 7ICEIONE
-/~ FILLEk.

, Pigure 44. C?oss Section of an AcetyZene
: Cylinder Showing Filler Material.

. . S o .
7777~A€§?YZ§?57C¥EINDERS The cylinders which are used to store

acetylene under pressure vary to some extent in slze and appearance.

Figure 44 shows the construction of am acetyleme cylinder. The

cylinders are of seamless steel constructionm and are filled with a

substan ce having a porosity of 75 to 80 percent. This filler forms -
qu absorbs the acetylene. f

The porous f‘ller is charged to 60 percent of ics liquid volume.

This allpws space for expansion since acetune increases "in: volume

as it absorbs acetylene 'and shrinks as the acetylene is released.

IOy
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When the cylinders arc filled; ¢

weight of acetylenc dissolved in the ece

of 14.5 cubic fecet per pound at 70°F.

1
i

¢ manufacturer determines the
itene by using the factor

7o letermize the amount of

acetylene in tho cylinder, thie cytinder is weighed bofore and after

filling. diff
volume of acetylenme in cubic feet:

In order to prevent loss of acetenw

The differcnce in weight ruitiplicd by 14.5 pives the

content; aceivlene

cylinders should be stored in an uprignt position so that the acctone

‘collects in the porous waterial below

O

tiie outlet valve. Acetone

discharges with the acetylene gas urless it is allowed to stand

in an upright position for somc time.

The rate of discharge of acetylene cylinders is slso important.

The cylinder discharge rate should not exceed 1/% of the cvlinder
capacity per hour. If this rate is excesded, the acetone mav be

dravn off with the acetylene g=s. When higher discharge rates are

required, acetylene cylinders should be set pp and usad [rom a

fani fold:

Acetylene cylinders are provided

with safety pluas which ar2

designed to rclease the gas from the cylinder if the cvlinder be-

The metal alloy in these plugs

melr of a

comes overheuted:
temperature between 212° and
to cause tiié gas to escape at

buining back into the cylinde

220°F. The plugs are smill enouzn

a ipecd that prevents the flame from
r in case the escaping gns 18 ignited:

Storage and Handling of Oxygen and Acetylene Cylinders

1. Keep oxygen cylinde
oil and grease.
combustion and causes oil and
great intensity:

2. Do not drop or hand

v ATy
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3. Do not store cylinders near a furnacc or 'radiators. Exces- ﬁl

sive heat causes an increase in temparature of the compressed gises
resulting in a corresponding increase in pressure in the cylinuer.
At abnormally high pressures and temperatures, tne safety plugs

release the gasaos from their containers.
4. Never attempt to repair cylinder valves.

5. Dxygen and acetylene cylinders should be separated in
storage and used in order as they are received from the supplier,
figure 46.

6. Acetylene cylinders should be stored and used in an upright

position to prevent the loss of acetone.

7. When the cylinders are exhausted; replace the protective

cap and mark the cylinders empty with che letters MI.

Use @ friction lighter to Light
blowpipe. You might get a
bad burn in trying to use @
match.

Figure 48. Lighting the Torch.

‘To light the welding torch, first open only the acetylene valve.

The flaze is obtained by striking the igniter in front of the tip,

keeping the hand well to one side; as shown in figure 46. Hold the
torch zo that the flame will be directed away _rorm you, the gas
cylinders; hose; or any flammable material. The pure acetylene
flame is long and bushy ard has a yellowish color: Since the

oxygen valve is closed at this time, the acetylene is combining

with the cvygen in the air. This is not sufficient to burn the

acetylene completely, and the flame is smoxy and produces a soot of
fire unburned carbon. The pure acetylere flame is unsuitable for
welding.

~ The oxygen valve is then opened. This causes the flame to
shorten; and the mixed gases burn #n contact with the tip face.
The. flame changes to 2 bluish-white color and forms a bright inner

cone svrrounded by an outer flame envelope or sheath: The inner

59
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WHITE TO BLUE CONE
/  NEARLY COUORLESS =
/ BLUISH TO ORANGE 5)

FLAME AS SEEN WITHOUT FLAME AS SEEN WITH
WELDER’S GOGGLES WELDER’S GOGGLES
S Figuve 47. [Heutral Flames
INTENSE WHITE CONE o
/| jwHITE OR COLORLESS JREDUCING ZONE

.,_a-ﬁi_(_,_-.

e - ==
_ g - T T
PApt-apn - . —— —~— e - "
FLAME AS SEEN WITHOUT FLAME AS SEEN WITH
WELDER'S GOGGLES WELDER’S GOGGLES
, RA PD 235968
Figurz 48. Carburizing Fiame.
cone develops the high temperature required for welding, while the
outer envelope contains varying amounts of carborn soot, depending

—,

upon the proportion of oxygem to acetylene;

w

NEUTRAL FLAME. There are twc clearly defined zonmes in.a neutral
flame. The inner portion consists of a luminous cone which is
bluish-white in color. Surrounding this is a large envelope or
sheath which is faintly luminous 2nd has a liglit-bluish tint: The

rieutral or balanced flame is produced when the mixed gases consist
of spproximately one volume of acetylenc; one volume of oxygen
supplied from the torch; and 1 1/2 volumes from the atmosphere, as
“shown in figure 47.
In welding steel with a neutral flame, the molten pool of T
metal is quiet and clear, and the metal flames easily without '
boiling, foaming, or sparking: In a neutral flaiwe, the temperature

at the tip of the inner cone is approximately 5,850 degrees

| CARBURIZING FLAME. The carburizing flame is produced when

slightly less than one volume of oxygen is mixed with one volume of
acetylene. This flame is obtained by first adjusting the welding

flame to neutral and then further cpening the acetylere torch valve
slightly to produce a white streamer or feather of acetylene at the end

of the inner cone. The carburizing flame can alwaye bc recognized by
the presence ~f tiree distinct flame cones. They are the clearly
defined blui.n-white central cone, a white fearher or intermediate
cone indicating tke amount of excess acetylene, and the lighic-blue
outer flame envelope. This flame has z temperature of avproximately
5,700 degrces TFahrenheit at the tip of the central cone, figure 48:

-
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When a carburszng flame is used for we’dlng steels, the molten
metal becomes cloudy and numerous. SparLg are given off, caused by

the steel absorbing carbon from the flame: This addition of carbon
to the weld may cause the steel to become brittle and subject to
cracking.

_ OXIDIZING ZONE

- ORANGE TO PURPLISH

ELAME AS SEEN WITROUT FLAME AS SEEN WITH
WELDER'S GOGGLES WELDER'S GOGGLES

Figure 49. Oxidizing Flame.

OXIDIZING FL 4ME. The oxidizing flame is prodL;ed witen s3iightly

more than one voicme of oxygen 1is mixed with one volume of acetvlene.

To adJust for this type of flame, the torch should be first adjusted

to give a qgéutral flame:. Then increase the flow of oxygen by opening

the torch oxygen valve: This flame can be recognized by a short,

p01nted central cone and a somewnat shorter outer fiame envelope,

and a distinct hissing sound. figure 49.

in weldirg steel, an ol dlzlro flame causes thc noJ*cn metal

to foam and give off spans. This indicates that the excess oxygen

from the flame is combining with the steel and is burning it. An

oxidizing flame should not te used for welding steel since the

dep051ted metal becomes porous; indlz;d and brittle. The tempera-

ture of this flame is approximately 6, 300 degrees Fahrenheit.

Safety Precautions

1. Before lighting the torch, make sure that there are no

leaks in the hose or connections tc the torch or reguldtors.

. 2: Do not point the torch toward ycurself, other workers near

you, nor toward the hoses and regulators.

3. Always keep the torch within the line of your vision when
it 1s burning:

4. Always turn off the torch before leaving your station.

5. Do not close the torch valves too tlghtly Exressive
pressure can damage the valve seats and cause them to leak.

ERIC 195
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DISASSEMBLY OF OXYACETVLENE WELDING SQUIPMENT
Elosing Down a Stationary Welding Qutfit
1.  Close the torch acetylene valve.

2. Closc the torch oxygen valve.
3. Shut off the acetvlene regulator by turuing the adjusting
screw counterclockwise: .

_4:  Shut off the oxygen regulator using the same procedure
as described for closing the acetylene regulator.
5. Open the torch acetylene valve until the regulator gage
shows no pressure; then close the valve..
6. Open the torch oxygen valve until the regulator gage
shows no pressure, then close the valve.

7 7.  Hang up the hose and torch; being careful to aveid kinking
the hosz:

Closing Down a Portable Welding Outfit
2 Close the acetylene needle valve first, tnen close the

oxygen needle valve.

2. Close both of the cylinder valves.
, 3: Open the torch icedle valves one at a time and bleed the
hoses and regulators.

4. Close the torch neadle valves.

5. Turn the regulater adjustirng screws counterclockwise to
relieve the pressure on the diaphragm.
6. Hang the torch and hose up properly %o prevent kinking the
hose and damaging thie torch.

7. Disconnect acetylene hose from regulutor:

8. Disconnect oxygen hose from regulator.

9. Disconnact regulator from acetylene tank; then disconnect
the oxygen regulator.

16; 'RéﬁiéCé protective caps on tanks.

~
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CARE AND MAINTENANCE OF OXYACETYLENE WELDING EQUIPMENT / 7%

The parts of the welding cquipment are designed and constructed

to exacting specifications and must not be used for any other pur-

pose. Each part shculd be checked daily to make surec it works properly

and has no gas leaks. The parts needing regular inspection and

maintenance are the regulators, torches, tips, and welding hoses.
Regulators

The primary trouble cxperienced with regulators is gas leakage
between the regulator seat and nozzle. You can detect it by a
gradual pressure rise on the working pressure gage after the

cylinder valve is spened: This is known ds "crecping regulator’

and is caused by worn or cracked seats, or dirt particles lodged
between the seat and nozzle. Leaking regulators should be replaced
i order to avoid damage to other parts of the welding equipment.
Gages

problems with the gages arc usually caused by 2 leaking or

broken bourdon tube. Defective bordon tubes are indicated by _
fluctuating gage pressure or gas leaking from the gage case. This
defect is caused by failure to fuily release the adjusting screv

before opening the cylinder valve: A leaking gage tube can be
repaired by soldering. More extensive repairs stould not be done

without the special equipment required.
Torch

- The primary cause of torch troubles are leaks in the mizing
lead scat; leaking needle valves,; and clogged torch tubes. A leaking

needle valve is indicated by the gas flowing after the valve is
closed:  This is caused by a worn or bent valve stes, 2 damaged

valve seat, or loose packing around the needle valve. 4 leak in

the mixing head seat allows tHe gases to escape and unless you
correct the trouble immediately, it can result in severe burus or
damage to the equipment by flashback, which is!the gas burning back
into the torch.

Figqure Sﬁzrr?ightCﬁihg Packing
Gland Nut.
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Figure 51. Inspecting Needle Valve
Assembly.

7 Needle valve leaks around the seat may be repaired by tighrening
the packing gland nut; figure 50. I[ the leak is in _the seat,
remiove the needle valve with a wrench and clean it; figure 51. If
it worn or pitted, replace it with a new one. If the salve seat ]
is scored, pitted, Jr ctherwise damaged; the torch should be returned
to the manufratarer for repair.

Leakiaz mix:ng head seats should be :zmoved and cleaned. If the

> ameccd. the torch should be returned to the manufacturer

L]

seuts are damage
fcr revair.

logge¢ torch tibe: should be cleaned by removing the hoses and
mizing head; riica hi~ving out each tube with 20 to 30 poinds of
oxrien pressire.

Torer Tips
Scersd or out-of-rourd tin orifices cause the flame shape to be

irregular even after the czip h:s becn cleaned. Tips require cleaning

often because small particles «.f metzl or oxide collect on the tip
and in the orifice. Use soft copper wire or drili-type tip cleaner.
to clean the tip orifice. The cleaning drill should be approximately

one size smaller than the tip orifice so that it does not enlarge

Figure §2. Cleaning a Torch Tip.
S b4
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The dirty tip should be removed from the torch ond the tip
cleanvt imscrted in the threaded end; figure 52. The cleaner
should be moved back and [orth withont twisting becausc this would
enlarge the tip orifice. If the tip orifice is scored, vut-cf-round;
or enlarged, the tip should be replaced.

Hoses

The welding hose should be checked at regular intervals for

leaks, worn spots, or loosc connections. Leaks in tlie hose can be
found by immersing it in clean water under pressure. Since worn or
leaking hoses are dangerous and wasteful; they should be repaired

or replaced immediately.
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rigure 53, Repairinz a Ieaking Hose.

cn
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 Leaks in the hose can be repaired by removing the 2amaged sect
and inserting a hose splice, as illustrated in figure 53. FRcses

leaking at the vegulator or torch connections are repairec by

cutting off one or two inches and replacing the conneccions.
Procedure

;.  Set up and operate a stationary gas welding outfit. You
will be required to operate *he unit systematically irn starting up

aiid closing down each day. Treat the unit as if {ir wiore your own;

opecate it safely and keep your area clean.
2. Light the torch and adjust the flame to neutral; oxidizing:
and carburizing: Use gc.gles when you Iook directly &t flame:

Practice visual identification of each:

3. Direct a neutral flame on the surface of carbon steel sheet
and ncte the behavior of the metal. Reépeat tor the oxidizing and
carburizing flames; and note thie reaction of the molten metal to
each.

4. Close down the welding outfit and »lacé the torch in 2
bench hanger.

- 65
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SATETY RULES FOR THE OPERATION AND MAINTENANCE OF STATIGNARY
AND PORTADLE OFVACETVLENE WELDIKG CUTFITS

1. Regulators are to Lo vsed only for the garcs for whith
thev arc intended:

‘ 2. e]ders wast know the iden tlfVllO characteristics of both

oxygen and acetylene regulators.

3. The regu ator adJustInr screw must be fully released

before opening cviinder valves preparatory to using the torch.

4. Cylinder vaives should be opencd slowly; the oxvgen valve

SHbuidiberoancu folly, and acetvliéne vilve not more than one and
one-half turns.

S. The acetylene cylinder valve wrench must be left in place
on the acetylene cvllnﬂe* valve so that the acetylene can be shut

off cuickly in cas: of an emergency.

7. oOnlv frictjon fiint lighters should be used for righting

torches.
8. The student s:u&ﬁ puide should be followed in lighting
torches and closing dowa torchzs.

9, The welder should always keep
vision.

re:
-
Ay

fiame in his field of

10. Surplus hose should be coiled and oiut of tie way of
sparks and the flame.

11. Approved welding gogales must be worn during wcliding or

cutting with oxyztetvlerne equipnent.

12. When a flashback occurs, both terch valves rniust be shut

off immediately, the acety :lene valve first and then the ouygen

valve. The torch sheuld then be cooled and iaspected before
relighting. :

13. When a backfire occurs; the tip siz: should be decreased
or the pressire and oiume of gases increased to overcome tle
burning back into the tip chamber:

14. A pilot flame must nmever be alloved to bura nt the tip
of the torch;

i5: When a job is complotcd, the cylinder valves must be
closed; the regelator hosc and torch should b2 bled to release
the gas pressures; the regulator acdjusting SCILWS sliodld be

full) released; and the torch valve shcould be closed.

66
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] 16. A torch should never be left in the open end of a plpe,
in a tank, or in other vessels; because a ledakitig liv:ie or torch

may caus¢ the accumulztion of an explosive mixture of gas.

17. When anv part of the equipment requires maintenance
work, the cylinder valves must be closed:
18, Lezking hoses should never be rzpaired with ordinary
friction tape.

19. Copper tubing should not be uscd to splice acetylene
hoses as an explosive gas (copper acetylite) may be generated.
~ 20. Only commercial bronze, brass, or steel fittings should
be used in setting up or repairing oxyacetylene welding equipment.

, 21. Spzre rarts and regulators should te stored im a clean,
dry place free from contact with oil or grease.

oxyacetylene welding equipment.

23. Faulty regulators must net be used and only qualified
perconnel may make repairs on regulators.
24, TFiashback arrestors; bursting discs, and reverse flow
valves shouid be part of statiorary welding outfits as added
safety features.

er square inch on cxvacetylene equipment.
p q 3 ¥ q
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Metallurgy Branch 3ABR53230~8G-107
thanute AFB; Illinois

OBJECTIVES

After completing this study guide and your classroom instruction,
you will be able to apply the fundamental principles and techniques

of welding lap joints of carbon steel in the flat position.

INTRODUCTION

‘The lap joint is probably the simplest joint used in any

welding operation: The requirement of the lap joint is fairly
simple. The joint edges should overlap at iz2st three times

the thickness of the metal:. Beyond this, there are no requirement

other than thie weld bead itself: Since there are no joint edges
to prepare; the lap joint can be casily and quickly welded.
INFORMATION

The oxyacetylene welding process requires a high temperature

flame, produced by a miipureiéfiqugen and acetylene gases to
melt the edges cof the metal to be joined. The molten edges

fiow together producing on2 continucus piece of metal 3s the
weld cools and hardens. The type of joint you weld determines

- *

whether or not you need & filler rod.

When you weid steel with the oxyacetylene flame, there are

certain precautions that you should follow. They help you o
improve your skill in contrclling the motion of the flame, rog,

and molten pool, and enable you to produce sound welds. You

should observe the following precauticns:
1. Use a strictly neutral flame for welding carbon steel.

2. The tip size should be large enough to melt the metcl

and allow complete fusion of the filler rud and base metal.

3. Do fict use excessive gas pressure because this causes

a Barsh fiame, making it difficult to control the molten pool.
4. The molten pool should progress evenly down the joint.

5. Hold the inner core of the flame slightly above the
wolten pool: Do not let it touch the filler rod, molten pool,
or base metal: Protect the molten pool with the outer flame
envelope.
6. Add the filler rod to the leading edge of the molten
pool: Do mot melt the filler rod and let it drop imto the molten
pooi.
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TEMPERATURE EFFECT ON METALS
) Depending upon its compesition, steel, when heated with
the oxyacetylene flame doeg mot becoge fluid until it reaches
a temperature between 2450 and 2750°F. Krowing this fact allows
you to control the molten pool when you are welding carbon steel
in any position other than flat.

Heat Conductivity

LINEAR EXPANSION HEAT CONDUCTIVITY
 (Per Pt. Per  (Per Cent) (Based
1000°F) Apprax.  on Silver= 1000)

KIND OF METAL  MELTING. POINI

metal.
Heat cond

O

Auminun, Pure
Klusimm, 5% stlicen

Gold

Iron; gray cast
Tron, malleable
Lead

Magpesium (alloy)
Monel metal
Nickel

Silver

Siiver solders
Sclder 50-50
Steel (carbor)

Stainless steel (18-8)

Hn
Tungsten

Vanadios
Wite metal

1650 to 1850
1650 to 1932

2200 to 2400

2480

2646

1761

1160 to 1600
437

2,80 to 2750
450

6152

3182

430 to 490
v N

-8 (9/64")
J115 (7/64%)
2119 (1/8")

106 (7/647)
.067 (1/16%)
.067 (1/167)
.188 (3/167)
171 (11/16%)
.098 (3/32%)
.092 (3/32%)
.083 (5/64)
129 (3/8%)

076 (5/64%)
139 (9/6")

10 - 118

rable 1. Properties of Metals

Heat conductivity i
Heat travels through some metals faster than others. The
uctivity for the most common metals is shown in table 1.
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These flgures are based upon the heat conductivity of silver
whitch is 1000 or 100%: Heat conductivity of metals should
be considered in welding for two reasons.

1. Hétéié which have a high conduct*v1ry requirc a greater

amount of heat because a great amount of the heat is conducted
away from the point of heat appliication.

2. High conduciivity causes the heated srea to become

larger and hotter causing a greater amount of expansiod.

Expansion

Metals are sen51tive to uenoerature changee. They expaﬁd
under the application of heat =« Ith an increase in lcngth thickﬁéSs,

anad w1dth 1f the temperature of a metzl is raised tniferml

throughout its mass and lowecoed ir the same wavy, the force

of expansion has no adverse effects when the heat from the
welding flame is concentrated on a metal at one point, the

metal in the hezted area tries to expand and the part which

opposes it either distorts out of shapn, breaks; or is severely
stressed. Each metal expands a definite amount for each degree
of rise in temperature. The increase in length per inch per
degree of temperature rise measured in millionths of zn inch
is called the coefficient of expansion. The coefficients of

expansion for the comwon metals are given in table 1.

Contraction

T
I E T . = =i d
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Figure 54, Resultc of Weld Metal Shrinkages

Contraction 15 the reverse of e\pans;on. When it is cooled

from the weldiig temperotcre, the metal contracts as much as

it expanded. If tre temperature is uniform throughout the
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part, contraction is not restrained. If contraction is restrained,
the metal part is pulled out of alignment or a high stress

femains, reducing the strength of the weld and causing the

metal to break at a weaker point. Figure 54 illustrates how
contraction of the weld metal pulls the parts out of alignment
when no provision is made to prevent it. The effects of contraction
can be best controlled by slow, even cooling. Allowances can

be made to cause the shrinkage of the weld to pull the members

into alignment:

./

CONTROLLING EXPANSION AND CONTRACTION
Fixturas

Joints in sheetmetal should be welded in & fixture whenever
possible. A properly designed. fixture holds the edges in alignment
and minimizes the flow of heat into the sheet; reducing the
amount of expansion and contraction. The clamping action of
the fixture prevents undue movement of the parts; while the use
of heavy sections in the fixture at the desired points effectively

removes the heat from the base metal.

Stress Relieving

~ In most cases, there is some stress remaining in parts
fabricated or repaired By welding: When it is practical, this
stress should be relieved in order to obtain the full strength ey

of the weld and the base metzl. Heat treatment is the most

eliable method of stress relieving. The part can be heated

AT )

in a furnace to the stress-relieving temperature, then cooled
stowly and evenly. When this is impossible, stress-relieving
can be done by reheating the entire weld to a dull red heat

with the welding torch, then aliowing it to_cool slowly: In
many cases, distortion can be relieved or eliminated in welded

steel structures. After complecing each weld; direct the flame
on the back side of the weld. Thisrcontréls shrinkage and,

offsets some of the warpage caused by welding. Wwarped or buckled
plates can be straightened in a similar manner. _
Stress Distribution

Additional weld metal above the minimum requirement for

reinforcement does not necessarily mean added strength of the

joint: 4 uniform weld contour is essential to transmit stresses
through the face of the weld points of Stréééfccncentrgtioh

occur wherever th:re is an dbrupt change in the contour of
weld reinforcement. Gradual changes in the weld contour and
the omission of internal and external irregularities in a weld

result in good stress distribution.

Strength of Welded Joints

The strength of a welded joint is dffected by the weld 5

metal deposit; type of joint, size of the weld, location of 3
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i
the weld in relation to the parte, kind of stresses which the ]2%) l
joint is subjected to, and the skill of the operator. Most

welded joints tan be made as strong 3s the bzse meatal if the

proper amount of weld reinforcement is used.

Location of Welds

B—_ : ,

LINE OF STRESS —-———-—%

Figure £5. Location of Welds in Relation to Line of Stress.

. The location of the weld can affect the strength of the
joint: Welds that are made across the line of stress, shown
in figure 55, are usually 30% stronger than welds that are

made parallel to the lime of stress, shown in figure 35B.

Welds running parallel to the stress iine have more stress

on the ends of the weld than the middle and have a tendency
to tear out. If your welds have to rum parallel to the line
of stress, you can hook them around the joint to reduce this
tendency tr tear.

TERMINOLOGY

Figure S6- Cross Section of a Weld.

 Each weld must meet certain specifications. To obtain
maximum weld strength; the established specifications for reinforcement,
penetration, and contour must be met. References to specifications
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F a weld are based on "I" which is the thickness of the base
metal: The differeat parts of a weld are shown in figure 56
The terms are defined as follows:

1. Fusion Zone = The area of weld metal that has penetrated

beyond the original surface of the base metal.
2. Root - The portion of the weld metal deposited at
the bottom of the joint:
3, Throat - T~ distance along the center line of the
weld between the root and the face:
4. Weld Reinforcemeat - Metal added zbove the surface
of the joint edges:

5. Face - The outer surface of the weld reinforcement.
. Toes - The edges of the weld face.
7. Leg - The difiension of the weld extending on each
side .of the root of the joint. This applies to lap joints.
8. Penetratiom - The distance from the original surface
of the base metal to the pcint at which fusion ceases:

WELBl: = ZTHODS

Ferehand Welding

/45550

- RE-ENFORCEMENT

DEPTH OF FUSION IN PLATE 25%7T0 50%

,,,,,,,,,,

Figuve 57. Welding Beads, Forehard Meirod.

 In this method, the flame is pointed in the directlon -
of travel and the tip is held at an angle of approximately 45° to 69°
to the work. This angle allows the welding flame to prehieat
the metal ahcad of the molten pool, as shown in fipure s7.
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The angle of the filler rod sliogld be 45° to the plate surface
but may vary slightly on different jobs. The filler rod is
added to the molten pool by dipping it inm the leading edge of
the molten pooi: This welding method is most commonly used

on thin-wall tubing, sheetmetal; and plate up to 174" thick.

RAPD 709944
Figure 58. Forehaxd WéZiing;

i PSPl o ST S-S
in plates over 1/4" thick, a wide bevel with & 90  dincluded
angle must be used to insure proper fusiom and penetration of
the base metal, as shown in figure 58. This causes the molten

pool to become large and difficult to control.

Backhand Welding

Figure 59. Backhand Welding.
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for heavier netal because the edge bevel does not exceed 60
jncluded angle. Thie permits you TC maintain a snsller molten
pool and uses tess filler rod.

without filler rod

1. Light the torch and adjust it to a neutral flame.
5. Heat the plate until a molten pool is formed.

3. Using a slight circular motion, move the torch in
the direction of the weld.
4. To make a narrow bead, hold the £1ame close to the

molten pcol. To make 2 wide bead, hold the flame away from
the molten pool.

With fiiler rod

1. Light the torch and adjust it to a neutral flame.

. Heat the plate until a molten pool is formed.

