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a four- pa:t, éecondary-pcetseccndary level course "in met;xs

procéssifng. The course is one of a. number of military-developed = -,
curriculum packages. selected for adaptatwon to vocational instruction

and curriculum developrment in a civilian sett’ng. Block III,
~Introduction to Metallic Arc Welding, contains six lessons. lncludlng
f*fty-e;ght hours of instruction: Pr1nc1p1es of Operation amd .

Maintenance cf Arc Welding Machires, Identification and Selectio:n of
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Plectrcdes, Stringer Beads and Bu:id:nq Up Wornm Surfaces, Fillet

Welds in the Flat and HoriZontal Positionms, Butt-Joints of €arbon

Steel Plate, and Butt Joints cf Carbon Steel Sheet: Biock IV, Special

Metallic Arts and Resistance Welding Applications, contains six

lesscns covering. flfty-elght Lours of instruction: Fillet Welds in
the VePt*cal Pc51t10n, Flllet Welas 1n the Overhead Dositlon, Plpe

Hazd: shrfacing, Cutting, and Resistance Felding. Instructor saterials

include a course chart, detailed lesscn plans, and a pian of

"instruction ccntaining the units of instruction, criterion "

objectlves, and add1t1ona1 mate:1a1= needed. Studé@t mater:als

informatlcn,fvev1ev exercises, and references for each lesson.

éuggestea audlov1suals‘,9§ not prov*ded. (!LB? : -

3

'******i*i***?****************************************************iiiii
w

* - Reproductibﬁe supplied by" EDBS are the-best that. can be made
* —— .

*
%
*
Kk




SPECIALIST

NG

PROCESSI

S

METAL

CKS III &

BLO

v

NATIONAL INSTITUTE OF

EDUCATION & WELFARE
EDUCATION

U S. DEPARTMENTOF MEALTH,

THIS DOCUMENT HAS BEEN REPRO
DUCED EXACTLY -AS RECEIVED FROM
PINIONS.

SENT OEFICIAL NATIONAL INSTITYUTE OF .

B O
EDUCATION POSITION OR POLICY

STATED DO NOT NECESSARILY REPRE-

POINTS OF VIEW O

THE PERSQON OR ORGANIZATION ORIGIN-

ATING IT




-

MILIMCURRICUHJM%@EER%

'Ihe nu.llt‘a’xy-developed cumculmn ‘materidls mﬂns 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 Cenlers and

other instructional materials agencies. The purpose of = _

disseminating these courses was to make curriculum materials

developed by the military more accessxbi:e +to vocational -
educators in the civilian setting::

icquired, evaluated by pro_‘;ect
staff and pract:.ta.oner\ in the field, and prepared for
dissemination. Materials which were specific to the mlitary
were deleted; copyrighted materials were either anitted or appro-

val for their use was obtained. These course packages contain

.curriculum resource materials which can pe:adapted to support

vocatlo-la__ :.nstructlon and cumculum develo;n’ent.
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Curriculum Materials
Dissemination.ts ...

an activty to increase the accessibility of
military-developed curriculum materials to
yocational and technical educators.

This project, funded by the U.S. Office of
Education, includes the identification “2nd
aoquisition of curriculum materials 1n p print
form from the Coast Guard Air Force,
Army, Marine Corps anid Navy.

Access to mrlrtary curriculm materrals s

provided through a "Joint Memorandum of

Education and t‘1e Bepartment of Befense

The Thie dcquired materials are revrewed by staff

and subject matter speclalrstr'andcourser— ——Aviation— -——Health

deemed applicable to vocational and tech-

nical education are selected for disseriiniation.

The Natrorral éemei ror Ressach. in ,

Educatrons desrgnated representatrve t0

acquire the materials and corduct the p pro;ect
activities. ’ _

Project Stef: }
Wesley E. Budke, Ph.D., Director
National Center edringhouse
Shirley A. Chase, Ph.D.

Project Director
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What Materrals
Are AVélIaBIe”

How Can These
Materrals Be Obtarned"

Onie hiridred twentv COUrSes o microfiche

(thirteen in paper form), and descriptions of
- gach have been provided to the vocational
Clirriculum Coordination Centers and other -

mstructronal matertals agencies for dissemi-
natlon .

Course materials include programmed

instruction, crriculem outlines; instructor

quides, studerrt workbooks and techmcal
manuals.

The 120 coiirses represent the following

.Sikteen vocationa! subject areas:

. Contactthe Curiulum Coorginaton Center
", in-your region for information on obtaining

materials (eg, avarlabrirty and cost). They

il respond to your request directly or refer

you 1 an instructional materials agency
closer to you. '
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This is the acond sectnon ofa four-part.eoursc on metals procesmgz,‘l’rémmg for the entire course includes fabrication of welded Structures and iii?tél

weld repairs; principles, techniques and processes of welding, cutting, soldering, brazing, and hard surfacmg of various types of miﬁls used in the fabnca-

; tion and repair of equipment; blueprint reading; heat treating, hardness testing, identification and prevention of corrosionause of hand and measuring

tools; and operanon and maintenance of-welding, heat treating, test equipment and power machinery such as grinders, driil presses, power ssws, and !’l’?ﬁl

T cutting shears: Safety is emphasized throughout the course. This section-deals with:metallic arc.welding, specisl. meallic arc welding; and resistance welding

5 applncatlons covering 116 hours of xi-iiii'iii:iioi-i. Studems should éumblete Mmls Procosmg Spcculut. Blocks 1&i1 (1 3'5) before hegmmng this seeond

ahrc Bl . . -
' Tntrodﬁcrlon to Mér flic Am Wefdmg contams s:x lessons mcludmg 58 hours of mstruchon The Iesson topua and ruspecuve hours
Pnncnples of Operation and Mamtenaoce of Arc Weldmg Machmes 13 hours) ‘ - -
identification and-Selection of Electrodes (4 hours) . S S
Stringer Beads and Building Up Worn Surfaces (6 hours) e - e R ot e
E Fillet Welds in the Fiat and Horizontal Positions (12 hours) , e P ‘
g Butt Joints of Carbon Steel Piate (15 hours) - : : ' ’ ]
Butt Joints of Carbon Steel Sheet (16 hours) S v T N _
BIECE IV S - $ec:al mwm:Ara and ﬁes:stance Welding Applications comams six lessons covering 58 hours of instruction: .-
Fillet V Welds in the \ Vert 31 Position (12 hou’ri) : e . O .
o Fillet Walds irt the Overhead Position {18 hours) A Lo L : . :
e Pipe Joints {6 hours) = . e o T - - N
Heat and Corrosion Resistant Fetroos Alloys (8 hours) K P , T : _
Castlron (4 hours) o . : LY S
Hard Surfacmg. Cumng, and Resistance Weldmg (10 hours) _ o : T O ot

' This séction contams both macher and student mateguaﬁlsﬁ.ﬁ E([Lgd 1ri§§i'§§oy7mitenals include a course chart: detauled lesson plans and.a plan 9','!"1’“5“
. including theun fi, criterion objectives, the duration of the lessons, and additional materials needed. Student maténals include a studv gui

for ﬁch block whnch contains ob;ectxves, mformatuon review exercises, and references foread'rleson B -

re provided in the student study guides, however, several commgrcg! textsfaﬁrjdi ’I‘L‘"t[! tgéhm&l manoals are refereneed throughout the

5 Text rnatenars

.. course. Audiovisuals s sugglmad for use in the entire course mcludeABS stides, 8 films, 2 v-deompes. and 9 ironsparencv sets. The audlovxsuals are ot

.- provided. ~ - e ) g
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Classroom Course 13-6
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- UNITSOF INSTRUCTION AND CRITERION O8JECTIVES ng;?)" . SUPPORT WATERIALS AND GLIDANCE
. 1 2 <13
1. . Principles of Operation and Malutemance of | 5. | Colum } Reference S Reference .
' ¢ C iy '3b 225
a, “i@heys,!efezense, state the e B, 1
7éip1es of operation and uses of arc velding - : ) >
Lmachines vith 752 accuracy- .
1. . | 3ABRS3131-86~301, Principles of Operation and ¥aintenance of Arc Welding
S ?_a.r Givgg_egyipnent,nwhﬂe observing all . }| _Machines .
. |shop safety; set up and adjust am arc velding. | 10 3iN4-1-5, Weldiag Theory and Application "
[udctiite preparatory to welding IAN T0 34R&=1-5, - Yodern Welding (Chapter 6) -
| & civen eqiitpoest, while observisg all - , sual Al
~ 'Ishop safety; -pezforn operator maintenance of are .| Ghart: dxc Weidirrg *ﬁchme Contrals
{welding machines 1AW T0 34Wé-1-5. . '
| N ‘| Traizing. Equipmt
_ Are Welding Equipment consisting of:  Booth, Electric Arc Welding Machine,
Protective Equipment, Arc Welding Cables, and Welding Table (l) 9
| Teadger: 3218, Electrical Veld (12) -
» | Trainer: 3219, Etectrical (12)
.- i g Toolkit (1) 7
. Discussion/Demonstration (1.5 hrs)
Co © | Performance (1.5 hrs) ‘
- . ‘| Outside Assignment (2 hrs)
. . Tostructional Environment/bestgn ,
Classroom (1br)
. laboratory (2 hrs)
ol .
_ Instructional Guidance
_v-;f‘__;\:___.__ e Tennsinr e i i - Emphasize importance’of correct machine adjustment and discuss shop
I St : | safety applicable to arc velding equipment. Make outside assignment |
Slegen to_read 3ABRS3131-5G-302 and Chapter 6, para 15 thru 23, Modern Velding. .
; Kdmtnister appraisal test upon-completion of this assignment, Cdijtibﬁ
PLAN OF INSTRUCTION NO. 3ABRS3131 DATE 33 s S‘ep‘rém‘b‘ei 1975 BLOCKND. 171 PAGE N0, 2]
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" PLAN OF INSTRUCTION (Continved)
ONITS OF NSTRUCTION AND CRITERION 35358 54vES ;&%ﬁﬁ" - - . SUPPORT MATERIALS AND ;umiﬁce
i studentsr not to mark or write on any :raining literature as it is to be
_ reused by subsequent classes..
dentification and Selection of Electrodes 6. Column 1 Reference ~ STS Reference R
T @y YA - T 22 . P
. _Given military specificaticms; select ) b ' 22d
entify the types of arc veld:Lng electrodes
4 en-or R . . Ins;:u;;iona,.l,‘:iateriais .
e 34BR53131-5G-302, Identification and Selection of Electrodes.
. Given AWS numerical and coler coded - TO 34W4-1-8; Use of Welding, Brazing, and SiIver Soldering Electrodes,
5, Select and identify the types cf arc Rods and Wires - , B
g elec:rodes without error. : i T0 34Wa=1-5 . _ ) . . :
. TP S . ‘ ‘ Modern Welding (Cﬁéﬁter 6) - . . . S
. IR L Chart: Color Code Classification of Electrodes
Do . Trathing Methods. Lo -
R B Discussion (1 hr) v -
Performance (3 hrs)
Outside Assigmnen: (2 hrs)
Lo 1 Inst -ucticnal
S : Classroom (1 hr) . : : _ _ :
Laboratory (3 hrs) N : o
N Emphasize the importance-of the correct selection and use of electrodes:
° - Explain the class codes and color markings of the various electrodes.
Make outside assignment to. read 3ABRS3131-56-303 and Chaptet 5, para s
: 11, Modern Welding. Administer sppraisal test upon completion of this . |* -
©¢ 7 .| esssignpent. . . - o
. . . :
Ses —'l 75&'& 23 s@ptﬁijér 1935 7 léi.ééi'kjﬁ. ﬁi oo lil&rs:ﬁé 22 B 'iS o
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proper velding techniques {a building wp flat
and worn surfaces, free of undertut, overlap,

* land slag inclusions for a total Eﬁiﬁé&j
" |¢istance of no less than 3/¢ of the Iength of
| the specimen; excluding the first 1/2 inch

| start and the last 1/2 inch finish. ALl shop

safety, good housekeeping, and fire prevention |

&, Given metaliic &t 'waaisg equipment -
and- u‘zrbon steel specinens, set o) ad employ -

v P OF INSTRUCTION € (Cnnhnued}
TS O WSTRLCTON AND CRITGih OJEcrive ;’E’H‘;‘L’;?," . SUPPORT MATERIALS AND GUIDANCE
5: Steinger Beads and Bnilding Tp Wnrn 8 Colum 1 Reference SIS Reference ‘ \
" Surfaces . 6/2) |3 - mRE f

Tnstructfonal Mam:ials _ Co
JABRS3ILII-SG-303, serifger Beads aid Building Up Worn Siitfaces o
10 3uwi~1-5 .

" | Modern Velding (Ehapfer 5)

Traﬁﬁnﬁqnip@m B
Arc Welding 3ooth Complete (1)

Toolkit (1)

Tralmisg Yethods
Discussion/Demonstration (1 hr)
Performance (5 hrs)

| Outside Assignoent (2 hrs)

St o Iostructional Envirenzent/Design
e -Classroon (.5 fx)
. 2 Laboratory (5.5 hrs)
Instructional Guidance
Emphasize safety o the operation of are. welding equipment. 7 Diseuss .
5 : “ welding techoiques {u building up flat and worn surfaces. Make outsidg
o assigament o read 3ABRS3I3T-56-304 and Chapter S, Modern Velding.
o Adninister appraisal test upon completion of thi; assignment. Instructor ‘
| will ose "Quality and Reliability Asurance Randhook E-36, Arc Weldtag"
» ' (Chapter 4), as an additional-reference throughyut Block III. . Emphasize
S conservation of electrodes - Saximum length of 2-fach stubs.
R e e o %
e - ‘?.‘M v i ‘
PLAN OF INSTRUCTION NO. Mﬁiﬁ'«ml Lo Date éé éeﬁtéﬁét 1975 BLOCKNG.  yry | PAGE N0, 23
+1 .6 )
ATC :‘3:‘;, W ’:‘5“,“;,‘;’::,2:’,,%“}3,53,‘ {Final cop;é-é@%-s X 103
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' ' N PLAN OF INSTRUCTION {Continved) -
i UNITS OF INGTRUCTION AND CRITERIZN OBJECTIVES | o SUPPORT WATERIALS 83 SUISANZE
“|%  Fillet Welds in the Flat and Hortzontal 18} Colum ] Reference - $1S Reference
" Rosition ' ' . (aded | 2z 3, 3b, 24
—_— : B I : 3a; B, & -
2 Given metallic arc welding equipment | ~ () { o _ :
and carbon steel sheet specimens; set ap and instructional Mater{als - - S
ke 1let welds in the Slat position, frge SIBS3131-56-304, Fillet Welds in the Flat and Horizontal Positisn
of excessive penetration, overlap, undercdt, B B O = S
and siag inclusions for a total combimed | - Modern Velding (Chapter 5)
- idistance of no lesy than 3/4 of the length of o
«| (the specimen excluding the first 1/2 inch start Iraining Eoulpmenc
and the last 1/2 inch finish. All shop safety, are Velding Booth Complete (1)
 {80od housekeeping, did fire prevention measures Toolkit (1), o Vo
mst be cbsecved, . . T N
: - , | TraimopMethods @, AN
b, Given metallic are welding sqmtpiest (7) | Discussion/Demonstration (3 hes) \
and carbon steel sheet specimens, set up and .| Performamce (1l hrs) - N :
nake fillet velds in the horizontal posttiss, Jutside Assignment (4 hrs) * '
free of excessive pemetration, overlsp, _ o '
undercut; and slag {nclusfoss for total. estructional Environmehe/Desiz
combined distance of no less than 3/4 of the .. | Classroom (2 hrs)
¢ |length of the specinen, excludtng the first Laboratory (12 hrs)
1/2 fiich start and the last 1/ fnch Einish. _ o
ALl shop safety; good housekeeping; and fire instructional Guidance S
. | prevetitivh tiedsures must be observed, ‘ Emphasize velding safety and explain the requirements for £1llet velds,
d o R .| Eave each student clean each bead prior to the next pass. Make outside
P L T assigmmedt to read 3ABRSI131=§6-305 and (hapter 3, Modern Welding,
Auinister sppraisal test upon completioi of this ssignmént, Enphasize
s comservation of heavy plate. ‘ :
O IR T S IPIER i
e o
! f
2 " L L
| : : F
i | PLAN OF INSTRUCTION NG, 3BR3151 bate 23 Sestezber 1975 o aLoek Ng; o PAGEND. 2.
i; DI S e : ' ' .
i ATC {:ﬁ:f;’ <77 T ?5%%"6?:2?3%5:%53’!' ) T x(Find Céﬁ’ -3@8 X IO}S) _’ ‘ {Find EZEB;E include aee abote Mtb")* : i : ’_\d i 9 o
' \'3’ g o o | ' ‘ ' ' . ad
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PLAR OF INSTRUCTION (’CSEEESG@

IT5 OF INSTRUCTION AN’ CRITERION OBJETIVES :PJ‘JJ:%%" ; $0773RT MATERIALS AND GUIDANCE
) >
i Join:s .of Catoon S:eel Plate 19 STS Reference
T (157%) 5a <32, 3™, 220 . _
Given poweT shears; grind:'.ng equip- (.5) 5b 2 v e
d Detal specimens, set up and prepare 5¢ : 3a; 3b; 22h D ) o
or welding IAW TO 34W4-1-5. All shop N -
good housekeeping, a.nd fire prevention Instructional Materials_
most be 6'55&5&&. : . - | 3ABRS3L31-56-305, Butt Joints of Carbon Steel Plate
' : TO 34W4-1-5_ : -
tsing a—iis: of statements; select. ¢.5) Modern Welding (Chapter S) ! ;
cification ldmits pertaining to welding ' =
th 752 accuracy. C e ids
' ‘ Fil~: FLC 16—203»; Prevention and Control of Manual Arc Weld
Given metallic arc welding equipment s : _ :
on steel plate specimens, set Up aud Tratuing Equipme : : : o o -

t joints in the flat position with
etration, free of undercut, overlap,

inclusions; for a total combinmed _
of no less than 3/4 of the length of
imen excluding the first 1/2 inch

d the last 1/2 inch finish. &1l skop

good housekeeping, and fire prevention
must 'be observed. A

Arc Welding Boo:h Cbmple:e (l)
Grinders_(4) L

Tensile Tester (12.)77 -

Tratmer: 32i8. Etec:ricat Yeld (12)
Power Shears (6}

Toolkit (1)

raining Methods .
Discussion/Demonstration (1 hr)

Performance (14 hrs).
Outside Assignmen: @ ‘u-s)

: Cias;room (.S5.hr). .
Laboratory (14.5 hrs)

Enphasize safety ip the use of power shears and grinders. Explain the
weld requirements for nedvy steel plate butt joints. Make outside

_assigoment to read 3ABR53131-5G-306 and Chapter.5;. Modern Welding.-

Aduinister appraisal test upon completion of this asgighment.