N

Wi

Dip the filler rod in the leading edge of the molten

pool.

-

a

4. Move the torch siightly from side to sidc to obtai
good fusion.

Torch Tip Selection

METAL THICKINESS

TiP SIZE NO.

Torchweld Airco

1764" to 1732" 72
1732" to 1/16" 68
1716 to 1/8" 62
178" to 3716" 58
3/16" to 174" 55
174" to 3/8" 53

o W [s%3 [y

1

-1

mabie 2. Tip Sizes.

' The selection cf the proper tip size depends upon the thickness

of the base metal and the rate 2t which the heat is coudacted
away from the weld: When the tip is too large, the wmctal is

overheated, scales, and some of the elements arc burned out of the
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metal; causing a weak weld. When the tip is too small; the

volume of heat is not sufficient to obtain proper fusiorn. Torch
manufacturers furnish tables giving the approximate sizes of =
tips for welding different thicknesses of tietzl. The approximate

tip size for steel may be selected by reférring tc table 2.

Fiiler Rod

METAL THICKNESS - FILLER RCD

1/16" to 1/8" | 1716V to 37327
1/8" to 174" 178"

378" to 172" 3716

1/2 and up 1 /ai

Table 3. Size of Filler Rods:

 The type of filler rod for any job depends upon the metal
to be welded. Ia most cases, the filler rod is the same composition
as the base metal. The copper coated low carboa filler rod
is used to weld low carbon steel. Filler rods are available
in diameters from 17/16" to 3/8". The size of the filler you
use is detormined by the thickness of the base metal. Tatle 3
ghows the comparison between metal thickness and filler rod
dizmaters. .

WELDING LAP JOINTS

A lap joint, the edges of two shcets are placed ore abcve
the other, znd thc weld zpplied joining the edge of one shzat
to the surface of the other. Lap joinis are used in the comstructicn

of equipment fabricated from plate and sheet metal. Lap joints

are not as efficient in the transmission of loac stresses as
are butt joints, but certain types of lap joints develop the

fill strength of the base metal under a tensile puil.
Types of Lap Joints
SINGLE-FILLET EAP JOINT. This type of joint is frequently

used; since it requires no machiring of the joint edges. This
joint is welded from one side only when the design of the part
does not permit welding Irom both sides. The single-fillet
lap joint, figure 604, coes not develop full base metal strength;
but 1s stronger than a butt weld for some applications. When
tubing or frames overlap or telescope together; the lap jolnt

is preferable to the butt joint. If loading ir not too severe,
this joint is suitable for welding metals of all thickncsses.

1f fatigue or impact loads are encountered; concentraticn of :
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stress ocour at the edge of the weid. Undor tension the platec
may pull out of line, subjeciing the root to bending. -
) DOUBLE-FILLED LAP wOTHT. This joint; figuve G0Z, is suitable .
for much more severe lozd conditions than can be net by the
single-fillet lap joint. When propcrly made, this joint develeps
thie full strength of the base metal. Lowever, fur extremely
severe loads, the butt joint is preferred.
JOGGLED LA¥ JoiiT. Whenm you want to uge 3 lap joiat buot
the matal surface must be kept on the same plan:, the joggled
lap joint; figure 60C, is used. This joint gives a fiore uniform
distribution of load strcsses than the single o~ double-lap
type. The joint produces a greater strength than the single-
fillet lap joint; but is more difficult to prepare for welding.
Weld Specifications

1.
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metals of unequal thickmess. the specifications are basud upon lff%

tite thickness of the lighter gage sheet.

5-  The face should be slightly convex in shape:
3, ©Penetration ~or metals 1/8 inch or less should be
30 to 50% of the mecrai thickness. Tor heavier gages the minimom
penetration is 1/1% inch.
4. The throat thickness should equal the thickness of
the bzse metal.

Welding Technique

_—WELD METAL FORM
7
?g,,,, .

Figure 62. Lap Joint.

 When joining metzl thickness of 1/8 inch or less, the overizpping
of the sheets should .c from % to 6 times the metal ¢hickness.
The joint should be tack welded at inrervals of approximately
1 1/2 inches as shown in figure 62. Prior to welding; tae edges
of the sheer should be preheated by directing the flame above

Backhand Welding

 In this methcd, the flame is directed back toward the finished
weld. Backhand weclding is used primarily for heavier metal

because the sdge tevel does not exceed 60° included angle. This

permits you to maintain 2 smaller pattern pool and uses less
filler rod edges. This will raise the temperacure of the metal
to a point which will permit obtaining fusion into the root
of the joint. The torch should be held approximately 60 degrees
from horizontal, rhereby directing most of the welding heat

upon the botiom sheet, with the flame pointed in the dircction
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of travel. When the edges arc raised to tne molten state, the

center of the molten pool should be in 11?97VIL5 the unmelted
upper edge of the joint. This procedurc permits a greater amount

of thie base metal to be melted into the molten pool, thus requiring
less filler rod and assuring adequate fusion into the upper

sheet. To prevent possxbie undcercutting at thie upper edge of

the joint and cverlap on the lower plate; the filler rod should

be added to the upper edge of the molten pool. The §peed of

travel can be determined by the size cf the molten pool maintained

at the joint edges. The following weld characteristics can

be used in determining wrong technlques employed in making lap
welds.

Coincuve Weld Foee:  Tnis condition gaiierally indicarcs
the use of too iarge z welding tip and/or an insufficient amount
of filler rod added to the weld. It results in excess penetration

and undercutting at the toes of the weld

Weld Face ixcessiveiy Convex: This welding heat and adding
an excessive amount oif filler rod. Overlap and lack of penetraticn

results.

Undﬂrcuttzrn @il Cperlap: This condition exists when the
flame is directed improperiv. Undercurting occurs on tus overheated
edge and overlap oa ibz ¢dge 1nsuft*c1Eﬂc*y heated. This sanme
conditjoi 1ay resclit frow the improper zddition of filler red

into the molten pool.

Nerpow and Wide Welds: A speed of travel aleng the jeint

edges which is too fast w111 cause the molten pool to decrease
in size, resulting in 3 narrow weld. The reverse will be true
if the speed cf traVLl is too slow. A siow speed of travel
usually causes excessive penetration of a rapid specd and inadecuate

amount of penetration.

Procedure for Welding Lap Joints

1. Set up work and tack weld, having sheets tightly together.
2. Preheat bottom sheet at point where weld is to be

started.

3. Start at one end and complete weld, directiug flame

mostly on bottom sheet.

4. Add filler rod near top edge of 301nt biilding up

bead to correct dimensions.
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Precastions: 1. Make sure that the surfaces of the two pieces (
to be welded fit closely together.

9. Mzke tack welds small and securc.

3. After tacking, check again to insure close fit
of the two pieces.
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Metallurgy Eranch 3ABR53230-5G-108 ( 5{ (\”
Chanute AFB, Illinois

OBJECTIVES
After completing this study guide and vour classroom instruction;
you will be able te apply tlie fundamental principleés and technliques

of welding butt joints.

INTRODUCT IO
,;/—\/'
 The butt joint is probably the most difficult joint to
weld: The weld specifications must all be met to produce a joint
that is as strong, if not stromger, than the base metal. The

buts joint alsc with.tands bending and twisting loads better

than any cther joint.
INFORMATION

The butt joint is used to join the ends or edges of twe
pieces of metal which are in the same plane. A properly made
butt joint develops the full strength of the bhase metal and
is satisfactory for all types of loads. The preparation of
the joint for metals up te 1/8" rthick requires matching of the
sheets,; spearatad by 2 distance ecual to the metcl thickness.
Regardless of metal thickness in ary type of butt joint, the
ﬁéﬁétrétibnfthrouéﬁ tihe base metal wust be 100% and fusion inio
the sidowalls st ieast %/1€ of zn inch. Care must be taken
to space and tack the metal preperly. Warping, insufficient

penctration, cr poor fusion, may result if proper spacing and

tacking procedures are not observed.

the proper fusion and perietration:

‘Keep the plates on the same pianc and maintain the correct
spacing so that you cau obtain P t

Make small, well penetrated tack welds so that the joint is

held to a mininum of expansion on heating and a minimum of coritraction

or cooling. It is not necessary to preheat the plates but you
should not overheat the molten pool. Oveirheating causes the

molten pool to boil znd spark excessively, erlarges the grain
in the basc métal next to the weld; lowers the strength of the
weld, and causes scaling of the weld:

] Tke height of .reinforcement for metal up to 1/16" thick

is approximztely one T, or the thickness of the base metal.
From 1/16" ro 3/32"; ihickdess the height of reinforcement drops
to 75% of T. As the base metal thickness increases, the height
of reinforccment decrzases.

~ The width ot reinforcement for metal up is approximately
2 to 4 T,
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Figure 63. Characteristics of a Good Butt Weld.
~ The reinforcement pmust have zn even contcur and taper
gradually into the base metal at the toes of the weld; as
shown in figure 63
JOINT PREPARATION AND SETUP
Mill scale, rust, oxides; and other impurities shouid be
removed from the jeoint edges ond sctriaces in crder to prevert
thew from being included in tiin weid: Metak up to 178 inch
tiick can be welded without beveling. =
=/
_&XT MAYIMUM
— REINFCRCTMENT
 — "”'\"Ef- -
?_‘ -
&
S NPENETRATION
SPACEET AFTER TACKING 3 | .
1 -
/ =
3
- - S e 29 Prde TR ol
Pigure 64. Setup - Rigid Butt Joint. =
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RIGID BUTT JOINT. Figure 6% shows the proper_setup for

welding a rigid butt joint in the flat position. The joint

edges should be placed on the same plane and supportéd on material
which does nct radiate the heat away from the plate beirg welded:
Rigid-butt joints rust be tack welded prior to welding to prevent
the edges from being drawn together; making penetration impossible

to obtain the amount of spacing for carbon steel is ome "T'. ,
the importance of making good tack welds cannot be overcmphasized.
Proper spacing, size; and penetration of tack welds definitely
helps to mcke a catisfactory weld. Penecration of the tack

welds shtould be 100%: Tack welds not penetrating completely
through the base metal causes weak spots in the firished weld:

The tack welds should be rigid. yet small enough to permit easy
fusion in welding. They should b= spaced approximately one

and one half inches apart along the joint.
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Figure 65. Open Butt Joint.

OPEN JOINTS. Joints not tacked prior to welding are drawn
together as the weld prog-isses along the joint. The spot at
which the first metal deposit is made is melted so rapidly that
most of the expansion 1is taken care of in the molten pool. As
the weld continues and the initial deposit cools; it contracts
and pulls the two edges of the pieces together over their entire

length before velding tne fa:Veﬁﬁéiéétually'bverlaprbéTBfé the

_weld is completed: One method of overcoming this cffect is

to setup the pieces as shown in figure 65. The spacing at the
ctart of a carton steel joint is one npn while the open or finished

end should be zpproximately 1/% inch per foot of weld plus s A
WELDING TECHNIQUE
Rigid Butt Joints

filloer rod, flume adjustment, and rod and torcli maaipulation.
85
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The welding tip should form an angie of approximately 45° to 60° with
the plate surface, with the flame being pointed in the direction

of welding.- Add the filler rod to the molten pool at an angle

of about 45°. The motion of the flame should be controlied

<o that it mslts the side walls of the sheets at the joint and

enough of the filler rod to produce a molten pool of the correc
size. The best technigue for you depends upon the typc of wvork

you may be doing, but since any technique is based upon certain

principles, you shovid learn them and follow them:

1. The molten poci should progress evenly down the seam.
2. The end of the filler rod should be dipped in the
fending edge of the wolten pool. Do rot zllow it to melt and

drip inte it.

3. Hold the inmer come of the welding fleme approximately
1/16" above the moiten pool. Do not allow it to touch the filler
rod,; molten pool, or the base metal.

B 4. The molten pool should penetrate completely through
the joint but not extend too far below the bottom of the joint.

Fimure 66. Rigid Butt Joint Welding Technigque.
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Figure 66 shows the technique which 3s used in walding rigid

square edge butt joints. The cdges of the metal are melted

to the bottom of the joint causing the molten mctal to form

in the shape of a "horseshoe.” The filler tod is added to the

molten pool behind the oponing and the molten rool bridges across

the edges. Tne pressurc and heat of the flame are used to reestablish
the horseshoe opening. This procedure is repeatad each time

-you add filler rod to the molten pool: By maintaining the horseshoe
opening, penetration reaches completely to the bottom edge of

dpen Butt Joints

~ The technique for welding open butt joints is the same
as for rigid butt joints. In order to keep the joint from

closing entirely, the starting end is spaced one T and the finishing
end is spaced 1/4 inch per foot plus one T. Tne joint edges

are tack welded as shown in figure 65 and the weld started immediately

about 172 inch beyond the tack weld: As the weld progresses.

the spacing gradually closes to a space equal to the base metsl
thickness.

PROCESURES FOR WELDING BUTT JCINTS
Rigid Butt Joints

1. Clean the edges of the pieces to be walded.

5. Adjust the torch flame te neutzal, and tack weld.
3. Start weld at the poiat indicated ang weid by the
forehand method toward tite opew end.

4. After completing this part of weld return to cther
end and finish the weld backhand:

5. 1t the plates get out of alignment, stop welding and
force then back into position.

6. Before resuming welding; preheat the finished weld

for about 1 1/2 inches back from point where the weld-stopped.

7-  €ool weld.

8. Check your work with the instructor.

Precautions: 1: Make sure tha: the sheets are in alignment
after tacking. B
»

3. Be sure the proper spacing is zllowed.

3. Be sure that the tack is made and the
weld is started at the exact point indicated
on drawing.




Open Joints

1. Clean the edges of tiie metal:

5. Adjust the torch for a neutral flame, and tack weld.

3. Weld by the forehzud method. Start at one end and weld

to the other.

4. Melt the edges through to the underside and build

ap the bead to the proper dimensions.

Precautions:

1. Make tacks small and strong.

2: Be sure that metal is spaced properly

before and after tacking.

3. Insure thzt the metal is on the same

plane after tacking.

4. Be sure to use the correct tip size for metal
welded.
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Motallurgy Branch 3A 10-5C-109
Chanute AFB, Illinois

TEE JOINTS OF CARBON STEEE

OBJECTIVES

you will be aole to apply the Lundamentai princxp]es and technlques

of welding tee joints of carbon steel in the flat position.

INTRODUCT 10N

stbrane tankz,; and as reinforcement for other Welc;jg ogeratlons.

The prlnC1p19“711*c1%ed are closely rclated to the lap joint.

The mzjor diffcrence between a lap weld and a tee weld is the

height of the upper leg of the weld and the weld face contour.

The biggest advantage of a tee weld is its ability to be builc

up in more than one layer so that it can obtain the maximum
amount of strength for the joint:

INFORMATION

FLAT TO CONVEY —
v

1Y spaCE—
%

30-50%-T

Figure €7.

A tee joint is formed when the edse of one plvte is welded

approximately perpendicular to the surface of another. The
weld is called a fillet weld because it is triangular in cross

sectlon. The . various sections of a tee ‘oint are shown in ngure

66. The terms used to 1dent1fv the weld sections are the same
for all typss of joints. Specifications for the tee joint are
shown in figure 67. When both pieces o;,the base ﬂctal are

the same thickness; the upper. 2nd lower leg speclflyat1on should
be 1 1/2 T. If one piece is thinner than the other, the thinner

piece determines the leg length or heigth. Penetyation should _
be from 30 to 56 percent for metal 1/8" thick or less. For metal

89
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motal over 178", thick the penctration should be at luast 1/16":

The throat thickness chould be "1,
PREPARATION AND WELDING OF TEE JOINTS

Joint Preparation

The tee joint used on metal 178" thick or less nceds a0

special preuaratlon other than ;;eanlno the edge ¢f the vertical

sheet and the surface of the horizonta 1 sheet. On metal d“fr
1/8", the vertical qheet chocid be bﬂveleu., The slngio ¥-45"

bevel is used on metal up to 172". The double V—ESo bevel is

Lsed on p%ate 1/2” or thicker if ;t ~uan be welded from both
sides. If heavy plate cannot be weided from both sides, the

bevel used is a single U wnlch allows for complcte penetration

without an excessive amount. of filler material or manhours which
would be needed if the > single V were used.

Figure 68: Setwp of Tee Joint.

The vertical sheet; figure £8; shtould be spaced from 1/52
to 1/16 of ar inch avove the horxzzontal sheet. The welding
less tHe edges

heat cannot be used Lo ils gra atest advantaye un

are sr)aced to permit easy fusioni without excessive Laating.

The ¢ paCIﬁg sncsld be the same. a}onb the join; so that ngnctratjon
and fusion can e obtained. When the joint is welded on toth
sidss, the tack weids should be - :de alternstely from uvnc &ide

90 é?éi’

i
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to the other. Tack weldinr in this manner alds in mdint11ninv
alignment of the vertical sheet: If welding only one side, tack

weld onc side.

Welding Technique

~ OVERLAP
Figure 69, Tee Joint = Overlep and Undercut.

Select the proper tip s1ze and adjust the flame to neutrai
then, holding the torch at a 5S° to 60° angle, direct most of
the heat on the bottom plate. When the molten pool forms; be

surc that _it eyuends eguaiiy cn both plates. To prevent under-

cutting, figura 89, the filler rod should be added to the upper
edgs of the molten pool.

PROCEDYRE
1. Clean the metal to be welded.

2. Set up the 301n . as shown in figure 68; and tack

weld at approximately two-lncn intervals; allow 1/16" spacing,
figure 67.

3. Start at one end and complete tne weld.

4. Weld by the forehand method; takiﬁg care to direct

5. Creck with the instructor for weld faults.

6. Repeat the above procedure until you can make satisfactory
tee welds.

Precautions: 1. Make sure that the vertical piecc is

securely tacked to the horizontal piece

with small tack welds:

1



9. Make sure that the proper size tip with .
sufficient volume of heat is used. .

3. Make sure that the penetration is

extending into the root of che joint as the

weld progrecsses.

_u
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POSITION WELDING
OBECTIVES

Arter COnHIL;inn th s tudv guide and your classroom inuttﬁctiéﬁ,
you wxii be abl; to anply the technlque of welding ]OiP;S in

INTRODUCTION

Although the different types of joints are easlly walded
in the flat pos:tion, these joints are not always found in this

position. Many times you may _be requ1red to veld a joint in

one of the other positions. In order to successtxiy weld a

joint in the horizontal or verticat position; you must Know

and apply the technigues required to allow the weld to meet

the specifications for the type of joint,
INFORMATION

A1l weld? ng cin be cla551f1ed accordlﬂg to the position
of the metal or 3oint edges of the metal being welded. There

are four general positions in which welds are recuired to be

npde The:crsre 8éézgnate" as flat,. horizoatal, vertical, and

In the flat position the weld is made with the parts flat
on the table or inclined at an angle less than 45 degrees, the.

filier metal is deposlted from the upper side of the joint,; and
thie face of the weid is ayproximatcly horizontal:

Tn the horizontal position the weld is made with the parts

rtical position or inclinad at an angle of more tharn

a
45 degrees with the seam running horizontally.

In the vertical position the parts are inclined at an °ng1e

greater than 45 degrees with the seam ranning vertically.

In the overhead p051t1on the filler metal is deposited

from the underside of the joint and the face of thz weld is appreximately
horizontal:

WELDING IN THE HORIZONTAL AND VERTICAL POSITIONS

In crder to make satisfactory welds ir positions other

than flat; a kinowledge of factors which permit control of the
weld metal in these various positions 1is e°sent1al Due to the

effect of gravity, the molten weid metal in the puddle always

93
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tends to seck a lowar level: This tendency i< restrained by

the foliowing forces: cohiesion of the molten poul; suppor:
Flo’ldgd bv the base metal and splidificd wold metaly pressure

of the flamc on the molten mo;al the rﬁnIpu]nLLun and chi1iing
effect of the filler rod npon the molten pool; and suriace tension.

'ﬁ‘ 'Jl
s

The =ost irmportant force Coutiteracting the force of gravity
ijs the cohesiveness of tlie molten wmetal; which allows a certain

amount of molten metal to be placed in thie molten pool without

running or falling off. A factor affecting cchygion 1is the

amount of heat applied. More heat than necessary increases

the ;lald‘t} o* the molten metal, resulring in a greater terdency
of tke metal tc rum or fall off.

Horizontal Welding

p should be held at an angle of 45 degrees to the platc sur

d inclired slightly ir. the vertical plane; to direct the fiame
upward. The slight jnclination given to the tip keeps the
wltén ﬂntal from cagvlng to the lower edge of the weld. 1ne
tip should be moved siightly from side te side to deposil the
motal un1‘orn1x along the denL. Ths filler rod added to the

When you weld joints with the joint edges horizontal; the
g

.
l
an

BC

que* adge cf the mclten ans) permils an even dictritution of

weld metal.

Lo

Vertical Welding

In vertical welding the molten metal has a tendency to rim
down,; due to the force of grav:ty, and cause a h15ﬂly—c1owne

bead. 7To control the fiow of molten mc;a;,;gh; flzme shoul

{

«

be held belou e weldmﬂ Lod p01n"1ng upward at ar angle c:
45 degrees to the plzte: Thc pressure of the gases from the

tip help suppcrt the mclten metal; however, reroving the {lane

£
-

momentarity when the mcleten metal tends te sag will aid in producing

a weld of propcr contour. The sclidified weild matal just below

the molten pocl acts as & 1cdge and provides addi tional suppert.

PROCEDURES .
Double=Fillet Lap doint
1. Ciééﬁ tlie metal to be i:éiciéci.

2. Lap 1/2 inch and tack weld in +hé flat position om
the bench.

‘&.z
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Figure 70. Horizontal Lap Joint.

3. Mount in the horizontal position, as shown in figure 70;

and weld in the fixed horizontal position.

Figurz 71. Vertical Lap Joint.

4. Mount in the vertical position, as shown in figure 71,

and weld in the fixed position.
Vertical Tee Weld
1. Clean the metal to be welded.

2. Space the tack weld in thz flat position on the benchs

95




3.
and weld.
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Figure 72. Vertical Fiilet.

Mount in tha vertical positien, zs showa in figure 72,

)N
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MECHANICAL ORANING AND BLUEPRINT READING

OBJECTIVES

After completing this study guide and classroom imstruction, you Wil mske

shop drawings and sketches of welded
and blueprints.
INTRODUCTION

Nearly every repair or fabricatiom

job you will do will require working

to specifications contained in a_

drawing or a blueprint. At times,
you will be required to make your
own sketches and drawings to design
parts for which there are rd drawings
or blueprints. Interpreting blueprints
and drezwings is a skill you must learn
to qualify as a metals processing
specialist.
INFORMAT ION
MANAGEMENT OF DEFENSE
ENERGY AND RESOURCES

Due to the conservation of energy
resources; do not write im or mark
ou any training literature since it
will be reused by other classes. Lights
will be turned off any time the classroom
{s vacant for more than 20 minutes.
A1l consumable materials will be used

comservatively throughout Block II.
DRAWING EQUIPMENT AND
GEOMETRIC CONSTRUCTION

 Thts study guide covers draving
equipment; the use of geometTic
coustruction primciples in making

& blueprint

or drawings and the

interpretation of blueprints and dravings.
The purpose of a draving is to

indicate the form and size of an object
and to convey the ideas of the engiteer
or designer to the perscm who is to
use the drawing. The £

use 8. form of the
object is judicated on the paper by
the relative positions of linmes: It
ig more efficienit to show the various.
design features ia the form of 3 draving.
In this way the details of construction

can easlily be undsrstood. A written

e}

s
ool

sssemblies and interpret shop drawings, diagrams,

or verbal description of detalled
parts would be too extensive and would
only confuse the workman. A drawing
showing dimensions and explenatory
notes gives the workman clear; easily
interpreted information. Drawings

are made with the aid of various
irstruments ind equipment. If the
drawing is made with instruments,

ic is a mechanical drawing; whereas,
if it is made with only a pencil,

it is a free-hand sketch.
Drawing Equipment

 The following paragraphs explain

the various tools and equipment used

in making drawings.

| DRAWIRG BOARS, T-SQUARE, AND TRIANGLE.
A drawing board may be used to provide

2 flst, smooth surface for the paper
while the drawing is being made.
The left edge of the board is used
as a straightedge to guide the T-
square. The blade of the T-square _

provides a straightedga for triangles.

__DRANING PAPER.
avatlable in a variety of grades.
may come in sheets or rolls and

is available in a variety of grades
It may come in sheets O

be colored white, cream, or buif.
For pencil drawings, such as those _
pade ln the shop, paper with a slight
grain that cam be easily erased is
best: Trac i

best: Tracing paper is used to make
original drawings because it is
transparent endugh so that origimal

drawings wmay be traced or imked.

The drawing paper is placed near
the edge of the board and the upper
edge of the paper is lined parallel

to the T-square. After the paper

is in place, it is taped down at

the :ormers, as shown in figure 1.-
Occasionally, thumbtacks are used_

to hold the paper but they are ot .

as suitable as tape.



— 30> 60° TRIANGLE

T 45° TRIANGLE

Pigure 1. Drawing Board Setup.

DRAWING DENCILS. Pencils are

graded by letters from 6B (softest)
through SB, 4B, 3B, 2B, B and HB (medium

goft), F (wedium hard), H, 2H, 3H. 4H;
SH, 68, 7H, 8E, 9H (extremely hard).
Crades 4H and 6H are generally used
for drawing lines while grades F,

H, and 2H are preferred for lettering
and sketching.

| T-SQUARE. This drawing ruler,
ghown in figere 1, is a T-shaped
instrument consisting of a straightedge
with a head at one end. The head

is fastened to the straightedge at

a right angle to the blade with screvs.
ir is used as a guide for horizontal,

vertical, and sloping lines.
TRIANGLES. These inscruments.

are used to draw vertical and sloping

iines. The two most commonly used. . _

triangles are the 45° and the 30°/60°

triangles. The former has two angles,

45° and 90°. The latter has 30°;

60°, and 90° angles. Generally; they

are made of plastic. Various angles

can be obtained when they are used

with the T-square, as shown in figure 2.

L,
(UK

Figure 2. Application of a
T-Square and Triangle:

PROTRACTOR. This instrument

is used for drawing sngles that are not

]
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rEFEnENCE L;;i:/ \Emi om Pares

Figure 3. Protractor.

included ia regular triangles:
Protractors are usually graduated_
from 0° to 180° in divisicas of 1°;,

as shown in figure 3. Protractors are
also available with smaller divisions.
The protractor 1is placed with its

reference line over the lime of the

paper and its_center mark at the
point where the angle is to be drawm.
Mark the center point. The desired
angle can thed be found on the outer
edge of the protractor. Mark the

paper at the desired angle. Remove the

protractor and draw a straight line
from the point just marked to the

center point of the protractor. Thus,

the required amgle is made.

—— SCALE DESIGNATION NUMBER

1 -3 5 3 .7
T LU
& @\ ok Rl s Rl
\\\\\¥\‘\‘\‘ |
16} | | i l i I {A,Ajgglglgf Yl 1 l AAJ}
e bl | '
© -Egj _—j ;
- il |
-——2— , |
2 : i

Pigure 4. Scale.

| SCALES. Twn shapes of scales
are commonly used; the flat; and the
triangtlar: They are usually tade of
boxwood; althouga some are made of

1

N
Cingd |

-

e

hardwood: In the past years; plastic
has been used extensively in the
manufacture of scales: There are
two types of triangular scale; the
enigineer's and the architect's: The

engineer's scale has inch divisions
subdivided into decimals of an inch.

The architect's scale is generally
used in the preparatfon of drawings.
The scale is intended only for measuring

and should not be used as a straightedge.
The scale has eleven sets of graduations
or scales. At each end of the scale,
except the full size scale, is a

number (usually a fraction) showing

the size or breakdown of the scale.

On the left end of the full size
scale, the number 16 appears. This
indicates that the full scale is

divided into l6ths of an inch units.
This 18 the scale that will concern

:he begicner in mechanical drawing

che most. The full size scale is

used for drawings of the same size as
the object or the parts they describe.
Figure 4 shows how each division

is read as a fraction when a full
size scale is broken down in 16chs.

An explapation of the rest of the .
graduations om the architect’s scale

will be given by the instruccor.

tq___héﬁiiéé EXTENSION BAR POINT —

- _ r—— ~ 77
psn'//’ pENaL—-J//
Figure 5. Compass:
~ COMPASS._ The compass; shown
in figure 5, is an inmstrument that is

used for drawing circles or parts_
of a circle. The compass comsists

of two legs hinged at the top. to
permit adjgscﬁent,co,tﬁé desired
sprzad. One leg is desigied so.
that a pencil or pem can be used.
Usuilly, an extension bar is included
for a greater spread.
Geometric Construction

prawings are used to express

ard record the ideas and information

2
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necessary for the building of machines,
structures, and parts rhat make op . 5_
a complete object. In the making of
drawings; the draftsman may use gecmetric
principles to resolve various drawing
problems rapidly and accurately. The
welder will also use drawings as a
guide in the fabrication of parts. .
The welder must have a knowledge of
geometric comnstructions in order to .
understand drawings, since drawings
are lines, circles, arcs, and curves;

it will be necessary to learn the general
methods of drawidg edch of them.

~__ DRA An angle is
formed by drawing two straight lines
that intersect. These limes mmust
meet at ome point, as shown in figure
6. Angles can be drawn very rapidly
with the use of a triangle:

F'z,gure;'""” ;. E’ir'cte;

DRAWING CIRCLES. A circle is _
a line drawn witn a compass from ome

central point, as shown in figure 7.

The diZtance from the line to the
center point remains the same. Any
straight line from the center point

to the line is called the RADIUS of

le. A straight line passing
through the center; which cuts the __
circle into two equal halves is called
the diameter of the circle. The diameter
is cqual to twice the radius (d = 2r).

1

235

¥/

I

*

~ To draw a circle with a pencil
compass or divider, set the radius
and swing a circular line around )
a center point. To avoid changing the
radius, do fot move or hold the legs
of the compass while the circle is

being drawn.

Figure 8. Are.

 DRAWING AN ARC. An arc is
of a circle ard is drawn in the

matiner as a circle, as shown in

part
Same )
figure 8

X

X

Bisecting a

Figure 9. Line:
 BISECTING A LINE. Bisecting

a line means to divide it into two

equal parts. This is dome with the

use of a pencil compass or divider.

Set the compass or divider at a distan.e _

greater than half the length of the

life. Set the needle point on oné -
end of the line, point of &, figure 9,
and draw an arc above and below the
line. Using the same setting; Place

the needle point on the other end
of the line, point B and cross the
first two arcs above and below the
iine, points C and D. Draw 3 thin
line through the points where the
arcs intersect. The thin linme will
bisezt line AB.

N
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Pigure 10. Bisecting an Are.
| BISECTING AN ARC. Bisecting an arc
{s similar to bisecting a_line. Set

the pencil compass or divider at a
distance greater than half the length
of the arc. _Set the needle point

on ome end of the arc, point Aon .
figure 10, and draw aa arc on each side
of the original arc. Using the same
getting, place the needle point on
the other end of the original arc, _
point B and cross the first two arcs
at C and D. Draw a thin line through
the points vhere the arcs intersect.

The thin line bisects arc AB.

Figure 11. Bisecting an angle.

_ BISECTING AN ANGLE. To bisect
the aagle BAC, fijure 11; use A as__
a ceiiter and strike an arc DE. with D

-
-A—¢ P 5]

and E as centers 4nd a radius ';Z[(fD
greater than one-half DE; draw smzll

arcs intersecting at 0. Line AO
bisects the angle BAC.

P

[P

Figure 12. Evecting @ Perpendicular *o
a Given Line From a Point on the Iine.

| DRAWING PERPENDICULAR TO A
STRAIGHT LINE. A perpendicular

15 a straight line that meets amother
straight Iine at 90°. To draw a '
perpendicular to a line from point 1
P on that line (figure 12), with

P as a center and with any radius,

draw arcs intersecting the lime at C
and D. Then, with C and D as centers
and a radius longer than ome-half

the distance betweem C and D; draw

arecs intersecting at E. Line EP

is the required perpendicular.

~ To draw a perpendicular to
2 iine AB (figure 13) from a point
P some distance away from the line:
With point P as center, draw an
arc intersecting the lime at C and

D. With C and D as_centers, draw_
arcs with a radius longer tham ome-
half C and D. These arcs intersect
at E. Line EP is the required
perpendicular.

DRAWING A Lfﬁi,@@f‘tff 0
ANOTHER LINE. To draw a line parallel

to line AB (figure 14) at some distance
away from the line, with any peints

1 and 2 as centers on line AB, draw
apes with the desired distance as
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Figqure 13. Erecting @ Line Perpendicular to, a Given Line Cutéide ihe Line:

Figure 13. Comstructing a Line
Parallel to Another Line.

;adii. Line CD, drawn tangent to the

arcs, is the required parallel line.

ANGLE. To draw an arc within a righe

angle, figure 15, with A as a center
and with any desired radius, draw arcs
across lines AB and AC establishing

points I and E._ Using the same radiuvs
and with D and E 3s centers; dravw
intersecting arcs to form point F.

Vith F as center, draw the required
arc from points D and E; as shown in
figore 15.

| DRAWING AN ARC WITHIN A 90° (RIGHT)

= B

Figure 15. Draving an Are Within
a Rigkt Angle.
| CONSTRUCTING AR ARC TANGENT
70 INTERSECTING LINES. Select points
1 and 2 on line A3 and poinits 3 and

4 on line BC, as shown in figure
16. Set a small pencil compass

at the desired radius and strike
an arc. from poimts 1, 2, 3; and
4 on the same side of iines AB 3nd BC:
Using a triangle ,i,é,éiggfétghtedéé;

draw lines DE and EF tangent to
the arcs: With the same compass

setting, place the needle point
of the compass at point E (the point

of intersection of the two constructed

277
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Pigure 16. Constructing an Arc

Tangent to Intersecting Limes.

lines) and éttiﬁé an arc tangent to

ilines AB and BC.

 DRAWING A 60° ANGLE. To draw a
60° angle from a point om a line
(figure 17) with A as_a center and

any radius, draw arc BC. With point
B as 3 center and the same radius AB,

.draw an arc intersecting at point E

on the arc just drawn. EAB is a 60°
angle.
Note: A 30° angle may be obtained

by bisecting the 60° angle.

Pigure 17: Draving a 60° Angle.
] 45° ANGL To draw
a 45° angle from a point on a line _
(figure 18); from point A on line AB,

set off a distance AC: Draw the

 DRAWING A 45° ANGLE

O
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perpendicular DC; and set off a

distance CE equal to AC. Draw AE;
sngle EAC is a 45° angle.

Figure 18. Drawing a 45° Angle:
 DRAWING A RIGHT ANGLE. A right
angle is an angle of 90° formed
by two intersecting perpendicular
lines.

 When several lines, arcs; and
circles are found on one drawing,
tetters and/or numbers are used to
identify specific places or parts

on the drawing.

) Your duties will require making
layouts on paper and metal for required
repairs. Layouts include lines, circles;
and arcs.

DRARING A _STATION JOINT. Using
geometric comstruction; mzke a shop

draving of a station joint to scale,

using the dimensions givem in figure
19.

Bote: Do not write in this study
guide. ~Answer all questions on
a separate sheet of paper.

‘1. Wny is ir mecessary for
a metals processing specialist to
know how to draw?
2. How many degrees are in
a circle?

3. hat is a radius?

%4. Define the diameter of a circle:

21%
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’/ 'WIRE SPACERS

. !:aycut centerlines.
Draw tube B:
Draw tube A:

4. Draw tube C.
5. Draw gusset plates.
6. Draw wire spacers (E).

Figure 19. Station Joint.
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S. What is an arc?
6. What does bisect mean?

7. What is a perpendicular line?

8. wnat are parallel limes?

g, A60° angle is vhat part
of a circle? A 30° angle? A 45° angle?

10. What is a right angle?
TYPES OF DRAWINGS

7?527@@;& common tiéé,bf étgqgﬁg

is the orthographic. Although they
are used ﬁﬁth,;gsgigpequently,théh )
the orthographic, there are times when

' an isometric, perspective, or oblique

drawing is useful: The four types
of drawings are as follows:

Orthographic Drawing

_ #n orthographic drawing is a _way
of representing the exact shape of
an object in views. Each of these
views show the shape of the object
from the front, top, Side; etc. Any
two or more views will completely describe
the object. Each view is 3 completed
picture of the surface of the object
which it represents.

To understand the orthographic _

draving, consider that each edge of the

object is represented by 3 line. Each
1ine will be seen inm its true length_

and {a its proper place as it appears

in the object. A good way to visualize
chis is to imagine the object susperided
in tbe center of a transparent box

with its sides parallel to those of
the box, as shown in figure 20. Looking
in each side of the box, you will see
different views of the object. (1f

these views were projected to the
sirfaces of the transparent sides of

the box; as in figure 21; and if the

box were flattemad out; as in figure

22, we would have an orthographic drawing.

 If lines could be extended from
> and surface of the

every point; edge,

object to the transparent box; the
result on the front of the box would
be the front vies and would show the

true height and length of the object.

Pigure 20.

Visualizing an

Orthographic Drawing.
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Pigure 22. Orthographic Views in Position.
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Figure 23. Three-View Projection of tength; Width, and Height.
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: Liges from the object to the top of
the box give the top view and show the
- true width and length of the object.. .

Limes from the object to the right side
of the box give the side view and show
the rrue height and width of the object;

s shown in figure 23.
Note: Since there are six sides

to the box, there will be six basic

views._ However, two OT three views
are all that are necessary to

visualize the object.
Usuzlly, the orthographic drawing

of a given object is started by drawing
the front view. The top view is drawn

directly above the front view with the
aid of vertical lines extended from the
front view.

PEEE—

Figure 25. Views Necessary for

Cylinders and Cones.

 Curved surfaces such as cones and
cylinders are seen 2s circles, triangles,

A cylinder

and rectangles in the views.

may appear as a circle in one view and
as a rectangle in another view, as shown

in figure 25.

Orthographic Prcjection.

Pigure 24. Draving @t

The side view of the object is drawn
to the right of the front view by the

aid of horizontal lines extended from
the front view and by projected lires
drawn from the top view, as shown in
figure 24.

. since it is necessary to describe
every part of am object; all surfaces

must be represeated even if they cannot
be seen. To idéntify surfaces which

Q
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Figure 28.
Isometric Drawings

fsometric drawings are pictorial
views of objects. They are built on
three lines representing three edges
of a cube; such as limes 1, 2, and 3
in figure 26. These three lines form
three angles of 120° and are cdlled
isometric axes (figure 26A). Oue is
drawn vertically and the other two at _
30° angles from the horizontal by using
a 30°/60° triangle and T-square.

 The dimensions of the block (1lengtn,
width; znd beight}), are laid off in true
length on the isometric axes and lines -
are drawn through those parallel to each
axis (figure 27). Any lime of the object
that falls on, or is parallel to, the

isometric axes is called an isometric
Iine.

Edges of an object not falling

parallel to one of the isometric axes
are called gonisonetric lines.

Nonisometric lines must be comstructad
by joining their two terminal points __
with the aid of a straight edge (figure
28). When an object contains many
nonisometric lines; it is easiest drawn
if you visualize it being placed in a
box. The box is then drawn in isometric_
and the object jocated in it by its point

of comtact, as in figure 28.
Perspective Drawing
A drawing thit shows the shape of

an object jiust as it appears to the eye

= ——— mo—
Representing Angles on Isometric Drawings.

of the observer is called a perspective
drawing, figire 23: An accurate copy
§f7§7photogtaph,5f7éﬁ,bbjéggiéguld be

a drawing that is io true perspective.
This is because a camera records am object
the vay the eye sees it. A perspective
drawing of a piece of work has its value;
nowever, it is of little nelp to a welder.

It only shows the picture o the cbject
and indicates the shepe as viewed from
one position. It gives no detail as to

thie internal construction, which is what
you need to know. Perspective drawings_
are used very little in welding work but
they may accompany mechanical drawings
for the purpose of stowing an overall

picture of the finished product.
Oblique Drawing

An oblique drawing is based on the

theory that ome face of the object is
parallel to the picture planme. Oblique

drawings are similar to isometric drawings

in that they are based on thkree axes on
which measurements may be made. In an
isometric drawing, the axes are placed

at 120° to each other. 1In oblique
drawings,; two axes are dlways at a right

angle to each other and the cross axes

may be at any convenient angle, 3s in

figure 30A.

_ Oblique dravings have an advantage

over isometric drawings in that an object

with a circular oatline on each fdce may
”””” true form. Also, any

be teprgsented i

object with an irregolar outline can be
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Figure 29. Péiéﬁéétébé DG

Oblique Drawing

% L
] — -

&

Figure 30. UOblique Drawing.

drawn more easily by an oblique drawing.
Usually it is placed at 30°. Si
one face of an oblique drawing is
parallel to the picture plane, the face
is not distorted. To 2 certainm exteat,
the receding two surfaces will look

distorted as im figure 308.

INTERPRETING DRAWINGS

Types; Use; and Interpretation of Lines

 The line s the basis for
interpretation of drawings. & thorough

knowledge of lirec is essential to a
welder. Figure 31 shows tow various
types of lines arc drawn. Some of the

most common lines and their use are
shown in figure 31.
Dimensioning

Three types uf dimeasions are shown

in figure 32; detail, position; and

13

overali. A detail dimension shous ome

length or dimension necessary to express

the size of an object. A position _
dimension locates the centers of circles
or radii necessary to fabricate objects _
to exact dimensions. An overall dimension
is a total dimension which is used to

give thie entire lenmgth; height, and
width of an objact. It is generally

a summation of all imcluded smaller
dimensions and Is placed on the outside

of detail and position dimensions.

| LETTERS AND FIGURES. All lettering
and figures on AF drawings are placed

horizontally in order to be read easily
from the bortom of the drawing, as_shown
in figure 33. Unless otherwise specified;
inch marks need not be gsed on drawings,

since all dimensicas are understood
to be in inches. Where dizensions are

in feet, or feet and inches; they will

be marked as 12' or 12'8". Normally,
44
" 4
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Figure 31. How Various Types of iimes are Drawn.

OVERALL

ro—POSITION—f=——POSITION —fe POT ~{=POS—

le———————— OVERALL

| — oere —f

’ ] HE B! ¥ T T T

» 0 ; H N i H

e o 1o i

: ' ¢ !

= HE B = = 5 == 1 i !

» v - ‘Flcm.. C 4\
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Figure 33. Position of Letters and Figures:
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Figure 34. Dimensioning Arce and Radit.
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Figure 35
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SPECIFIED____
LENGTH \ L
_ g /— MAXIMUM LENGTH
. \z__——— 1:950 5%%%-—-—‘ 1.952 & 1.947 ARE
\_ o THE LIMITS
_ MINIMUM LENGTH
Figure 37. Limits.

io a machine drawing the symbol for feet
is not used.

. RADIT. Methods of indicating radii
¢f arcs and curves are shown in figtre
34: Radius dimensions are shown as
followed by the letter "R" and the )

dimension lime has only one arrowhead.

ANCLES: Some examples ot how angles
are dimensioned are shown in figure 35:
Depending upon the spacing between the
extension lines, dimension lines and
dimensions may be placed imside or
cutside the angles.

| CIRCLES. Figure 36 is an exauple
of how circles @§37§éidimensionéa. A
dimension indicating the diameter of

a circle is generally followed by the
abbreviation "DIAC"

| BOzES. Holes which are to be drilled
or reameZ should hava the diazeter givea,
preferably on a leader line, followed

by the word indicating the operation.

LMTTS AND/OR TOLERANCE. These

é;é the extreme dimensions accepted. __.
For example, a piece is to be made 1.950

long with a maximun dimension .002 inch

larger and a wminimum dizension .003

fach less than 1.950 inches. The extreme
dimensions would be 1.950 féggzihcﬁes;

« - - _ S At _
1.952 inches and 1.947 inches are the
limits, as illustrated in figure 37:
Tolerance is the amount of variation
permitted im the size or locatiom._ In

the above example, the tolerance or total
amount of variatio-i permitted is .002
+ .003 = 005 inch.
Interpreting Sectional Views

‘A sectional view is obtained by
imagining the object cut away as if by
sawing (figure 38). The path of the
saw is considered to be the cutting plane;

BLC VO L

E
CROIL maTIwG
— 7

0

" [)

Figure 38: Sectional Vieus.
i.e.; the plane upon which the. cut is
made. 1f ome portion of the object is
chen removed and a drawing made of the
remaining portion; the lines formerly
invisible are exposed to view. Since

sectioning an object is am imaginary
operation, the other necessary views are
riot changed. The orly additicn is

= cotting plane line which traces the
path of the cattimg plane. A4 pictoriz
view of the object with the path of

the cut traced by a diagonal line 1s
shown in figure 338: An orthographic
projection with the side view sectioned
is also shown in figure 38. The position
of the cutting plane is lecated on

the projected view by a curcing plane
line, as shown in figure 39. The view
to be exposed after passing the cutting

plane through the object is indicated
by the direction of the arrows on the
cutting plane line; as in figure 39:

The cutting plane line may be omitred
if the cutting plane iine coincides

with the centerline representing the

symme:rical axis of the object.

- FULL SECTIONAL VIEW. K full
sectional view is obtaimed by passing
a cutting plaoe across the entire object
(figures 38 and 40). _In this operation,
one-half of the object is considered
removed; ¢

exposed to view, is drawn Or projected

the other half, with the interior
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Figure 39.

Half-Section.

Figire 41,

i the mapaer of any other orthographic
view.

SECTIONAL VIEW. A half-

be drawm for a
(figure 41). This

obtaiﬁed bv passing

HALF-SE
sectional view may

symmetrtcai object

type of section is
two cutting pia:nes

to each other along the centerline or

7

18

symmctrical axis. Tbggl gggjquarCef of

the object is considered removed and the.

interior exposed to view. To more clearly

are generaiiy omitted from the. sectioned

and unsectioned portion. The half-section

provides a view which shows the internal

sfid external features of an object.

At

Brocken-Out Section.

Figure 42:

BRUXEV—OUT OR PARTIAL SECTION. A

bitoken-out or partzal section_is employed

when it is desired to show only a portion

of the object im sectional view {figure
42); Ffequently, a broken-out section

will eliminate the necessity of shoning
a full or half-ssctional view.

oot section ié bbunded at ths break by

”ﬁifafﬁiy'saacéa zg; flne, parallel

lines, termed crosshatching or section-

lining, are osed tc distinguish the

surface of the material theoretxcaliv

cut and exposed by the cutting planc.

The spacing of crosshatching varies from
1732 to 1/3 inch, depending on th~ size
of the drawing amd the parc. Detai

gggwings zre crosshatched with the symbo;

for cast iron regardless of the material
used.

Methods of Showing Detail Not In
Sectionial Views

INVISIBLE OBJcCT LINES:

- C Invisible
object lines amd details beyvond the
cutting plane axe not shown on sectfonal
views unless required for description

of the object:

EEIMINATIDW OF CROSSHA ”CHIVu.,

7 When
a cutting plame passes through a rib,

web, or similar pardllel element; the

9g9§shatchiﬁg is omitted fron those
8 The plane

24y

The broken-



S w—— shown in figure 44; is used to designate
. B the welding process to be used; its

> location, dimensions, extent, cOntour,
and 6tnggfgapp1eaéﬁtary,;ﬁgormaciaﬁ.

| When necessary, a tail is attached

to the reference line and utilized

to provide specific notations (figure 48).
However, the tail is omitted when Such

N\ 44! notations are mnot required.

ELEMENTS OF 4 WELDING SYMBOL.

The Army and Navy Standard for Welding

Symbols (JAN-STD-19) makes a distinction
between the rerms "seld symbol” and
! "gelding symbol." The weld syzbol
N - is the ideograph (A and B, figure 45)
- used to indicate the §é§ire& type of
—l weld. The assembled velding symbol

consists of the following eight elements

! or any that are necessary: reference _

! line, arrow, basic weid symbol, dimensions
and other data, supplementary symbols;

t@;;i"specifiéétiéﬁ!7§féées§;,6& other

- reference. The location of the welding
symbol elements vith respect to each
other is shown in figure b4é.

BASIC WELD SYMBOLS. These weld

),7 symbols are used to indicate the welding
processes used im wmetal joining
operatiofis to indicate whether the

i / weld is jocalized or "all around,"”

to imndicate shop oT field welds, and

to indicate the contcur of tke welés.

N

These basic weld symbols are sumzmarized

77 : These Db:
%/ AT and illustraced ia £igure 45.
'  4ve ond Gas Weld Symbols. These
symbols signify bead, fillet; plugs )
or slot, square; V, bevel, y; and J

,//’_

)

Figure 43- Ribs in Section: welds, as shown in figure 45A.
1s thought of as being just in front _ Resistance Weld Symbcls. These _
of the rib or web. symbols signify spot, projection, seam,
o s flash, and upset velds, as shown in
OPPOSITE DIRECTION CROSSHATCHING. B, figure 45.

When adjacent parts are shown in sectionm,

the crosshatching is shown in opposite  Brazing;. Forgss Thermit, Induction,
direcrions. Where 2 third part is adjacent and Fiow Weldments. No specific weld

to two 6thégiﬁ§rt§;,’Eéﬁgﬁg;eiéf its symbols have been assigned for these
crosshatching is made 30° or 60°. §t§¢€§$E§Eitheréféré,Vthgrtail,of the
. wvelding symbol is used, as in figure
Welding Symbols 44; to designate whiich of these welding
> o B - processes is used, together with
{elding syubols place complete and specifications, procedures, or other
. concise welding information on drawings supplementary taformation required
for the guidance of welders and other in making the weld. Thgrcodeé for
construction and saintenance personmel. these notations in the welding symbol are
The reference line of the welding symbol, gsually established by their uses and
19
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. _ conTouR ;Y,“,“,’ZF\-E __FiNiSH SYMBOL
ROOT OPENING. DEPTH OF FILLING|  ™\Q || GROOVE . ANGLE . iNCLUDED ANGLE OF
FOR PLUG AND SLOT WELDS I\ A /yl COUNTERSINK FOR PLUG WELDS '
CLENGTH OF WELD
/" _PiTCH (CENTER TO CENTER SFACING) OF WELDS
/ ;/ ___FifLD WELD SYM3OL
4 / P
| L= gﬁ ARROW. CONNECTING 7EFERENCE
: __ILINE TO ARROW S$:0f CF-JOINT.

| TO GROOVED MEMBER, OR BOTH

§iZE. SIZE OR STRENGTH|
FOR RESISTANCE WELDS N_

REFERENCE LINES \. -
SPECIFICATION, PROCESS| — N\ '\ /1
SPECIFICATION, - PROCESS ‘:x .S / et

OR OTHER REFERENCE

TAIL

BASIC WELD SYMBOL OR CETAIL REFERENCE g WELD ALL AROUND SYMEOL
(N) L ———NUMBER OF SPOT OR PROJECTION WELDS
RA PD 235985

Figure #4. Standard Locations of Elements on a Welding Symbol.

- , TYPE OF WELD
PLUG GROOVE

BEAD | FILLET | OR. [ ] -
SLOT | SQUARE v BEVEL u | J

o |

{ ]

A — BASIC ARC AND GAS WELD SYMBOLS

TYPE OF WELD

PROJECTION SEAM OR_
" | uPsET

B —BASIC RESISTANCE WELD SYMBOLS

g e (0N OO
AROUND ] 7& FLUSH ConvEX |

|

C — SUPPLEMENTARY SYMBOLS

Figure 45. Basic Weld Symbols -
20
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A~ WELDS ON THE ARROW SIDE OF JOINT

NV g P

B— WELDS ON THE OTHER SIDE OF JOINT

C— WELDS OR SOTH SIDES OF JOINT

FLUSH CONTOUR SYMBOL

p— SPOT, SEAK, AND FLASH OR UPSET WELD
] ¥ MBOLS

__ SINGLE . I

_BEVEL GROOVE_ __ SINGLE-__
__AND BCAD WELD BEAD Bf\EgJ%LD%Rl?BCIJ_\éE
SYMBOLS GCMB}NED SINGLE-J-GROQVE; p FILLET WELD
y ; ~AND FILLET. SYMSO0L
WELD SYMBOL

1
7

DESIRED S
WELDS 1 DESIRED
WELDS

DESIRED
WELDS

F — COMBINATIONS OF WELD SYMEOLI

Figure 46. Welding Symbols Indieating Type and Location Of Welds.
21
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are coupled with the table required for

their translation.