Instructor will utilize temsile tester to pull welded coupons.
Emphasize conservation of large diamter electrdodes.,

R 2
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= e e PLAN OF INSTRUCTION (Catinued) . N
Uit OF INSTRUCTION 44D <728 a0 08320 TiveS 2.%“;&3" : SUPPORT MATERIALS AND GUIDANCE
;|6 Butt Jolats of Carbon Steel Skee of % | Gehanl Reference TS Referesce’ T !
, T . (1676) | 6a - a k0 N .
8 Given metallfc grc veldtsp eqitjmest | () | 6 o 38, 3,.2h '
and Mght gauge catbon steel sheet specimens, - | . o
set up and veld butt jotars t9 the flat ' Iostructional ¥aterials o
- {20sition, with 100 seetration, free of . 3ABR33131-56-308, Butt Joints of Carbon Stes} Shest *
undercut; overlap; and slag fnclustons for @ 0 MWl B | :
total combined distance of po less than:3/4 Yodern Welding (Chapter )
of the length of the spectmen; excluding the . ' i
$113t 1/2 dnich start and.cie last 1/7 inch Audo Visial Ads
finish, A1l shop safety, good housekeeping, Slides: Butt Joimts
and fire jrevention veasures =ust be observed; S
o o .. | Iraining Equippent
» bi Gives metallic arc velding equipment (10) | &xc Welding Booth Complete (1)
and heavy carbon steel sheet speciaens, set . Grinders (4) . -
—7op-and-velibutt folos 4a the flat position, | Pover Shears (§)
with 1003 penetration, free of wdercut,  Tralner: 3218 Elecrrical Weld (12)
overlap, and slag dnclustons Zor a total . | Toolkit (1) , , :
conbined distance of mo Jess thas 3/4 of-the o '
lesgth of the specinen, excludng the flrst | - Traioisg Yetheds
112 inch start and the last 1/2 iach fuish, Discession/Demonstratisn (2 hrs)
ALL shop safety, good housekeeping; and fire | Perfornance (14 hrs)
prevention mezsures mst be observed, Outside Assignment (§ hrs)
o Instructional Environment/Desizn
Lo S (assroem (1 hr)
EEAE R " | Laboratory (15 hrs)
Instructiona} Gaidance o o
- Enphasize safety in the use of pover shears aid getiders’ Eiplids the +
T B | weld requirenents for buet joiats of steel sheet, Make outside b
e assiguoent to read JABRS3131-S-401 and Chapeet 5; Hodern Welding, o
PSS NI | Aduluister appratsal test igoii comlerion of this assiguoent; Emphasize ’
) | C c proper folat Spacing to conserve filler rod, '
[ i . .
 |Ts. Measuremest and Critfque - .. -, 2 - -
__'» . . o . . O TSR N Py 77:;;
\ , & ' s RN L
| PLANOF INSTRUCTION MO, JABRS313L DATE 23 September 1975 BLOCKNG. 771 PAGENO. 2 .
e . B o 3
ac ! °"’;' o S b e I OLETL T (Find] djy-i{_zfgrix % (Fial rduciion b inlade woe ahove 3l * '\) i é
Q F A . dhig : : \/ !




o o CODRSE TiTLE
C . OPLANOF INSTRUCTION

Metals Processtng Spectalist

BLOCK TITLE

|, Spectal Metalltc Arc mnd Restatance Welatng A5plicatisis

~ UNITS OF INSTRUCTION AND CRITERION OB J£C7vS
!

DURATION
) {HOURS)

, £29%0RT WATERTATS AN GUIDANCE
; .

|1 Pillet Welds 15 the Vertical Posicion
. 3 - R o S -
| & Given metallsc are velding equippent
"|and carbon steel plate specimens; set up and

. make fillet velds {n the vertical position,

\free of undercut; overlap; and slag imcloustoms
“[for a.cotat combinea atstanice of 5o less than
34 of the length of the speciven; exciuding
the first 1/2 inch start aad the last 12 {nch

finish. ALl shop safety; good housekeeping, and
fire preveseion measizes must be' observed.

Colum 1 Reference
1a :

16

16 $:¢ Reference
(2/4)

IStrtiol Vatertsls
ABRSILIL-SCL, Fillet Welds fh the Vertieal Posieics

10 34Wi~1-5, Welding Theorv and Appiication

| ¥odern Welding (Chapter 3)

Training Equipment

Arc Welding Booth Complete (1)
" |Trainer: 321 Eleccrical Weld (12)
Pover Shears (§) .

Toolkit (1)

%3
Maining Nethods -
Discussion/Denonstration (1 hr)

| Performance, (11 hrs) .

*| utside Assignment (4 hrs)
lnstructional Euvizoan
Classroom €.5 hr)
Laboratory (11.5 hrs)

Instractional Guldance ]

Explata weld requdrements for fillet velds,

e

-~ . . ol

P

Bubsequeat clagses. Stress madmm utilization of entire joint

Buphasize welding safety applicablg to vertical position welding, .
Femet Make_outside assignment :
to read 34BRS3131-56~402 and Chapter 5, Modern Weldins. Administer
appratsal test upon completion of this assigmment. Caution students hot
to mark or write on aoy trajming lfterature as it 1s to be reused by

length.

:
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. ' . PLAN OF INSTRUCTION {Continued)

| GRS OF ISTRUCTIGN AND CRITERIGN GBJECTiVES ;&%‘J;g" : i © SPRORT MATERIALS WO CUDAVEE

£, Fillet Velds i the Qverhead Fosition oh | Colum 1 Reference 18 Refersce

: (18/6) | 2a C 3, B, 2

a3 Given metallic are welding equipment o

and.carbon steel plate specimens, set up and Instructiaz_le_ Matertals “

mke: fillet velds im the overhead position, | 3ABRS3131-56~402; Fillet Welds in the Overhead Position

fred of undercut, overlay, and slag iaclusions 10° 34Wé~1-5 T

for.a total combined distance of no_less than . .. | Modern Welding (Chapter 5)

374 of the specimen, excludisg the first 1/2 .| . N ‘

Mnch stare and the last 1/2 inch finish. All Training Equipment
- shop safety, good housekeeping, -and fire - Arc Weldiag Beoth ComIete (1)
preveﬁtton megsures must be ohserved N .| Trainer: 3218 Electrical Weld (12) _
B P S ' o Power Shears (6) '
e f Toolkit (1)
50 Training Vethods
S . Discussion/Demonstration (1 ht)
N - - Perfornance (17 hrs)
ST | Outstde assigmment (6 hrs)
Tnstructional Enviromzent/Desten -
Classroon (.5 hr). ] o _
Laboratory (17:5 h?s) - -
' Instroctional Guidance . ' ;
g : ‘Enphasize welding safety applicable to overhead welding Explain weld
requirements for overhead position velding. Make outside assigament to
S o E - read 3ABR53131-56-403 and Chapter. 18, para 60 thru 67, Modern Welding. . ,

. LT #datnister appraisal test opon completion of this assigmment. Emphasize |
e o e short are iength to conserve electrodes. , b
'I ? .b 3 .‘_v;a 1
-.‘ i‘ | | . 1‘ :_v ’ l ﬁ ‘ »
A—— ! \ ? 3 {

[pmor msteicrionn. 3MBRSII3L - | DATE 23 Septesber 1975 BLOCKNO. 17 - © |oncedo. tgg. ‘_,
U R T R e LT
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+~ PLAN OF INSTRUCTION (Contnied S o

H
1

L

i

i

%

]

]

k3

]

13

3

LS

-

D A = A L E S Y L Sy

' I BIRATIGR .
UNITS 0F. INSTRUCTION AND CRITERION OBJE\‘JIV‘S , [HOURS) ; . SyPPORT MATERIALS AND GUIDANCE -

oy

3, Pipe Joiats | | 5 | tolam

.8 | WiumlReference SIS Reference
R BN (77 I O TR 3, 3,
- & Given petallic arc welding equipment | s R
and carbon steel pipe specimens, set up and y Instructional Matertals LT
weld pipe folnts vith 1007 penetration, free - | 3UBRS3III-SG-403, Plpe Jodnts CoE e
of mdercut, overlap, and slag inclusions, for 10 34Wt=1-5. ' LA

a total conbined distance of mo less tham 3/4 © | Modern Velding ifhapter 185
-of the length of the weld, All shop safety, .

good housekeeping, .and fire ptevention DEaSUTes Audio’lisuarl—ués | o ll"-- :
must be observed . Chart: Pipe Welding - Ve 1dtﬁg S8 Quences

-
Errtirn . oy S g e P TR T Sl

e

TN ———_—

: . m(:w oMy s
Training Equipment . = _—

Arc Welding Booth Complete (1) |
Bover Sav (12) . . |
Gelnder (8) . a oo
Toolkit (1) - | R

3.k
3 - . S
f::.'mln'ilﬁ“- ‘-.—::‘f

Training Methods .

. R DIscussIon/Demonstr;ation (1 hr) o
b _ Performance (5 hrs) =~ T ‘
Outside Assignmedt (2 hrs) R ot

ey e

.
Pty

3

R T | Classroom (.5 br) T -
o Laboeatory (5.5 bies) SR '

lsmetioalGldaes .
Enphasize welding safery and fpint set~up procedures. ’ Make gggside
assignnent to read JAPRS3131-SG-004-and Chapter 18, para 13 thru. 18

: ': a - .| Yodern Welding. Adminisrar e appraisal test gpod  Completion of this. :
Ty et R A assignment. Emphasize proper joint fit-up to consexve velding time
T ' and material : S ‘

t
e ATy A i e oS A S g b v e e

« -
DAl .

R L RGO B R R o
PLAK GF NSTRUCTION V6, JABRS3151 | OME 33 Gonromber fa75 | BLECKND. gy
- .

ety (Pl Copy Bk -8XN0R) :fmdm&cuunt.craomaoummm
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- i PLAN OF INSTRUCTION (Continaed) ) ]
C ONITS OF INTRUCTION 40D CRITERION OBJECTIVES :;&“3{,’%{"3 .  SUPRORT WATERIALS WO CUDMKCE ™
4, Heat and Corroston Rosistmt ‘Ferrom 10 | Colom I Refersnce SIS Reference
| Alloys (8/2) | %a ' Jo; 3 o .
a. Given met_ollic arc velding eqtdpnent Ensmoeiom}{hterials o BT 5""":""?'-'-'3 :“'-’ .

| and heat and corrosion resistant ferrous alloy

specinens, set up and weld butt joints with

| 100% penetration; free of mdercat, overlap,
and'slag inclusions: for a total combined

dtstance of no less tham 374 of the Temgeh of

| the specimen,: excluding the first 1/2 inch

| start and the last 1/2 imeh fimfsh. AIl shop -

| safety, good housekeeping, and fire prevention

| measures must be observed.

4
ek
e 7 .
-
o
- -t s
-7 !
sl g .
v
8
L .
Y

0 3W-15.
Modern Veldtng (Chapter 18)

Tratning Eqﬁpﬁéot

Arc Welding Booth Complete (1)
Pover Shears (6)
Toolkit (1) ;‘

Discusston Demonstratiou (2 bes)
Performance (6 hrs)

Outa:tde Asstgmnent (2 hes)

Tastrictional tﬁﬁEé&é&Hoesigo
Classroon (1 hr)

Laboratory (7 hrs)

Tnstroctional Guidance : I
Pphagize welding safety and aelding t:echniques for heat: and corrosion
resistant ferrous alloys: Make cutside assigiment to tead JABRS3L3L-
SG-405 and Chapter 18, para 28 thru 31, Hodern Welding. ' Administer
appraisal test upod completion
of heat and corrosion resistant ferrous alloys. .

L
Lo my g

AR ST A v T B A B AR AL A e GEs =m

22 es EEIRE-TT P TSR SER a

e ' W C'FidT" YT =B

-

e e e A e o

of this assigmment. Emphasize conservaoiod. x

PLAN OF INSTROCTIONNC, 41333143 BATE 54 eonremher 147
= T m el e aml e -
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| A w e ! W' ' . _\J-
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' LI OFISTRUCTION (o~
¥ R ‘;, R e . .
|, e wcnon o caenen o 2,°{’g’iﬁ,’§'3“ P © SPRORYRATERIAL MO GdANCE o
5. &m . 1§ | Colum}Reference S5 Referemce
. " ' oGyt e %, 3b, 2
& Qiyen metallic arc welding equipment o o |
and gray dron castings, set op md weld butt |, -} lnstructional Materials o “h
jolats vith 1001 pesetration, free of wdercut, | .- | 3BRSIL3L-SG~405; Cast Iron R i
.overlap, and slag inclusions, for a total ' 10 34Wi-1-5 v
conbined distance of o less than 3/4 of the o Noden Welvding"(ch’apte; 18) \
| length of the spechﬁu excluding the firat
1/2 {heh start and che iast 1/2 inch findsh, . .| iraining Equipment
All shop safety; good housekééptng, and fite- 3¢ Weldfng Booth Complete (1) .l
prevention Desures ust be' obsqrved. o | Pover S (12) - : -
E R , Tootkit (1)
L Ao b ] toataka Nethods
B | Dtscussicnibemonsrration (1 hr)
S el e | Performance (3-heg):>:
o e ' Outside Assigndent (2'hes) -
ghioe AL | Instructional Enviroment/besizs
T e “ | Classroon (5T
S e .  Laboratory (3.5 hrs)
S TR | ostructtond Ctdamee -
e A I -, | Emhasize velding safety applicable to cast {ron. Stress the importxnce
G ek e o o proper welding techniques for cast {on, Make outside assigmment to
L e A read 3ABR93131-5C-406 agd Lhapters 9, 13, 14, and 20, Modern Welding:
) Adninister appraisal test upon completion of this assigament.
_ ] Emphasize conservation of cast 1ron and cast {ron electrodes. -
PLAN OF INSTRUCTION NG 348R83131 DATE 23 Sestesber 1975 | SL0CKNO. Iy | piteRg, 5]
A
EKCB:';’ | i%i%%m&if&%g} \ (F'dapy-uz EXW&S) : (rﬁirﬂé&ﬁ»hdﬂnt«dmlﬁllum S 33
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PEIN OF INSTRUCTION Contmued]

all shop safety measures, perform operator

nalntenance of resistance spot welding nachines j
,IAW 10 3m—1—5 R :

(1)

© of resisfance welders and test equipmeat to reduce operational cost.

‘ NSO WSTRUCTION M0 CRTERON BICT 1 :}’,,'f,‘Jé?,"- ; SUPRORT MATERIALS AND GUDANCE
16, Hard Snrfacing, Cutting, ena Resistance 12 Column 1 Reference - SIS Referepce N
" Welding ~ (10/2) ga 2p
b yud :
s Givena list, identify procedures (.5) | 6e 33; 3b, %a
pertatrtng to kitd surfacing varinus netals 6d 3, 246
, with 75% accuracy i be 3 2e : -

' 5. Using a list, identify procedures ¢.5) ! Instructional Materials o
relating to metallic ar¢ cutting operations L i ‘KBRSSll’Bl-gG‘WG Harg S'u'rfécim,, Cutting, and Resstance Welding
with 757 accuracy. - 10 36Wé-1-5-

| ‘oders Welding (Chapters 9, 13 14, ad 20)
~¢.  Given velding equipment and ferrous (0 | ’
aid onfeerons meeal ‘specinens, set up and ¥ Training Egil poast s
operate resistance spot welding equipment IAW i Spot Welder (12) i
Chapter 13 of Modern Welding. ALl shiop safety, ‘ Foil Welder 3) ;
good housekeeping; and fire preveation measures | Tensile Tester (12)
aust be observed. | o . .
e , , ‘ E'\'*" ; Training Yethodd a
d.  Given tensile test equipment and - '(1) i Dlscussion/Denonsteation (2 hrs) :
finished welds; vhile observing all shop I Performance (8 hrs) .
safety, Set Up and test registatice spot welds | Outside Assignment (2 hs) —— o
for strength, porosity, nugget size, and shape. P o ‘
o of three vields tiist confort to thie proper - | lmstruceional Envirbument/Desifn
strength requirements; mugget size; and shape, : i Classroom (1.5 hrs),
| and be free of porosity I Chapter 13 and 14 1 Laboratory (8;5 hrs)
of Modern Weldng, = - b
Instroctionsl Guidance
j e. Given equipn_éEE, vhile observing Emphasize satety in the operation of spot weiding equipment amd emptats

welding requiresents for spot Velds. Have student read JABRS3131-56-501

Enphasize proper use and care *

and Chavters 11 and 12; Modern Welding.

3

e Reiated Iraining (identified in course N I ;
chart). ) . S o L ~
8. -easurement and.Critiqueew—m - =0 72
R L Smeseo L .
PLAN OF INSTRUCTION KC.  a3pmemtas DAt ae o "!'"7!""" 1975 BLOCK NO, .'"', PAGEND. 37
By R Ay .
S ’:‘3‘21",‘;,",‘:;3!‘,,“,?33,‘,,‘;,‘ - . (Fin et nclde s she s ) g
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COURSE NUNBER A

COURSE TITILE

Metals Process:.ng Spec:.a]:

sLOCK NUMBER

BLOCK TITLE

‘ Qables and Welding
Table,

I1T - i . Intmduct:;on to Metallic ﬁmﬂe—ld—l—n{?— S
LESSON TiTLE -
Erlne:." ] nance of Arc Welding Machines o
.. LESSON DURATION - -
CCassRoon /I;a:bora.to:t;y . Comp lement TOTAC ]
D&D 1.5 h:-/iﬁerf 1.5 hrs 3 i’ © 23 )hrs
PAGE NUMBEH I PAGE OATE - 7?;;?%1(?553?5]
| 21 and 23 _ |23 Sep 1975 1 -~
— . STS:CTS REFERLNCE
NUHBER - OI\TE
jﬁéame— 31 May 1975 -
: SUPERVISOR APPROVAL :
SIGNATURE DATE SIGNATURE DATE
FRECLASS PREPARATION -

,,E°3L°‘C§3$a‘a°}co‘:f° FRoM SUPRLY- CLASSIFIED MATERIAL UNCL ASereiEn arE AL
1. irc Welding Equip{@#ddeciedToolkit None - |1. 3ABR53131-SG-301
ment consisting of : 2. TO 34vh-1-5 -

. Booth, Electric . 3- Modern Welding
Arc Welding Machine : - - | - (Chapter 6) |
Protective Bquip- - L. Chart: "CC7L-225

ment; Arc Welding ' Arc Welding

Machine €ontrols

___ CRI

TERION OBJECTIVES AND TEACHING STEPS

- machines with 75 percent

Teachxng steps a;re hsted in

EQU IPI‘ IENT LOCATED

accuracy-

3

Part II.

|
!

Without reference, state the pr:cnclples of operatlon and uses of arc weld.:.ng

Given equ:n.pmcnb while obscrv.mg a.ll shop safety, ..et up and a&aust an arc
: .weldn.ng machlne preparatory to welding IAW PO 3hWh-1-5.

;Grven equ:z:pment while observing all s‘hoP sa.fety, perfom operator maintenarce
of arc welding machines IAW TO BbWh-l-S

IN LABORATOR i)

2. Tra.:r.ncr 3218, Electrxcai Weid:
3; Tra:.ner 3219 Electncai

o T

UG72

1[ K

frcro 1972 97e-386/23
- _

e Al
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- 5 - s . ;1;? |

-

and principieq of hird surfating; -

- . =3, 7
. - . 3(//
) INTRODUCTION . TIME: 10 Min
Attention:
‘Review: ° TDuring vour last. lesson you learned and applied ‘the fundamentals .

Overview: Upon completion of this lesson, students will leéarn the o
principles of operatlon and maintenance of arc welding machlnes.