 Supplementary Symbols. These
symbols designate requirements common
in many welding processes and _include

sytbols for weld-all-around, field weld,
flush; and convex contour welds. These
are shown in figure 45C.

Locaticn of Weld Symbol On Welding Symbol
Reference Line

ARR0W SIDE OF JOINT:. Welds om the

arrow side of the joint are indicated
by the weld symbol on the underside of

the reference line, ds in figure 46.

OTHER SIDE OF JOINT. Welds on the

other side of the joint are indicated.
by the weld symbol on the upperside of
the reference line; as in figure 46B.

 BOTE SIDES OF JOINT. Welds on both
sides of the joint are indicated by the
weld symbols on both sides of the
reference line as in figure 46C.

SFOT, SEAM, AND FLASH OR UPSET WELDS.

The symbols for these welds have no arrow
side or other side significance in them-
selves; éitﬁ6ﬁg§,7§ﬁ§?12mencary symbols
used in cbﬁjﬁﬁccion,éiéﬂ these syibols

may have such significance. _For example,
the flush-contour symbol is used in

conjunction with the spot and seam __
symbols (figure 46D) to show that the

exposed surface of one member of the
joint is to be flush. Spot, seam, and
flash or upset weld symbols are centered
on the reference lini, as shown in
figure 46D:

COMBINATION OF #ELD SYMBOL. When
tore than one type of weld is used on
a joint, the symbol for each weld is
shown (figure 46%):

QUESTIONS
Note: Do not write in this study
guide. Answer all questions on

a Separate sheet of paper.
1. _What i§,t§e purpose of an
orthographic drawing?

2. What seasurements are indicated

in the top view of aa orthographic
drawing? o
22

3. What measurements are indicated
in the side view of an orthographic
drawing? -

4. Vhat is the difference between
orthographic and iscmetric drawings?
. 5:  What measurements are indicated
in the front view of an orthographic
drawing?

6. What is an isometric line?

7 hac is cthe purpose of center
lines?

8. What is the purpose of hidden

object lines?

9: What is a working drawing?

_ 10. Wnat is the purpose of
disiensions on drawings?

i1. How is the size of a cizcle
or hole indicated on a drawing?
12, What is meant by sectional
views?
13. How is a cutting plame line

indicated on a drawing?

 14. What are_ the three types
of sectional views?
exposed surface
view?

. Hov is the

shown on a sectional

iNTERPRETATION OF AIR FORCE
BLUEFRINTS

15.

Literally thousands of blueprints
are needjed to build one airecraft. A

manufacturer who wants to build an .
aircra‘t according o AF specificatioris
first consults his engineers. They

work out all the requirements, limitations,
shapes, and dimensions of the various
componeaut parts. Tnis information

is drawa up in the form of rough iayouts,

freehand sketches, and notes. This
is then given to the draftsman who

will assemble the information into
engineering (mechanical) drawings.
These drawings require considerable
skill and attention to detail and in
themselves would be too costly and

[
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short-1ived to be practical. A
converilent and econowical means  of

accurately reproducing such drawings
is blueprinting.

of engineering draw1ngs Which bridge

the g4ap between design and construction.

They give complete information to the

fabricator or repairman by telltng him

what to do and where to go; as shown
in figure 47. Aircraft maintenance

personnel use several kinds of drawings

to repair and maintain aircrafe.

Technical order drawings, such as major

assembly breakdowns, subassexbly

breakdowns; and structural diagrams __

are constantly used to simplify locating

thousands of small pétts ased in the

overall construction of an aircraft.

Blueprints ire got always blue.

They are sometimes white with black,

blue; purple; or maroon lines. The

first method of reproducing mechanical

drawings proved to be the cheapest and

the most common method employed in

blueprinting: A mechanical drawing is

placed of a chemically-treated white

sheet of paper. When exposed O 2 strong
light, the chemical on the paper turns

blue. Since the lines on the mechanical

drawing are opaque, they hold back the

light and the result is that white lines

appear on a blue background. Other

methods of reproducing diechamical drawings
are similar.

Other Information Found On Blueprints

@TPIE BLOCY. The title block used

on AF drawings is of a standard form.
The tirle blocks used by the various

mancfacturers are not identical in form;

howaver, the information contained in
blocks is similaz. The title block _

is located in the lower right sectiom
of the drawing or blueprint. The size
of the block usually remains the same

regardless of the size of the dfawzng.

The title block coritains information

that is oot directly related to the

construction of +he article but is

necessary for reileremnce purposes. . The

block is divided into sections and

coatains the following:

 Finish ﬁé;é;éidtﬁfé., This._ section

24

symbols. On AF drawing. the grade of
finish is indizated by placing the index
rniomber in the small circle forming the
tail of the letter "F.'" These are placed
on the llnés showzng the finished surfaces.

When miﬁ& sur ces are to have the same

on the surfaces with the finish symbol

located with notes. To indicate the

kind of fzni%h desired on remelniﬁg

in the blank finish mark at_the bottcm

of this section. Although the fimish

syrnbols found on Alr Force and various

factory drawings are not 1dentical,

the method of 1ndicatiﬁg finishes is

similar and generally self-explanatory.
Tolerarces: The tolerance is

the amount of variation permitted in

size and location. Indicdted ia tnis

section are the genﬂrai tolerances

applying to all dimensions not having
1ndividua1 eolerancesiigg;géegiyitﬂ

~dimen Tolerances are given
in fractions; decimals, and angles.

_ Material. The materials to be

used in making zhe article are noted
along with optional sarerials: Usoaiiy;

reference is mzde to notes because

77;géaiaéil The heat treatirg

process (annealing, case-hardening,

etc.) to be used, is indicated in this
section.

Finish. Reference is made to
the type of finish to te applied to

the article.

Draftsma:. The name of the person
making the drawieg is listed atong

w@ith the date of completion.

Checker, Engineer, Exzminer. The

rnames of persons responsible for the

accuracy and correctness of tie arnwing

are noted in corresponding spaces.
Production ipproved. The date

the drawing was dpproved for production

purposes is shown along with the name

of the person making the approval.

Name. The nomenclature of the
article is indicated with the most

sultable noun first, foliowed by a dash

X
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and necessary descriptive words; such
as, "bolt - clamping ring," “propeller
hub;" etc.

Sealc. Detail drawings are usually
made to actual size. Large parts

and assemblies may require drawing

on a reduced scale if fnformation
can be clearly shown. The preferred
scales are full (actual) size, 2,

4, 172, and 1/4 (figure 47).

When the drawing is two
times as large as the object;
the scale is "2, if the object
is two times the size of the
drawing, the scale is "1/2."

Quantity Required. The number
of parts required to complete the
next assembly and the iimal assembly
will be entered in the appropriate

spaces. The next assembly number
will be listed along with the type
of equipment. The type is filled
in only when the drawing applies to

an aircrafc, engine; or electronic

equipment.
 Drawing Number. This number

is assigned to the drawings and later
becomes the part number of the article.
Composition of the nuxzbers is described
in an earlier paragraph. The number

i{s located in the lower right cormer

of the drawing form. Cn Alr Force
drawings; a duplicate number will

appear in the upper right corner for

gize A drawing form; in the upper

center for sizes B, G, T, and in the

center right for sizes C; D; E; F,

H, J, and K. Manufacturers etploy

a similar method of locating mombers.
| .

Note: A diagonal line appearing

in a section indicates no action

will be taken.

Change Block: The change block

15 'located in the upper right cormer ___

of the drawing form. All of the changes
for a particular drawing are recorded
ifi this sectionm along with the date

of change and the code number or letter
v the change.

Patent. The patent clause is
a statement located in the upper left

corner of AF engincering drawings and

25

L)

<y

deals with the patent rights of government

drawings. This clause also relieves
the government of any responsibility
or chligations when the drawing is
used for purposes other than government
procurement.

Gereral and Loccl Yotes. Shop

notes are used to give information
and instructions that cannot be showm

conveniently by other means. General
notes are of a general nature and apply
to drawings as a whole: They are located
to the left and just above the title
block. They are placed one above the
other and each note numbered beginning

at the bottom. Notes of this type
indicate finish, hardness, material,

etc. Local notes apply to specific

parts of drawings and are located near
the area affected. Local notes usually
indicate operations but may also identify
parts, give dimensions, and provide

other specific information.
QUEST-IONS

Note: Amswer the questions at

the end of this chapter on 3
separate sheet of paper. DO NOT
WRITE IN THIS STUDY GUIDE.

i. What is the purpose of a
blueprint?
2.  what information is found
in tne title block?
3. What does the scale "1/2"
signify?
4. What is cthe purpose of the
change block?

S. Where are general notes located?

6. What type of lines signify
a center line of a hole through the

ceiiter of a steel plate?

7. what type of information
does the local notes -give the reader?
§. What type of line signifies

the outline of an object?

9. what is the purpose of a
drawing or a blueprint?

1%
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10. What grade of penci}7§§
preferred for mechanical drawings?

11. Why is it necessary fog a
metals processing specialist to know
how to draw?

 12. How many degrees are in a
circle?

13. What does bisect mean?

14. What are parallel Iines?
15. Vhat is a right angle?
REFERENCES

1. Welch, Herbert O., Basic Mechanical

Deawing, 1959:

2. _ Coover, Shriver t.. Ftrs: Course

Drawing and and Basic Bluepr;n: Reaéig&
1960.
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JOINTS OF HEAT AND CORROSION RESISTANT FERROUS ALLOYS

OBJECTIVES

After completing this study gutde and ciassroom imstruction, you will apply the
to weld lap; butt; and tee joints of heat

welding procedures and techniques necessary

and corrosion resistant ferrous alloys.

Heat and corrosion resistant ferrous

alloys; usually referred to as stainless
steels, are weldable by all welding
gethods: Welds made by oxacetylene,
metallic arc, or inert gas shielded
arc welding will develop a strength
equal to that of the base metal in

fon. These cteels
have a melting point of 2400° to 2600°F.
The coefficient of expansion is about
50 percent greater than that of carbon
steel and the thermal heat conductivity
is from one-third to one-half less.
In welding these steels; extra care
should be taken to provide for expamsion

and contraction.

INFORMAT 10N

AND RESOURCES

Due to the conservation of energy

resources, do mot write im or mark

on any training literature since it .
will be reused by other classes. Lights
will be torncd off any time the classroom

is vacant for more than 20 minutes.
All consumable materials will be used

conservatively throughout Block II.
CARBIDE PRECIPITATION

Basically, two types of stainless
steels are encountered in the shop _
for aircraft applications. They are
types 321 and 347; both are ~tabilized
by the addition of certain percentages
of other alloying elements. Im type

321 the stabilizing agent is titanium;
in type 347 it is cclumbiun. These
elements help to prevent carbide .
precipitation during the cooling period
from high temperatures. Carbide
precipitation is the movement of the
carbide from the inside of the material

27

to the outside (figure 48). The carbides
are burned by the oxygen in the air
and fall off in the form of scale.
The thickness of the metal is reduced
each time it is heated to temperatures
from BOO°F to 1600°F and cooled slowly
in the air. After welding, the metal
should be heated to 1850°F and 2100°F.
and cooled quickly. This places the
carbides back in solution and the.
corrosion resistant properties are
retained. '

and Warpage

Oxidation, distortiom, and warpage
can be controlled by proper welding
procedures. Oxidation occurs readily
if the metal is heated with a flame
of excess oxygen. A strictly neutral
flame is most desirable but it is
difficult to maintain and may change
from the neutral to the oxidizing _

flame without being noticed. When using
a slightly carburizing flame; the
feather or brush-like second cone_
shouid not extend more than 1/16th

inch beyond the tip of the inner cone.

If the fl-me contains more acetylene

than req .- , the weld will be brictle.
Distortii= . 1 warpage are prevented
by the us~ <’ jigs or fixtures._ They
should be designed to allow a maximum
movement of the part. This will preveat
cracking due to the metal contracting
as it cools.

To prevent oxidation of the weld,
corrosion resistant steeis should
be well protected from the air during
welding. Oxidation is kept to the
minimum by using flux in oxyacetylene
welding: The flux is in the powder
form and is mixed in clean, cold water
to form a cream-like paste. The flux
is applied to both sides of the joint
and also to the rod. The flux
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A. Structure Before Carbide Precipitation.

B. Structure With Chromium Carbides

Deposited at Grain Boundaries.

Figuve 48. Carbide Precipitation.

protects the metal that cannot be

covered by the flame.

 The end of the welding rod should
be kept within the limits of the flame
envelope_and added to the weld by allowing

it to melt and flow into the zolten
puddle: Stirring or puddiing the hot
metal with the rod is not neécessary
and should be avoided: The welding

tip should be one size smaller than
is used for a similar thickness of
ordinary carbon steel and should not

give a flame that forks or spreads.
Welding Lap Joints

 The welding of 2 lap joint in
stainless steel is usually not as
difficult as welding a butt joint.
Lap joints are frequently used in the
repair of aircraft manifolds when the
additional thickness of a lap joint
is permitted. They also require less
accurate fitup in the repair of holes
or worn sections. <The chance of oxidation
i{s greatly rediced since the penetration
for lap joints does not extend to the
bottom of the joint. When the design
of the part does not permit welding _ .
from both sides, ths joint may be welded
from one side only. For some )
applications, such as_in the repair
of weldable jet or conventional aircraft

parts; patches forming a lap joint are

I e

applied to repair holes or worn sections.
Freedom of pin holes; corrosion B
resistance, and the necessary strength

to withstand expansion and contraction

stresses are the main requirement for

welds on these parts. : :z

of oxides, greases, or oil is necessary,
as in welding other metals; to_prevent

their inclusion in the weld. The joint

edges require nio special preparation

other than the removal of burrs.

| SETUP AND TACX WELDING. The top
edge of the lap joint must be closely
fitted to the surface of the lower

sheet. Spacing between the joint edges

would cause the upper_edge of the joint

to overhe:- making welding more difficule.
Tack welds must be rigid and spaced '
close together along the entire joint.

Make sure there is a close fitup after
tacking to prevent the edges from
separating during welding. Tack welding

aids iu reducing warpage due to the . _
high coefficient of expansion of stainless
steel: Figure 49 illustrates a properly
tack welded lap joint. For best results;

tack welds should be Spaced no_wore

Eh?n 1 inch apért. They must be @;qeﬁﬁ
rigid, yet small, to permit easy fusion
within the weld.
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TACK WELDS

APPROX IMATELY

1 INCH APART

Figure 49.
WELDING AFPLICATION. 1t is not
necessary to use flux to protect the
molten metal peggtga;lfg the joint,
but if is in butr joints. However;
some oxidation will .akn place directly
For this
teason, a coating of flux may be placed
directly beneath the line of weld on
the underside of the sheet.

The joint should be preheated
for several inches by directing the

flame above and below the joint. This

will raise the m2tal to welding
temperature at the root of the jotnt.

The flame is directed mainly on the
bottom sheet and is 901nted in the

When the edges

are raised to the moiten_ state; the
center of the molten pool should be

in line u};b Eﬁgiggmelted edge of the
joint.
to be melted into the molten pool-

;bgslfggqg}g}ggiless ftller rod and
assuring ,
the root and upper enge of the sheet:
_ The filler rod is_held at the

29
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Lap Joint:

melteu simultaneouslyiwiﬁh the base
metal. The filler rod must be kept
within the limits of the outer flame
envelope. This provides a protective
shield for the moiten pooi, the
surrounding metal; and the meiting end
of the filler rod. The weld should

be complé:ed without interruption. 1If
the weld must be stopped for any reason,

the flame should be withdrawn slowly

to prevent oxidation of the melting

General Procedures

Clean the tietal to be welded

1.

and flux the underside of the joint.
'z,  Set up the sheets without

any space between them.

3. Adjust the flame to slightly
carborizing with 17/16" feather.

3.

4 Tack weld at one-inch irtervals

making the tacks as small as possible.
5. Start at one end and complete
the welé. Direct the flame mostly on
the bottom sheert.
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- 6. Add filler rod near the top
edge of the joint. Keep the rod slightly
in advance of the pool and allow the
folten metal to flow into the pool.

. 7. Tuen the work over and weld

the other side:

8. Check with inmstructor for

appearance and penetration.
Precautions

1. Be sure the pleces fit tightly
together after tacking.

2. Make sure to use the correct

flame with a minimum of heat.
3. Bs suré to protect the molten
pool with the flame at all times.
WELDING BUTT JOINTS
Metal Preparation

gguare é&é; butt joints ﬁéYNSE

gsed on metal thickness up to 1/8 inmch:
Welding metal of greater thickness

requires beveling of the edges, as
in earbon steels. All scale, oxides,
and traces of grease or oil must be ’
removed ro prevent their inclusion

in the weld. The closer the
characteristics of the deposited metal
approximite those of the metal being
welded, the better the corrosion

resistance of the welded joint.

Setup and Tack Welding

~ Proper spacing; size, and penetration
of tack welds aid in maintaining alignment
of the joint and reduce the possibility

of exzessive warpage. _The spacing
between the edges of the sheet should

not exceed the metal thickness after
tacking. Dt to the high coefficient

of expansio:; tack welds must be made

with complete penetration and spaced
approximately one inch apart along

the entire joint. Figure 50 shows

the proper setup for welding a rigid
butt joimt. After flux has been applied
to the bottom edges of the joint; care
mist be taken to place the edges of

the joint on the same plane. The torch
is directed approximately perpendicular
to the joint to raise the metal to

the molten state. The filler rod is
then zdded to the melting edges to

form the tack weld. To avoid oxidation
resaiting from removing the flame tec
quickly from ihe molten metal,; the ,
oiter flame envelope should be directed

over the tack weld and slowly withdrawn
until it solidifies: Tack welds must
be rigid with full penetration; vet,
small enough to permit easy fusion

of the metal in welding. . The bottom

cdges of the joint Should be refluxed
after tack welding to replace the flux
removed by the flame in the area of
the tacks.

Pigure 50.

Welding Rigid Bust Joirte ‘Fopehand Tesinique).

307777
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" Welding Application

_ Best results are produced in welding
heat and corrosion resistant steel by ..
completing the weld as rapidly as possible
with a minimum of heat. Excessive and
prolonged heating results im increased
carbide precipitation, distortion, and

buckling. The torch tip should be ome

or two sizes smaller than that csed
in welding carbon steels of equal
thicknesses. The welding flame is
adjusted to .slightly carburizing.
properly adjusted, the "feather" visible
oi the end of the imner come should

sot exceed 1716 inch. The flame is
directed at an angle of 45 degrees in

the direction of travel. The filler
rod is added to the molten pool at an
angle of approximately 20 degrees with
the surface of the sheet and 1s added
to the forward edge of the pool. This

technique permits the filler rod to
fuse simultameously with the base metal.

The outer flame envelope serves as a
protective shield over the molten pool,
surrounding metal and the melting end

of the filler rod. The weld should

progress with a steady forward movement
of the torch: Lateral movement of the

torch causes the heat to Spread, ..
increasing thie tendency toward buckli.._
and distortion. Whenever possible,

welds should be completsd without
If, for any reason, the

interruption.
weld is stopped along the jolat, preheating
to a dull red heat is necessary before
trestarting the weld.

Procedure

1. Ciean the metal to be welded

and flux the underside of the joint.

2. Set up on firebricks im the
welding position.

 '3;  Adjust the flame to slightly
carburizing with atout 17/16" feather.

4. Allow prcper spacing amd .
tack weld at one-imch intervals. Make
the tacks as small as possible.

5. Hold the torch and rod at

the angle shown in figure 50.

6. Start at center of the joint
and weld toward the ends, always

31

keeplug the rod slightly ahead of the

pool, allowing the metal to flow imto
the pool.

7. Domet stir or puddle the
molten pool.

8. TFeather off at the fimtsh
of each weld.
9. Check for weld faults by
bending through the weld.
| 10. Check your work with the
instructor after bending.

Caution: 1. Mike the tack weld

as small as possible.
2. Be sure to feather

off each tack.

and the metal is

aligned after tacking.

4. Reflux the underside

of the sheet after
tacking.

WELDING TEE JOINTS
Metal Preparation

‘The removal of oxides, greases,
6t otl is necessary, as in the welding
of lap and butt joints: The joinmt ,
edges require only cleaning and removal

of buorrs.

 The plain tee joint may be used
on metals up to 1/8 inmch in thickness.
Matals of greater thickness require
beveling, as in welding carbon steel.

The vertical sheet is spaced
approximately 1/32 inch above the

norizontal sheet.

This spacing permits

easier fusion into the root of the_.
joint without excessive neating. Figure
51 f{llastrates the proper spacing

of tack welds. Thev Dust be made rigid,
yot smill enoup'. t» jermit gasy fiston
with the weld snu 5Spaced not more than
1 inch apart. Ttack welds should be
made alternately on both sides when

the joint is to de welded on both sides
of the verticdl sheet: Tack welding in
this manner aids in maintaining alignment

of the vertical sheet.

24
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Figure 51. Tee Joint.

Welding Applicaticn

The correct volume of heat is

of utmost importance im welding a tee
jotnt. If excessive heat is used,_
the surface on the opposite side of
the vertical sheet will oxidize and
make welding extremely difficult.
Oxidation can be minimized by applying

flux to the backside of the joint. .
This side must be thoroughly cleaned
pefore You begin the weld:

Prehearing is done by directing
the flame above and below the joint,
raising the metal to the welding
temperature at the root of the joint.
Adequate preheating prevents cracks
from forming along the line of weld.
When welding, the torch is poinred
in the direction cf travel with the
flame directed mainly upon the base _
of the tee joint. When the base metal
is raised to the welding temperature,

the molten pool stould extend equally
upon the vertical and horizontal sheets.
A requirement for tee joints is to.
prodoce a weld with the upper and lower
legs equal in length.

The filler rod is held at the
forward edge of the pool and added
at its upper edge. This asllows the
molten metal to flow into the pool

and helps prevent possible andercutting

32

of the tpper sheet and overlap on
the lower sheet. The flaje must
constantly shield the meiting metal
to prevent oxidation. Whenever a_
weld is stopped or is at the end of

a joiat, feathering off will prevent
oxidation.
Procedure

1. Clean the metal to be welded
and flux the anderside and backside

of the joint.

3. Adjust the flame to slightly

carburizing with 1/16" feather:
3. Set up the work, as shown
in figure 51, and tack weld at 1"
intervals:

4. Weld by the forehand method,

directing most of the flame on the

bottom sheet.

5. Add the filler rod to the
upper part of the joint, keeping the
rod within thg limits of the flame
and allowing molten metal to flow
into the pool.

6. Feather off at the end of
the weld.



7. Clean the backside of the

QUEST101$

Note: DO NOT WRITE IN THIS STUDY
CUIDE. Diie to the conservation
of paper, answer all questions

on a separate sheet of paper.

1. Wnat is carbide precipitation? _

..

2. What is the carbide precipitation

range? o

3. What is the proper oxyacetylene

flafie used for welding heat and corrosion o

resistant ferrous alloys? Why is this

flame used?

4. What type of stainless steel

is commonly used by the Air Force?

5. VWhy is the "feathering—éff"
effect emploved whenever a weld is
stopped?

4]

O

ERIC

Aruitoxt provided by Eic:

6.  Why 1s :he correct volume

of hea: of ths grmost importance in

welding 2 tee joint of stainless steel?

7. Wy should tack welds be
made atternately on both sides of a
tee joint?

8. Why is a coating of flux
placed directly beneath the tine of
weld on the gnderside of the sheet

when welding stainless steel?
REFERENCES

1. . TO 34Wi-1-5, Welding ~aeory and

2. 70 1- 1A—9 Aérospace Metals - General

Data—and Usage Factors.

3. TO 42p5-1-1, Welding, Machining,
and Forming Corrosion-Resistant Steels

- and Nickel-Chrome Iron—Allovye.
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CUTTING CARBON STEEL

OBJECTIVES

Afcer compieting chis study guile and clrssroom 1“S‘f“°‘i°“' you will idencify

the factors p.riaining to oxyacetylere
oityFoztyletie nozch.

INTRODUCT XON

Oxyacetylene cutting is a_ fasc

and economical method of cutting steel.

The cuttinig torch ailows the welder

to make accurate fitups and prepare.
joint edges on the job without hzving

to rely on time comsuming mechanlcal
methods.

INFORMATION

MANAGEMENT OF DEFENSE
ENERGY RESOURCES

Due to the conservation of energy

Tesources, do mot write in or mark

om any training literature since it

will be used by other classes. Lights
will be turmed off any time the classroom
will be vacant for more than 20 minutes.
All consumable gateriats will be used

throughout Block IIL.

cofiservacively
CUTT1IiG CARBEN STEEL

Cutting carbon steel by the

oxyacetylene process is basically the

rapid oxidation of the metal in &

focalized area. It is a chemical process

based on the affinity of oxygen to

ferrous metal. When metal is heated

to, or above, the melting temperacure

and a free jet of high pressure oxygen

is forced against it, the oXygen will

combine with the hot metal and burn _

it to an oxide: The resulting reaction

generates an._ intense Leat which is
used in cutting. Since only the metal
in the direct path of the oxygen jet _

is acted upon; the metal coabines with

the cutting oxygen and buras to an
oxide. This heats the metal in the
path of the oxygen jet to the melting
temperature as the oxide passes down
the side of the cut. Tnis, inm tor
is blown away on the cpposite side

of the cut leaving a narrow slot (Rerf)

53

separating the metal: When linear
cutting, this kerf snould be narrov

and have uniformly smooth, parallel
walls.

A skilled welder using a gui@ed

and controlled torch can make very
accurate cuts. Ia many cases; they

are spitable for the completed part
with no other fin;ghtng required. .
The speed and economy with which ireon

and steel can be cut and shaped make

the cutting torch an indispensable
tool. Heavy sections which are
uneconomical to cut by arny other method

are readily and smoothly cut with
oxygen.

combire with oxygen when they are

heated to a high tsmperature, some

of them canmot be successfully cut

by this method. This is because their

oxides have a higher melting point

than the parent metal and mix with

it instead of separating as they melt.

The nonferrous metals, high chromium_

steels and cast iron do not cut easily,

but they may be melted and blown away
by high pressure oxygen. Low and
tiediom carbon steel can be cut

successfully by the oxyaCétyiene process

without special p preparation. High

carbon steel parts must be ‘preheated

first. Ordinary tool steel requires

a black heat while some alloy tool

steels require a full red heat.

CUTTING EQUIPMENT

Wicﬁ the exééption of the torch,

;be oxyacetylene cutting equipment

is generally the same as the welding
equipmetit: The oxygen regulators

used for heavy cutting operations

are designed to furnis. a larger volume
and higher pressure than is required

for welding. The oxygen outlet is fitted

24



Q

ERIC

Aruitoxt provided by Eic:

PREMEATING NCEDLE VALVE

FRONT END

PRENEATING OXYGEN TUBE / / _TRiGGER VALVE STEM

HiGH PRESSURE SEAT

TORCH HANDLE

HIGH PRESSURE .
OXYGEN VALVE SPRING OXYGEN HOSE CONNECTING BUSHING

OXYGEN_HOSE
CONNECTION NUT

OXYGEN HOSE -
__CONNECTING GLAND

'REAR OXYGEN TUBE /
7 GEN TUBE

ACETYLENE TUBE
TIP NUT TRIGGER
ORIFICE FOR HEATING GASES

ORIFICE FOR CUTTING OXYGEN

Figure 58.
with a vorking pressure gage which
is graduated to 400 psi. The oxygen
hose is designed to withstand these
high pressures.

sutting Torch

_ The cutting torch mixes oxygen _
2nd acetylene in definite proportions,
burns the mixtore in preheating flames

to heat the work and directs a jet

of high pressure oxygen to sever the
metal along the line of cut. The hand

cutting torch is similar to a welding
torch in 3ppearance bur differs in
construction and_method of conirol.

It comsists mainly of a handle, comnecting
tubes, and head, as shown in figure )
58. The rear of the handle is equipped
with oxygen and acetylene hose }
connections. The supply is controlled

by a needle valve in the acetylene

inlet connection. The oxygen furnished
to the preheating flame is regulated

by a preheat valve cn the side of the
handle. The cutting oxygen lis controlled
by 3 high pressurz oxygen valve operated

by a trigger or lever. In some cutting
torches, the preh2ating oxygen and
acetylene do not wix until they are

in the cutting tip. These cuttling
torches have three gas tubes; one for
high pressure.oxygen; onc for preheating

oxygen; and one for "acetylene. In other

i
/
REA

ACETYLENE HOSE
CONNECTING NUT

R ACETYLENE TUBE -
S | ACETYLENE HOSE
ACETYLENE NEEDLE VALVE CONNEE;(NE EI;A;JO
)
Cutting Toren.

cutting torches, the preheating oxygen

and acetylene premix in a common mixing
chamber in the torch body. These torches

" PREHEAT ORIFICES

CUTTING OXYGEN ORIFICE

Figure 59. Cutting Tip
Cutting Tips

| The taper seated; separable cutting
tip 1s held in the cutting torch head
by the tip nut. The tip has a central

orifine throogh which the cutting

54



NUMBER OF PREHEAT ORIFICES

®

|

4

6  Heavy

¢ Very Heavy.

® [

DEGREE OF

PREHEAT APPL1 AT 15N

For straight line or circular cot-
ting of clean plate.

For splitting angle iron, trimming

plate and sheet metal cutting.

For hand cutting rivet heads an
machine cutting 30 deg. bevels.

For straight line and shape cut-

ting clean plate.

For rusty or painted surfaces.

For cast iron cutting and pre-
paring welding V's:

For general cutting also for cut=
ting cast iron and stainless steel.

For grooving; flame machining,
gouging and removing imperfect
welds.

For grooving, gouging or removing

imperfect welds.

For machine cutting 45 deg. bevel

or hand cutting rivet heads.

Flared cutting orifices provides
large oxygen stream of low velocity
head removal (Washing)-.

for rivet head r

.ilable in two or wmore Sizes and should

above cutting tips are av si
oss of the metal and the job to be

Most of the abov X
on the basis of the thickn

be selected
performed.
Figure 60. Some Common Cutting Topeh Tips and Their Uses:
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?90 DEG HEAD

e s o o2 —.vu-... -——ra—

CUTTING OXYGEN

HIGH PRESSURE VALVE LEVER

CUTTING OXYGEN TUBE

PREHEATING

—‘—’—{

TORCH-HANDLE

OXYGEN OXYGEN HOSE

NEEDLE CONNECUON
VALVE ;

GAS TUBE TORCH HEAD

| ol J R
_ ACETYLENE ACETYLENE
NEEDLE VALVE .. HOSE _
CONNECTION

figuré 61. Cutting Attachment for WéZdzrg Toreh.

oxygen flows: This orifice is surrounded

by several preheating holes, as shown in

figure 59. Cutting tips with cutting

arrd preheating orifices of various
sizes are available for cutting
practlcally any thlckﬁess of metal.

lengths for special Jobs. Bert tips

are also used under certain conditions.

Many special operations; such as flame

machining; gouglng,,scarflng, and rivet

cutting are done with cutting tips

spéczflcaily designed for this purpose.
Figure 60 shows these different designs:

Cutting Attachment

The construction and operation

of the cutting attachment is sSimilar

to that of an ordinzry cuttisg torch

(figure ¢~ . is a simple attachwen

whizo I3 3 : . hody of the standard
welding torch a.d-converts it quickly
irito 4 citting tirch: The changeover

iz made in a very short time Sirce
it is unnecessary to discomnect the
hoses. Thls attzéhment is very. useful

of lighter sectionms. The use of the

cutting attachment is not recommended

for constant cutting of heavy materlals.
Such work should be donz with a regular:;

heavy duty cutting torch.
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CIRCLE
CUTTING
ATTACHMENT

Pigura 63. E
Cirele in Steel Plate.
Cutting Machine
 Although many types of cutting
wachines are available and identified
by various commercial trade names, _
they tdy be classified by their means

of control and type of work they.
perform. Cutting machines have been
improved by using electric solenoid
valves to control the gas flcw. Also,
there are electronic and magnetic

devices used for ccnitolling torch
movement. There are also machines
which perform automatic cutting
operations. These are special machines
gsed for cutting; rpecific numbers .

of specially shaped objects a number

of the same objects at the same time;
straight kerfs; anc for beveling metdl:
In order to make uniformly clean cuts

on steel plate, motor-driven cutting
machines are used to support and guide
the cutting torch. Straight line
catting or beveliny is dome by guiding

Eilectric Motor brévt.

MOTORIZED
CARRIAGE

farriage Being Used to Cut

(vazicnal Cylinder Ges £c.)

Vgijemﬁééﬁi’rié along 3 g;;f}j.éﬁi iine
on steel tracks, as shown in figure
62. Arcs and circles are cut by

guiding the machine with a radius
rod pivoted about a central point, as

shown in figure 63.
SELECTION AND MAINTENANCE
OF CUTTING TIPS
Selection

The main factor in selecting

the ﬁg@ggtrcutcing,tiﬁréize is the
thickness of material to be cut.. The

correct style of cutting tip is determined
by the type of material to be cut,

type cf cut; and surface condition,
Some naterials are more difficult
to cut than others and require different

;accing tips. 7$;ﬁgg7§utcing,dé§éhdé
on oxidation, the metal should be
cleaned before it is cut.

leaned Rust, scale;
or panted surfaces offer greater

2t
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blate Thickness 1B 91%€

Acetylene Pressure,

Oxygen Pressure,

Nr ibs per sq inch _ ibs per sq inch
1/4 in 0 3 25 to 30
3/8 to 1/2 in 1 3 30 to 40
3/4 to 1 in 2 3 40 to 50
11/2in 3 3 45 to 50
2 in 3 3 50 to 55
3 to 4 in 5 4 55 to 65
5 to 6 in 6 5 55 to 60
8 to 10 in 7 6 60 to 70
12 in 8 6 70 to 80

rable 5. Recommended Pressuves for Cutting Low Carbon Stanls.

resistance to the preheating flame.
Toe tip size and oxygen and acetyieme

§;§ssureh generally used for cutting
steel plates of various thickness are
1isted in Table 5. Specific

jnformation on cutting pressures and

cutting sSpeeds for a given thickness
of material is furnished by the
manufacturer of cutting torches. It is
uneconomical to use oversize cutting

tips éﬁd”éxcessivé,bkygén and acetylene

pressures. A cutting tip with a large
cutting oxygen orifice produces a wider

kerf than mecessary and consumes more

oxygen than a tip with 3 smaller orifice

even though lower oxygen pressure is

gsed: Excessive oxygen pressure causes
the cutting jer to swirl and spread
out after leaving the tip.
& wide kerf with uneven sides and

increasing oxygen consumption. For

saximun efficiency, cutting tips should

be operated at normal capacity but
not beyond.

Maintenance

Good cutting results also depend
oo an accurately shaped flame. The

accumulation of slag and oxide on the
cutting tip, figure 64, causes the
preheating flauee to be irregular in
shape and causs=s the top edge of the

This produces

,,,,,,,,,,,,,,

Figure 64.

Slag on Cutting Tip.

cut to be jagged. The procedure for

cleaning cutting tips 1is as follows:

i. Fasten the torch in a vise,
as shown in figure 65. Use a soft
saterial or block of wood on che face

of the jaws to prevent damage to the
torch tubes.

2. Wrap a plece of fine emery
cloth around a file and clean the end

of the tip; as shown in figure 66.
3. Select a tip cleaner two

sizes smaller than the size of the )

tip orifice and cleanm by moving the tip

D



gure 66. Removing Slag Using
Fine Bmery Cloth on File.

Figure 65;
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Pigure 67. Cleaning Orifices
With Tip Cleaner.

(T

clearier up and down, as shown in figure
67. DO NOT TWIST. ane

ate not available, use 2@ soft copper
wire:

Q
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262
 The preheating flame should be of ®
miform shape and length. A flame

of this type helps to ensure a smooth

cut.

CUTTING PROCEDURE

Plain carbon steel whose carbon

other than those required for €uts
of good quality. For higher carbon
steels, care must be taken to prevent
<he formation of @ hard layer at the
edge of the plate: 1Im order to avoid
this; the plate edges are preheated
4n advance of the cut. Preheating
temperatures of 500°F to 600°F should

be used in cutting steels in this class.

. To cut carbon steel, first adjust
the preheating flame to neutral with
the torch needle valves, then open

the cutting oxygen valve and readjust
thie fiame.to neutral. The flame heats
the metal to the melting temperature

and the rapid oxidatiow separates the
metal.

The procedure for setting up 2

cotting outfit is the same as for a

welding outfit and must be followed
carefully. The procedure for closing

down the cutting outfit is the reverse
of setting up. Since much higher oxygen
pressures are used in cutting; it is
important to release the adjusting
screw to relieve the working pressure

when the outfit is oot in use.
Straight Line Cutting

mark the line of cut with a ceater
purich or a guide bar clamped into position
to guide the torch accurately, as shown

in figure 68. To start the cut; hold

the torch perpendicular to the work _
with the inner cone of the preheating
flame slightly above the sarface of _
che metal, as shown in figure 69. When
a red heat has been reached, open the
cutting oxygen valve slowly until it

is fully opem. If the cut has been
started properly, a shower of sparks
should fall from the other side,

jridieating thar the cut has penetrated

]
%)
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Figure 66. Straight Lire Cutting.

ﬂm‘; OXYGEN

|

SHORT GAP
. > PREHEATING
N\ FLAMES .
: i

7 S S —— 7
PHEMEAT .TO_CHERRY. RED_
BEFORE STARTING TO CUT

” e e e

Figure 69. Starting a Cut and
Cutting With a Cutting Torch.

il the way through: With proper

pressures and cutting speeds, the metal

can be cut without iggg;;up:ioﬁ. Near
the end of the cut, raise the torch

to sever the metal. If the cut has
O
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been made properly, the result will
be a clean; narrow kerf comparing
favorably with one made by sawing.

If the speed 1s too fast, the metal

may not be preheated suffictently

to continue the cut. To restart,
direct the flame slightly behind the
point at which the cut was tost. Resume
the cut when the metal is preheated
properly.

Circular Cutting

Circular cutting with a hand

held cutting torch is done with a
cfrcular cutting attachment shown

in figure 70. This attachment consists
of a rod with a clamp attached to

one end which fits the rorch head.

An adjustable center point on the
bar may be set to the desired radius.
When the cut must be started away .
from the edge of the metal, a small
hole may be drilled or burned through
the metsl a short distance f: = the.
circulai outline and the cut started
from the edge of the hole.



Figure 70. Circulcer futting Attachment.
Piercing chalk: A straignt edge clamped into
S o position may be used as a rest to
~ More time is required in role assist in maintaining the proper torch
piercing than is with edge starting. angle. The angle which the cutting
¥hen the spot is suificiently heated, oxygen makes with the surface of the

raise the torch about 1/2 idch above

the normal position for cutting; then
open the cutting oxygen valve. After
burning through; lower the totch to
the normal height abcve the work and
complete the cut. Cire must be taken
to prevent slag from plugging the
cutting orifice. This occurs if the

torch is held too close to the work

when first opening the cotring oxygen
valve.
Beveling

~ Torch control during beveling

ts more difficult than straight Square
edge cutting. The speed at which

the torch is moved and the steadiness

of the ﬁbVEQéﬁt7ﬁ:§7§mportant,iﬁ obtainirig
a smooth cut. A line indicating the_

top edge of the bevel may be made with

Q
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petal produces the desired bevel.
SAFETY PRACTICE.

) in all cutting cperatfons, special
carc must be taken to prevent damage

to equipment and injury to personmel
from fire and explosion. The high
cutting oxygef pressures may blow
sparks o consid a Extreme
care must be taken when cutting an
enclosed container. Even though empty,
flammables may remain in the seams

of contziners for a long period of

time, give off fumes ati

and explode. Flammable materials

within the range of flying sparks

mist be moved to_a safe distance.

The following rules must be observed

777777 considerable distance: Extreme

fumes. from heating,

in the safe operation of cutting
equipment.

4]
1
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1. Never éisiéﬁﬁié or salvage

2.  Never cut used drums, tanks,

or other containgrﬁigntil they have
been thoroughly cleaned. 1I1f steam
ig to be used; a minimum of three

hours 1is requ{rg@ifér cleaning- Flushing

with Hot water for one hour is perdissible

bat nct recommended unless absolutely
necessary. Cutting should be performed

as soon as possible after cleaning.

3. Coubustible material must

be fioved to a safe _distance or the

work moved to a Safe location away

from such materials. Asbestos or

sheet metal guards may be set up when

needed.

‘4. Do mot cut ﬁéhétial }@72

position that permits sparks, hot_  _.
metal, or the severed section to fall
on the oxygen and acetylene cylinders,

hoses; or on your legs and feet.

5. Always wear adequ«te clothing;
such as hHigh top shoes, gioves; and
clothing without cuffs. Cuffs may
collect hot metai and cause a serious
burn.

§. Use a fire guard vhen the
nature of the work requires one.

7. When cutc‘ng is to be stopred
for short periods, release the regulator
adjusting screw. The complete ouriit
should be closed dowh whem yeo leave
the vicinif) of the job for any length

o‘_fime.

PROCEDURE
1. Select a tIp size for the

thicRne'n sf metal to be cut as

recormended by the torcn mapgfacturer .

2. Adjust the oxvgen gdge IO
the proper working pressurc | with the

torch oxyget valve all the way cpen.
Refer to Table 5.

3. Adjust the acetylene gage.

4. Open the torch acetylene

valve and light the acetylene.

'Y

5. Open the low pressure oxngH

valve and adjust it to

a neutral flame.

6. With the cutting lever

depressed, open the cutting oxygen

valve and readjust to a neutral flame.

7. Direct the preheating flame
sbogr 1716" from the metal where the

cut is to begin and teat to a bright
red. DO NOT MELT.

8. Depress the cotting oxygen

lever inid move the torch along the

prédetermined line of cut at a uniform
rate of speed.

9. Continue cutting until

satisfactory results are obtainec.

~ 10. _Check with your iristruccor
seriodically.

Precautions

1. Make sure the metal on both

sides in line with the cot is free
from Scale, heavy rust deposits,; or

any other nonoxidizatle material:

2. Check the torch tip orifices
t6 take sure they are clean.
3. Make sure there are no gas

jeaks in the apparartus.

4: See that flammaole Hate als

or substances are a safe distance away.

5: Protect your Ieet and legs

from the hot slag and faliing rcetal.

goggles when you are cuatting.

7. Keep the hoses clear of falling
metal and slag.

8. Do not wear cuffs en your
trousers.

9. _ Make sure there is a properly

charzrd fire extinguisher nearby.
QUESTIOhS

Note:
paper, answer all quest:

separate sheet of paper._
WRITE IN THIS STUDY GUIDE.

Due to the conse*vacion of
ions on a
DO NOT

@)
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1.  Vhen cutting this shex:
metal; how should the corlimg szreh

be held in relation to the rk?

2. What is the approximate.
torch angle ggfioxyacccyleéé cutting

of material over 1/2 inch in thickress?

) 5;7 7§?§§fai cutting pre
fieed mot be_taken when cuttis

carbon steel if the carbon cc
does not exceed a certain perc

What is.this percentage?

| During the process of cutring
steel, thow far should the torch
from ihe material?

63

5. What is the main factor in
deternining the size of tip for
oxyacetylene cutting?

6. What is the narrow slot that

is caused by oxyacetylene cotting?
REFERENCES
}.  T0 34Wk-1-5, Welding Theory and

ngiicacibh.

2. Modern Welding Handbook
(Chapters 3 and 15).
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Chasute AFB, Illinois
ZILVER AND LEAD SOLDERING

OBJECTIVES
_ After completing this study guide and your classroom instruction; veu will explain
and apply the techniques and procedures of silver and lead soldering various tvpes

of joints and combimations of metals Using the oxyacetylene welding toreh:

INTRODUCTION impaired, distortion is held to 3
o o minimum, procedures and techniques are
 soldering is used for joining quite simple, and the process may be
poSt common metals with.an alloy that completed quite rapidly. Silver alloy
pelts at a temperature below that fiiler metals are used for joining
of the base metal. In many respects, virtually all ferrous and nonferr..s
this operation is similar to brazing. metals: The exceptions are aluminum,
The soldered joint depends on the magnesium; aad several other low melting
penetration of the solder into the point alloys and metals.
pores of the base metal surface and o S
the formation of a base metal solder The strength of a silver soldered
slloy, together with the dechanical” * joint depends om the fitup and quality
bond between the parts. of the bond between the filler metal
e . and the base metal. The heat openms
INFORMAT ION the crystal grain structure anc alliows
e — the filler metal to penetrate along
MANAGEMENT OF DEFENSE the grain boundaries on the surface
ENERGY RESOURCES of the base metal. This creates a_
S B physical bond between the filier metal
_ Due to the conservation of energy and the base metal. It is this btoad
tesources; do not write in or mark that produces the high strength of
oc_aay training iiterature since it __ 3 soldered joint. Yo fusion takes
will be reused by cther classes. Lights place between the sifller metal and
will be turned off any time the the base metai. Parts that are silver
classroom !s vacanc for more than soldered should not be used when they
20 minutes: All ccnsumable materials are subiscted to temperatures that
<113 be used conservatively throughout excesd £J0°F. At S00°F, the silver
slock II. solder bond becomes weak, ioses strength,
o and becomes progressively weaker as
SILVER SOLDERING the temperaturé increases.
gilver soldering i§ @ process _There are numerous 3pplications
in which bonding 1is produced by heating in which silver solder is tsed in the
the base metal to a temwperature between fabrication of aircraft parts; especially
13175°F and 1600°F and @dding a silver those in which high electrical and
alloy filler meral with a melting chermal conductivity is desired. Ivpical
point within this temperature range. examples are the fabrication of aircrafe
o , radio shields, instrument fiEZIfgs;
 Joiaté thich permit capillary copper oil and fuel lines, and 1nlet

action are best suited for silver and outlet cornections on som= r3didiors
soldering because of the high strength and oil coolers.
obtained. Lesgs heat is required since

the silver alloy filler metal flows Silver solder can be sbtained

at a low temperiture. The advantages in several grades with a silver content

of silver soldering are: the low ranging from 10 to 80 percent and with

temperature usci avoids heating the a2 melting point from 1160°F to 1600°F.

metal to temperatures at which physical - 1t comes in rod, Strip wire, and.

properties or other qualities are granulated form. The strip or ribvon
65
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form is generally used for fixed setups
in which the solder can be placed
in the joint before heat is applied.
Tme rod and wire forms are primarily
used for joints where it is preferable
to apply the 3older by hand.

) ‘Aiéllﬁ > 2

: FHANGED 8UTT 1ONT Scars att oI

 w—
-
o AP CWT -

SOUaRE Ebt:oé w;; ont
e 3 e
Pigure 71. Beconmended Joints
for Sitver Soldering.

Joint Design

7 Several factors influence the
type of joint to be used; the most
important are the t??é,gg,base'me;él

and the service requirements of the
4oint. The type of joint ig an impertant
factor since t.e preparation, fitup,

and results obtained giffer from those
in welding. Silver soider flows frecly
into narrow openings. Tne strongest
joints are obtaimed by using small
clearances between 0.002 and 0:005
inich.

_ Two basic types of Jjoints are
gsed in silver soldering, the lap
and the square edge butt. The butt
doint may be modified to include the
flanged butt joint and the scarf butt
joint, as showd in figure 1. Tle
1ap joint 1is most commonly used since

it permits capillury action and is _ _
the strongest, See figure 72, Mazmimuo
efficiency is obrained “hen the  _

base metal equals

overlapping of the

or exceeds three times the thickness
of the thinmnest section of the base
metal:

Joint Preparation

The surface must be clean and free
of oxides to ensure uniform quality
and a sound soldered joint. K11 grease;
oii, dirt, and oxides must be removed
from the base metal and the filler rod
to ensure uniform capillary action
throughout the joint. Soldering should
be done as soon as_possible after the

base metal and filler rod have been

The method of cleaning is nermall
either mechanical or chemical. Some
of the mechanical methods are:
sandblasting, grinding. ceffing
degreasing, fillng; and sccaping.
of the chemizal sethods 317 acid
pickling. alkalise ¢ileantng; and
electrozleaniig. Before ;%iﬁgrLiéﬁtcai
cleaners. the meial —ust E: wasaed clean
to rimove any tndesirable ff.s.ue since
it may =itazk 3

a £1%m on the

coffirg. vapor
Scxze

the base metal or lotm
€13 sutfase. ANy JATODE-
cadmivm; paint, Lacquer, or other
coattng chcaid be removed privr to

soldering since the soldex anst 2k
che

\

suzface ci

Bage motal.
Flux

metals

Chetilcal reaction sesvr Lo
: jpecial

when the: are exposed Zu aiTf 5
envirsamests. Most metals ars ]
uzatesle n thelr puw @ fom1 a~d tead
to reve:+ to the more cable compounc's
in whiil thew re fouad i Aaccre. The
rate of clemica. reasticn ¢.nerally
incrzases ‘5 Ine {eppiraturs riZes:

. ,—ADD SOLOSR METAL HESL

{44)
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Figure 72. Lap Jeint.
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An increase of moisture in the

atmosphere further_increases the rate
of the reaction. The formation of

cxides and other compounds on ii..

surface of the metal inhibits che
uniform flow and wetting of the molten

solder; resulting in nonuniform bonding

and ﬁééf joint strength. The use

- of flux counteracts these adverse effects.

Flux aids in making strong, uniform
soldered joints and is essemtial in
silver soldering: A good flux performs

the following functionms:

. 1. Reacts with surface films, _
such as oxides to reduce them and emnable
the metal to present clean surfaces

to the molten silver alloy.

2. Forms protectlve films during

the soldering Cycle to prevent

reoxidation at the elevated temperatures
required for soldering.-

3. Assists the silver alloy
in flowing freely. X

The use of Flux does not alter
the need for cleaning par;siprior to
silver soldering. Flox supplements

the initial _leaning by dissolving,

inhibiting, or rendering inmeffective

those products which impair the quality

of the joint or prevent bonding.

Flux comes in a variety of forms;

such as powder; paste; liquid, or $olid
-cating applied to the silver alloy
:i1ler metal: The flux must be removed

after the soldering is completed._

. Trapped flux can weaken Or corrode

the solderad joint: Flux can usually
“e rexoved from parts by washing them
in hot water.

1f the joint can withstand a _
moderate thermal shoc’., the flox =an

easily be removed by ﬁiner51ng it in

water while it is still warm. Severadl

good ready-mixed fluxes are available

cotmmercially but the following may

be used as substitutes: ual
of borax and boric acid for copper:

brass, bromnze, and monel metal and

a mlﬁ:éEe of three parts boric ac1d
and one part borax for steel. Flox

may be applied im powder form or_ _
dissoived in water and applied with a

67
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brush. Tbe Eemperature at which the
flux begins to flow freely may be used
as an indication of the proper

temperatiure for anpiyiﬁg the solder:

Depending upon the gas mixtures;
four different types of torches are
commonly used for silver soldering:
air-gas; air-acetylene; oxyacetylene;
and oxyhydrogen. Air—gasf;gggges
provide the lowest flame temperatures
as well as the least heat, depending
on the size of the torch. The torch

should be of sufficient size and capacity

to allow the use of a_neutral or

slightly carburizing flame. Oxyacetylene
torches provide the hIghest flame
temperatures. These torches
perfected to a high degree and if

properly used, offer the most flexible

and versatile method of heating.