Motivation:
: , . BODY | TIME: 2 hrs 40 min
Presenthtidn;
ﬁef 6E7' tives la b and c. .
. !
1. Sfﬁaéﬂté will discuss and learn ’ . : -
the principles of vperation and use
of electric arc welding machines. ) ..
a. Fundamentals of electricity:
) (1) Electrical current
has a positive and
negative terminal or
pole.
(2) Polarity is the direc- Demonstrate polarity and current
tion ¢f current or flow on Trainer 3219 c¢lectrical.
—_— electron flow.
(a) Straight polarity
has the electrode : .
negative, and the 7
work positive. -
(b) PReverse polarity . T

.Hés the elec rode

work ncgative.

(3) Electric circuit--A

conplete conducting .

path over which an_ . ’ T e
electric current flows.’ ’

(4) Electromctive Force (EMF).

or voit——the push or

pressure that moves the
current.




(5)

(6)

.

Ampcre~-the rate of
electron or current

resistance to current
flow-calculated by
voltage divided by
current.

Arc stream--A break or
gap in an electric

circuit which current

flows or jumps across.

b... Types of welders:

(1)

(2)

Transformer type AC
welder -
(a) MNost commonly used
AC welder.
(b)  Most economiyal- due
cost and lowex main-
. tenunce cost.

-

- (¢) Rated in amperses——

(d) Main parts include:

. Transformer.

.
I

Frame.

o

I

Shell.

Rl

ju

AC-NC welding machines
produce both currents
through -tlie use of a

rec=ifier. : .

Ventilating System.

. Adjusting Mechanism.

[N

NOTE: -Use Flip-Chart
#cc7®-225 -

r.

5>



" (3) DC Welders

{a) Driven by suitable -
~ motive power: : ) B S

1. asoliné engine. - ' .

2. Biesei engine:

o

Electric motor--most
. widely used DC uelder
- s : in Adir Force.

leo

B
(b) Variable Voltage Type:

1. Automatic voltage
control.

2. Maﬁual amperage.
L ééjAREEa;7Con~rol Iype::

L Manual voltage
control. - ST

2. Set up and adjust welding %;chiné ©  Verify importance-to_proper
préﬁirétbr? to ﬁéldiﬁg; . i set-up machine édéﬁétﬁ?ﬁt\\\;_,
~ and welding by showing T
a. Current setting determined by. various welds located on -
o Trainer 3218; Electrical Weld.
(i) Size of eiectroqfq o LTt '

(2) Thickgess of metal. f‘a
™ <. - .
(3) Skill of operator==in, . S

current settings are
obtained from experience :
and should be adjusted
. to fulfill the regquire- N
 ments.of the particulac ,
- welding operation. : ' ‘ ) .

B b. Forces responsible for metal
deposition are:
(1) - Cravity—the principle
which accounts for the , .
transfer of molten metal ) S
in the flat welding posi= - . 4 S

, ) : tion. ° . : o <

)



S (2) Gas Expansion--a. gas T
. o .,7'produced by the burning . k
~ _ of the €lectrode coating
. - "which expands from the

St ) " heat. at the electrode
. - ..° 7 tip and helps to project

the molten globuies of

¥ ;

- the elgctrode tip and,,;;;;;;ﬁ,”,,, Ep——

into the molten-pool. )
S 7 ~ . . n .
(3),-Electric Force——the force :
produced by the voltage -
across the arc that pulls
| the pinched off globule
'-pool-regardless of welding
'.p051tion.
(4), Electromagnetic Force—the

forces that-produce a C .

- : o __pincﬁing effect on the
: - metal globule and speeds : .-
= T - the separation from the '
: & _éna'bf‘thé electrode.
;-
wvhich keeps ‘the filler
metal and. éi&é in contact
with the moiten base metai
in the arc-crater.

c. Magnetic Arc Blow
(1) Erratic shifting of the arc. .
(2)- Induced by DC current.

,133;_66éf&aaé By:

;J .

- (a) Changing position
oo " . of the ground.

 (B) Changing angle of the

Q..

electrode.
o (c) “Change to AC as a fast
resort.
‘o




)

SR I

o I
Major facters determining the
the quality of the weld as

outlined by the CLASS rule:

(i)viéurreﬁtfsetting; .

_(2) Length of arc.

(3) Angle of electréde.

| 7(&) Speed of t¥avel:

3. Perform operator maintenance of
arc weldlng machines:

a.

b.

- ’ 5

Before servicing an arc
weldinngachlpe,,ell ‘elec-

‘tricity must be turned off.

As used' checR cables, ground
and electrode holder.

Weekiy "check for loose nuts,

‘_?‘:<a_56it§, screus and parts.

d.
- using dry compressed _ air apd

e.

S

8

4, éafety.Pfééaﬁti6ﬁ§i o

Mcnthly blow out all dust by

' residue.-

Semi-annual: 1ubr;gateﬁu§ipg

oniy grease specified by the
manufacturer. .

Contact points that are pitted
should be filed smooth. :

‘Contact points that are badly
: Bﬁfﬁéa.ﬁfii be replaced:

Major mnintenance" to be per-

Q|

 formed by a quilified electric-an 4

: only.

y. ]

[

a.

‘While arc welding ‘-

(1) Eye biééé&ti&ﬁ.L

lh(i) ‘Shock hazards =

: (3) Protective clothinp ’ _

- . -3



b. Shop area o
(1) No horse play
(2), Handling of hot metal

. , L =i e o
— {(3)—Proper use of machines
. and equipment

*(4) Other safety precautions
Application: - . -
1. Students will participate in making
minor checks on arc welding machines
concerning electrical contact points
~and cleaning.

S 2. Pach student will Teceive a carbon
steel plate 174" x 6 x 6 for practice
on adjusting the machine and learning
to get the arc started. '
‘Evaluation: ,

1: Instructor will check students on

their performance of their inspection,

cleaning, setting up and using the
electric arc welding machine and

.students must answer correctly a
minimum of 75% of all guestions.
a: What is a duak control arc
welding machine?
*An arc welding machine that -
has two separate manual controls
. for adjusting amperage and volt-
b: "liow 1s the amperage controlled
T on a dual control machine?

| % By a Separate manual Control. s ooe s oem—e

_c. How ir the amperage controlled on
. a single control machine?:

.*By an automatic control.

G’\\



How ére tlic cables connscted
for Direct Current Straight

ﬁ*EIectrode is negative, work

is positive.

. points that are pitted serviced?

_*By filing smooth

How is arc blow controlled?

*Either by changing position
of ground, or changing angle

_of electroae;

How are .the cables connected

" for Direct Current Reversa

*Electrode is positive; work

1s ‘negative.

What must be checked daily

by a welder?

*Cables ground and electrode

d.
Poiarity’
e.
£
&
Polarity?
h.
tolder
1.

What is electric forces?

*The forces produced by voltage‘

which pulls the globules of - _
molten wetal into the_ molten .

-.What deterwines the type-of.

grease to be used ‘on welding
ma.cﬁines9 .

' *The type specified by the

manufacturer

_ electrons across the arc?.
" *Voltage or electromotive force.

Vhat effect aaéé.a,iang arc hava?




What' are the amperage and
voltage requirements of a
welding macline? -

*Low voltage and high amperage.

Where is the teat géﬁétéééa 7

when arc welding?

*Between the end of the

~ electrode and the base metal.

What determines the amperage

setting?
o [4

*Size of electrode thickness

of base metal skill and

experience of welder.

performing maintenance on an
arc welding machine?"

o - g. What is the first step before

*Disconnect electrical power. .

Summary:

S

Fundamentals of electricity:

a.

c

. Electrical Circuit:

" Electromotive Force (EMF).

Ampere.
655!;77

Arc Stream:

. . Types of welders:

AC Transformer. - ' .

CONCLUSION

“0;3\

b.- AC-DC Rectified:

Ce.

DC Ceiierator;

-
Y

s



3. Set up and adjustment of welding machines: :
., a. Current settings.
b. Forces in the arc.

4. Operator Maintenance

Assignment : |
1. Read 3ABR53131-SG-302.
2. Read MWEB, Chap 6, para 15-23;

Remotivation: _ N )

Closure: Do

&l
-
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»i;" Types of coatings;onreleéiféééé

inﬁoﬁirérim : . TIME: 10 Min
ATTENTION: -
" REVIEW: During our last lesson we learned the principles of operation
e and-maintenance of arc welding machines. Evaluate outside
’ assignment and critique misse& items: : - N
OVERVIEW: Upon. completibn of this ‘lesson, students will learn the identi-
- fication codes of metallic arc welding electrodes and bé able
) to select proper electrodes for given welding operations.
MOTIVATION: ) R
" BODY : TIME: 3 Hrs 40 Min
PRESENTATION :

\

and types _ of electrodes

"a. Designed with wire core and ) - .
" coated to allow for preven- ) ' :
tion of oxides and nitrides
which cause brittieness in

the weld

b. 'fyp'ég of electodes

straight polarity when
‘presence of slag is.
undesirable and removal’

of slag is not feasible

€1) Bare-used with DC

(2) Light coated
(3 Héé@? coated -

-(a) -Derived from wood

‘7puip, sawdust,

° cotton or composi-
‘ tions af rayon

() DC Reverse Polarity

;. curremt - 47 .

t



(c) Protects weld with
slag '

(2) Mineral

(a) Many different
types such as potas—
sium; natural sili=
cates; as asbestos

TE——s - and elay-

 (b) Used with DC Straight = -
Polarity
" (¢) Purpose is to protsct
the weld
(d) Burns at a lower temp- .
erature

2. Select and identify electrode types by:

a.

Military specifications -
(1) TO 34WA<1=5 and =8 S

(2) Air Force Supply Catalogs
identify arc welding elec-
trodes by Military Specifi—
cation Numbers such as MIL-

EISS9c
AWS Numerical and colcr code
(1) Four digit code
: Fxample - E6013
(a) letter (E) stands for
///’"electrodes

(b} First two digits (50)
' indicate PSI in thousands

(c) Third digit (1) indicates
the tecommended position,
in this case, all posi-
tions

1 In special cases, it
will identify the type

¥l

L

of flux and polarity

)



3

é:' E 6010

(@) Fourth digit (3) indi-
cates type of current
or coa;ing,finfthisA
‘case AC or DC Straight
Polarity which is used
with .a mineral coating

(2) : Five digit number code

(3) 1Is the same as the four
digit code except that
the first three digits

indicate tensile

streﬁgth in thousands
of- PSI

(b) Electrodes with the
last digit of 5, 6,
gegieiéEEEBEES Fyam-

- ples are E 7016 or E
347-16

(3) Color code

¢a) Primary - Top tip of
electrode

(b} Secondary - Spot or
band on bare portion
about 1/2" from top

43 Grpup = just below
the upper edge of -

coating

“td) ' Special - middle of
: the electrode a manu- -

~ facturer's mark, not
very common :

(1) No color marking
" (2) A1l position” s

(3) DC Reverse Polarity

!




(4) Cellulosé coating

(5) Best for vertical

and overhead work
(2) Good penetration
(b) Fast Freeze effect
S I (&) Most_used_electrode. . .
b, E 6011 ‘
(1) Blue secondary
. (2) All position
(3) AC or DCRP

(4) Designed as E 6010
' except for use on AC:

e E 6012

(1) Vhite secondary

\ (2) &ll position =~ -
\ @ acorpise ,o
.\ &) Mineral coating )
“(5) Very good. for poor
fit~ups due to less _ -
penetration

(6) 1t is used primarily
for carbon steels

.d. E 6013
(1) Brown secondary
() An pbsiiicn
{3) ACk or DCSP
4. Rules for welding

" a. Preparation and alignment = -




b. Correct electrode and cur-
rent §Cttiﬁg§

C. Fiil ir ctatete

i??tfeﬁfiéﬁi #1. Students will be

giverr military speci-
fications as a refer-
ence to select, and
identify the types
of %éi&iﬁﬁ electrodes.

APPLICATION: #2. Gliven AWS numerical

and color code systesm,

select, and identify _

the different tvpes of
_ welding electrodes.

EVALUATION: Students will select and

identify different types
of Velding electrodes,
without error.

END OF DAY SUMMARY

1.  Summary

a. Types of coacings and elec-
trodes

b. Séléttibﬁ snd identifi-

5 cation of electrodes

¢9) Militaty specifica—
-tions

(2) AWS code .
(3) color code .

c.:' Most common electrodes

. ds Rules for welding ’

2. CTTfAssignment ;' ' ;

,,,,,,,

B; Read MWHB tht 5 para il

(&N

bU“



TNTRODYCTION TO NEX DAY'S INSTRUCTTON
Evaluate CTT assignment, critique missed iféﬁﬁzﬁ'
Pemotivaticn. Stress iimportance of knowing how to select and
identify electrodes. ' :

Review
a. Types of coatings and
eei e . .. eXectrodes

b. Selection and identifi-

cation of electrodes by L, | .
means of '

¢
(2)
(3)

Military szééifiéétib’ﬁ’si .
AWS Code

Color code

c. Most common electrodes

d. Rules for welding

Using AWS numerical and

color code systems,

select and identify : )

é?é welding electrodes: . -

OVERVIEW:

J

;. RODY
PRESENTATION (Cont.)
APPLICATION: Given AWS numerical and
e . color code systems;’
select and identify
the different types
,of welding electrodes:
EVALUATION: .Students will select
.and identify different
- types of welding elec-.
“trodes;. without error.’ '
-
N :
—_—e —. — = = = — = —= — S e P pram—— - = LTI 7%7&
» S ®. - g
5 ' ' ] .




” : - CONCLUSTON JIME: 10 Min
1.,  Summary
a: Types of electrodes and coatings _
‘b. Selection of electrodes by means of :
(1)  Military Specifications . ] 7
(2) AWS Codes ) : _ |
' (3) Cclor code ) ; S T T
c: Most common electrodes < v ’
- d. Rules for welding . o - Lo
2. Assignmeént. Assignment given in end of day summary. ..
) . ',; A _ _ \\ »
] B N . - s . - \
A \
3 . \\
P ) v / ’ - -»:” ’ l.
’ ) ':!
) o : 7
. 7 ¢
; . - ¥ >
2 . o '
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) INTRODUCTION - TIME: 10 Mim.
s , . . .
1. Attention:
; © 2. Review: During your last lesson you learned the identification and
. ’ selection of metallic arc welding electrodes.
. . 3. 6verview. Upoti. completion~of this lesson;, students will run stringer
- beads in building up worn surface material..
‘4. Motivation: - ;
BODY TIME: 5 Hrs 40 Min """"
'PRESENTATION
(Refer Obj 3a) .
- 1. Employ proper welding techrilques in '
- ' Qbuilding up flat surfaces. :
T a. Padding—-building up a worn.surface .
_ or increasing the thickness of the °
—~. ' ' part. : S N

b. Metal preparation, cleaning the

surface by:

- l;f

' Chemical Methods

ﬂechanicai-ﬁethods

a. Wire brushing or buffing for

dirty; rusty or scaly parts--

_ dirt, rust and scale cause hard .

' spots and resuits a weaker weld.

>

|~ a. 'Trichlorethylene in _vapor

welding on oily or greasy metal

¥ < A

causes a porous weld.

ce ?rocédures for Padding -

Electrode 1s held so it will

(L
"bité" into parent metal and into
% of the.adjacent bead in order to-
: avoid slag inclusions:
(2). Run beads parallel or right angle,

longest dimensions first.



(a) Longest period of time -
"~ between ” concﬂﬂtr1tions of
heat

(b) Minimize stresses .--—— <

; (c) Allows time for the work
- to absorb and distribute

heat

3y %ncircle the part with a perimeter
bead. :

rended : o

-(55; Possibility of crater cracks
is reduced

(c) “Controls distortion

Practice- shop safety in performance of
required tasks :

. a. Use proper gioves for handling metal

b: Use pliers for hot metal

c. Check machine fbr“

'(1) Cables with bare wire
(2) hear cn electrode Holder B
d. Keep work dresa clean

Utilize heaith and §aféty édﬁiﬁﬁeﬁt

a. "Wear, gloves, apron; and JacPet -for

"protect on from the arc rays and L

giobulns cf hot ﬂéiten metaI

bs Heimet ' : o -
¢} -éorrect lens number

) . Clear lens fc* chipping

¢, Grinding




‘(1) Use face shield . C

Reriove jewelry

: | ~ - " | (2”)

= A3—Lheck-grinder—vheets—and tool- —-
: : ' rest. If wheel needs dressing
or tool rest needs adjusting,
* notify instructor for correction.

(4) ?a} attention to what you are doing.
‘ﬁPPLICATIOV

1. Students will pad metal piates us-ng

stringer beads.
Students will observe all safety rules
during accomplishment of project,

2.
3. Assistance will be given as neede

EVALUATION:

- 1. Students wii* be checked for proper
welding procedure, observatce of
safety, good. houseL‘_ep"r'a and fire
preveuntion ~measures. Assistance wiil

-te given i3 needed.

END OF DAY SUMMARY

1. “Techniques in padding

2. Practice of shop safety.

Utilization of health and

safety equipment

answer questions.

POI Item 3a. -

SUMMARY

3;
. | 5;-:Grinding
CIT ASSIGNHENT: ) | :

- 1,

- 2.

= ™ A8

Study Modern Welding Handbook

S Xt

(Ghap;er 5)




~ (Day 5, 1 hr) IN1PODU”I£ON TO NEW DAY'S INSTRUCTION

: 1. lvaluntc CIT ﬁssignment and Critique
missed items. :

2 TRemottvatdomt— — - o .. _

3. Review:
a. Technigues in padding
b "Practice of shop safety

T e. Utillzatior of néalth and safets equipment

d.’ Grinding ' o s

. lbﬁerview, Students wiii run stringer beads in .

buiiding up worn surfaces materials.

PRESENTATION (continued) : .
(Refer Objective 3a) . . -
APPLICATION )

J. Students will céutinue on padding
" plate. . :

2 -Stndents will observe all safety.

_EVALUATICN‘

ER S

1. Students wiil COWP;Ete and turn in to

- their instrcctor their. paddcd plates

‘which must meet c*iteria covered in this

lesson. Aseistar > will be given as needed.
| - SR CONCLUSION |
1. Summary’
 .a. Teshniques in padding |
b: Practices of shop safety
c. Btiiiéé:icn of health” and sa§§t§ equipment

d. Grinding

2. Assignment

N N 4
Given at End of Bay Summary '

58
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’.ﬂ - | ‘_  R - . ..'A ..At | ﬁ%zzj ';.

1“?R6§HETTBﬂ . TIME: 106 Min
1. ﬁttcntion

2. Rcvicwg During our last lesson we learned to run stringer beads in
building up worn surface material.

3. Overview: Upcn completion of this discussion students will set up and

make fillet welds in the flat and horizontal positions.

4. Motivation:

BODY ; TIME: 13 hrs. 40 Min
PRESENTATION: ‘ ; ; : T
(Refer Objectives 4z & b) ) ' e . )

1: Students will discuss and 1ﬂarn the

“— T —princijiles and necessary" Steps” involved
in setging up and welding fillet welds ’
of-cétb 1 teels in the flat position.

.a. Typeq of fi;let joints

(1) Lap joint - used wﬁere Joint
surfaces are not required to . .
be flat, or on the same 7lane. - : ' . ' ;

(@) §iﬁgié—iép
1_ Stresses will oééﬁr at

the edges of the weld E -
. under fatigue or impact ’ -
= . loads: -’

| 2 Plates will pull. out of . | ’ o
line under tension. : S '
1. fb) Double Lap - | ‘ A
1 Good for sheer and |

“ tension .