The tip size used depends on the
thIckness of the base metal. Db hbt

flame togghitbe metzl. This causes

the filier metal to be sluggish at
the flow point and the flux to be burned,

reducing its efficiency in promoting

the flow of solder through the joint.
The torch should be kept it motion

all the time; since holding it in one

place tco long carn very easily overheat

the base metal and the flux. If a
part is over-heatcd and the capillary
fiow of solder is hindered; the part

mist be recleaned and all oxides and

forelgpigggtegrrembvef Low heat and

cleanliness are very impor:ant in
silver soldering.

in soldering large metal Surfaces,
the metal should be preheated well

away from the JOIﬂt, especially when

the metal has a high heat conductivity.

Care must be taken in soldering metals

conductivity since it is necessary _
for both parts to reach the soldering

temperature at the same time. Forming

of a small fillet at the face of the
joint is the indication of complete

bonding through the joint.

A soft, feitral to slightly

carburlziﬁg, fiame should te used.

A& clean tip is always important,
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especially on fine work since che flame

on a dirty tip.may angle off to ome

side; mking it harder to dircct the
heat to the proper spot.

silver Soldering Procedure

1. Using the prcper procedures,

clean the metal and filler rod.
2. &pply the . lux to the rod
and to the inner surface of the joimc.
§; . Select and install the proper

:izE torch tip.

.~ %&. set up vork; as shown in
figure 7%.

. 5. Adjusc the flame to a soft
fieutral or siightly carburizing, flame .
and preheat the bace metal, keeping
the torch in motior at all times.

6. When the proper temperature

is tedched; apply the rod and sweat

the solder through the joint.

7. Allow the soldering alloy
to solidify before wmoving the work.

8- Quench and remove the flux.

é. Check with your instructor
fogifggugz bonding; and capillary flow

through the joint.
Precactions
1. Make siire that the base metal

2nd rod are cleaned to a bright surface
and are properly fluxed.

2. Hezt tbe JOint using the

outer flame -nly and keep the torch
constantlv in wotiom.

3. Do not use the immer cone

of the flame to melt the filler rod.

4. Be especially careful not

to o"erheat the base metal.
LEAD SOLDERING

The lead soldering pisscss is

the same as silver soldering ex.ept.

that bomding is produced at temperatures
below 800°F. Cleaning and joint

design aref@gs:}gally the same as for
silver soldering. Fluxing and flux
removal are different im that the type

of flux used 15 only for lead soldering

and the removal of flux is not always

necessary.

Joints should be designed with
the requirements and_ limitations of

the solder in mind and shaped so that

they fit together_properly.

that permits capillary action is best

suited for leag soldering.

The metal °1.faces must be cIeaned

as thoroughly as possible beiore joining

to emsure proper bonding between the
base metal and the solder. Cleaning_

wmay be dore by zhemtcal or mechanical
methods.

Flux is appiied to the precleaned

surface to remove the last traces of

surface film. It #1s0 prevents the

formation of new surface film before

and during the soldering. The ease

with which the base metal solders is

of ten iﬂdxcated by the =mildness of
the flux that can be_ used. =5 the

metal becomeS more difficult to sclder

it is necessary to increase the activitj

of the flux or resort to specxal fluxes
and solders. Some metals are so difflcult

+5 solder that it is wise t¢ cofsider

some other method of joinming.

The residue must be removzl -
a corrosive flux has been used. -
a noncorrosive flux; removal may h-
Hfecessary if the appearance_ of i
joint is important or if some ¢~
""" such as paiat or lacgurrs.

is tc be applied.

The pafts to be joined are posit*oned
so that movemenc cannot take place
during the heating and cooling. The
same torch that 1s used for silver
soldering can be used for lead solderingz-
If available, & soldering iron 1s best
for small, thin caterials. A neutral
or slightly carburizing flame should

be used.
Procedure of Lzad Sc”Zering

. 1. Using the proper procedures;
clean the mezal.

|
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2. Apply flux to the joint.
~3:  Set up the work as demonstrated
by the instructor.

4 1Install a small size torch
tip and adjust the flame to 2 soft
neutral.

s, use only the outer envelope
of the flame for preheating and soldering.

6. Allow the solder to solidify
before moving the work.

7.  Quench and remove the flux.

- 8. Check your work with the
instructor.

Precautions

1: The bas~ metal must be clean:
2. Use only the outer envelope
of the flame.
3. Use a very soft, neutral
flage E6 prevent overheating.
QUESTIONS
Note: Due to conservatiom of
.aper, answer all questions on
i separate sheet of paper. IO
NOT WRITE IN THIS STTDY GUIDE.

1. Explair the tinning process.

2.  What does the strength of

3. What is the maxiouz clearance
fsr the greatest strength of a silver
sclderad lap joint?

O
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4. vny should parts that have
been silver soldered not be subjected

to temperatures higher than S00°F?
5. What is the melting point
tange for silver solder?
6. what will lower the melting
point of silver solder?
7. What determines the strength

of a silver soldered joint?

.~ §. what metals or alloys cannot
be silver soldered?
9. Define bonding.
 10. what is the maxizum bonding
temperature for lead solder?
REFERENCES
1. TO 34Wh-1-5, Welding Theory and
ﬁgglicétibh.
5. Modern Welding Handbook (Chapter 15).




MODIFICATIONS

5;;2?25 rgiliffiﬂj of this publication has (have) been deleted in
adapting this material for inclusion in the "Trial Implementation of a
Model System to Provide Military curriculum Materials for Use in Vocational
and Technical Eucation." Deleted material involves extensive use of
mititary Ebr%s;.pEéééaﬁtés; svstems, etc: and was not considered appropriate

for use in vocational and technical education.
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Metal and NDI Branch 3ABRS3131~5G-208
.Chanute AFB; Illinoils

BRAZING STEEL AND GRAY IRON CASTINGS
OBJECTIVES

After completing this study guide and classroom instruction, you will be familiar

with the properties produced by br zing ferrous ¢astings and carbon steel. You will

ilsc apply the techniques of brazing steel and gray irom castings.

INTRODUCTION Gray Cast Iron
Brazing is a method of joiniu: if the iron is cocled slowly,
petals together without fusion. The . the result is a soft gray colored
melting point of a brazing alloy, metal called gray cast irom. It
like that of 2 soldering alloy; must can be machined easily but will not
be below the melring point of the withstand heavy shock. It is malleadble
getals to be joined. at any temperaturv. Gray cast iron _ .
e is used for cylinder blocks of automobile
INFORMATION enginos, pump bodies; gears, pulleys;
e and other applications in which weight
MANAGEMENT OF DEFENSE and rigidity are required without great
ENERGY RESOURCES strength: When it is broken, the fractured
. o surfs-~ is dark gray in color. This
Due to the conservation of energy is the only cast ZTon that can be
sesources; do nmot write in or mark repaired by fusion welding.

on any training literature since ic ] N .
will be reused by other classes. ,Ligh;§47k§ White Cast Iron

will be turned off any time the classroom:’ ] o
i{s vacant for more than 20 minctes.  ° ) 1f the iron is cooled rapidly.
All consumable materials will be used from the molten state; the result is
conservatively throughout Block II. 2 hard and brictle metal called white
. cast iron. This iron is used for parts
CAST IRON which require a-rasion resistant :

o o surfaces but do aot requlze high strength,
B Gast iron is a product of the chock resistangs, or similar mechanical
cupoia furnace. The type of cast_ properties. Wnen it -: broken, the
iron produced is derermined by the frac ured surfaces are siTvery-white
rate cf cooling from the molten state. in zopearance. The cnly methed of
Cast iron always contains more than repair is brazing.
two percent carbon. In fact, cast I
iw~- is defined as iron with a carbon ¥alleable Cast Iror

<t of more thanm two percent. _ o S
. ‘e of this high carbon content; ) This metal is produced by heating
s £ the carbon cambines vith the white cast iren to about 1650°F., holding
i, > form free iron carbides. This it at this temperature for several =
r .lts in a brittle zetal which is_ hiours or days and then cooiing it slowly.
. .fit for highly stressed structural Maileable iron castings can be bent
parts. Cast iron in the molter state slightly without breaking because the
is very fluid and soligifies s =lv, ~arbon is unccmbined and is distributed
making it possible o produce castings throughout the metal in rounded globules
of intricite designs. The tensile which act like a lubricant. They are
strength of cast_irom is low compared gsed for hard-wearing handtools,
to steel. 1t will fail under excessive automotive parts; anc other parts which
loads and shock with little or mo aust withstand shock. when it is broKef,
bending nor permanent Set. Its the fractured sucface is like gray
compression strength is high. cas: iren but is a dull T2y ia
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color and somewhat lighter. The best to do it properly. The casting does

method of repair is brazing. not require extensive heatiag and,
o I {7 some cases; the parts may be brazed
IDENTIFYING CASTINGS without disassembly. The deposit and
S adjacent metal are alwavs soft and
Spark Test expansion and contraction are reduced
o S to a minimum. Castings which are used
Ferrous castings can be identified for parts subjected to a high temperature
by the characteristics of the spark must not be brazed 5ince the strength
stream generated by bringing the metal of the deposit is reduced at temperatures
into contact with a high speed grinding above 650°F.
wheel. The part should be touched
1ightly to the wheel anc the  _
characteristics of the spark stream

carefully checked. The spark strean
of metals varifes in one or more of
the following: color, density, shape ;
and lengch. Considercble experience SR
is necessary to ldentify cast iron_ ' FUSION WELD .
by this method. Positive tdentification —
can be made by comparing the spark
streams of an unknown wmctal with those

of a known metal.

SR
Chip Test ———
. The chip test is often used to ioupe 23, Fusion Welding and
distingaish one ctype of casting from S raning ¢ Butt Joins.
another. A narrcw chip s cut from. .
the part with s i. The ease with o D
e pors eish 3 crioel. The esme it e gaine destan s e rectoe
e R e T e i4iamriFication used in brazing are the same as in
its form is a means of identification. S TP LT escrtan
When gray cast iron is chippec, the §9§i9575513;§5 with the important __
chips will break loose @ith zach blov exception that the base meta:r 1s Bt
of Eﬁé ;ammé; Ehé°;f65§é Ezésdééd melted. The bond is physical rather
A T So S EhST o +han chemic.. as in fusion welding,
w111 be ssooth with 3 gray appearance. e e reure B3, The filler
. T inen 4e very har not a5 Showd gure ©J. 10 1AALE"
g:iggcczitcéiggeisw;i;yéuigﬁizgd cannot rod used provides reinforcement of
PPeC W e the joint:
Fractitr:d surfaces have a silvery- the join
white appearance. The chips from The fact that brazing is done
sabieable cast fron e LIS ine
Bot when this surface is penetrated; simplifies the repair procedure. It
,g? Yﬁiq’ s v :iiqi",,?wi} P 1 much easier to zake sound j-ints
;5? 9—~p§f”é?“*§*‘“ ;FJ:teg'?ezfgn.fé; even in intricate castings by this
e center oi the casting app gray method. Brazing requires less heat
as in gray cast iroa. thaa fusicn welding ard the speed 1%
e faster wiih a corresponding cecrease
\ LtdobEsr 777 e~ e TET T
BRAZING CAST IRON in time and gas tccisumption or 2 given
oy I Tt ST T U T job.
 The brazing of gray cast iren io
1s often preferred to welding by the The lower temperature required
fusion méthod. This process may be in brazing simplifies preheating. The
used to repair broken or cracked cylinder metal is btéhééted to a black heat
biocks, eyllnd®t :eggﬁiﬁegﬁghzgg and. 45 a resalt; the effects of expansion
cistings. Further appiicatest S....—  ant ~ontraction are much less than
e worn ourfaces, DTOKSN G fusko: welding. tost brazing
or work gear teeth, ard im the fabrication in fus2oa WESEAS: T ltH oni-
o IT : : operations can be done with on

of cast iron pipe. The advantage dn = Jocal preheating.
brazing cast irom is the .ow heat needed
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 Brazing is also the only practical
methiod of repairing malleable tron
castings. Malleability developed
by a special lengthy hecat treatment
which would be destroyed by the high
temperatures required in fusion welding.
The relatively low temperatures used
in brazing do not greatly affect the
malleable properties of the casting.

Bronze Filler Rod

& bronze filler rod is used In
brazing. Bronze ylelds readily as
it cools until the temperature is.
below 500°F. It yields slowly under
reasonably low Stresses €veu at room
temperatures. This vielding does
not weaken the deposited tronze metal
but materially reduces the locked

up stresses in a casting which has
been brazed. The cuctility of the
bronze acts further to take up minor
stresses during subsequent use of
the parc.

_ The filler rods are made of copper
alloys which contain approximately
60 percent copper 2nd 40 percent zinc.

This proportiom procuces the best

géﬁbiﬁation for high tensile strength

and ductility. Other rods contain )
small quantiries of tin, iron, z2nganese,
and silicon. The addition of these
clements makes them free flowing,

deoxidizes the weld metal, decreases
the tendency to fume, and increases
the hardness of the deposited metal

for greater wear resistance.

~ Brazing rods are .manufactured
in 1732, 1/16; 1/8. 3/16, and 1/4
inch diameters. The rods melt at
about 1625°F., flow freely; and do
fot fume To any ¢Xtent at OTazing

temperatures.
Joint Preparaticn

" 1. brazing cast iron or steel
with tronze, the metal ir :he area .
of the braze must be therosghly cleaned
to remove all scsle; rust, grease,
and oil. The pa:rts suou:d te beveled
and all sharp edges o7 corners ground
off to give round edges and a smooth
sutrface. The joints in figure 84
wili develop the highest strength )
bocause of the area of the bond between

ME TAL e
*fﬁ?”’;ASE METAL

A

BRONZE METAL

[‘h—»—:'i BASE METAL

‘ii._.)‘ 0 a

Figure 84. Recormerisd Types of Jeints
for Brazing Cast Iron.

the bronze and the base metal is greater
than that obtainable with the ordinary
g0° bevel. The V bevel shown in

figure 84A may be made by grinding.

it will develop the full strength of

the metal dnd shocid be usced when high
strength is required. The U joinr

shown in figure 84B may also be prepared
by grinding. In large castings, the
groove can be made with a preumatic
chipping hammer. A portzble grinder
with a wheel shaped to produce the
desired shaped groove may also be used.
After the edges to be brazed are cleaned
and beveled, the surfaces should be
sandblasted or seared ro remove the

free grapnitic carbon frcm the surfaces:
To sear the edges; an oxidizing £Iame

is moved along the suzface of the joint

m -ali The free carbon comdbines with
the excess oxygen in Clle :ilame and .
leaves the irom free of graphitic carban

so that a better bond may be obtained.
Flux

‘The use of flux is essential in
srazing cast iron using the oxyacetylene
process. Commercial flux is available
in powder and paste form. The flux
sHould be applied either by dipping

t4ye hot end of the rod in the powder

or trushing the paste on the rod.. in
brazing, liberal use of the flux should
be made in the timaling operation. Im
filling the vee, flux should be used
sparingly to avoid too nuch redoction

z
olien

of the oxide film covering the
pool.
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Flame Adjustment

~ The flame should be slightly
oxidizing to tin cast iron and .must
be large enough to raise the metal

quickly to a foll red _‘heat. where the

braze is to be started. The purpose

of using an oxidizing flame is to

free the graphitic carbon :hat comes

to the surface as the metal is being
heated to the brazing texperature.

The free carbon combines ~vith the

excess oxvgen in tne flave and burns.
away leaving tue sgrfgce clean. After
the tinning coat is applied; the flame
should be adjusted to neutral to prevent
oxidation of the metal. The torch

tip used should be about one size

larger than that used for fusion welding
steel of the same thickness.

Torch Application

The flame should be appiied slightly

behind the p01nc of rod appllcation

heat. During the application the

bronze shouid spread quickly and tin

the heated area if the edges have
been properly cleaned and flux applied.

The molten pool should be made small

at the bottom of the vee angd iricreased

in size as it is moved forward until
it Ccmpietply fills the vee and 2
full size braze has been made. Care

should be taken CO ensSure that the

tinning action takes_place Contlnuousiy
just ahead of the molten pool. The

proper brazing techaique consists

essenitially of combining into oae

continuous operation the tinniiag action
and the building up of the braze zo
the desired size. In brazing heavy

material; it is frequently necessary

to deposit the bronze im layers. In

such cases, mzke certain that the

base meral is well.tinned as the first

layer is applied. This assures a

strong boad for appiying the succeeding
layers.

In app*yLng f‘e bronze; hold

the central cone from 1/8 to 1/4 inen
from the surface of the metal: Point

the flame zhead of the deposit at

an angle of about 45° with the nolten

pool slightly behind the tip of the

flame. This angle may vary depending

upon the position and tnicxness of the

metal being repaired. The manipuiétibﬁ
of the torch and filler rod depends
largely upon the size of the molten

pool carried and the speed of brazing.

_ Careful attention is required
in applying bronze to cast iron
:o obtain 2 good bond between the
If the base metal becomes
too hot,; the bronze balls up and
fails to Stick to the cast Irom.
Exce-sive fuming indicates overheating
and o loss of zinc in the filler
metal. If the metal gsigot heated
to the proper temperature, the bronze
will not spread and adhere to the
casting. Excessive use of flux
should be avoided; use only enough
to secure a good tinning action.
The end of the filler rod should

be placed in the outer flame envelope;

heated; then dipped into the dry.
flux powder and placed in the molten
pool. A sufficient amount of flux
will adhere to the rod for each
application.

_ The proper brazing speed is
indicated by the : 2d gfitinning

and contour of Chic seposit. . The

bronze should not be applied faster
than the tinning action progresses.

fn brazing a crack/break that
terminates in a hole/opening in

a casting, the braze should progress
towards the point c{ termination.
When brazing long 301nts on flat
surfaces, the braze should progresa

" an b-u21ng branch gracks, the
braze should start at the end and
progress toward the main break.

It is a good practice to drill a
small hole at the end of the crack
or break to permit stresses, caused
by ~xpansion, to be distributed

around the g}rcumference of the

hole, thus preventing the fracture
from spreadiix.

Heavy sections are brazed by
successive deposits which stare
at the bottom of the vee and build
up the weld to the proper height.
Occasionally, some impurities are

trapped in the molten pool and a

blow hole appears as the metal Soliditlcs

These impurities should be removed as

116
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PROCEDURES

1. Brazing Cast Iron

a. Bevel the cdges; as shown in fig ve 78.

Figure 85.
the braze progresses by melting the

metal beneath them and raking theo

out with the filler rod. Impurities
adhetrinig to the brazing rod are disposed
of by tapping the rod oa the table.
Cooling

Following a brazing operation,
move the torch flame o:cr the surface

of the metal on both sides of the braze

for a considerable distance. This_
brings unequally heated sections of

the base metal to zn even heat. Small
castings, or those which are preneated

locally with a tevch, should be covered
with asbestos and allowed to cool slowly.

1f a pteheating furnace is used, all
draft opemings should be cicsed ard

the top covered with ssbestos to permit
slow cooling in the furnace. XNo Stress
should be placed on & brazed jotut

ontii it has completely cooled. The
¢inished deposit zay be cleaned with
3 wire brush to r2move any eXcess flux
or cwides which miy have risen to the
surface.

General Procedures

1. Bevel the edges, as shown
in figure 85.
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Burt Joint in Cast Irom:

2. sandblast or sear the
edges with a slightly «xidizing
flame.

3. Set up the work, as shown
ir figure 85.

4. Apply flux to the rod _
and to the beveled surfaces of the
joint.

5. Using an oxidizing flaze;
preheat the joint until the flux
segins to form crystal beads.

6. Direct the flame at the
root of the joiat and nold the fluxed
fod in the outar f£irz-. When the
base metal reaches rad heat, add_

s small portion of the filler rod
to the heated are:r and cor:tinue

until the beveled edges are tinned.

7. Adjust the flame to neutral
and finish brazing the Joint by
melting tiiz» surface of the first
depocit and addiag =ore ffller rod
to build up the joint; as shown

in figure 85.

8. Check your work with the
instructor.

2]



Precautions 3: What does the speed of

) tinning and the contour of che braze
. X Have proper spacxngfgg ~ deposit indicate when brazing cast
the root area and see that graphite iron?

carbon has been Temoved.
l.r What property is produced

o _2. Do not overheat the base by brazing ferrous castings in ccaparifoﬂ
metal. to fusion welding?

3. Use thefgroper flame Zor S: The strength of a greged
tiﬁﬁiﬁg and for finishing the joint. casting is reduced when it is_subjected

to tempr~atures above °F.
Low carbon steels are easily.

brazed. The techniques and procedures 6. - at type of cast iron
are very similar to those efip Loyed is used when weight and rigidicy
when brazing gray cast iron. is required in a cast iron?

Braze welding repaxrs ohl high- . 7. What type of furnace produces
carboa and tool steels should be gast fron?
made only in case cf an emergeﬁcv o
and where the :owe- strength and ‘8. Vhat are the three =»pes
hardness of & f1!ler metal are 6f cast iron? Tell how each can
acceptable. be repaircd.

_ Bro-- g JhouIa never be 9. How is each of the three
used wh¢ irt is subjected types of cas:r irons sanufactured?
to saver. tions or where the N
:é§§e|-r..e .5 higher than 650°F. 160. _ How %hculd cast iron be
At tomperaiures ranging from 500°F cooled after welding? Why?
t5 653°F.; in~ stréngth of the filter -
mperaxz s gredtly impaired: REFERENCES
gUr T T 1.  TO 34W4-1-5, Welding Theory

and Applicatien.

sore: Answer all quesclons on a

separate sheet of paper duoe 2: T0 34W4-1-7, :luxergr welding;
to conservation of paper. DO Brazing; and-Selderine Modera Weldimg
NOT WRITE IN TEHIS STUDY GUIDE. Haadbook (Chapter 16).

1. Whzt is the main out scanding

mechanicai propcrty of cast irem?

2. What is the advantage of B
brazing over fusion welding of ferrous

castings?

118

ERIC 2

Aruitoxt provided by Eic:

for



Q

ERIC

Aruitoxt provided by Eic:

‘rErasL ana vl prancn

Chanute AFB; Illinois

JADRIILIL=DU—LUT

FUSION WELDING FERROUS CASTINGS

OBJECTIVES

After completi

ing this study guide and classroom. instruct‘on, you will apply the

fundamental principles and techniques of fusion welding cast irom.

INTRODUCTION

Fusion welding of cast ironm is
done by using the oxvacetylene torch
to melt the joint edges while adding

a cast iron filler rod.
INFORMATION

MANAGEMENT OF DEFENSE
ENERGY RESOUREES

Due to the conservation of energy

resources, do mot write inm or mark

on_any training literature since it
will be reused by other classes. Lights

will be turned off zany time the classroom
is_vacant for more than 20 minutes.

All consumdble Tzterials w111 be used

conservatively throughoﬁt Biock II.
FUSION WELDING CAST IRON

) Gray cast iron is the only cne
of the ferrous castlngs which can be

welded by the fusion method using the
oxyacetylene flame. The weld, when
proparly made, has a fime grain structure

and is soit and easily machired.
strength of the weid is usually greater
than the base metal. The main
difficulties encountered in welding
this metal by the fusion method are

the forming of hard spots and the
control of expansion and contraction,
which has a tendency to distort the

casting or cause additional breaks.
Cast Iron Filler Rod

A cast iron filler rod, high
in sflfcon and low in sulphar,

phosphorous; and manganese; produces
the best results. The filler rod
serves several irciportant fanctions.
It_supplies the metal_necessary to
£i111 the vee and reinforce the weld.
When welding bégiﬁs and the bottom

and sides of the vee are being melted,

119

" in the weld.

the end of the rod should be held
in the outer flame envelope. This
prevents chilling the molten pool
vhich would result _in hard spots _ .
the weld. The filler rod should
be added to the weid by meitiﬁg

it in the pool of molten metal.

The melted sides of the vee, which

are thoroughly fused with the added
filler rod, provide the necessary
weld réiﬁférééméﬁt;

,,,,,

Thoroughly clean the metal
surrounding the break when preparing
gray cast irom fcr weldlng. Grinding
or sandblasting is effective in
removing rust or a heavy coating
of oxide. Grezse or il may be
removed by a solvent. If _the metal
is heavier than 1/8 inch in cross

section; bevel the edges to be welded
in the same panner as for steel
plate. Cracks or bresks in castiags
that cannot be removed for heveling
may be chipped out with a round _
fiose or diamond point chisel. They
may also be ground out if a flexible
shaft or portable grinder is nct
avatlable. When castings are brokai .
in several pieces and have no machined
surfaces, two or three points aloag
the break should be left untouched so
that they can be used to maintain
alignment of the edges. Depending

upon the thickness of the meta‘,

the break; as shown in figure 86
This,shoulder will prevent rapid
telcing of the metal at the bottom
edges. Prior _to welding a crack

that extends from the edge or from
an opening in a casting, it is always
advisable to drill a small hole through
the casting near the visible end of

the fracture. If the crack shoold
start to spread when heat is applied,



Pigure 86.

the small hole will prevent its Spreading
further.

Flame Adjﬁétméht

A neutrai flzme is used to
fusion weld cast iron. Do not use
a harsh flame. If the volume has
to be _turned up to ensure enough
heat for fusion, either a larger _
torch tip is needed or the preheat

was insufficient.
Té?éﬁ Application

Génerally, the torch tip used

is slightly larger than the size
ordinarily used for welding the same
thickness of steel. With a large
size tip there is less chance that
the molten metal will be blown ahead
orito the cold surfaces of the joint.

However, care must be taken to prevent

melting out of the tottom of the vee

too rapidly. &after the lowest part

tip will aid in speeding the completion
of the weld.