Unsuitable under fatigue
or impact loads '

Ik




(2) Tee Jaiﬁé

" (a) One plﬁto is perpenai\ular

(b).. Very figld for structural
© work

(c) May be welded from either side

b. Set up the weld tee joint in the flat
pbsitibﬁ
éij inciinéa frdﬁ 0° to 15°

__121__Botg£inn_of_Aacc is iSG__;o _mﬂmw:A,d;LMNw
210° 7 ;

c. Welding procedure:
(1) For lap joints
(a)_ Metal to overlap 3-4T

(b)' Electrode angle 15
. 30° from “ertical

(c) Direct arc to penetratei
beth plates

(2) For Téé Joints
- (a) Can be welded in any '
pos;tion =
- (53- No bevel on metal up to
. 3/16" thickness
R 73 Single bevel on 3716"
. .to 378" metal thicknmess
with 1/16" shoulder.
Spacing to be 1/16"
..(djw Double bevel netal of over
378" thickness, with 1/16"
shoulder. Spacing is 1/16". ]
d. Weld Specifications . :
(}) For Lap Joints
- 2 _

>



(5)',Uper leg IT
(b) Lowcr leg IKT
S . () Throat IT -

(25» For iee Joint
(a) QUppEr iég'iQE‘
o7 (b) Loutr leg i&T ' P

fé; Throat IT

* APPLICATION:-

1. gtudents will set _up and weld tee’ joints

in the flat position usingiftr;gger beads

Eorfgagh sucressive pass; and as outlined -
in SG—304 ‘

éa iAll .ales of safety, food . house?eeping and

fire prevention Will be observed.

.. (4

EﬁALUnTIOV

Students will be checked for proper
welding procedure.

: END OF DAY SUMMARY

'Summary

2;. Tee~jo;nt in fiat_ppsitibn_ N
3. Wéiéiﬁé-pre:edure
4+ Weld specifications
CIT Acsignment .
1. -Reviéﬁ 3 3230-56—305

2. Modern Welding chdbook
Chapter 5 °




DAy 4; 6 his)  INTRODUCTION 16 NEW DAY'S INSTRUCTION - —~
1. Evaluate CTT Assignment o
2. ﬁémqtiéhcibn | : . %
3. Review: | | | | -
(a) Types of fillet joints. = = -
(b) : Tée joint in flat position | o o
(c) Welding prbééduré

(d), Weld specifications ' : Lo

4, .66&56%&%3 Upon completion GE;EBéfiééééﬁ students Giiif§é£ ub; and
: _ - make fillet welds in the flat and horizontal position:

PRESENTATION (Continued) I | o

2. Students will discuss and learn the
principkes and techniques of setting
up and welding fillet welds of carbon
sggel'in the hbriﬁbnial position.

(a) Parts are inclined 45° or more = S 3D

(b) Use multiple passes as necessary. -

, (c) Use stringér beads; building -from
o S bottom plate to top plate.

(@) Electrode held perpendicular to o i -
‘line of weld, bisectlng angle :

Q1) Tilted upward |
(2) - Directed back toward weld crater )
to' assist in washing slag back, . - . ‘
, " and filling undercut. B - oo
APPLICATION

t:. Students will continue to weld tee

fillet joints In the flat position, :
while®observing all rules of safety, -
good housckeeplng and fire prevention. ' .

2. Students will set up and weld tee - : | S _ :)_-

“and as outlined in S5-304.

= . ‘

b _ . - -
&3 ST




CIT Assignment:

-

1

2.

1.

D28

3
3. Assistance w111 e given 8% siceded.
EVALUATION . R R Lo
1. Students will be checked for proper
welding procedure.
2. . Each student will complete and turn: '
.in_their fillet welds; which will meet
all criterion and specifications out-
lined* in this lesson:
o . - S , .
'Sﬁmmary;
1. Incline parts at more than A
452. angle; weld running -
—horizontaiiy'- _ , <
2. Stringer beads,'muiiipie .
_ passes. v - y
3. Angle-and tilt of electrode "

‘Read 3ﬁB?53436 SG-305 and '

_answer questions

Nodern Welding Handbook
Chapter 5.

(Day 5, 3 hr) INiROﬁUCTION TO NEW DAY'S INSTRUCTION

Remotivation

Review

(a) iﬁtiiﬂé ﬁércé at_more than 45° -

'iéBil Stringer beads; multiple passes

- (c) 4Angle and tilt of electrode

Overview: Upon comple*ion of the lesscn, students will set up and

make fillet welda in the horizontal position.

—




TRESENTATION (Continucd)
(Ref Objective 4b)
APPLICATION:
1. Students will continue to weld tee
© fillet joints in the horizontal’ position.
whiles observing all rules of safety, good
housekeeping and fire prevention.

2. Assistance will be given ‘as needed.

EVALUATION::

1. Students will be checPed for proper welding
procedure

2; ach student will complete and turn in

their fillet wclds, “which wi1ll mcet all
~ criterion and specifications outlined
in this lesson. .

3. Students will be given avsories of questions.

of which 75% . accuracy of response is required.
CONCLUSION
1. :éummary:

(a)’ fypéé aé éiiiét oints

éb§ We1q+ng Tee Joints =
(iz in flat position
-‘ftéj in horizontal position
(e) ﬁaiéieg procedares
(d) Weld specifications
2. Aggigéaéaii"
Civen at End of Dey Summary

REMOTIVATIOV -

CLOSURE:

Tralning equipment to be used

at this time include:
a. arc welding booth complete
b: tool kit

TIME: 10 Min

f!
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flre prevent:.on measures must be observed: e . )
‘ b. U:ung a 1ist of "tatcmnntu, sclect weld spocz.flcatlon limits pertaining to
welding plate with 7% accuracy- ) :
c¢s Given metallic arc weldlng cquipment and tarbon stoe:t pi;zxte specimens; set up and
weld butt joints in the flat pooltloﬂgbh 100% penetration, free of undercut;.
overlap; and slag inclusions, for a tota comblned distance of no less than 3/14
of the length of the specimen excluding the first 1/2 inch ‘start and the last
1/2 ‘inch finish: 431 shop safety; good housekeeplng, and fire preventlon
measures must be observed. :
Té'a"éhm'g steps are listed in Part II.-
Fag B - . _ -
E Q ng:g:';z ) 779 . , S ég . - . ttero ié'rfiii-iii_’/i-i‘j




L

Y. ., " INTRoDUCTION . TINE: 10 Min.

1. Attention?

2. Review: ' -During our last lesson we learned and applied techniques used
: r to weld fillet joints in the flat and horizontal pecsitiens.

3. Overview: -Upon completion of this lesson, students will learn and apply
. wwelding techniques: in making butt welds on steel plate.
4. Mottvation:

—_ e m ,’ LIIoD Bﬁﬁyﬁ*ii’f" LT fiﬁ : - iL ’iirs i?{‘:é:_}lih [T

- " PRESENTATION: - .

Reference Objcctives 5a, b, and ¢

: 3. Types Of jolnts for butt joints
of steel plate '
. ®) Double bevel
(2) Double vee

‘

3y Singte-and doubleU - SR
o b. Double Bevel - | :
- (1) Metals over 3/8" T
| (2) * Bevel angle 30° to 350

(3) Used when the joining plate
- cannot be beveled

c. Double V T

» €1) Differs from double bevel in
that both plates are beveled

€2) Included angle is 60° to 75°

- 13) Used on metal over 3/8" T -




T

a.

e

@

€2) .Double u

(a)

)

- tey

(d)

Géﬁerally butt joints are welded on i
both sides..s .
T Easxer"ﬁéi&e&
(i)f Less. distortioﬁ‘ )
éjé.‘lnsure better weld météi in
heavy sections.
The sxngie and double U ' $
(1), Single U, : ' o -
' (a) 'Used id place of double V
(b) " Used on metal 1/2" to. 3/4" T
1f‘ féﬁ More satisfacffrv and requires .
: iessigii}erfgetal thgg V .bevels
for heavy sections and deeﬁ )
grooves.

Weld 1s m>de on one side, .

' except last bead which is

made on opposite side. .

'Used on heavy piate over

"3/&11 o ‘ /

Requires less filler rod T
than single U

kelde. on both sides

_Grooves are nade with a cutting

torch or they may be mzchined:

/ 2‘ Weld Spccifi&.tio’ns

Bead width ‘to be appror. 178"

- -Depth of ‘Fusion is-1/16" min:

' wider than priginal bevel -
v 1#02 XTo

L

."Reinforccment hcignt 1/8", or

25%70f T.

“Penetration - 1007 -

- T
@

USe I ainer 3218*
Llect:ic Weld

-

)



3. weid Bﬁtt jbint in fi&t Eééltiéﬁﬁté .

é} Prepare 301nt to specified bevel

bi~ Space plates at a distance about the
- width of the flat shoulder at bottom

c. Tack weld and check alignment:

d. Insure penetration at root of weld.

- e: Use stringer beads for filling up.
4. Shop Safety
4. Remove all jewelry before operating
éﬁ? éh’o’p’ cquipment
b: Use glbﬁéh when handling metal with
sharp edges :
c: Use pliers for handling hot metal
. d. Use faceshield when grtndi Do
not use arc helmet when'! grinaing.‘
. Check lens in hood for tréckg.
= T L~

f: Wear protective clothing when arc
welding: - :

-

Show FLC/203, Prevention and

o _ : \
Application: ) A
. \r .

#1 Students will set up and-prepaie bute joinEé for.welding:

/ﬂZ"Instructor will administer appraisal test, on weld specifications
' pertaining to wolding ‘ .

#3 Upon cowplotion of 1esson students will set up. and weld Yot joints
- in the fiat position. : :




. §?

Evaluation: . ) ‘ ' ' -

- #1 Instructor will check éar compliance with TO 34W4-1-5.

#2 Instructor will check to m1ke sure that students have answered questions
with . 75% accuracy:

a. What 1s th° reinforcemeut of a 3/16" o L

% 25% of T (?ig 37; pg 42)

"~ b -Whaf is ‘the required pe netration of
5" butt joint?- . -

i- 100% (Fig'37; pg 42)

'c. What size electrode 1s used for the

- root pass on a %" butt joint?

* 1/8" or 5732 dtameter (pg 49)
'd. Why is a long arc held at the start of
a butit joint of light or heavy thickness?

* To obtain good .penctration at the start’
of the weld. (pg 41)

_e: What is the reinforcement width of a
butt Joint on ¥%" piatn° :

* 2 to 3 X T (Fig 37; pg 42)

f£. What ié t%é depth of fusion in.a %"

* Minimum of 1/16". (pg 42)
g. What must be dome after tack welding &
butt joint?
* Check ali gnment (Pg 43)
h. What ié,tﬁe angle of bevel on the one
© plate of 3 single bevel?
% 30 to 35 degrees (pg 38)

#3 Instructor wiitl check progress; and maks sure that’ students have -

welded butt joints in the flat position IAY.POI objective Sc. ;:5

4




END OF DAY

SUMMARY
Summary:
1. T}pes of butt jbibts
a. Double bevel ;
b. Double vee
c. Double u
2. Weld specifications " oo
3;. ‘Welding procedtre ?
CTT Assignment: '
1. Review §AB§53i3i-SG—3BS o ' -
2. Review Chap 5 of MWHB - | ~
(Day é, 6 ﬁrgji " INTRODUCTION TO NEW DAY'S INSTRUCTION

1. Evaluate CTT asslgnment and critique nissed iters
2. Remotivation:
3. Review:
a. f??eg.bfvbﬁtt jbiﬁts for steel plate
(25 .ESBBiéh§éé
(3) Double U
b Weld spacifications

c. Welding procedure

4 - Overview Upon completion of the lescon students will set-up, and
weld butt joints in the flat position

PRESENTATION (Gontinued)

Reierence objectives Ge )

APPLICATICF'

1. Students will set upjy and weld heavy steel plate butt joints in the
flat position : :

EVALUATION: Inst rucggrigiil check the progrcss of the student: Instriictor

wiil aiso Insure that the student s welds are IAW POI item 5¢:

. : i
5 - i=
S —;”"__’_"‘_____f:’——— - e T
.;,;l:;_f~»z—;f:f‘j1::+fl;%{1ﬂ~—’7 _
T e T ) s




END OF DAY SUMMARY
- Summary: o
1. Tyﬁéé of butt joints
a: Double. bevel e
. b. Double vee
c. Double U
2. We'd specifications
3. Welding procedure
CIT . Assignment | 7
1. Read 3ABRS3131-5G-306 -
7 €3
: 25 Read MWHB Ghap 5 A -
(Day 7, 6 Hrs) ;NixsnucmloN4$94x£d49A¥4341NSIRUCILON

_i. . Evaluaté CTT assignment and criticue missed items.
2. Remotivation: |
3. PReview
a. Types of butt joints for steel ﬁlité
)] Double bevel |
(2) Double vee
(3) Double U
b. Welding specifications
c. Welding procedure

4. Overview: Lpon completion of the 1esson students will set up, and
weld heavy carbon steel butt ioints.

PRESENTATION (Continued)\
Refer obJectives (SC ) ) : o -

APPLICKTION:'

1. . Students 'will set up and weld butt joints of steel plate in accordance
with all we]ding spccifications, procedures and rulesgof safety covered

in this lessor. . - Do e

Qo



EVALVATION:

meet alil

standards covered in POI cv ective Sc. .

GQNCLUSION
1. Summary '
a. - Types of butt joints
(1) Double bevel
(2) Double vee
€)) ;ﬁéﬁﬁ;e R
- b: Weld specifications - SR -
"c. ﬁeidlng procedure
2. 'CIT ﬂséigﬁﬁéﬁt
. a: Read 3?&3?53131-%—366
and answer questions
b. .Read MWHB éhép 5.
.
7

TIME:

1. Students wili Ldmpiété anc turn in welded but: joints which must

~
10 Min.
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of undercut, overlap, and slag inclusions for a total combined distance of na
less than 3/l of the length of the specimen, excluding the first 1/2 inch start
and the last 1/2 finish. All shop safety, good hHousekeeping, and fire .

prevention mcasures must be observed.
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N ~ INTRODUCTION TIME: 10 Min.
Attention: .

Review: bﬁf:ﬁg our last lesson we learhed to apply techniques usea'eq
weld butt joints of steel plate. Evaluate CIT assignrient and

critique missed items.

Presentation: .
(Refer objective)

1. Preparation of joints for welding:
a. Types of joints for sheet
(1) Single bevel
(2) single vee

'(3) Square edge
“b. Square edge

(1) No bevel required

(2) Used on metal 1/8" or :
. less ' ‘
(3) Burrs should be removed
c. §ihgie bevel
(1) vetal 1/8" to 3/8"

(2) Bevel both plates to—— . .o -- ——

— an_fncluded angle of

_ 60° to 75° .
2. ﬁeid'Spccificatibns:. . " | Use Trainer 3218; Electric Weld
a. Width 45 2 to 3 XT -
b. BDead reinforcement is 257 of T

c. Penetration is-100%

~J
an



ol

3. Weld butt joirts ra'gtudy guidé
procédure to 1nsure good weLd
Jeads.

a. Prepare Joint as outllned

previously
b. Tack weld, then check
alignment

¢« _Insure penetration is '106%

4. Shop Safety:
"a., Use all protective cibtﬁihg
© and equipment
b. Operate machine only that you

have been checked cut on
c. Check equipment before using
Application: | | |
1. Students will set up and weld light

gauge sheet steel butt joints in

.the flat position.

Evatvation: : - .
- 1. Students will be given a series of
questions concerning weld specifica=
tions and weldlng procedureés of steel
sheet butt joints. Minimum of 75%
correct response is required: -

2. The instructor willl check weclds made

" on light sheet steel to ensure. they , =T —

' have t A2 to stardzrds set-forth
— by the Cx .erion Checklist. .

END OF DAY SUMMARY TIME: 10 Min:
1. Summary: o | |
a. Preparation of joints for welding
b. Weld spécificatiOhg
c. Welding prbcéduté

d. Shop safcty

\J



2. Assignment: i I ) | i
a: Review 3ABR53131-5C-306 6
b. Review Hﬁﬁ Chapter 5 }. | N - o
N | ,
d. ‘ _ ”
. ' iﬁiobulﬁﬁ\: TO NEW DAY'S I‘\ISTRJC’IIO Day 9, é,ars“
§ 1. Fvaluate acsignment and rrifique missed . ) -
- items. -
2. . Remotivation: ¢
= 3. Review: ‘
- 4. Preparation of joints for welding ’
£, wela éﬁééifiéégibﬁé - : -
c: Welding procedure S e
, T
’ d. Shop safety ' e L, -

4. Overview: Upon completion of the 1éss. ., Students will set up and
weld butt joints of light carbon steel -sheet.

° PresentatiOn Cont'd
(Refer objectivo 6b) =
Application: _ - _
) o - . . o ) .7 - i///
1. Students will set up and weld butt joiats— ‘
of,heavy carbon—steei—p ate.
———
Evaluaticn: v
1. Studenxs will be given a series of
questions concerning weld Specifications
and welding procedures of steel sheet - ,
butt joints. Minimum of 75% correct 4
response is required. :
. 2: Instructor will observe students welding
beavy carbon steel sheet butt joints,; and ,
ensure that they are TAW the Criterion ; I

Check]ist

- ‘:'_'l'—j o




/ L © END OF DAY SUMARY P
' 1; Summary: -
a. Preparation of jolnts for |
welding : s
b.. Weld specifications
: c. Shop safety ;
2. Assignment: ]
e . e
.a: Review 3ABR53131-SG-306 - - -
. b. -Read MWHB; Chapter 5 - T -
o T - C. eview for block test - R ;7_;2/}'/
. INTRG?UCTIOV TO NEW DRY 'S INSTRUCTION . Day 10, &4 HES

1. Evaluate ass:gamert and critigue nissed
items-—

2. Rexno tivation:

3. Revieu: - / - S
a: Preparation of Joints,for/”/

welding = . —

B "///’/,77777;77;7 _ -
- —50 Weld specifications :

c. Welding procedure-
d. Shop safety ;

4. Overview: tpon completing the lesson, students will set up and weid

heavy carbon steel sheet butt joints in the flat position.

?resentation' Cont 'a. ’

Application: Students will continue to set up and weld butt joints of
heavy carbon steel plate in the flat position. .

Evaluation: 'Instructor will check studente welds on heavy carbon steel

butt joints for proper spccifications IAW Criterion Check-
list.




CONCLUSION:
1. Summary: .
- e
a._ Préparation of joints for

f—:' — welding
//////i//' b. Weld specifications =
| ¢. Welding procedures
é. Shop safety™

4s§ignment:

a. ' Read 3ABRS3131-§G-401 ard .
ariswer questions

b. Read MWHB, Chapter 5
\ Ce. N
\'\\ - é. .
) - =
‘Remctivation:
,,,\ o
Closure:
. :
)
= \
! :
. 1
\ i -

/

Vs
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CRITERION OBJECTIVES AMD T-£ACHING STEPS

A. leen metallic arc weldJ ng equlpmen and carbon steel plate specimens, set up
and make f:x.llet welds in the vert’ .,al Jsition, free of undercut, overlap,

.and slag-inclusions for a total combined distancé of no less than 3/l of the
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inch finish. 41l shop safety; good houoekeepzng, and fn:e provention measures
must be observed.
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10 min -

3

INTRODUCTlON ' ST

1. ATTENTION: . ) .

REVIEW: Previous block covered: Operation of machines,; polarity of
‘electricity, selection of electrode. Eﬁéiﬁééé ETT assignment and
critique missed items.

.3: OVERVIEW: Upon completion of this lesson, students will be able to
make fillet welds in the vertical position to study guude
specifications.

N
.

k. MOTIVATION:

&
s
' BODY . Time:- 11 hrs 40 min
PRESENTATION
Refer to objectnve #lo<-

1. Vertlcal posltlon welding

a. More difficult than flat or
hcrizenta]iwelding
(1) -siower speed of travel
b. Overcome force of gravity by
(i) hold short arc
(2) manipulate electrode

(3) control molten pool

(a) size of molten pool
' 2-3T

(4) Gas éiﬁéﬁssaﬁ

(a) strongest force’ of metal
transfer ‘
1 §ae§eq;§y burning of -

- ‘ electrode coating

2. Electrode and current
a. E6010 hlghly recommended for posutlon : R , <
welding - all 'positions -

é;z . 3 | ',.g




AN T
B | E!ectroae cqat:ng :';;;ﬂﬂ’1“;__;£Hdw"u_irJ;;M;_ﬂwf_,:ﬂu,
.j_'(z; Light
'ié;iiﬁevorse Pcltrxt§ e
’:}(l) Heat on electrode tip g
{a) Egjiﬁive side welding |
circmt ’
.(2) Aldsrto secure proper ﬁéﬁéfra::oﬁ
- ' _\(5) -Eo§[tivc side weldrng . 7
. -7 clrewit | T s
B Smaller 6i$meiéi'éiéé£?_6&é
(ii' Less current
.liiﬂ;AJd in contro!ltng mol ten pool
{3). Over come graviiy; suriace tensaon : ;
_ - 7of the etectrodes -
R fn"(ii)j.-ﬁéiiiﬁiﬁj bi_:.a'i:tu'cél size 3/16"
é;fﬁﬁé:d:ng tecnnique\ '?:1 : R .  ' . -
a Elnc:rode angle 75° 8cw$ for - - .
c s:artxng shelf ~ : . ‘ -
g ,3.5f E!ectrodc angle for cont;nusng;'
. bend 159 up ey
(3} Wflding-sequence
(S}T Hold ‘short arc ‘when
’ ' ﬂ_ﬁepos:ting metal .
{5} - ch never broken
&) suild she!f
'fia} ﬁcpos:: another tead after )
o “shelf solidifies - ' B
:h.-_HiEér Beads - 3 |
.'ii-i; Hore curfent ." ;'7 A: %

¥ .'

: .'J\

e
-
. &
a



b: targer electrode - 3iiéﬁ :
€ »wé5§§ﬁ§ motion

(i) S:de to side motion and

- slightly outward
(a) To eliminate a higk | :
crown bead

(2) z at sidz to flll undercut

»revenr overlap

o A]Idﬁg ﬁﬁb] to solidify
(b) Eliminates high beads '
5. Fiilet welds on tee Joints =z

a. Number of beads wull depend on

th:ekness of metol

(i) The thicker the metal “the : : )

rad . -

more pauses required’

b. Series of stringer beads

(l) Always str:nger bead in

(5) For 5éﬁééiatéaﬁ_

. Aiways knock off slag prior to
aePOSttlng next bead , : .

- (1) Prevent slag lnclusions' S - - .f//

6. Practace ShOp safety in par?ormance
-of. required tasks - , -

.a:_fNo Borse play : . - : Ag?
b. No smbking

<. Hamta:,n,c;lea’n area. 56&
‘ Elééﬁ daily

4. ihéﬁééi;éésiés
(1) Cracks

(27 Frayed wlres }jf' "5 . .'“' B




;‘mbiiizé health and safety equipment
‘a: Welding helmet and eye protection
(1) Cieck daily |
(a) For cracked lens
(b) For proper shade - #10
B. Gloves
c. tibthiﬁgAsuitabié for job
{1) High top boots ‘ o
(2) Long sleeved shirts
(3) .Aprons
(4) Leathers
d. Use guards on machinery - ;
(1) Face shields ‘
MSLICATION: B -
I, Students will weld fillet welds in
the vertical position ta specifications ,
-of TBS’JW&IF‘E %
3. Studesi: will observe all safety
precs. .ons during accomphshment
of pro,ects
VALUAT 10K :
1. Students projects will be checked

during welding process for proper ' . ’ i

procedure and preparatior of material..

Assistance will be given when necessary. -

END OF DAY SUMMARY = o P

SUMMARY: . -

__ _——17 Vertical position welding

2. Electrode and current
3. VWelding techniques
R 4. width beads
- ~Assignment. - 5. Fillet welds ,
POI Item la P 6. - Shop safety o
. 84 7- Safety equ!pment (personal)




following assignment. After complétion
of aseipnment will be roquived to answer
questicns with 757 accuracy.

INTRODUCTION TO NEW

1. ..valgtfe(gr‘r— 70’7Qb§’mttvel Jx

qugnnbn cirttgue

missed itewms. ) -
2. Remotivation .
3. Review:

a. Vertical position welding

b. Electrode and EB?EéEE

c. Welding techniques

‘4. Width of bead

Fiilst Velds _

Shop Safety

Safety Equipment tﬁérﬁb;aij
4. Overview:

1llet weld in the vertical position

E; ~F
APPLICATION: Cont'd
1. S*Jdent will conrihue to weid f‘ii

" in the vertical positd

1. Review 3ABR52i31-SG-401;
2. Feview TO 34W4-1-5 (chap 7)

Modern Weldiung (chap 5 .
pages 5-21-22)

DAY'S INSTRUCTION

- 2. Students will observe 1l saf {ety pre-" . i
cautions during vcconp:isbment of proj ect;,,,¢’~' -7
E l’ . ,/;__;/'_':/ .
EVﬁnEATTGY' L mmeE
- R ;// _

;;,,l;;:’Stggght srojects wiil

be checked durisig

welding rocssg for proper procedures.
Assistance will be given when necessary.

Instructor «i1ll check students' welds.



[ CONCLUSTON . Time: 10 min - )
. , |

a. Filler welds in vertical position

?

" b. Welding technique

c: Safety prdctices : ’
CAY 2
2.  CTT Assignment: Students wili read/revice following assignment; after ascige-
_ ment, will answav guestions with 757 accurdey. Redd 2ABR53131-SG-402 (POI
: Item; POI Time 2 hr=). : ‘
3.  Remotivation:
4.  Closing Statement: : : o o

- - [ e
_ e
. T
_ - .
P / ~ B
S
- =
res—— :
.
®
5
s - 3

N
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K LESSON PLAN { Part I, General) - e
APPRQVAL nr&‘lce AND OATE . 7 N m’,\_mj‘cf’on 3 . , - — -
-t - - . : . i N
TSTL p (' 3o o g L] . - a
COURSE syMnr 4 countg rerie ] o N B
AL BRY 3131 - | Metals Processing Specialisk . - I
" .Scx NumeF R -] etecR Titie S :
S o' A ' ' Special Metallic Arc and Resistance Weidlnrr 7 Applications
LESSOH TITLE - ' - A ] _
.Fillet Welds in thr\ O'Jcrh"acLPoglta;on .
. . __LESSON DURATION
cLassrooM /Lghoratory "Complementary : . ; TOTAL :
D& D 1 hr/Perf 17 hrs | 6 brs L " hrs
= — S PO RERERENCE . E - -
PAGE NUMPER .. . , PAGE DATE . R | paracraru j
28 ..+ .| 23 Sep 1975 : 2
. < STS-CTS RETERLNCE S
NUMBFQ . ol'rr . .
S}le o o - 31 May 1975 - |
77777777777 , - ——
_ SUPCRVISOR APPROVAL - . .
- SIGNATURE - DATE SIGNAT URE : DAL -
- ! : e - —t
- : : PRLCLASS PREPARATION R i T
£0- 1MENT LOCATED ©orajirMEn - T ORAPIGL AIDS AND
S by e TOASIEIES AT RAL hire NS5 € B A 1AL
ﬁ Arc Ue]da;ng BookN - cnsdnized : o , 1. 3ADRY jl}l-oG-hOZ
& 1.c 5 Toolkit Hone - {20 0 3hiWli=1=5
2 Power Shears . ‘3. Modermm Welding
1 3 Trainer: 3218 _ . (Chzptar 35) -
Electric- 7
AR wELgep 7N '
- - l
[]
——
CRITERICON ODRIECTIVES AND TEACHING STEPS . S e
vé._' Eiven melallic arc wcidim equipment and carbon stecl plate Spcr'nmr‘n sct up and
make fillet weids in the overliend positicn: free of underent, over]ap, anl slag
':mclu ions for g ,otc«l conbmml distanc ,of no lecs t,hf-n 3/’- of the gpecimen,
excluding thie) firsb 1/2 iich start and the last 1/2 inch finigh. All shiop
..afety, rood :._,,'f*}*é*‘pi'ri(*, and ixn‘ prr\vr‘ntlon measures musi be ohserved
Teaching steps aye-listed in Part I1.
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~ INTRODUCTION o Time: 10 min

1 Grention: o

v

2: Review: Previous lesson covered vertical welding; electrodes; manipulation;

angle and current sattings. Evaiuate CIT assignment. Critique
. - ) nissed items. |
3. Overview: Upon compla tion of thls esson students wili be able to make
fillet welds in the overhead pos:tlon to study quide
’ specnflcatlons

L., Motivation:
BODY ' : Time: 17 hrs 40 min
PRESENTATION - ' - S -
_Eg£e¥~tO’GBJectnve #$?o<~
i, Overhead welding o B 5 -
N '7 ) - 7 B - : : ’ -
~as Used In eréction of structures !
e’s; Probably hardest positicn :
(1) Fallvng metal ' 7
(2) Uncomfortablec
c. Fsrees in arc ,
S N\, <
(1) Most effective -gas expans lon
(2) Biggest aid in overhcad welding
2. Weld metal “transfer ; :
a. Short arc : .

(1) ,Tb_écnfrol mol ten pool
b. Electrode angle

(1) .20° to Vertical Flate

(2) 15° Dircction of weld

\




h---».an—u- S e u% —.-;-'{J\-P‘"' g ””?ﬁm‘aﬂ‘d
-~
e

e -‘?;""‘“m
i 67
c. Forees that aid in metal.transfer ST
~ (1) -idﬁesibn =
" 17 -
© (2) surface tension of base metal
d. .FSFéé§ that hinder metal EFSﬁ%?éF
S{1) “Gravity . S .
(2). surface tension of electrode ‘
(3) ;Cohe_sion_
e. .ﬁrg;Héét ﬁéévy;jdfhté )
(1) FHold Tong arc momentarily
3. éiéctrédes. éné‘cu.rreni{ :
a. Electrodes designed for overhcad
.. (1) 6010 - Ex. | |
- (és 3/16 max. practical size _ ’ B
'b. .DC RévéFgé current - ;
ﬁ (1) Heat on r'ei'e'c’trcd'e tip »
; €23lihésiéivé side of circuit’ ‘
(3) 'Aids in securi"g penetration ~ .
c. A’rﬁ"o’Uht of current ) |
:(1) Depends on diameter of electrode < -
| {2) Thickmssf of mater. al
e ﬁéiaihg'féchhiqUE'
a. . Hold short.arc j
5. Se*x;s of strihgcr bead; ; _ : é; ;

(y” '5 msller than flat .
{2) First F’ass fc. pene .rs..
c. ?é%étfatibh
__ (I) lndlcated by Depth cf EFéiéF _
ERIC:. .« "= . . . L L mead




d. Rerove glag and oxldes
" (1) To provent slag inclusions
(2) Before making additional beads
(3) Chipping hammer and wir- brush
5. Practice shop safety in performance 6?'3
required tasks
'z. No horse play
b. No smoking
<. HMaintain ;iéah area and clean daily
4. inspect cables - S .
(1) Cracks
“{2) Frayed wires

6.. Utilize health and_sjﬁety equipment

a; Wéiﬁiﬁg Héihétg and cye equipmeh@

M (1) Check daily, ©
. (a) .For cracked lens
'5)  For pfaﬁéf;sﬁgaé #70

b. G __ :
c. €l- iisgsuitable for job

(1) High top boots

(2) Long sleeved shirts

(3) Aprons

(1) Leathers® _
d: H;E‘§Gdi&s on imachinery

(1) Fac: shields

F

%!
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.+ Students will weld fillet welds in

-—"\

_the overhead position to TO SQWQ 1-5
specuficatuons.

2. Students will 6b§érve all safety
precautions during accomplushment
of projects.
VALUAT.ION :
“l, -Students projects will be checked
during welding process for proper
preparatlon and prccedures
Assistance will be given when
necessary.
END OF DAY SUMMARY
SUMMARY : e | 1
2.
. 3
~ )
: c.
6.
ASSIGNMENT :
DAY 3
gTT assirnment given at s
End of Day Summary ,
. o
é-
; '7
7 3.
. LNTRGBUETION TO NEW DAYS INSTRUCTTION
 ®fer to Obiective yA: -
REMT TIC.:

Overnead aelding
Weld metal transfer

Electrodes and current

Welding technique

Practice shop safety

safety egulpment (personal)

5P8R53/3/ 55-"02

© Revicu:

T0 34Wh-1-5

Modern Welding Handbaok
{chapter 5;)



ﬁéﬁiéﬁ::
a Overhead pésitibh_weiaihg
6. Veld motal transfer
C. Eigctroéég and current
d. ;Wé‘iaiﬁ'g technique

€. Shop safety . - ' . | i

r mie e aITE PR T U G ¢

f. Safety equipment (personal)
Gi;éﬁiéii,__- Filte: welds in Ovérhead Position
APPLICATION L
1. Students will weld fillet joint in
overhead position to study guide
specificatiors.
- 2. Students-will observe all safety
' - précautions during accomniishment of
projects. :
' EVALUATION: - L
I. Students projects will be checked
uring welding process for proper
welding procedurc and preparation - S
of materfal. Assistance will be _
gliven when nccessary.” ‘ . .
2. Instructor_ will check students : .
welds :
R 7
END OF DAY SUMMARY .
SUMMARY : - _ ‘ 1. Overhead welding '
2. Weld metal transfer
o i 3. Electrode and current

. . ‘ _ 4, Welding techniqueé

CTT ASSIGNMENT
POI ITEM 2a

+

L ] : .5‘92 | ;, | .




RERE At agi g S T St R A AR S T AR S e I e ] e ey

. t}}‘.j # o . .. _ : . 3 ;Z?i?

o s t
DAY & .
ASS | LNMENT : o . o
. @ : . . 7'_; - -
= : _ 1. Review: &/7#=<s ~ciES .
7 2. Review: 3#5@53?3/-56-562
IR S o 3. Review: Toabwhls i
" CTT . - . ’ _ : L
; 4., Modern Weldlng Handbook e
o (Chapter 5,) : '
s JNTRG&UETIGN TO NEW DAYS INSTRUCTION
F(e,ce& 75 O%ﬁwe 20,
1. Evaluate CIT. Rs<1gnmevt critique m’ssed 1tems.
2. Remoti: -ion. ' .- 7
Review: '
1. Overhead position welding - o T ]
: - I v . S . . -
2.” Weld metal transfer . -~ . _ o __ B
.‘74 . 7
3. Elect?bdés and current 7
> §; Welding technique ‘$ '
§€!§Sncp safety . L= R
6. Safety equipment (personal) .
. Overview - Fillet welds in Cvernead Pesition
ﬂPPLICATION o ff S )
1. Studernts will weld fillet joint in _
' the overhead posltion to TO 3bwb 1-5
. specifications.
2. Students will cbserve all safety
. precautions during ‘acconipl ishment
of projects.
EVALUATION : )
e S <.
1. Students projects will o checked .
for proper welding procedurc and _ B
preparation cf materiali Assistance -
will be given when necessary. 7 NN . .
S o A -

tel
Al
L]
’
a1
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CONCLUSION Time: 10 min

~

f;ﬁ Summary
a. Electrodes used"

b. Welding technique
c.. Forces (éféviEy_&na»gas'expéngibh)
d. Safety (Shop and healt.)

DAY 5 . F _ =

3. . Remotivation:

4. Closing Stacement:

!
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' _LESSOR PLAN { Pari |, Gonerol). L
INSTROCTOR .
CODRSE T!TLE
QIEOCK NUMBER
« Tv 0 S
' tESS')N TITLE
( Jipe Joints o
- _ . ___LESSOMN DURA -
T CASSROOM /Laboratory Cozzple‘_e')tar:y TOTAL
D & D1 hr/Perf 5 hrs 2 hrs 8 hrs
. PO! REFERENCE
?,,AQNU“BER, PAQEEAﬁe 77777 s 5;&;'0536;
29 y 23 Sep 1975 : 3
o $1$/CIS REFERENCE _
NUMBE R OATE
| STS 631X -~ . 31 Maw 1975 _
' SUPERVISOR aPPROVAL
SICNATURE DATE . GNATURE oate
. 4l
- .
,
POECLASS PREPARATION ,
EQUIPVENT - €0 EQUIPMENT s T ECiEiEN CReEDiE. I CGRADKIC AtDS AND
N LA R FROM SUPPL v < CLASSIFIED vATERIAL | UNCLASSIF €D MATERIAL
B ATc W g Booth Toolkit None . .1 3A&BR53. :.31-56—&93
.+ Complete : - . 2. 70 3LWy=1-5 .
. 2. Eoger Saw . 3..Mo2d em Welding -
3. Grinder : : - {Chapter 18)
L. Chazt: Pipe Weld-
Sooe Ué*d:ng '
_ < SAPT B
CRITERION OBJECTIVES AND TEACHING STEPS -
a. Given metall.# arc welaAﬂg édtlpme t and carbon stesl pips specimens, set up and
weld pipe ;cints with 1604 penetration, free of undercut; cverlap, and
slag incius: ors; for a total combined distace of nd -qsfi'har'B/ﬁ 9§7§§g77
g

meaSures USu be observed:

“'length of the weld: - 211 shop Ba.°tJ, £004 housexeediig anu fire preveniion

- Teaching steps are listed in ~zrt II.
. ame FOR%. 99m - o - B 200 1038 779-308723 |
v ATE AUG 72 776 - - N o » . . i
E MC L a4 SR el v - iy o P S i m e =

Aruitoxt provided by Eic:




o s T _
“- <
INTRODUCTION . Time: ‘10 min
GEPL LRI aNILl9T T
> g ) U - ' ‘ - Jﬁi
1. Attention: - _ : o SBSLS T DS TriuRs
N - _ Sl i

2. “Review: Durlng our last !esson we ' : L leeeni Tmmud

learned and applied the fundamental
principles of overhead welding.

s
i)
A

-3. Overview: Upon completung this lesson T

you will understand and apply . )
the prnnclples and techniques of 3 : . LI
We]dlng pupe with metallic arc

welding.

b, Motuvatlon: ' ;’ _ L e T

+.- . BODY ' L ffme: 5 hrs kO mln
PRESENTATION - | : | S . |

PR
ST e

Refer to Objective #

1. General lnformatloﬁ

s. Tubular secticn most efficient

[

" b.. Tragsferrlng,materlals from place -
_to place without loss.~ L i

. Construction Field ' g R

(1) Engine i'i’o’i.iri’tg . e %

(ZV Frames, platform !,ji ' o o T B .;..f Poiee

(3) Petroleum industry ;é;éq;;:g-'ﬁ¥iﬁ Za o ﬁ;;:
2° 7 (a)” Pipe lines
2. Advantages of wéiaéa joints | e e

-4: \“ ;..‘

b Greater =trength

c. Less’ resnstance to. fldw ‘ o aig Lzin




More

pleasing appearance

Easier and cheaper

3. Butt joint

-

“a. Most common joint in pipe

_ (1) —acrack is & butt Jodnt

b

b.

e.