Adjust the torch to 4 neutral

flame sirice ir has no chemical effect

upon the composition of the metal.
Hold the tip of the center cone

approximately 1/8 to 1/4 inch away .
from the molten pool. The forehand
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Cast Iron Butt Joint:

H cwever,

method of welding may oe nsed:

for heavy sections; tht cacnhand
method Ls preferred. .3n

the molten pool and penbtrat oo 1s
easier o obtain. A cast iron fus..
gg;dgggif1ux is essential for 9rcducing
satisfactory welds. The [lux causes
the oxides and impurities to flc=t

to the surface of the weld:

Procedures

1. Saw through the cast
iron bar at a 45° angle:

2. Grind a 1716" lip on
the bottoz edge, as shown in figure 86.
3. Adjust the flanm
rieutral and preheat each piece
about 1" back of the beveled edges -
to a dull red.

4., Tack weld each end of
the joint.
5.  Using sufxicient flux,

finish the weld by either the forehand

or the backhand wethod. Stir and.

6. After_the weld is completed,
allow it to cool slowly. :25

23n
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;’pool with the rod:

7. _ Check your finished weld
with tite instructor:
Precautions
1. Be sure to preheat hefore
Starting to weid.

.

2, Mzke sure that the sides

"of the Joirt are melting and that

aking pizace:

- 3; Stir and puddie t

3. st the moiten
_. ,,"éi Use a sufficient amount

of flux.

HUESTIONS

NOTE: Answer all questions on
2 separate sheet of paper die

to_comservation of paper. Do

NOT WRITE ON THIS STUDY GUIDE.

1. _How are gas pockets broken
up when velding gray cast iron?

2. _ Why should the end of the
filler rod be held under the outer
flame enveiope during fusion welding
of cast iron?

3. Is it necessary to sear
cast iron prior to fusion welding?
Why?

4.  What type of flame is used

when fusion welding gray

A7
4. VWhat type of flame -§7gsed

when fusion welding gray cast iron?

5. How far should the central
cone be held from the molten pool of

the base metal wher welsing gray cast
iron?

6. What is therpurpose of the

flux when fu-ing ferrous castings?

7. i1
remcoved from .

‘mﬁy”gréése &> 5il be

“rus castings?

Terrous casting is

ieces be aligned

8. Wheo oo
broken; how can the g
for fusion welding?

9. . Why shouldn't the vee bevel
extend to the bottom of the break?
REFERENCES

1.  TO 34W4-1-5; Welding Theorv and

WelalﬁgAHéndbéok (Chapter 16)
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HARD SURFACING

0BJECTIVES

L 75§§g57L0mpietiﬁg Lhis study guide and cla
the purpose; types; technigues of application,
surfacing materials.

INTRODUCT ION

The sucrvival of any business.

depends upon the profits gained through

the use of its equipment. If the
service life of the equipment can

be extended, the company has @ better
charice to survive. Im the air Force,
hard surfacing is used tc extenc equipment
service life, lower costs, and increase

operating efficieficy:

INFORMATION
MANAGEMENT OF DEFENSE
ENERSY RESOURCES

Due to _the conservation of energy
resources, do not wr;te in or mark

L-g%ts

will be r
will be Curned o:' any t*meirﬁeiglassr om

is vacant for more than 20 minutes.

All consumable materials will be used
conservatively throughout Block II:
HARD SURFACING ALLOYS

Hard sorfacing or "hard. facxng,

refers to the process of zpplying

exttretiely hard alloys to the suorface
of a softer metal in order to increase
its resistance to uear,rabraslop,
corrosion; or impacr: In most cases;
hard surfacing alloys can be applied
to a point, surface, Cr g@gg of any

part by means of the oxvacetylene

process. The wearing surface of drills,

treated with these snecxal alloys;
will outwear the common steels 2 to
25 times, gggengng tpon the type

of hard surfacing alloy used and the
service to which the part is sub;ected:

_ There are many _types of hard
surfacing alloys. Each alloy is

specifically désignéd to provide
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ssroom instruction, you will ide” 1£y
and mechanical properties of hdrd

p*opertles uhich are best adapted

to combat the destructive forces to
be met in a given Oﬂeratlon In any

parts are . subJecL to wear, resultirg

in loss of material. Hard surfdciag
reduces this wear. Hard sorfacing
alloys are widely used to Protect

pew parts, to ensure greater zfficiency,
and to réyzir worn equzpment No ¢ne

single hard surfacing ﬁater*al is

Waﬂy types of havd facznz ailoys have
been developed to meet the various
requirements for hardnes:s, totughness,
shock,; wear resistance, and other special
qualities. These alloys are generally

classified into five broad groups.

Group 1 Alloys

Alloys in this group comsist rainly
of an iron base and have less than
20 percent of a;loxlng elements: These
elements are mainly chromium, tungsten;
manganese, Silicon, and carbon.

Group 1 alloys have greater wear

resistance than any machine steel.
Although not as hard as steel, they

have greater toughness and shock

resistance than any other hard facing
alloys. They are used to build ap

badly worm <ectionq beforé applving

better grade.

for rock crushing anc sxﬁilar equlpmenc

are more Jmportant than nardness.
Group. 2 Alloys

The alloys in this group conslst
of an iron base hav1ng750 to 8C percent
irsn with the remainder belng elements
used ia Croup 1. Small percentages
of cobalt and fiickel are somerimes
added: Some of these alloys have

the property of '"red hardness” which

4
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is the ability to remafn hard at a
red heat. These alloys are used for
ginal hard—wear resisting surfaces

after the part hezs been built cp with
a high strength rod.

éroup 3 Alloys

The alloys in this group consist ,

of the nmonferrous alloys such as cohalt;
chromium; and tungsten, as well as

other nonferrous hard surfaciiig materials.
Some of these alloys alsoc have the
property of red hardness. These alloys
are available in different grades,

which are all highly resistant to wear
and possess a toughness and strength_
giving them a4 wide range uf application.

Valves made from these alloys are designed

cemperatures, and high pressure steam.
These alloys are used extensively for
valve seats in internal combustion

et viges. - . . .

Group 4 Alloys

The alloys in this group comsist
of the so—called carbide materials
or diamond substitutes. They are the

har 'est and most wear resistant of
all the hard surfacing materials. Some
of these alloys contain 90 to 95 percent

tungsten carbide with the remainder
being cobalt. nickel; irom, or similar
metals. Thes> give strength, toughmess,

heat resistance; and impact strength
to_the tungsten carbide. Some of these
alloys are almost pure tungsten carbide

Alloys

and contain no alloying elements.
of this group are furnished in the
form of small castings. They are welded

to the surface of the metal or other
hard surfacing material. The app
of tumngsten carbide PiecESrfD wearing

surfaces is known .as hard setting.
Group 5 Aii&jﬁ

The alloys in this group consist
of crushed tungsten carbides of various
sizes. These may be fused to strips

of mild or low alloy steel, embedded
in hard Surfacing material or high

strength rod; or packed in mild steel
tubes of various diameters. All of
these are available in short lengths

which may be applied to the wearing
surface as welding rod. Crushed

RIC

Aruitoxt provided by Eic:

in loose form as g*anniar pieces or

nowde* and may be sprinkled on the

The alloys in this gronp, although
more expensive than other types; are
used for many applications bec.use
of their lomg Iife:

HARD SURFACING APPLICATIONS

Most metals and their alloys
can be readily hard surfaced with

the exception of copper; atluminum; B
and their alioY' These ﬁetais cannot

of their low melting points: In some

cases, heavy sections of brass; bronze;
and cepper can be hard surfaced by

preheating to a red heat and then
alloys. Hard

be applied to

and alloys:

surfacing alloys can

the follow1ng metals

1. ] tow and medium Carb°§,§§9§}5
with a carbon content of 0.50 percent
or less.

ﬁigh cafhon steels, if they

2.

hard surfacing to remove hardmess

and brittleness to prevent cracking.

3. Low alloy steels; depending
upon the base metal. Heat treatment
is required after hard Sﬁffééiﬁg.

4. Manganese steels; wnich
are hard surfaced by the metallic
arc welding process. Care should be
taken to apply the welding heat to
the part uniformly, and to avoid
overheating of the metal. Deposits
should be peened to relieve cooling

stresses.

5. Stainless steels, including
the high chromium and chromium nickel
steels. _The physical properties of
the particular steel should be known
in or2z:z tc maintain corrosion
fesistance aftif hat& snffacing.

Uniform

warping and cracking due to the higher
coefficient of expansion of stainless
steel.

,6. Since the )

Gray cast iron.
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than steel, qpec1al precaurions §bgg}q

be taken in working wicth thin sections.

ileyer hardéné. Some. of chx: hivdresc
can be removed bv rehedting the metal
o] apprctvnaceiv 1500 °F.

Metal Preparation

_ The _surface of_ the mecal to be
hard surfaced must be free of all
scale, rust, dirt; and other foreign
subscances. Thls 1s done,byrgg;QQing,
macuining when these
methods are not avallgble the surface

may be prepared by filing, wirebrushing,

or sandblasting. 1Thbe latter methods
are not as satisfactory, since small
particles of foreign matter aa1cb
rerain on tne surface must be floated
out during the hazd surfacing operationm.
All edges of grcoves, corners, or

recesses must b well rounded to prevent

overheating the base metal.

Preheating

The same precautlongishou;d be
;aken for pretneating in hard surfacing
as is done for weiding the particular
base metdl. If possible,; steels in
tHe Heat created condirion should
be annealed before the hard surfacing
layer is applied. Ouegjb;ng in water
%ill crack the hard sorfacing laver.
When it is necessary to heat the
metal to the critical temperature
after hard surfacing; oil shouid be
used as the quenching media. Whed
it is impossible, or cadesirabdle,

to amneal high carbon steei or high

tensile low-allov steel, the hard _
§ggfgg}ggialloy is d ?usxted by the
cran51C1on bead thoz Tﬁi& is done

by first dep051t1n” ] chln layer cf
stainless steel; such as the 25 percent
chromium/20 percenr nickel rod or

the 18 percent chroZiuf/8 percent
ﬁick”1 rod: Next; build up the section
to approximately the original dxre1q‘on,
using 11 to 14 percent mafiganese cr
high strength rod and then finish

by hard surfacing with one of the

Group 2 alloys.

Flux

A fiﬁx is ﬁit iéqﬁiféa f&E éﬁﬁiGiﬁé
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by tlic oxyacetvlene torch. . However;
in_depositing the hard surfacing

alloy in more thkan one layer, 3

fiux helps to remove any scale and
oxides formed on the preceding laver.
This i< particularly crue when heicd
SUtfacIng cast_iren; in which casc

a cast iron welding flux s sdtisfactory.

The fils of flox formed on the molten
pool reduces the rate of cooling

of the deposited material; thus,
permitting gas, oxides; and slag
inclusions to come to the surface.
This results in a hard and solid

surfice layer.

Deposit Thickness

Depending upon the spec1‘1c
application, Worn sectiociis are rebailt

with hard facing deposits ranging
from 1/16 to 1/4 iach in thickness.
When it becomes necessary to defosit

hard surfacing material in excess
of 1/4 inch, the part is *ebu;l;
vith che Group X alloys to within

1/16 to 174 inch of the finished
size. The {inal deposit, consisting

of Group 2 or 3 alloys, is aadecd

with some excess to permit grindirng
to the desired finished dimensioas.

Wher harder znd more brittle Group

4 and 5 hard surfacing materials

are applied, eitier d@s & final derosit
or in 3 s-nnlg Iave*; the SF&B&//f

of the deposit uld be uarefullv
controlled. This is :;;:7
order that impact or shock loads
ray_be transmitted through hard
surficing metal into the tougher

base metal. hen

when corners; edges, or
builtup secticns are not backed
up by totigh base metal| they will

chip or break off ia service.
Flame Adjusiment

Hard 5urfac-1giue cal is éppl 24
by using a carburizing flame; as
shown in figure 87. The exact amount
b: pxcess adretyiene in the welding
£tare can be found by varyirg the
acetylene during the initial dep9§;c
of the rod. The oxyacetvlenc f{iame
allcws a close control over the
operation and produces a smooth
depusit: The flame should be adjusted
to proddéé a qu1ec _pool and good
floving qualizies for the particular

hard surfacing material: res

Figures 68



EXCESS ACE TYLENE FEATHER
MRV ind
Figure 87: Iype Flame and Tip Position to Use When Producing a
"Sweating” Condition Prior to Hard Surfeeing.
a WELDING ROD
__EXCESS ACETYLENE FEATHER
N \ YA QUTER ENVELOPE FLAME
N\ LS -
e\ In. AF S~
L. \ ‘ 7 — MOLTEN PUDDLE OF ALLOY
INNER CONE A
?3‘\3\
ol s
N B alias
ALLOY DEPOSIT
Figure 88. Forehand Method of Hard Surfacing-
T . WELDING ROD

_ _OUTER ENVELOPE FLAME

_ MCLTEN PUDDLE OF ALLOY

R

01483

ALLOY DEPOSIT
Figure 89. Backhand Method of Hard Surfacing.
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Figure 90. Eerd Surfacing fauewiaz Being Applied With the
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Use of an

and 89 show the two methods of applytmng
hard surfacing material. Particles _
of scale and foreign matter are easily

eliminated by these methods and edges
and cornars are easily fermed. This

is parcicolarly important whea it

becomes Tecessary to grind tne hzrd

1imits.

of the hard sufficlﬁg alloy iu the

base metal is azcurately coutrolied

by the fiame: This is important since

some of the alloys are puddled into

the base metal while oOtrers are merely
"swveated" onto the base metal; s

showd in figure 0. When a thin edge

is to be hard surfaced or 4 desired

shape is to be buiit up with the hard

surfacing materialc; a copper mold

or backup Strip wmay be used. The

tip size used for hard surfacing should

be appruximately two 5izes larger

than that required for welding metal

of the same thieckness.

. Note in flgufé 90 that the puddle

of molten metal is larger tham the

Oxzyaeetylene Toreh.
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puddle used whea waking ¢ weld.

The outer flame area prehests

the base metal in advance of the
deposited surfacing metal. A carburizing

fizme is nsed fsr hard surfacing.
Procadure

1. Bevel the edge:
place to a 60 degree angle, avoidlng

sharp edges.

2. Select and install the
proper size tip.

3. Adjust the flafie to sof:
carburizing.
4, If necessary, make the final

adjustment of the flame during the
first inch of weld.

é.,f Inspect for insutficient
edge buildup and burned deposits upcn

comptetion of the weld:



6: Remove approximately ome-—
half of the hard surfacing deposit
and iuspect for po:osity

7. Check your work w1th the
instructor. <

. Precautions
3 i. TUse a tip large enough to
"do the work.
2. Do not overheat and meit
the base metal. .
3. . Use the proper flame.
QUESTIONS -
Note: Answer all questions on

a geparate sheet of paper dte

to conservation of paper. DO
NOT WRITE IN THIS STUDY GUIDE.

1. Why are ali edges and grooves
rounded when setting up a hard surfacing

prOJect’

2. ﬁﬁét are five ‘types. bf héra

type spec1fically de51gned for?

”",,”§§, The mata purpose for hard
surfacing is to add what property?

ERIC

Aruitoxt provided by Eic:

4: What must be done to hlgh

carbon steels before hard surfac1ng9

5: What must be done to low

alloy steels before hard surfacing?

" 6. What must be done to manganese

steels after hard surfacing?

7. What zii;ys cannot be hard
surfaced? .

8. Which group has less than
20% of the alloying elements?

9: . Which group can be used
in the buildup of badly worn Sections
before a final overlay is applied?

710.  What is the _maximum amount

of hard surface deposits that may

be removed by gr1naxng’
REFERENCE .

1. TO 34W4-1-5, Welding Theory and

Appllcatlon.

2. Modern Welding Handbook (Chapter 20).

-,
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CBJEZCTIVS

- The objective of this vrogrei is to teach you propor ea.fety orecs-
durss vhich you must obssrve on ths job as a & Repsirman,

Tatis prcxzr::m U“esents mfca-matlon in amall steps. ch pPage or

“frame” contains an information panel and/or gquesticas _pertaining +o

information contaiped in ths last infcrmation panel. Read the infor-
mation pregentsd wiikin the solid-line box, then select the correct

statement in responsa to the question asked in ths questxon—mrk cut~

lined box. Esaa ths questicning statement and then make your respense

after the appropriats gusstion mumber om ths answer sbeet providsd.
HiKE NO MARKS IN TIIC PROGRAY. The small step pize of ths informstice

Panel makes selection of ths correct recponse an easy matter, and in

most ceses you won't have to be told the correct answer Howevar; tha

Xast page of this progran certains a coxplete list of tha corract
regponse letters listsd by guestiond numbers. Feel free to comsult

this list at any tice you are in doubt as to the correctness of any
of your resporse chkoices. .

- O

INSTRICTIONAL SYSTEMS DEJZIOPHENT TEAM

299




GIESTION

The personnél in & shop are con- -
tinually exposed to numercus hazards. Some activi-

ties are extremely hazsrdous; others which ars non-
hazardous can become hazardcus due to carelessuess

overconfidence, etc. Inexperienced pcroomnel can
gometimes create hazardous situations: Hazards are
present during. g1l normal activities, but their ex-

istence doesn't rean that an accident must occur:

Our job is to prevent accidents, even under hazardJuat

situations:

1.
$92927222%222722272727727177277272°17272

Which of the ststements below i& most true? ?

a. Persommel are subject @94§ag§§§s in the - 7
maintenance shop only when thoy beccme

careless. ?

b. Persomnel are subject to hazards in a ?

maintenance shop Guring all normal activ-

ities. ?

I I B I B B B S S S O S S ¢ 222722727 ? 27

300
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Frame 2.

Inefficisncy, personal injury, and property dam-

age are the results of accidents in the mainte-
nance shop. In order to reduce this waste of time

and money; prescribed safety standards must be ob-
served by all personnel zt all times.

QUESTION ».

????????é?ééé???????%

9y

2222727
?  To promote efficiency and reduce the possibili- 2

ties of psrscmal injury and proparty damage; all 7
? persomnel must 1

¥; a. prevent accidents in the msintenance ?
shop. _

b. reduce waste in tins and meney-

|
e

c. observe prescribed safety stendards.

????%?é%%é??????’Mé%'}??????”?
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Some operations ifa maintenésice shop &re
hazardous to other operations within the shop. For

instance, open welding could cause severe eye burn

to personnel who look at the welding arc. Or; an

explosion could occur if an acetylene torch is used
where fuel vapors or paint fumes are present. For
this reason painting, welding, and battery work will

be accomplished in separate parts of the shop that

QUESTIONS

W W -

[ HE A (X

[

2?27227?72°%?27?2°%?222%22?2722722722722772?2
3. Painting; welding, and battery work are isola-?

te¢ fram each other in order to _

?

a. Prevent ons operation from being hazard-
ous to enother. ?

b. eliminate ths hazards involved in each 4

'o'péi‘étibn.
; _ : . _ . i ?
k. To prevent oné operation from being hazardous

E?,m,of'hsr the painting; welding, and battery 2
work will be performed in
a. the same shop. ?
b. separate parts of the shop. ?
5. The painting, weiding, and battery shops ?
ghould be ~
_ ?
a. kept close together to minimize equip-
ment duplication. : ?
b. isoclated from each other: s

2?7?2?22?22?272?2?272?22722?222°222°?22%2%°2



Frame L.

QUESTICH

A major hazarcd in the mzintenance shop is the

posgibility of fire dues to the constant exposure of
flammable fuels, lubricants, and other compounds:

become saturzted with these flammable materizls. -
Extrene care miust be taken at &l times to prevent .
shop fires from occurring undsr the conditiorns which
always exist in any shop.

") |

)

=~

6.
?7??7?7?2722222?2722%?2%?2%2722°2%?222°?

o 2 ~F

that

|
—r|
I

To prevent fires in the shop we see to 1
e - - ?
a, no flammable materials are exposed in the
shop erea.
b. Parts; tools; work benches, and floors ?

don't become saturated with flammable o
materiais.
¢. extreme care is exercised at all times. ?

777772272227 7772792272%27%°%



Some prescribed safety standards which mist be

observed for the prevention of shop fires are:

a. Only explosion-proof electrical equipment

and fixtures will be used in ths paint shop.

be permi:tted in the shop e;.cept 1n speci-

fied areas, such as the welding shop, where

the required safety controls exist.
c. Smoking will be pemluted in des:.gnated

smoking areas only:

QUESTIONS 7 through 9.
2227727271772

Y
-
(IS
W
-S|
-
|
-

!
-
-

2922227272

Indicate whethsr the following statements are ?

TRIE or FALSE:

-

? - ?
_ 7. Electrical ewuipment and fixtures in ths

? paint shop must be flsme-producing. ?
? a. THUE 2
) b:. FALSE : _
s B - o 7 T 1
- 8. The use of flame-producing equipment is per-
? mitted only in aress wksre the reguired ?
B safety controls exist. B
2 ?
) a. TRUE i
? b. FALSE ?
? 9. Smoking is not allowed except in designated !
. smoking areas. ;
? ?
? s TRE ?
_ b. FAISE .
? ?

2292292227222 2%7%22%%2%?7%?2?2%7%722°?
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If 2 fire should occur in your shop; be sure that
a valid zlarm is turned in. A valid alarm is one
which tells responsible people; equipped to fight
fires, the location of the fire and the name of the
person turrning in the alarm. Don't fail to tum in
an zlarm because you think the fire is too smail.

After the alarm has teen turned in, use your best

judgement to decide on whether to clear the building
or atteompt to extinguish the fire.

|

10.

?2?2?22222°2222°2222%922222°2222?

In case of fire in the shap, you should
a. clear the building of as much equipment a3
possible.
b: Fell "FIRE" and make sure that everyoms is
out:

?
?

?

;2,

(™




Frame 7

The importance of fire extinguishers being kept

in good working order and being conveniently located

throughout the maintenancs shep cannot bs over-
stressed. Their location will be clearly marked and
kept free of obstructions at all times. They must
be placed where they cen be easily reached but where
they cammot be accidentally bumped by persomnel or
equipment.

QUESTIONS 11 and 12.

"y
-
)
)
)
-
)
K}
X
-~
-~
-~
)
Yy
-
-~
-~
)
-~
)
)
-
-~
-~
-
-

22

?  11. Whers will fire extinguishers be located? 7

a: Z#nywhere nandy. P

b. Away from personnel and equipment.

¢. Whsre they can bo easily reached but
not in the way of personnel znd/or 5
equipment. ’

?

N
: 12. How will fire extinguisher locations be kept?

)

? a. No special way as long as they can be

seen. _

? ] . . o o o ?
b. Clearly marked and free of obstruc-

? tions. ?

2 c. Cleezn znd fres of greszse and oil. ?

222222222222222222222222222¢2




Now, we are going to sze how much you have learned
Shop Safety. Indicate whother each of the 10 following

this and the next page) are either TRUE or FALSE.

2797727?77727277?272722727272212727

?
?

?

")

)| - -

- |

) !

~J|
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-

13

15.

18

?

?

2

The normal activities of & repair shop 2
present nmumercus hazards to maintenance

persomnel. 2
a. TRUE
b. FAISE

5

by all persomnel in order to promote effic- ?

jency and reduce the possibility of personal

injury and property damage. T
a. TRIE 2
b. FALSE -
o o o I {
Painting; welding, and battery work is =ccam-
plished in separate parts of the chop to pre-?
vent ocne operation from being hazardous to
aaother. ?
b. FALSE .
Fire hazards exist in & shop due to the .
sxposure of flammable materizls and the sat- ?
uration of parts, tools, work basnches, =nd
floors with flammable materials.
a. TRUE e
b. FAISE

?

?

The electrical equipment and fixtures used in_
Adr Force paint shops must be explosion-

proof. _

o ?

b. FAISE ?

Flame-producing equipment mst be used only °

in spscified areas, such as the welding shop,

where requircd safety controls exist. ?

a. TRUE ?

?

©922%2272727?277%977222?277?27227?21?¢7

CONTINUED ON NEXT PAGE

so far about

statements (on

4



H’"

2929222227227272%7?°12

-

D

? 2

19.

)
.

-
e

?7?2%77°9%T2%7%2722

272772272272117°2

)|

Smoking in the shop is forbidden axc’*nt

in designsted areas:
&. TRUE
b. FALSE
Never attempt to efti:nguish & fire without

tuming in an alarm J‘.‘iféi

m

a. TP.UE RN
b. FALSE

Fire extingt.loher Tocaticns W21 oe cles.m.y

marked and kept free of obstructicns.
a: TRUE
b. TFAISE
Fire exnnguishers #111 be pleced whers t‘ey

can be easily reached, but csmnoti be zcciden-
tally bumped by perscanal or equipmsat.

a. 'fﬁfE
b. TFLISE

27?27?27272?7272722127

?

?

XV
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?
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Frame 10.

—

Another dangerous and often unnecessary fire
hazard is created by the fueling of equipment inside
the shop. 4s an added precaution against fire,
equipment will not be fueled inside the shop as a
routine practice. They may be fueled inside, how-
ever, under controlled conditions but then only
when approved by the Installations Fire Marshall.

- LV Lo S NN

|

=0,

2272229292932 7%7%

When may equipment be fueled inside the mainte-

nance shops? .

a. Anytime, unless a directive from the
Installations Fire Marshall prohibits it:

b. Only under controlled conditions and then

only on approval of the Installations

Fire Marshall:

routine prastice:

o

c. Whenever necessary as

-
)|

7992772?22222%272°22 22272292997

2

?

) ")

)|
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 Working on fuel tenks is aiways a hazardous task:
Explosions from fuel vapors can ocuur very easily.
Before welding or othar hsat-producing work is done
on gas tanks and other fuel containers, they should
be drained, fiushed out with water aid; when prac-
ticable; filled with water: Filling wita water
will eliminate the danger of explosicn and fire

O

ERIC

Aruitoxt provided by Eic:

QUESTT

N\

from frel vapor inside the tank.

"w

W

[

~ Before welding a fuel tank of any kind,
be

a. fillsd with water.

b. 2drained; flushod end; whéen practicsble,

£il3ed with water.

7 9979%92%9%7722222222227?°
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Frame 12.