Types of joints

-

(2)

Wall

Wall
W
@

@

(%)

Square -edge
Bevel

thickiess less than 3716

_.One Pass

No Bevel required -
Square edge butt joint

thickness 3/16 - 3/4"

One péss per 1/8" metal thickness

Bevel 30-37 1/2°

1/16" 1ip inside wall of pipe

R o -
Light material bevel on grinder

(a) Use face shield
thickness 374 and up

Bevel 20°

1/16" 1ip inside wall of pipe - —

Bevel with oxyacetelenme torch

4. Backing rings
' a. Ring shaped strap fitted ifiside pipe

-




S :(15 Plain Flat strap

" (2) Ssmall 1ip fof ’s}séciﬁg 1716

(3) Made out of B:Fééé or Eiéhié :
(3a) Removed after éeiéiﬁ§f )

. ,,45) Walded metal won't adhere

(4) Made out of base material
-y o S ‘ s
(3) Left inside pipe .

b.. %ééé of Ba”cgiﬁg i'f_ﬁ§§ '
: 1) To ééat;fé 100% penetration .
| . (2) Eré§eation-cf~_éié§ ér}ajiéﬁﬁiés
] from fé]];i_ﬁg .inside pipe ~
(3) Aligament of pipe ends ;
(a) Keep the pipe straight
¢ Not ordinarily used |
Cm Shop #abric5ti6h§
"%”(i_)' When internal gleaning is
required -
d. Reinforcement =~ - =
”'(15 1716 maximum reinforcemant
(2) ‘Avoid excessive
(a) ?éﬁﬁ Céuse;gh&éé'i rable stress
concentrations »
o. Template ;
(1) Used to lay oit work
(2) To insure sroper %it-up
" £ Wrinkle Bending .
" (1) can be used on all sizes
and thickness of pipe

Qi

-



. eb. Rémd?c atl:

. .
A Y

(2) gﬁ oxyaceteicne torch

is used for heat
(3) Easy.to correct mistakes
wziding ?56Céaafé'
5. Clean all surfaces and surrounding
areas lfk“-ba;k from cdges

-

(1) Rust B
(2) Scale .
(3) 071 2nd grease

(&) Ppaint

6.5 Alignment and tack welding™

o

a. Use of ‘backing rings
k. ‘gﬁitésfé fixtures

c. Proper welding sequence

4. At least 4 tack welds
(1) 2-3 7 length
2) 100% penetration N
> . . ‘\ .

Practice shop saféty in performaics
of required tasks :

a. No herse play
No smoking
¢c. Maintain clean ares and

 '§iean daily
d. lInspect cables
N ‘is tféc%é
12} * Frayed wires
Utitize Health and safsty cquipment
a. Welding helmet and éye.protection

AN

Use Mechanical Cleaning

tse Chemical cleaning

99

A

s



®

Check dai!l
(a) For cracks : ,

{5). 7Prbpér shade size #10

z. Clothing sui

tabie for job

(i) High top

kong si

L
N
~

Supmary

hoots

eecved shirts

(3} Aprons . ~
- (&) Leathers
¢. vse guards on machinery
{1} Face shields
APPLICATION
. given material student will.
Prepare the = tal .
% I ;
5. Set up jeint for welding ,
c Weld pipe to specification of
“. 70 34¥h4-1-5 -
2. Student wiil observe all safety =~ °
" precautions in the accomp slishment
- . . of project i
E‘J&HATiOﬂ
1. Student :ngect #ii11 be checked for ®
proper preparatidn and we]dlﬁg
pxoceoures. '
l 2. iAééiété nce w.]l be given wher
':ﬁéééSSéry Sl '
3. ‘mstructcr will check stucenta‘ T
welds. : T e
i - CONCLUSION

n
fod
e}

(i

Time:

10 min .

.



'. - Review
i. Preparation ef pipe

a. . Review 3ABR53230-SG-40H

[
%

G-4WB-404

A

32

!
N

c. Compleie 3A

.
R
-
B
<5
.
:
- _A
-
.
R
Te— ls
e - .

O

ERIC

[AruiToxt Provided by ERIC
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QLOCK MUMBER RLotK TITLE
v/ ) . Special Metallic Arc and Resistance Welding Api llcm:ign&
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Heat zmd Corrosion Resistant Ferrous Alloys: - | .
L ESSGM DURATION e ) ] e L o
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- A . : ~On=0L1 : one 1. SABR533:31
L éri??é; 7 BOOTR Y foolkit b ' 2. TO 34Wh-1-5
T . . 3o
| 2. Fower Shaazs o . 3. Modern Welding
; owe- o ' : S (Chapter 18)
o _ CAITERIOM DBIFCTIVES oND TEACHING S?TEPS -~ |
| a. Given "‘"tuJ.ll" arc weldigﬁgiegglpmengiaggli heat and corrosion resistant ferrous
allov specimens, set vp znd weld butt Joints with 1007 penetration.
. free of underent, overlap, -rd slag’ inclusn.ons for a total combined distance
of no less than 3/4 of the length of the-specimen, excluding the .first 1/2 inch
' start and the last, 1/2 inch finish. All shop safety; good housekeepi:ng, and
fire: prevention measires must be observed.
Teaching steps are listed in Part i:.
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;Xttention:

Review! During our last lesson, we covered the
principles of pipe welding, types of
jbiﬁt> and electrodes. EVéIuate CTT

. Overview: Upon completlon of this lesson
e T S -«-—-—WT~"-7‘ “Uﬂ"éf"s‘taﬂ'd‘ ETT'd’ TP ry'—t‘h [
* principles and techniques of
- welding heat and corrosion reslstant
ferrous alloys.

’

Motlvation: °

PRESENTATION
Refer to objective #EfZLg
|. Welding heat and‘corrosion

res:stance fcrrous alloys

a. Stéinjégg §téél§ most ‘comméa 1y

‘are:

- (1) Chromium stalnless
(a) 'N§§7Fé§66mcndcd for
. welding
i (b) Subject to rapid grain
T growth
{c) Will not resp ad to heat
treatment (grains)
- - (d) -After wezlding, have very
little ductility

INTRODUCT 10H
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- 5 ‘ B . L ) o o ) . ) ) ‘: ) - I. s 932
. " {2)  chromium nickel, Austenitic Stainiess o '
. _Steel . -

-

i S e o ;
e A {a) Highly recommiended for welding v
(b); After wiclding; extremely tough - U o : o
aid ductile . L ~ o =
Highly suitable for
-aircraft parts

'._.‘
N

- 2 321 & 347 are used for . .
r::ai._,‘:'.c."??f!;:ﬁéf.ts: [ I - T TR T

. bu Metallic arc wielding: is generally used in
- ' fabrication and repair of, Stainless Steels s _

(1) HMetallic arc gives instant heating ' ‘ ‘
(3) “Quickly brought to meiting temp
-+ of 2696°F

o~
”/
B

== (b) Surrounding metal compay é%' ; = :
’ cold’ ) ’ . )
o 1 1000° - 1500%
2 .Heat affected zone o ' -
(2) Don't hold at mcmngsemp. too Iong | -
(a) If metal Is 'o'Vér':hé;téa a ~ /
1 Warpage occurs | .
: 2 Loss of cdfrbsibh resistance ;
3 Undesirable grain growth | _ ‘
(3) Arc welding 6?'S§ainiessugfééi_i§;77 | ;
. reconmended for it decreases carbide

precipitation

(d) Carbide precipitation

- ' K} ,
~ - L+ Free carbon comwes out of
mewm T T sofution and forms along

o 14

"



) e e - o
; IR : < S -:
» . - 7); 7 . ; R
! P - R . “e
" {b) Elsctrode cuvering provides i
- a fluxing actlon - gas protect|ve
Shleld o )
i_ To protect the. weld f rom )
: oxudatnon . - Cooe
, 5 ]
(c). various clectrodc combznatuons ¢
available ) o
. . e =
L. .. L For various alloys combinations
~Seloctnon of. clectrdﬁe. polarlty L - o TR |
and current . i T R
(f) MNilitary speciflcwtlcn :
(HIL E-68h4) ' E .
. “(3) ctolor marking _
1 347 Electrode » . : ;
a 19%9 R *
Ab)  19% Cﬁféﬁiﬁﬁ . 3
. ' : L ]
(c) 92 Nlckel - : '
S : .l_ Prnmarw - yellow
* Seccndéry - Blue.-
Hapufactures stamp number _
of rod 7 '
(3) Manufactures take into consideration | " )
S~ certain elements are lost as |
= they pass through arc .
<+ (a) compensate for loss by
increase in volatile 4
elements ' . . ¢
. : =~ s . ; E ' .
- (b) * When welding 18-8 steel - -
a3 19-9 rod is lised . .
_fer Eolu’galgup s added to 5.5.
: " as a stabilizing agont .
{d)’ 302 of Columbium is lost
- during welding - _ A
(e) - Titanjua will not transfer i )
across arc o S .

. I
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d.

-

e.

v

g-

-Né?‘éf Pﬁszs'%-f? have been omitted.

O

(4) Low.current DC with RP most generally used

_(a) Place the hot end at theig;ectrode tip

(b) A lower current is used for Stainless Steel because

Lt of its lower heat conductivity
'3

‘Welding procedures for Stainless Steel.Butt, Joint

(1) Preparatioa of. metal
“(a) Clean R :
(b) Bevel . : 4 S

(2) "Set-up proper 3

(a)" For good penetration

(b) . Alignment of parts
(3) ‘Hold proper arc iength .and angle to insure good fusion
(a) Keep weaving down to a minimum

<

Weld characteristics

(1) Butt jolmt -

RWwW) spacing - 1/16"
®), ;Penetration 100%

(c) Reinforcement 1/16"
(d) Bead width 3—4T o
(e) Eiectrode angle 20°

(2) No overlap, undercat or slag inclusionsf

 Utilize health and safety equipment

(1) Eye protection

(a) #10 lens
(b) Arc helmet ‘
"(¢) Check lens-for cracks

(2) Wearing suitable clothing . .

(a) Bigh top boots _
"(b) Long sleeved shirt
(c) Leather aprons

@ Gloves

Practicé shop safety in performsnce of regaired tasks

 However,all material is included.

(o +Y

W_

1!
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(li Daily clecan-up
(2) Mo smoking in lab
(3) Check cables For cracks ,
B or frayed wires : : . , _ -
(4) H§giprotcct|ve clothing _ ,
when using power equipment ° ' '
* -
(a) Face shleld N
RPPEiﬁﬁTféﬁ' T T e ot R ; S
leen material and equupmeng for ~
welding a.butt, tap, tce, joint in
stainless steel, the student will:
a: Prepare Jolnts for welding O S
b. Wnld jOIntS accordmg to spec-
_|Flcat|ons of T0 BHWQ 1- 5
Student will observcigll safety
precaution during’ accompluéﬁﬁéﬁt
of .project.
EVRLUATlGN
;Student projects Will be checl'cd for . A
‘preparation of material and welding b '
‘procedures . ; Assistance will be given
when necessary.
S ; END OF DAY SUHMARY
-imary ~ - _ o .
_ - 1. Stainless steels types
N -~ ~ - - - S - A -
2. HMetallic Arc Welding -~
< ‘ S 3. Selection of Electrode,
) Polarl;y current
: €
‘ L. welding Procedures
- A —
N . 5. Weld characteristics
6. Shop safety
; S . o 7. Safety equipment
: s e ]




DAY 7-

CTT Assignment | . B . 1. Read 3ABK53131-5G-405+

FOT ‘Item Sa "
- POI Time 2 hrs 2. Answer questions at end
‘ ' of chapter 405.

] 3. Review TO 34W4-1-5
- 4. Modern Welding Handbook
- o (cbap 18, pages 28 —731)

INTRODUGTION 10 NEW DAY'S INSTRUCTION

*Refer to obgectIve ba
Remotivation‘ :

Review: -

3

1. - Evaluate CTT assignment and critique
missed items. ]
M - . z R
-~ 2. Types of stainless : '; T
- o 777} . - ’Q'
- 3. Metallic arc welding i
4. ;Selection of electrode, polarity
current
5. :Welding procéﬁurés - - ;_' : - ' - .
6. weld characteristics o .
-7 Shop safety B o
- - L S =
.8 Safety equipment (personal) ;’,_;;_———é:**‘f’f—*_
15 Students'will weld stainless steel - .
llsheet to studv Quide:siéci£icaein"- -
2.——Students will observe all safety - _ . ) -
precautions during acomplishment e L a
. of ﬂioiects. T o
EVAtHATIGN‘ P T : s
'*i: Students E@jects will be checkedi _ i T
for proper welding techniques and S R
procedures. ) v e . : 3




D

-2.: Assistance will be .given when .
necessary.: ' -
3. Instructor will check. students

weldse . - c -

. CONCLUSION

4

1.: :Sﬁﬁﬁaty ”
" a: Type of Stalnless Stesl
b. §éiecti6ﬁ of eiecﬁrbdes;ﬂppiari£y¥ o
" . and current T
b. Cleaning and fépégrs
. d. Types of jolnts

e. ,ééféf?‘

Assignment: Given at End of Day Summary %

~N)
.,

3.. Remotivation: 7
4.  Closing Statement: -

-— e
_ _ SN
e
‘ ’
e
-~
-
R -
-
B -
- .
~ _
7
- .
. [ .
_ - . ‘
. -
°
- o - - .
s = - . - S o - - .‘
. ¢ 9
L -
’ —
- S
RO - L3 A . . :
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____LESSON PLAH (Porrl, Generol) -

F ARPROVAL OF FICE AND DATE - WSTRUCTON
rr Yoo Sno T }
TWSTf r, e { 277 ; ‘e // "\;}(,h{: = . .
CCGURSE H qria:R " COURSE TITLE ;' -’
3ABR5313% Metals Processing Spec.La.J ist o .
. BLOCK Humpt R 8LOCK TITLE -
v . . SpeCIaL&,talixcM RegisJ;envp Mllng%@a.ca%iéw
LESSON TITLE;
Cast lron .
 LESSOMODURATION . : S
cv.Assaoou/L’T:cratnry _ Complemen%ar;y TOTAL DK .
D&D L hr/Perf 3 hrs .2 hrs R 6 hHrg
— —— — ot REr Eanr[ : _
PAGE NORBER Mae - DATE . - - - PARAGRAPY . -
EL - 23 Sep. 1975 g . S AL
_ - _ - ST5/CISREFERINCE o ’
NUMBER * _ . _ DATE = . @ .
STS 531X1 - - : 3L May 1975
. SUPEPVISOR APTROVAL !
__-SIGNATURE . DATE SIGHATULRE  : - _OATE
. = >
_ . D . . f;;f
s li,f‘?ttLié&iﬁMAnon i

: _be observed.

(

Teaching steps are 1isted in Part II1.

s r:tm:il;usions, for a total combined distance ‘of no less than 3/%4 of the length =
‘of the spec:tmen excluding the first 1/2 inch start and the last 1/2 inch‘

et | e | oo | wil et
l. Are We} (7171 ng Boo+h (’zws’v/m’n TEd ’ - 1 BABRSBJ 3] -56~ 1;05
. Complete - = 27 5 Too kit "None ) 2. 20 3L4Wh-1-5 - |-
.2. Pover Saw . | | . » E : S R 3; Modern V’e]dmg - %
3'; Grindé‘CS; L :_—-__.:_.V__:-:;_'__-i_——f—-—'iv:.:'..'__","- ' Tt TTTT (('h‘!l)f"r 18)
CRITERIGN oE)Ec-nvEsAnD thcmim s'rEPs
. E— = -
L a. Given metallic arc welding equipment and gray iron castings, set up ‘and weld | .-

2




T * INTRODUCTION ,
= _ o ' ' - Time
_ATTENTION: - ) R —

~REVIEW: During our last lesson, we covered the characterlstlcs and, types of -
heat and corrosion resistant ferrous alloys We also covered the

principles_and technlques of welding heat and corrosion resistant

ferrous alloys Evaluate CTT assignment and critiqr- missed items:

. OVERVIEW: Upon completion c? this lesson you will understand and apply the
o © - principles and’ technnques of weldlng cast iron. -

MOTIVATION: ' SR 7 | ' : Lo
a . ' - . L
S BopY . Time:
PRESENTATIGN ,
v
Refer to Objective #E;;k\_;' .
_12 Weld Butt joint in gray iron cast o .-
. . it —_— e
.. Cao _General lnfgrmatlon - ' o
(1) cast Iron contains [ T et
(a) carbon - 1.7 - 4.5%
T (b) iron -9l -9hg
- (c) Silicon - Remainder with ; o
|- alloying elements L
(2) Types of Cast Iron
— ) White: cast tron —
1 Contains carbon in’
.. i . .. solution- combined form
o 2- Silvery and white appear-
ance when broken; no free : . :
graphlte B . B o . : -
éL‘Hard and brlttle . ,
) a 9§§§Li?,???"?“éf9 ,
© -, .+ not'subject to:shock _ _ -
D D R S A T : °




Ef?

) .~ b’ Produced by quenching
. rapidly from molten
state -

(b) Malleable Cast Iron
1 Wil i:'énabéf'o'ré breaking

— _ 2 Suitable For use where

T -
hock_occurs _ . -

3 Frcduced by prolonged

anneallng of white cast ‘ : = _

ll’Oﬂ
(@) orey Gast Iron - ; . S
- 1 Most common type used

I f broken the surface

appears grey and nearly
. covered with free graphite

o 1=

IAx

NN 3 Proddced by slow coollng in

sand from molten state

(37-7£haracte_r_;_sg;|cs °$—CaSt-l1~orr—'-- I

(a) Hardhé§§

(b) Brittleness

- (c) High iicmprésé’f*on stréhéth o
(d) High Shock wear and corros:on '
resistance - -
(e) Tcndcncy to crack at quick - c . .
;1temperature 6hanges L o S - .
(?).'Not mallable at any
tempe#a%ape——"—— ; ,

éﬁ} Metalllc Arc Weldang of Cast Iron

[P —— e e e

- (ﬁ) vaalr of small parts. .

1; Hlld stcel clectrode desngned
for cast |ron

-

" a S'trb"n'g cést férrcsWéia

- Produces a non-machonable
Q = : . e : weld '




2. Heavy coated 18-8 Electrode

N . - -

X

If machining Is necessary use
"~ anl- rod or nl-cast rod

PR (E).kéﬁé!féfléiéé? parts . s

of cracklng

©a 1500° = 2000%F a dull-
red color =
(5 p’;éﬁa;st‘ian of tée'tai
{a) Edges of joint. bevel o form .
— 60" angle (included) -

{6) 3/32 spacing For TTpomt

€) DOrill a small hole at each end = . -
. - of crack Eefgfeigeléing-prevent ’ : | : LT

crack from spreading : s

(85 Studding_ ————

i: Where max i mum strength
" is desired
'2: Place steel studs l/ﬁ - 3/8“
.dla. Into part; project-3/16 =
I/h above and weld arcund 7
3 Grooves are: used—when studdnng A o » .
is not appllcable : ST : '

(6) ﬁéidihé Procedures
(éi anef%e po-arlty with mlnr”um

~current settihg N ) “ : . Lo

-

_ 1; 80- IIO amps
: Electrode

1/8 6010
: (b) Strlngcr beads of 1" ieﬁgth

j; Allow each beéd to ‘cool
béfdfé Cdﬁt'ﬁﬁiﬁg




b~ Reduce the danger of
cracking

" Clean each bead free of
slag

[

=8

better contro]

Keep weaving down to a

minimom -

.Hn;

|ov

Hold a long arc
a Set start on 7 172

(7) Carbon Arc VWeiding
(a) " single carbon arc using
cast iron filler rod

Use smali dla. electrode

: & A smai 1or mol ter. pool

v .

——————""" 1 Use a flux

coolxng produces a

machnﬁSBTE‘We+d-\_‘

\‘\“‘f‘

: (b) Twin carbon arc for brazlng

of cast iron

2. Utilize Health and Safety Equipment

: a. Eye Protection -
(i) #10 lens
" (2) Arc helmet .
T3 Eﬁeék iens for cracks
‘_B 'Wearlnq sust”ii; el ; i
55:5 -*:(l) Hsgh top boots 7 }
- ; (ij Long-sleeved shlrL
'Lijs; Leathcr aprons'
:‘ef_,'(h) Gloves_ |
. . e ui

‘H‘
[
WA




3. Practice shop safety in performance
of required tasks

¢. Daily clean up -
b: No smoking In lab

‘¢. " Check cables for cracks or
" frayed wires

L -
d. - Use protective ciothing when

using power equipment

(1) Face shield

APPLICATION

1. Students will Weld _butt joints in

gray iron castings to TO 34W&=1=5
§pécifiCétibﬁ§. .

2. Students wilil observe:dxr nzlcty

precautions during accc plishnent

~ NETPE P

AEM}M v —: : e — e e

EVAEUATIUN

1. Studcnts projects will be checLed

. and according to TO 3&wa 1-5 , .
'specifications. « ' ' L

2. Assistance will be given when
—____ necessary. ,
\

3; Instructor wiff‘checkxucids. - ) 2. S .,/ ]

1. End of Day Summatry S -

a. Types of cast iron

b. Characteristics of cast iron

c. Welding procedures

d. ssr&&; éiﬁiﬁﬁéﬁE
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PRENE LR

(4

© I _ ,,. N ) 7 A: 7 77‘ o ?7- )
g. Selection of electrode, polarity -
-and current ‘ ~
2. . :CIT ASSIGNMENT: POT Items 63; b; ¢; d; e Ll )
. DAY 8 ] PCI Time ‘2 hrs ) S : :
o - ’ S 1. Read 3ABR53131-SG-406.
: N 2. Answer questions at end
I : of chapter. o
3.. Remotivaticn: 3. Review TO 34W4-1-5. _
4. Closing Statement: - . 4: Modern Welding Handbook
' ‘ IR ‘ - (chap 9, 13, 14 & 20)
. .
' N -
6 . . .
RIC; :¢ Do .- 11 , : - o
S A Mv—m‘m,. e 1"' 6:.‘ T 2t o, '~‘A:';m.-~.:z
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. LESSON PLAN ( Port I, General) o

APPROVAL OF FICE AND otl\'rEr

TWSTI ¥ (3 575~ u'{a/éu( L .

INST RUCTOR

“COURSE NUMBER

COURSE TITLE °

3ABR53131 - Metals Process:.ng SPec:_al;st . ]
BLOCK NUMBER BLOCK TITLE o o
_ IV . Specla.l Metallic Arc and Resistant %ld_mg Apghcatlons

LESSON TITLE

Hard Surfacrng, Cu‘bu::ng,

and Res::stance Welding o
_ LESSON DURATION ) .
C'-“§5‘1°°!/Labora’60ry Domplementary ToTAL - -
D&DZhrsff’erfShrs 2 hrs - 12 hrs '

—POI REFERENCE

PARAGRAPH R

PAGE NUMBER PAGE DATE
32 | 23 gep.1975 - . _ 6
o ) $T$/CTS REFERENCE," ~
NOMBER DATE . .
STS 531X1 131 May 1975
. ___ SUPERVISOR APPROVAL
_SIGNATURE DATE — = — BA;E

PRECLASS PREPARATION

EQUIPMENT LOCATED
" IN.CABORATORY

" EQUIPMENT
FROM SUPPLY

- CLASSIFIED MATERIAL

___GRAPHIC-AIDS AND "
UNCLASSIFIED MATERIAL

Spot Welder
Foil'Welder

Tensile Tester

1.
2.
3.

None

None -

|. 1- 3amRS53131-56-406 |
2. TO 34wL-1-5_
3. Modern Welding.

(Chapters 9, 13,
H; end 20)

- . -

CRITERION ‘OBJECTIVES AND TEACHING STEPS

d;.

: w1th 75% ascuracy.

- Given weld::ng equipment and ferrous a.nd non ferrous metal spec:.mens , set up a.nd

wlth 75% accura.cy.

Usmg a 1i st, 1dentlfy procedures relatlng to metall:.c arc cutt:tng 0perat::ons

operate resistance spot welding equipment IAW Chapter 13 of Modern Welding.
- A1l shop sai‘ety, good. housekeepmg and fire preventxon measu::es must be. -
o'bserved. ) . .

Gi:ven\tensz.le test equ.xpment a.nd f:.n:.shed welds whlle observing all shop, safety,.
© set up and\’i:?s“t\res:.sj:ance spot welds for strength, porosity,. nugget size and

~ shape. Two of threelzeﬁmustwfom to the proper streéngth requiredents,
- nugget s:.ze, and shape, and be free of porosn;ty:, IAW Ghapter 13 and 1L Modern
eld.mg : '_ ) o : - :

wll Toxt Provided by ERIC
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EMC
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- LESSON PLAN (Part I, Genercl) CONTINUATION SHEET
&ii?éﬁiéﬁ OBJECTIVES AND TEACHING STEPS (Continved)
- -leen equ:.pment while observing all shop safety measures; perform opera.tor
: ma;::ntenance of res:.sta.nce °pot _welding machines IAW TO 3L;W14-1-5
Teaching steps are listed in Part. II. . -
. ‘7 ;. /Z‘,’#
' -
. — ; )
@ . B
:; 5 : . . A[:
**** R - - - i.‘uron nnno-auﬁ
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.’ ST~ iNTRopucTron o Time:
ATTENTION: i

“REVIEW- Durnng our last lesson we covered the ‘characteristics and types of
cast iron.-“We also covered the principles and techniques of welding

‘cas"ﬂ'on.. s . st - <

OVERVIEW- Upan completion of this lesson, you will understand and apply the

principles and tEChI‘IQUES\ of welding cast iron.

MOTIVATION: - o B

.

PRESENTAT 10N -

Refer to objective # i ‘ | . —
1. Hard surfacing, cutting and
- ' resistance welamg ,
a. Hérd surfacmg T ’ s
(l) Applxmg a hard metal to - ; T ERE '
a softer one . 7 -t F 2%
(2) Applled to many parts and - ' . .
. . ‘equipment : -
(a) * Farm and heavy eqqg\ merrt
(b)" Sriow ’p’lbwsi railroad . - i
- ‘ rails i "
- (o) Home Tools
, (3) Basncally the same S; ‘
- oxyacetylene hard surfacmg
(é) Differs in method of
P N apphcatlon (ARE) .
() Ad@ntages of hard surfacmg o ’ . : - ’
o - " (@) Increase the life ofa
EMC L - part 2-25 times ljg i
TR Tl i 5 O ~J




_ e e o
= o
/0]
() Resistance to )
1 Wear
‘2 Abrasion
3 Corrosion
4 Impact
(5) Three general groups .
. (a) Ferrous a’iiay's:i_i-'o"ri base )
1 Group 12 '
(b): Non-ferrous .alloys =~ | s
1 .Small amount of iron= : , ) N
§ group 3 . !
. () Diamond substituté ' 7 O
. 1 Groups 4 &5 .
O_ [ a Powélered or tubes
(6) : Method of: appllcatlcn g
(a) ‘Metallic arc
) (b) Carbon arc - ' - ]
(c) Oxyacetyte_rle |
b: Héi‘é surfacing can be used on . .
: (1) ‘tow and mg.gaum carbon steels”™ © . - .
50% .or less : : - '
(2) High carbon steels :
(a) Heat treated before and
.. after to remove brittleness
and prevent cracking i
. (b) if heat treating cannot be - T
7 done, use the transntion method‘ : o
1 18-8 rod to bulld up, then
M : hard surface

© 120

,
27T



(3)

W)

)

- (6)

(8)

(9

(10)

)

@
(3)

N

~ s
Almost all ferrous me¥als
- : 1\
Low alloy steels - heat
treated after
Mangenese steels, 11-143
‘Manganese Lo T
“(a) Avoid overheating
(b) Peen after welding to
relieve stresses :
Stainless Steels i
(a) "Maintain corrosion
resistant properties
Cast Iron (gray and alloy cast)
(a) Melts lower than stainless
steel )
Malleable lron  *
‘(a} Reheat to remove sub-

surface brittleness
(b) i§66°?

_In some, cases, heavy sections of
brass, bronze and copper

(a)* Breheat to a red heat then

apply group 3.alloys - .

i surfacing capnot be applied to:

(a) Brass

(b): Bronze

(c) Copper and its. alloys
Aiﬁajﬁuﬁ and its alloys}

High speed steels :

() Already as hard as they 121

Ccanbe, ¢ o

702



N *d. 11695 used for hard suf?ééiﬁé
- (N Classified into fnvc groups
. (a) er. -86% or more of iron
(b) Gr. 2 -50% t6- 80% “iron
SR () Gr. 3-fioh=ferrous éii'o'?s
) Carbnde ‘material up to
t 952 tungsten carbide:
(e;f"Pure crushed tungsten ’
carblde -
- S ] (2) No SLngle har@isu[facnng materna] is
satnsfactéry for all appllcatnons .
: B ;”n_ (a) 'Dépends on base meta? and .
o desired surface
- C | J; Haraness
- s 2; Toughness
— ) '3 Shock: and wear resistance
. ex. anvil after hard
- ,surfééiﬁg o
e. HMetal T’repérétmn
(1) cleaning = Mechanical
: ~ 7. (@)’ Machihing - )
 (b) Grinding ;
: (c) *Filing .
. @ San&Blastnng and wire
: - . brushing as a last resort
. N only

drnven |nto the metals pores

- ST (@) -Raund of f tﬁln edges to . prevent

; overheatlng

= b .
LR (> TR
: AL

I 86cause grease and onl are

w?

BNS




163 .

- f. Preheating

-

(1) same precautions as for
~ welding .

‘aﬁﬁééléa B - e
(s) Re-heat treated )
(3) After heat treatment use a slow
quench :
(a). oil
. _gJV Thlckness of hard surface will range-
from 1716" ‘to llﬁ" :
i ) Bead width 3747 tb‘i:iiﬁf
(2) If a greater build up i5 required,
‘use group 1 _alioys then finjsh '
wuth group 2 or 3
® h. Metalllc Arc We]dlng
(1). Barefggﬂcoated electroaes
use -DCRP ’
(a) :xcept some of groups )
h &5
(2) Fiux coating
_ (a) Assures good péﬁéf?éfiéﬁ
h (B) Helps stabllize the arc | B

.(c) Prevents oxidation

1 ‘Provides slag coating

. (3) Hold a long arc

< o _ ]
(4) Bare electrodes
{a) Produce heavy beads
i. Carbon arc welding
(1) Can be used for all metals that
can be metallic arc welaed -
G>“ " S - ’ :
o123 P
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(2) Straight polarity

a

(a) 'Noh-céﬁéaﬁss’ié electrode

(5) Used for some of the grogp 777777

4 and 5 powdered and granulated
~alloys :

Arc Cutting

a. Used to cut. non—ferrous materlal

and cast iron

bs Used in welding shops

-“(ig " Used in. scrap yards for

salvage work = _ . i

(2)- Fast and economi cal

c.” Three.arc cutting processes

(1) Metallic arc ” _ _
(a) AC oF Dt_straighrvpoiarity:r

(2) ‘6§¥Boo’arc | |

(a) DC straight polarity

(3) Oxy-Arc

(4) All are faster than
‘ oxy—acety]ene

o

' ié) But leave a rougher
Cdt :

d. Appllcatlon
(l) Hetalllc Arc

‘(a) Flat type; heavy coated

lectrode L .

1 E-6012 or E:éa-is

' (B) antung serves as |nsulator

2 To preyent,rapld;meltlng

- of electrode -

*
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TS Cufrent settiﬁé much higher

-
L@
S

, (3)
3 .

diameter = current

178 200 amps
5/32" 300. amps
3716 - 400 amps

(d) cutting procedures

- L Safety ‘clothes arecgorn

' 2 Remove all combust:ble
' _,materlal._,__—————~

3 Start from¢op of part

to bottom

b Ac or DCSP o

carbon Arc Cutting:

(;j DCSP, high current,
"'long arc

(b) Carbon electrode

1 Tapered 6-8T
(éi Cut "from top to bOttdm
Oxy arc .

(a) - Special holliow éiééffaéés

(b). Régﬁlar heavy coated

electrodes

i\

(c) Carbon electrodes

(d) Holder has oxygen orifice
to blow away metal -

‘(e) .Speed of travel like

_.bxy-acetylene

1 Jagged cu't .

" (f) Metal is_.rot oxidized as in

_oxy-acetylene cutting

09
o
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Resistance Welding:

Metals resistance to electricity. flow

Metal turns plastic = EXPLAIN

Spot welding Tl

"_(l) Most widely used resustance

a-
(@)
b.  Spot

(1)
(2)
(3)
o
(%)
c. Seam
R0

(2) One of the wheels is motor aruven

welding process

Weld is made at one spot

“between the electrodes

welding machines .

'Rocker: arm

{a) Upper arm pivots
(b) Lower arm in fixed

‘position

.

(c) Air pressuré or hyarauiic

Press type spot welder moves

straight up and down

(s) Lower arm in fixed
position

Multiple spot welders

(a) More than one weld -

‘mass production

(b) Used in auto_body

productlon

Portable gun spot welders i}

(a) Where part won't f:t in.

jaws of_conventional
spot welders

welding

Same principle as spot welding -
. electrodes are. copper alloy wheels

or rollers

(=3

ar




(3) Varled
(a), Current
(b) Speed of travel
(c) Weld space
(5) Looks like continuous weld
"(a) Really a_series of
7 spot welds '
(5) Used on:
~ (a) Inner combustion chambers
* (b) Outer combustion chambers
(c) Fuel tanks
~' .(d) other. liquid or gas :
" tight containers
1; Always test first with
Uq\ scrap metal of the same
type as that to be spot
_ welded
d. Spot welding eleétrodes
(l) High copper alloy
(5} 80% electrncal conductivity
- {(b) Various types of surfaces
@) Holliow S
(a) . Water cdoled
1 1 gallon per minute
. (3) Contact facé diameterfghgglg’
'_equal 4T of-plate to be spot
elded
:iﬁj Ré-ﬂfé%ié@ifggularly with a die
ponnt dresser 6F emery cloth
" e. HMetal foil weldnng~un|t—vacuum tube
welder - |

o . T - - B [y
I, s -~ - o' iy _ . 71
; =0 -
a
<
- <
-
¢
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(1) Designed to weld metal from: )
.602" - ;008" thick
(2) Less heat than spot welders )
(3) Adjustable heat and repeat cycle
' (4) Designed to weld foil or mesh ’ ’
(a) Used on insulation blankets
* on some types of jet engines
() To keep heat away from other
alrcraft EEFES ' '
(c) - Helps to maintélﬁ maximum
o engine performance ]
(5) Damages .
. {a) Tears . ,
~(b) Snags °
(c) - Pin holes
, 1. Cut patch with scissors ) o
(6) Welding
' (35: Set snngle-repeat swi tch -
" to single
- (b) Turn on powegiaqggyalg for
-~ _green llght to come on
W’(é)_ Set current -
(d) ﬂg]drtaperea ground flat against’
) the work- to obtain the best
pOSSlb]Q ground
_ 1 check for.strength
i 2 Pullpatch- off if pdssnbi -
Factors to consider for resistance we]dung
a. Main variables
(1) - current _ . : :
(a) Heat to obtain plastic state E

10l

ho\

8



-OOOTO
.

Y

e o s o -
ERSRY o
L e
)
1

(2) Pressure
(a) To combine the plates
(3) Time

N )] 'tﬁﬁé,éﬁéﬁgﬁ;?bt proper
fusion : .

W Ei;étfbdé CGhtéct.éféé‘
(a) Hust be 4T
b- fiﬁiﬁg p§ri§és in seconds
(1) Weld time
(2) Squeeze time
(@) " Hold time
(§) OFf time

(a) Metal cooled, cycle
- completed

(b) Electrode released

<

5. Preparation of metal

a.  Very important to get maximum
electron flow ‘

b- Emery ¢ .th and a¢éiéﬁé

Welding carbon steels

a

a. Easiest of all metals

"

b- Because of its wide plastic range

c.  Welded with a variety of -

(2) Pressures

(3) Time séttiﬁgs

Welding Stainless Steels

a. Easy to weld but time, pressure. and

_current must be controlled-

~

29
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.b: Because of caFBiéé precipitation
c. Welded as rapidly as possible
8. Titanium and Its alloys
a: :éiéaﬁihg is ﬁéét important
(1) Wash in truchlorethylene

(2) immersion for 10-15 minutes’
in a concentration of 8%
nitric acid and 2% hydro-

flouric acnd

;9;. Test spbt weld for strength porosity,

nugget size and shape

a. Inspection of Guter surface
. (1) smooth and flat
(2) “Free of cracks
(3) Free of tip pick up and
flash pits ,
(3) "No contamination from
o electrode
“b. ihterneiriﬁ§566ti6h
_(j) «Sheared weld should
| '(a) Tear away from other plate

(b) Fine grained and round
{(c) Rough fused
(2) Hammer and chisel

. (3) Microscope is uséd to determine
'grain size and check for cracks

(4) Penetration 20 té 80% of T

10. Perform 6perator malntenance of
reS|stance welder

a.’ Glean contact surfaces of lower
armature with steel. Wool

v',yz)'
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¥ 3
Q) Every 5|x mon ths wﬁeﬁﬂweiaiﬁé ' _ - -
' steel '
) (2$ Every. month when wéiaihg
. aluminum
(3) Die point dresser and emery
cloth ~ S ‘
- (4)  Lubricate swivel arm every
: eight hours
1. Utilize health and safety equipment .. . 7 o
a. ' For Arc tﬁftihg - L ’
(i) #10 or 12 lens - ' JE
R ) e
(2) High top shoes
 (3) Long sleeved shirt
(5) Leather sleeves and apron
(5) Gloves
b. For resistance welding
(1) Gloves -
(2) Face shield i :
12 Eractlce Snop safety in pefformance _ : i
o? Fequlred tasks
a. Daily clean up ’
b. No smoking in lab -
c.. Check area for flammable materials
while cuttlng c
d.” Check cables for cracks or fréyéd )
wires
) e N\ . ’
e. Use protective clothing-for cutting, .
spot welding and when using power
eqUIpment in. the shop
- ) ) ;‘\\
w \\\
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APFtiEATiBN
1. leen material, students will operate
reslstance spot welders and foll welders -
and wil]). weld various types of material
. to TO 3hWh-1-5 specifications. .Students |

wilP also arc cut and perform minor

maintenance on. spot weiaung equipment.