—

area and dumped.

the drain systém runs.
flammabie liquids will

liquids ars poursd intc flcor dreinms.
hazard from vzpors is croated not Just
building but in 211 other tuildings through which

nother fire hazard which muet be avoided is the
one created when used oil, fuei; or other flarmable
Ar explosicn

in your cwn

Tec rtrevent this hazard;

be put in metal contziners
whicn; when full; will b2 carried tne some remote

QUESTION 25.

? Tne proper disposal
azccomplished by

?

- a:. flushing them

?

- b. carrying thenm

? dunped.

22222222%22°2°

O

ERIC

Aruitoxt provided by Eic:

> 2

?

? 2

?

?

?

?

?

?

?

?

(V]
(]

of used flammable liguids

14

0l

dowr. tha floor drain system.
o

to a remote area to te
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0.
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Frame 13. 25{ 2

_ Such arems as oattery rooms, pzint booths, and
confined wclding areas are subject to the accumila-

tion of dangerous gases and vapors. To pravent

personel from being overcome by fumes, and to pre-
vent explosicns in these arsas; speclisl exhaust

systems will b3 provided and used.

QUESTIONS 26 and 27-

222777272999 172°2922%2722222222%2727%

:  26. Accumiastion of dangerous gases wid vapoTs  ?
i kept to a minimum in confired aress bY
e 332 e ans = s — ?
a. keeping all doors and winaols open.
b. not performing any operations which  ?
may generate any dangarous gases Or
vapors inside.

c. use of special éﬁ;@ét systens. g

[TV =) )

=)

, 27. Special exhaust systems are used in confinmed ,
: welding zreas, battery rcoms; and paint )
booths 2
a: because the hest produced in these
areas is dangerous. ?
? b. to eliminate the smeliy fumes.
c. to prevent the accumulation of danger-
ous vapors and gases.

™!

) |
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Frame 1k.
 Equipment slipping off jacks, faulty holsting ce-
vices, and fires are some of the pe*sonnc; hazards

I3 The most ccmmon
personnel hazard, however; is carbon monoxide zZas.

ThlS is a poisonous gas which camoct be easily ce-

you will encounter .in the shop.

tected beczuse of its co*orﬂesgfgrd odorless char-
acteristics. Carbon monoxide gas is discharged
from theé engine thrcugh the exhaust system.

Tlex-
ible tubing must be attached to the exhaust pipe to

carry the

shop.

fumes directly to the outside area of the

QUESTICHS 28 and 25.

292222272722 722722222222222272
5 28: To help eliminaté thné possitility of carbom
) monoxide peisoning in a2 maintenance shob.
2 you wiil

a. Tever operzte an internal. corbustion
? type engine inside the shop.
2 b. @&irect the exhaust fumes outside 7%7é

shop throuzh 3 flexible e that is
5 attached to the engine exhzust pipe.
2 29. Tne mcst common personns £]1 hazard in a main-
tenance shop is

;.5 B el e &%

a. equipment sSlipping oif jacks.
2 b. faulty hoisting devices.
- . fire.
? , L

d. carboa monoxide gas:
?
22292222723772222222222222222772
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L S
General exhaust ventilation should be provided
and used to prevent any accumulation of carbonm
monoxide gas insicde the shop. These accurmilations
could come from engine exhaut manifold leaks, de-
fective mufflers, or venicles entering and leaving
the shop.-

QUESTION 30:

|
0
(vl
0
-
-
]
>
i
Y
N
NN
")
"
]
N
|

?7222%?222°%2°2

General exhaust ventilation will be proviged and
used in the maintenance shop in order to

-y

RV

2. prevent carbon moncxicde from any source
from zccumulating in the shop.

(-3

[N

5. allow the rumning of engines without direc-

ting the fumes outside tke shcp.

)
[TV A
) |
w0
w0
)
K
X
)
.
)
Y
)
.,
-
0
.0
-
-
-0
-
-
"
-
-
-
EN'

|

Remember; safety depends on you. If you know ths
safe procedures but do not practice them; you are st
fault. On the other hand, you canmot practice
safety if you don't know whzt tho prescribed safety
standards are. Our job is to teach you these stan-
dards. The rest is up to you.

W}
Pl
[Sa'y

Frane 15 z%}f



e 16.
Let's stop apain and review soms of the thinzs we've ccv
Indicate whether each of the & following steiements are YFJT o

QUESTICNS 31 throngh 36.
2292922292222 729 57 9

X
.0,
2
.0,
X

P 31. The nost common Dpr301ne1 hazard in ths main-»

tenance snop is firs.

-

a. TRE
? b. FALSS
s 32. Befors weldifig on 3 288 tank it must be
: drained and fluzhsd.
? a. TRUE
P b. FAISE
s 33. Vehicles may be fueled insids the shop unde
. controlled wond_;lons unless i directive fr
5 the Tnstallation FIRE MARSHAIL pronibits it
B a. TRUE
? , o
b. FALSE
? . S S )
3. Fla.. Tnaole: "icr ids shoulid nrever be drainad
2 into floor drains.
. a. THRIE
b, TFALSE
? s L o o
3%, Battery rooms, mp:i;fﬁng bcoths; and confined
? welding arozs wiil be provided with special
] exhaust ventilation.
g a. TAUEZ
- ©. FALSE
5 36. TFlexible tubing must be attccied to the
) vehicle's exhaust whenever the eguipment's
? engine iz mun inside the zhop.
- a. THE
? P EAPEE
t. FALSE
?

ERIC 315
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‘ Frams 17.

19

. Good housekeeping is essential to the safety and |
efficiency of shop operations. Imagine 2 shop with
nothing in its rignt place, floors clutitersd with
junk; and oil =nd Zreass spilled alil over the placs.
Yoz wouldnit get muich work dona becsuse of all the

tripping and slipping you would be doing, and the
chances ars that you would wind up in tas hespital

with z seriocus injury.

QUESTION 37

*{)
=0,

$72??92222272222272272222°277

? Safe shop operation depends on

2 5. using personzl protective eguipment.

2 b. good hoisekeeping.

? ¢. applying odly those shep safety praciices 2
necessary to keep the inspectorc off your

? back- ?

2222223995922 22222722222227°

-
Y
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Frams 18
Shop floors will be Feyf clean arid free of oil,
grease, gasolina, water; and other hazardovs or S+L§:
pery m materxa' Boxes c¢f zand or other siitable 2b-
sorpent materials will be provided to uss un spill-
ed grease and oil. After the ztsorbent mztzrial
has been applied te spills, the floor will be
thercughly cleansd:
QEESTION 38:
592999219222 2222%?22722%2222222
? To clean up z grease or oil spill; you will use ?
? a. sand or other absorbent material: ?
? b. & rag dippsd in solvent. ?
$99299222722272222222722222°277?
o 317
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f ' Frame 19.

e e

 There are meny hazardoua operations which most be
performeé conmtimally in thz maintenance shop. To

mske these operations lese hazardous,; the Air Force
providss the best personsl proteciive equipment
available. You sre responsivle for using this

equipment. Personal protective equirment inciudes
such items as face shields, impact goggles, rudber

and asbestos gloves, chemical gogzles, welding
helmets; aprons, etc. This squipawnt vl bs kept
in good condition and will be camvexiently located

for immedizte use.

QUESTION 39.

-

2227277221 ?722?7222%272°%

I

2222727

e
= |

?  The Air Forcs provides psrsomal protective equip-
ment in ths maintenzncs shop to

"))

-~ |

a. eliminate the possibility of an aceident

wbile performing hazardoas operations: ?

Y

|
o
*0

make operations less hazardous:

2?2?2?27%?2272°222227?222217272

-
-
IV
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=
=
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@
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When working with batteries in the batiery show,
personnel mast be careful to wear the prescrived _

personal protsctive eguipment: Battery acid; spill-
ed on your clothing will "eat” hoies in them and, if

splashed in your eyes, could blind you permznciizy.

QUESTION

)

)| (I3 (-3 (1]

)|

Lo
2922727922222 %27¢%27%222222277
To protéct ycur syes and clothing while working ?
with batteries; you rift wear )
. : -]
a. impact gegeles, stesl-toed shoes, and -
asbestos gloves. 7
b. chemical goggles; rubber gloves; and a rub- ?
ber zproa. B
?
22222°22222222222727222°2°7%7°%22?
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QUESTION

Your eyes are your most veluable asset and they
must be comstantly protected against injury while

working in the maintenance shop. When using a

grinding whesl or cutting vheel which produces flz-
ing chips or dust; impact goggles or a face shield

must be worn. You also nesed protection from dirt
enitering your eyss while working on your back under
equipment.

?

)

)

4l

22 92?2922°%°%%7Y729?2°?272?2?272?2%?2%2?2%292%27?27%2%
Ycu must wear goggles or a face shield to protect

your eyes wWhen

a. using a grinding wneel or cutting casvice
which produces chips cr dust:

b. working under squipment:
c. both "a" and "b" zbove.
d. meitier "a" nor "bT gbove.

722

?7?7?2?2?222?2??2%?2°2°%?2?2?2?2?2?7?

320

?
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Frame 22.

QUESTION

LN

ERIC

Aruitoxt provided by Eic:
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g wered go far have been in a
reas ,n'en, shoa safety is z hig
ncludea 32verszli areas we camnct aven

cover in this program. ,Szii‘ét:,g ig & continmucusthizg.

You may get &y for a widle neglecting the rulz:c for

saloty, Bdl sooner or lmter it can hapoen - sericus

injury or even Zeath:

[ - . P - - — — ‘
h2.

7995999727272 7272222%2%22227772%2722
?  Safety in the maintenanza shep iz dependent on ?
? a. gocod corfon sensa. ?
2 b. constant ovedisnce to prescribsd safely ?
standards. -
? ?
c. gocd housekeeping: )
? 7

B d. all of the above:
? 7
2922222222922 7222%2222222277°?7
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QUESTION

Let's move into the area of persouna} clothing:

The types of cloth¢ng you wear on thes job iz very

important. Your clothas should be of a good com-

fortable fit but not toc loose. Loosy clothing is

ea#;iy caught on machinery and may cause Saricus in-

jury. Neckties, ringg, and other Jewelry wiil niot
Clothing wnich has
becone saturated with flammzvle zubstances will nct

be worn for the same ressons.

be worn or stored in 1cvkers as tnis constitutss a

fire hazard.

T48 jcb AtseLI wi‘l determin
often you sboq;d changu. Yere a2gain, good common

a how

-

L3.
2%22222722272222222222%72227222
? Vhy must lcose clothing, ¢_ngs, or cther jewelry ?

net be worn while working cr or around eguipment?
? ?
- a. Ttgy cun be easily catght on machinery and
? other equipment causing serious inj ?
? 5. To keep from dmmaging machdnery and equip- ?
_ ment. ,
? ?
2222227222227 2722222222%2°?22722



Frame 2h:

Stov machinery which performs operations under
power can be dangerous. The point of operation
whers ths machine doés its work, as well as gear
trains; shafts, belts, drives, chain and sprocke t
drives must all be guarded according o standards

set forth in the CGround Safety Manual. Yaching
guards are pat in place for your protectiom. Tney

will not ve removed or blocked out of the way under

any circumscance.

.

QUESTTONS s zné bS.

O

ERIC

Aruitoxt provided by Eic:
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?
?
?

?

229999272 %9222222%%227227227722

LY. Machire guards may be remcved or blocked

a. vwhenever nacesszry to get maximam
utilization of *the machine:

b. omiy on zpproval of the maintenance
officer for smecific jobs:

¢. mnever during operation.

on machinery in ths maintenance shops?

L5. What is the resson for having machins gusrds

a. To preveni damage to <he machine.
%. To protect persormel from injury.

¢. Both "a" and "b" above.

d. Neithsr "a" nor "b."
79?2922222?222222222222222
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4 very importent pisce of equipment used in the

maintenance shop is the equipment 1if% or hoist:

Its purpose is tc vaise the equipment so that 7

personnsl can werk underneath. Keedless to say, all
such 1ifts must be eouipped with a safety device to

prevent unintentional or accidental lowering.

Phare are two types of lifts commonly veed. One

is the roll-on or drive-cn type; tae other is the
frame contact or chassis-lift type. All roll-on
type 1ifis will be equipped with step chosks, pre-
ferably autematic; which spring into plase whea the
equipment enters the 1ift.

AV D! [RY) DS EEENE

3

16 and L7.
5922222222222 77%9222222272%
46. What safety feature rust all equipment 1iits
be equipped with?
a. Stop cnocks wiich prevent the equipment
from moving while on the 1ift.
b. K device which prevents azcidentzl
lowering of the lLift:
L7. What additional safety feavurss mus® all
roll-on type lifts be equipped with?
a. Non=skid paint:
b: Side rails. -
c. Stop chocks.
&:. Safety leg.
29229222293 7222721227222272222
.
324
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Frame 26.

No person will te vernitied to rcmain with the
equipment o the 1ift; when it Is on z Lift that is
moving or is eievated:

QUESTION L8.
;????????????'?????'?:.???????"
?  Vhen will persons be permittes to rémein Atk ihs 2
equipmetin cn moving or elevated 1lifits.

(%]
)
(s

a. Only when the enzins is rumiing.

2 ?
] b. Only if the engine is not rumming.

? ?
. c. During brake bleeding operations.

? 2
7 d: Not undsr any circumstance: -
2 2
7292927222222 222227222222222°22

(L

ERIC
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You must inspect a 1ift for prﬂpe‘ operztion and

condition prior tc raising egquipment; that is; de-

termine if 21l safety de%;css are worklng properly:

. Hogever, when uaing
there are still mere se
be observed.

jack for 1ifting ecuivment
-

a
efety precautions that must

3]
(op}

Frame 27:
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32

rated capacity sufficient to 1ift and sustain the
load. That is; mske sure that the jack is not too
smz2ll for the job. All jacks, excspt those svpplied

by the menufacturer as standard equipment; will be
stamped with thair rated capacity in z prominenc

location on the jack. Once the equipment hus been

raiged by a jack the equipment rst be securely

olockad up with "jack stands" to prevent its falling.
o z LILZ

Even after the equipment is jacked up and socurely
blocked, you will not place any part of your bedy

directly under the wheeis of ths eguipment.

“.
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L9 thiough 52.

2372222222222 222%72%22222772722
Indicate whether each of the L following state ?
ments is TRUE or FAISE: 7
?
49. A1l jacks except stendsrd-equipment jacks
must beistarped with their rated capacity. ?
a. TRIE ?
b. FALSE ?
50. The ratad cazpacity of a jack is the amount 2
of waight it will 1lift and sustain saraly. _
‘ ?

2. TRUE
o ?

b. FAISE
o ?
5%. If the jeck is rated to sustainz thz weight
of egquipment sufely thoro is no uled of ?
. securely blo:x;ng up the equipmsnt aftsr
it has been jacke ?
5. TRUE 7
b. FALSE. ?
52. Yecu will not pl any péfu of your bedy ?
cirectly under the whcels of securely 7
blocked equipment: ?
a. TRUE ?
b. FALSE ?
2222%%222%72222%22222222272%277
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Frame 30.
Ws have said that zood housekeeping is é§5é?;t::a‘
to safe shop opcrations. Ansver Lhese guesticns:
QJ:S“iONS 53 threough §9.
39292229222 222222222222232222272
? 53, How should spilled grosse or oil on the shop *
floor be itakan care of? _
R 2

. fpply absorbent material to the spill
o and clean 3t up thoroughly. 7

b. Wipe it up with a solvent-soaked rag.

|
ey

5 I ?
c. Flusn it dowm the fioor draim:
5h. Inpact goggles should be worn vheu
2 a. working Lnder equipmeni. ?

" ooy, .

i (Eﬂ;zj\v: - b. doing enginé tune-up operations: 5

e T c. working in the battery roun:
? d. sharpening a chisel on a grindar: ?
? 55, You must remove all rings and other jewelry ?
) when working on any eguipment in the mainie-
? nznce shogp. ?
2 a. TRIE 2
- b. FALSE
s 2
, S56. Machine guards may be removed or tlocked cut
: of the way when they prevent usinz :
. machine for special cperations.
a. TRJE

s ) o
) b. TALSE

\ § ! ( 57. A1 jacks must be eguipped with
N a: siop chocks:

t. a safety lag or other derice which will,

prevent accidental lowering.

c. side rails: ?
The rated capacity of a jack is 9

a. the amount of weight the jack wiil ife

znd sustain safely. :
b. always stamped prominently on the jack o

except for jacks which come as stand-

ard equipment: >
c. both "a" and "b" above:
e ?
3. neither %a" nor "b.!
29292272°222?22722%27%922772%
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Frame 31.

NS
U.'

The modern Air Force maintenance =hop is egul p-
ped with many kinds of power tools o rake y*h. Job
faster and easier. To use these tools reguires some

knowledge about their safe operation. For exzmple,

when using electrical power tools; always make sure

that they are grounded. Sericus electricat shock

could result frem using any ungrounded eleciricaliy-
operated tools.

QUESTION 59.

2227222222222°2

)

2222222222 22¢%

? HRectrical power tools must be ?

? a. eguipped with insulated handles. ?

? b. of the same voltage as the equipment being =
worked cn.

? ?
c. grounded:

? ?

ERIC ’
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Frame 32

QUESTION

When using portatle elesciricat tools; it is some-
times necessary to use extension cords or cables:
Drop lights are often used in arsas which nesd =ddi-
tional light. An example of this would be when you
were working underneath equipment. The mechanic
using portable slectrical tools and lights will not
string cords or cables carelesdsly acros: the shop
floor. Serious tripping accident3 can result.

60.
2292222222%22%227222%%7%?2%°?%?2°22 2727
?  When using electrical tools and equipment, you ?
- mast : )
2 , o o ?

a. be sure that they are groundead. -
? o - ?
b: not create a hzzerd with electric cebles
5 and cords carelessiy strung escross the ?
=hop-
? S L ?
c. Dboth "g" znd "b" above.
d. neither "2" nor "b."
? 7
2922?2222222222%222222%222222727
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.i‘
in the maintsnance shop,

. sach as impact wrenciies and air drills, are cperated
by compressed air. Air may also be used for clean-
ing debris frem a repair job; paint spraying, anc
z2iring up tires.. Comressed aic ;gfdahgézoué,ggd
must be used with cauticn &t all times. It will
naver be dirscted at a fellow WOrKET .

OUESTION ©&1.
5939222222272 222222222222727
2  Compresssg air will never be used for 7
? 3. cleaning parts. ?
? b. horseplay: ?
¥ ¢. both "a" and "b" above. ?
? 3. meither "a" mer "Bl ?
53732922227222222722222222722
i
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repiacad immediately.

vent any 1ost tims or

and keep them in top shape.

spscted pericdically ana any defective toole wilil be

Each ﬂechf;v in a r'amuenanue shep wiil be
issucd a tool kit for his own perscnal uze. I
will be his responsibility to look afie- thase tocls

Tool kits wiil be in-

A de;ect:t 7e tool cou.Ld cause

injury.

sericus injury. %he &ir Force is more than glad o
repLdue your defec IV=s tCOl" is doing 8o wlil pre-

‘A
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Frame 35.
QUESTIONS 562 through £5:
292929272 %272%2222222272?2%?27?27?2772%271?°%
s 62. In ths interests of safety, tool kits dl1l bs?
2 a. turned in for inspection once a month. ?
b. inspected znd defective tools repaired
ornice @ weex. ?
2 c. inspected periodically and defective 2
tocls replaced immediately. -
63. A1l electrically-povered egquipment and tools
? must be effeztively groundsd to prevent elec-?
- trical shock to the operator.
? ' ?
z. THUE

b. FALSE ?

2 . o=
6Li. Extension cords or cables will not be used

w#ith portavle electric tcols bocause they are,
& tripping hezard. )
2 . i ?
&. :
? b. FALSE ?
?  &5. Defactive tools will be replaced imusdiately.?
? z. THRE ' ?
b. FAISE -

7773922722212 278223%22222227%°?
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Freme 36.

e s : ;
 One more thing! The maintenance shop is a busy
place. Equipment is constantly on the move. A1l

personnel are moving about in the course of their
nommal aaties. To protect psrsonnel; a maximon
speed limit of 5 MPH will be enforced in and arcund
the shop. All vehicles entsring or leaving the
shop will cignal w~ith thsir hern tc wam psrsonnel

of ou-coming traffic.

QUESTIONS 66 and 47.

29272222222%2222222%72272%7222222

2 66. The maximum speed limit in and around the 7

- maintenance shep i3 .

? ?
a, 3 MPH:

? - Y iiens ?
b. 5 MPi.

? c. 10 MPH. ?

? 67. When entering or lezving the maintenance ?

_ shop, vehicle operators muat _

2 ' 2

) a. 1look and proceed with caution:

9 . . . __ ?
b. sound horn and procead with cautien:

? c. maintzin a gpeed cf at least 5 MPH. ?

$3929222272222222%222%222%2222272

ERIC 335

Aruitoxt provided by Eic:

'\\”}

@ ) “‘&‘.a"“

&k s



I Frame 37. 34{@’

,th/'
s \ -
- -~

-

’

A

2Nh , o :
REMBIBER: It's not enough to just learn the pre-
scribed safety standards, you must

also practice them constantly.

1f vou turned hiere; looking for $he Xist of corr
rect znswers,; you wil find them printed on toe >

~

next (ilasi) pages




Frame 38.

Question

Number

1

H IO N O3 N\ W i)
. . . . . . . » . L]

\H\

Correct

Answers
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Question

Number
35.
36.
37.
38.
39.
Lo.
L.
Le.
L3.
Lk.
LS.
k6.
k7:

1i8:

49

Cerract
Answers
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Metallurgy Branch 3ABR53230-H0-100
Chanute AFB; Iilinois 8 June 197C

S:TALS PROCESSING SPECIALIST
C1USSERY OF TERMS

AC or ALTEENATING CURRENT--Eiectric cirrent which reverses its direction every

cycle.

(6300 }).

ACETYLENE RECULATOR=-Automatic valve used to reduce zylindsr pressures to
torch pressures and to keep these pressures constant.

ALLOYS=Tntimate mixture of two or more metals:

ANKREALING--To soften motals by heat treatmeﬁt;

ARC==Flow of elccrricity through a gaseous space or air gap.

ARC BlOW--Magnetic pull which causes the arc to wander toward the pull.

ARC LUNGIH--nistance from the end of the eiectrode to the woerk surface.

ARC VOLTAGE--Vsltage across the welding arc:

ARC WELDING--Fusing two metals together with an electric arc.

BACKING--Material used to back op the joint during welding, such as copper,
bronze, etc.

BARE FLECTRODE--Arc filler rod without a coating.

BASE METAL--Metal to be welded:

BEAD--The finished weld.

BLOW P1pn--Oxyscetylene torch.

BRAZING--Type of soldering in which brass is used.

BURNT NG--Vieient combination of oxygen with any SubStance which produces heat.

BUTT WELD--Weld in which the two picces of metal to be joined are placed in

the same plane.

CARBOM-—Element which is combined with iren to form various kinds of steel.

CARBURI ZING--Addi.tion of carbon to any metal.

OPR: - 1SDT
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COATED ELECTRODE--AYC filler wire with a couting ow it commonly vallud flus: ’
CRACKING--Opening a valwe slie} nel )
CRATER--Indentarion ai tie end of & weld:
CASE HAMDENING--Addiny carbon to the surface of 2 mild steel.
CASTINGS --Metal forms produced by pouring molten metal fato a aliapnd conratner,
5C or BIRECT CURRENT==Eluctiriv cutreit wiich flows oiiv in che Jireecions
OEETH OF FLSION-—Distance from tie surface of thd basc matal to that peint at
which the fusion eénds. '
TLECTRODE--The peint in the citceit at which the ar. bigias to foram
FACE OF WELD--Exposed surface of a weld:
FILLER ROb--Metal wire that i¢ melted and added to thu wolding puddle:
PTISET WELD--Filling in with weld metal between ©ic Guriaces.
FLASH--Electric are rays which ave harmiul to the
; o I
FLAT WilD=- Horizontal seas weid cn a horizental s =
FLEG-=Chemical uSed to premote fusion of mitals
Gi§ POLRIT-=Cavity or oruning within a weld cassed by rragpad pasos.
SENER/ &'IU[\—-'Ld"nlﬂ" wni i gé:‘icizfxii-.’i or produces gas or electricit:.
HEAT SFFECTED 7ONE--Area along all sides of & wield that has bron alfccced
by he=zt.
HELMET--protecting hood which fits ower the arc welder's head.
HORIZONTAL WELD--lurizontal scam we1ld on & vertizal surface.
HOSE--Flexivle cube used to Carry gases from he remnlator to che torci.
LAP JUINTI--Joirt formed by two overlapping pieces of mctal.
1 15 lap one cver the cthir:

LAP WELD-—Welding in which the edges of the two metzl
1 treated glass through which one may Iesh at un fnten
beinyg injured by the harmful rays.
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MINING CHSMBER--That part of a welding Corcli in which tiic welding gases are

-\- A\

mxx;d. .
e
7:

HECATIVE CONNECTIONS--Congections in an clectric eireuit throueh which the cur e

flows back tou its -ssurce.
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aRIFICi--Restricted openiag through which

T1ow:

OX1DbIZING--Combirning oxygen with any substance.

ONIDIZING FhaiE--Excess

ACETYIENE CUTTING

corporated W

OXYE

OXY GEN-:

gase

OXYGEN RICi

pressures:

PEENLNG--Mechanical working

PENETRAT . Ohi--Distance
POTOSITY--(as pockets oY

Co

POSITIVE
flows.

POST HEATT RG-—

pEdO E-=Molten

SLAf--Undesiranle materi

--SsideEring In
a ccating cof the

11P--iad of the torch &t

fiame.
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WELD--Vertical scam weld on
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. WEL DI"’--H~L“od of weld
s--oxygen and acetylenc.

métal by

i
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the metals to be soldered
soldering metal.

cchanism which applies the heat

using the oxygen jet
prc—h;atxnv flame.

means
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electric circuit
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\TOR——Automatic valve used to reduce cylinder pressure
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