§s§7§tance W|ll .be given when necessafy

3. Students will obserVe all safety precaut:ons
: dur ing weldlng procedures. e
EVALUATION: : h
1. Students will be ci-ieci;c-ed' for ﬁrepéféiiéﬁ
gffmetgliinU§§Et size; penetration-and
graln size. .
Students will be éﬁé&kéi for cl canress
of arc cut. R
~§fgqen5§ will .be checked out while performing
minor maxntenéﬁée on resistance welders.
L ~* END OF DAY SUMMARY
I. Hard surfacing |
a. ‘b-GFEEBE
b. When used .
2. Arc Cutting .. y
a. Types "
b Principles ~ -
3. Resustance Welding -
a. Types S T’ £
b. Principles o
" c: Maintenance™ |
4. Weld Characteristics
. - Selection of electrode sizes

na

41
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PRINCIPLES OF o@mon AND MAINTENANCE OF

dédEéTiVES

I Aft:er completing this ‘study

ARC WELDING MACHINES

-

"basic electricity and the operating pridciples as they apply to arc welding machines:

gnide and classroom instruction; you will understand

Yoo wﬂi set up an arc Welding ma.ch:l.ne for welding, and perform operator maintenance.

mmonucrmu ' N

‘The_electric current
used for metallic )

arc, wei:d:tng is éuﬁplied

converts 1ine _vol

" of 110, 220; or 4

volts to low voltage,

-high _smperage current.

" The heat required is

generated in the space
between a consumable

electrode and the basic
metal by thecurrent
jumping this space and

creating an electric’
arc. _The température _
of this arc varies from
5,000° to 10,000°F:

Since you must know
what controls this are .

" and why it needs to;

be controlled,,we wiﬁ

and maintenance of the .

various types of arc )
welding machines. a

INFORMATION.

' MANAGEMENT OF DEFENSE
ENERGY AND RESOURCES

Due to the conservation
of energy resources,
do not write in or mark®
on amy training lit:erat:ure
since it will-be reused
by-other classges. I;:tghts

will be turned off any

" time the classroom is -

L

vacant for more than
20 minutes:

materiais will be used’

. conservatively througlimzi:

Bléék III.

All consumable

(EAD

_ARC _:  E{ECTRODE
STREAM ~~—_
+

-

N .
N

GENERATOR

BASE METAL <0

| N

®  Figwe 1..

-

Suanzfzed Duzgmm of EZécfnc

Arc Wél‘dmg Circuit.

FUNDAMENTALS OF

- ELECTRICITY IN

ARC WELDING

f.acrs ) vh;gl; _you 7s‘nould
- Know im-order to

_understand the purpose
and ‘use of electricity

in a;rc welding: *

: C1rcu1t

Voltage

--Electricity cannot
flow without a complete

conducting path. : This.

path is called a circuit.
-In arc welding, this

circuit is made up of
the velding leads,
electrode, ‘and the atrc
stream, as shown :I;n

figure 1.

Elec:ricity needs

- =~ =

-a push to move through
the circuit just as
water .does through.a
pipe. This push is

supplied by an_
electromotive force

1

The yolrjge is cx'eated

by an imbalance- of
electricity. This

inbalance is created

vhen the welding gemerator
develops an electrical
charge greater than -

the resistance in the
leads. The voltage _
then forces the electric :

curreunt through the

welding lead and electrode.

As the current reaches

the end of .the electrode;
the voltage builds .

up until, like lightning,

it has the necessary
push to force the current
across the arc gap.

The current passing
across the arc gap

relesses energy in

. the form of heat, causing

the molten pool to
form almost: immediately:

Amipere ’

" In order to control .
the amount of electricity
in any given circuit,

it needs to- be measured

[

-



-an ampere.

- by the amount of resistance. '

5
firét.’ The un:tt of <
measurement is called«
‘An_afipete
i§ a medsure, of the

amount_ of. current
fYowing past a.given

" point in a second:
,second.

Ohm

The rate of current :
flowing in the cifcuit

is ;Ta’rt:lxtly determined

———Res:l:stance to current

glgg is msured :l;n
its awn amount og o
reg@gtance* In welding,
leads ‘must be made
from a metal™which . -
has a low resistance; .~
Since copper is -one S
of the best donductors -

- {low resistenee) it -

[

is used in many electrical
appliances, generators,
lined, and welding .~

iéi&é; Steel has .

woild become too hot

for welding purposes

as an Etectrode.

. Arc Length

When metallic arc
welding, the proper
length of arc is .- -

neceseary to concentrate

_ the heat on the work.

. With a long arc; much_

of the heat is lost
by radiating into

the atmosphere; A __ '

short arc is more stable, .
giving more control

of the molten pool. .

' With a short arc,

vapors from the- burni:ig

" electrode coating ,

eurround the electrode

‘paol, preventing - air

from reaching them.

" ARC wa.ums PRINCIPLES

, When a current- s
cartying “circuit is

ZL!GTRODI cont m

-J; _
FYR |
i
SASE METAL  MOLTON WELD METAL
4 mm
Figuve 2. Avc Charzsteristics of Eeavy-Caafea"fz'eetmde.

‘broken, the current will
‘continue to flow across

_an_opeuing uitil the
¢ gap becomes too wide.

In bridging-this gap,

the curreat is carried -

by superheated gases

from the heated atmosphere
and particles of metal

from the. termipals;

This will develop an
intensely bright Iight
which is called an

"""" Since -~

!11}‘? }'93?:?33,““ in the - -
arc is very high; a _ k
great deal of electrical
‘energy ‘is converted '
into heat; both in
the arc and at the

points at which. it

- enters and leaves the

temina.ls -When the

proper arc len:gth is

used; the metal e:posed
to it will melt almost

- instantly. Figure ;

2 shows the characteristics
of the electric arc. - - .
Polarity

 Bvery electrical

circuit has a .positive_

and a.negative terminal p

or pole. 1Imn a direct

circuit current (DC), )

2

o the current flows in

one direction only.

The line that carries_
current from the supply
1g called the pgg@tive -~
‘side; and the line .
that returns the current
to the supply is called

the negatiye side—{depending

. on_the. theory used).

Polarity is simply .
defined as the direction -
. By _
9@@8@8,,%9,@-’5“-&“

of the current through® -
~ the work and electrode,” "

. the polarity is changed.

_.In straight polarity,
the work 1is conmected- -
to _the positive’ side;

and the- electrggiei:!.gﬁﬁw
connected to the negative
side. In reverse polarity;
‘the work is connected . i

to the negative side

and the electrode is

side. Figure 3 ﬁh§§§té§
current flow in straight
and reverse polarity :

-DC vﬁding

When' using alternating
.corrent (AC) welding
machines, there is .

no polarity choice.

.

b




GIOUND LEAD
A; Straight Polarity: : _— B. Réﬁétéé Polarity.
. T ' Figure 3. Pozanfy of WeZ&zng Czrcu-z;fs. T T
- Alternating current: : GAS EXPANSION. A = voltage across t:he '
changes its direction gas 15 produced by - : arc pulls the. pinched  , . -_
of flow twice each the burning of the off globule of metal A
cycle. Because of . electrode coating This . into the molten pool
N this; AC machines . gas expands from the regardless of the welding
" cannot be used for heat at the electrode - positian ‘
i - all types of wﬁd:tng. tip and helps to project ’
. _However,; AC welding -~ the molten globules ] §mnggc'§ g@.g;ap.
» - does have one advantage . - of metal and slag away Surface temnsion is .
‘ovei DC welding; the - from the electrode tip . .the force which keeps
: changing polarity : and into the molten the filler metal and
- . reduces or eliminates - .- ‘pocl: The eleetrode ' slag in contact with
"arc blow. " : coating; extending beyond the -molten.base metal . -
the tip of the electrode, _ ~in the arc crater. '
Wé'ld Metal Dep051t10n controls the direction- . ' It helps to retain °
- of gas expansion and _ the molten metal in
o In all metallic arc . directs the molten metal the horizontal, vertical,
" welding processes, - into the mbiten pool. . and overhead positioms;
five separate and S and is a determining
distinct forces are. . - ELECTROMAGNETIC FQIj’Q’ES . factor in the shape
responsible forftﬁ:lfxe . The electrode tip acts T of the weld contour.
- transfer of moltem - as an electrical conductor.
filler metal and slag . Since -the molten metal =~ Magneti c Arc Blow
-to the base metal. ' globule is also am electrical. . oL .
* ’ ‘conductor; it is affected. = - A phenomenon of DC e
GRAVITY. This 48 . by the magnetic forces arc welding is the - '
the ptinciple}g@igkﬁﬁ acting at 90 degrees tendency -of the arc .
. accounts for the transfer = to the direction of | to waver as though -
» - of molten metal in } current .flow. These gfp;gsg of air were
the flat pcsitiod, . forces produce a pinching being biown against
S ;gigljitgther welding effect on the metal it. This trouble is
- . positions; gravity "+ globule and speeds its often encountered when
. N may cauSe a loss of separation from the welding in corners -
.. weld metal and slag end of the electrode. _ and at the start and
N - .because surface temsion ' This is particularly end of butt joints.
. . canmot retain large yg;pful in trzrmferring The arc 1s foreibiy"
~ . amounts of moltem- ‘ the metal in the horizontal, moved by -a-magnetic
" . metal and siag in the =~ vertical, and overhead field that is set ©p
weld crater. In these ° positions. T in the work by the
. cases, a smaller electrode L , flow of the welding
S with lower current . _: ELECTRICAL FORCES. . current. The direction
- settings should be used. The force produced by the - and amount of the arc

‘-;;, . 3 . L
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bending devends on the
directicn and strength

or mini;nize this

inrerference; the L
'pos;Lt:Lon of the ground
in relation to the arc

- or the angle to the

electrode should be.
changed. Altho: ;@7&ese
two methods are not

the only way to eliminate
arc blow, they do work
more often than any:

other method. - As you

| in weiding, another
method may be found
which works better.
SELECTION OF CURRENT
AND ELECTRODE -

. The selection of the
proper welding current
and voltage depenﬂs

uwpon the size of the

- electrode, thickness

2of the metal being
welded, oosition ‘of
the weld, aad the experience

and skill of the welder.

- Since _several factors
" may affect the current

settings, information

'published by welding
machine manufacturers
should only be used

as a guide.

One of the d:tfftevxtties

often encountered in

learning to strike am
arc is having the eitectrode
freeze to the work.

This can.be overcome

by moving the elefctrode

across the work as if ~  :

striking a match, as
shown in figure 4,

- After esta.blishing
t:he arc, develop a Icsﬁg

arc mmentarﬂy to preheat

shorten it to the, proper

length and continue
the weld The proper arc

Pigwe 4.
- Stmk—z,@ the Are.

't:he same as t:he diame;cer

of the electrode and
has a characteristic:
hissing and crackling

somd: If the arc = -

18 too short; it will’
_ sputter, go out
4ntermittently, and

the electrode will

- gtick to the work.
. An arc that is too

long causes spattering,
loss of puddle control,

and poor penetratign.
General -Procedures

The following are
general procedures to be

used when arc welding:

i. Cleg:; the surface

of the metal to be
welded.

2. Uncotl the welding
cables. _Place the
ground plate on the

welding table and the

. electrode holder ia -

its receptacle.

3, Plug in the pawer
cable and start t:he
m&ch:trm

K. . Grip t:he electrode
44 the holder near

5:° Pick out a definite
spot on. the plate;.
lower the helmet,

and strike the arc..

Procedure foz'

1%

6. Hold a long arc
momenta.rily, then
-shorten it.

7. JBreak the arc
after depositing a few

globules of metal.

8. Continue this

procedure until the-
arc can be struck at_
the first attempt and

~ at the right spot.

PRECAUTIONS: =
_1. MARE SfﬂﬁkEf;,LHE,,‘

"~ GROURD CUNRECTION
ON THE MACHINE

IS PROPERLY MADE.

2. AVOID "FLASHING"
YOURSELF OR

C.L\A.S .S, Ru'le

~ There are five major
- factors of welding
vhich will greatly

affect the quality .

the first letter of

each and forming an
. abbreviation from them,
the name C.L.A.S. S.

rule was formed. .

factors are: = *

' This can affect undercut,

overlap, ‘and penetration.

_ LENGTH OF ARC (L).
This affects amount of

. splatter; bead shape;

"and ﬁenetration.

~ ANGLE OF ELECTRODE (4)
The electrode acts much_

‘the same as an oxyacetylene

- torch :tn this manner. .
Undercut; cverlap; and
improper weld bead -
contour are common defects
caused by improper angle.




. SPEED OF TRAVEL (S). reguiiei:‘.”ﬁg?ggggl . 77" machines -are mounted -
“-Yariations of this factor ' - .the type of machine on a chassis so that
can cause variations | best suited for metallic you can move them around -
= in bead height; bead . a;giwg.}gl;ng*gggggds . in the shop: They )
width, undercut, and _upon many factors. i . can be mounted either - ~ ..
overlap. . : ~ The main difference - ' vertically or horizomtally. -’
e ) between AC and DC.arc - Hbtor-gmera;to*' welders -
SH:MION OF ELECTRODE. welding is in the lower " are rated by curremt -
. [§J .« The correct selection initial cost and lower output in amperes and .
. is important im getting: ~  operating costs of i range from 100 to 1200 -
the proper mechanical " the AC equipmernt. amps. A 300 amp welder '
i properties in a weld. . : is the average size
. . Common defects caused © " E]gq;nc Motor-anen : gsed im most Air Force
by improper selection - Generator - : " welding shops. These .
‘are loss of corrosion . : current ratings represent
resistance and ductility The siost widely used - . the, amount of current °
S t:he weld. . welding machines are vhich the machine can :
S = the motor-generator - generate continuously T
ELECTRIC ARC : _ type. These machines - '~  for ome hour without
WELDING MACHINES 7 operate on electric ° " .exceeding a specific
.o : . power and produce . temperature rise. However,
- ‘l‘he function of an - = - direct current of the - they can deliver more .
- electric arc welding proper characteristics than the rated cutrent A
machine is to provide . for arc welding. They for.a short period . ™~
. the source of current conisist of a driving without damage to the
necessary for welding. =~ motor and a direct _
‘"It also provides a means current gemerator.
4 . for sustaining and . The armature of the ° -
- controlling the amount generator is mounted
Sz . of welding current. .on the same shaft’'as
" These functions are . tbgigotorjfigl}gvdg;ving
achieved in various motor: . The shaft is_ -
VT . ways, depending om . the éiititi6ttéa at each end
(i ' - design features of the on ball bearings and
~ ‘manufacturer. )Xlt:nough the machine is made _ )
arc welding machines as compact_as possible. -
‘may be classified in Two controls for the
‘various ways! they are " welding current are
either direct curremt .  provided; ome for large N
(DC) or-alterpating . ' ificteases or decreases, . F‘Lgm'e 5., Portable Gasoline
current (AC). In recent ~ .and the other for small ' |  Engine-Driven Arc WeZcIer
years,_however, electric. changes. Some ‘machines .
- -and selenium plate ©° provide a switck for : Eng'l ne-Driven Generator- : - -
" rectifiers have been . changing polarity; ' "
- developed which operate .vwhereas; others require hﬂhgnfgqu;eggrgg
on_AC to produce.;a DC chaniging the positian power source is not
'ﬁéldiﬁg current. of the welding cable = - ;vailable, .a gasoline
R : - - : - leads..” A pushbutton or diesel -engine is .
' DIRECT CURRENT ARC . switch located on the used to drive the welding
' : WELDING MACHINES control panel allows . generator. The engine
. o . convenient starting ©  d1s equipped with an
; Dc arc welding machines = and stopping of the . automatic throttie: -
are suitable for use machine and overload -control and & govermor
on all metals: They protection for'the = - to control the power
usually produce more driving motor. . A voltmeter demand on the genmerator.
. satisfactory results and ammeter permit . The complete unit, e
_ when welding thin _ you to set ‘the machine . - as shown in figure 5, is
" materials because of to. the correct current usuaily mounted on
. the low current settings  output. Most of these - . a trailer-type chassis -
~5




vOLT. WPHETER!

' VOLTAGE RHEOSTAT ———

STARTING SWITCH ———

CURRENT AMPERAGE

° SELECTOR

'GROUND PLATE R

?zgw'e’”* e 6.

and can be towed to
the job site. -

The voltage from
such a gederator usu&tly- '

ranges from 15 to 45

- wvolts across the arc,
although any setting

is subjected to constant

- variation due to changes
in the arc length: :
Current output may.

- ‘vary from 20 to 800

amps, depending om - - |
" ‘the type of unmit.

In most DC welders,

the generator is a

variable voltage type .

and is arranged so-
that the voltage

. Zﬁtmt:tcaiiy adjustsz
itself ‘to the demands _
of the arc. The amperage

is nﬁjtxsted manually

and is set to the proper

range byfe;.t@gg a selector

switch or a series
) of plug rgcqpcaqles.

Whéii bbth voltage and
amperage cf the welder
are adjustable by manual
controls, the machine

is classified as a dual
;ont::pl type, as shown.

in figure 6.

Rectifier Welder
_The rectifier welder
changes alternating

. eurrent to d:trect current °

for welding. " Electronic
tubes or selenium plates

_ are used to_ change (rectify)

three-phase alternating _
ctirtent to direct corrents

There are controls to
change the welding curtent,
open circuit voltage,

and poiar:tty. The curreat -
output of these machines -
allows & stable arc

to be held at any sett:ing
from 5 to 75 amps. This

allows welding of metals

as thin as 1/16" as

6

_- POLARITY SWitCH

1 -

ELECTRODE HOLDER

DC Motor C-’enez'ator (DuaZ Control) Are B’etdzng Maehme.

easily 38. welding metals
174" tﬁick. ,

ALTERNATING CURREN"’ (AC)
'ARC WEI:BTNG MAGHINES

_The two general types
of AC arc welders are

the transformer and
rotating types. Most
AC arc welding- machines

are essentially static
transformers. The

transforﬁer of

three advantages.
(1) low initial cost,

(2) low operating cost,
and (3)_low maintenance
cost. Die to the absence

of moving parts; the

initial and maintenance
costs are less than

that for DC machines.

Trans_fomer Type

. The transformer type
of AC welding machine




‘supply: -

. by a _handwheel.
-settings are made T

- operates from one

phase of the power ~
ﬂxe primary
winding is connected’

to the power line

" whereas the secondary
winding is connected - -

to the welding cables. '

Some machines have

the transformer winding"
tapped_at intervals

to aliow" changes in

the welding current -

to be made. By using

the different. taps, .
you can increase or .
decrease the current
to. suit your meeds:.
Other machines have
a movable coil or

core which is controlled
Current

by either turming
the handwheel clockwise

" or counterclockwise

to raise or lower
the current setting.
These machines are

rated by current out:put:-

_and are available with
- a wide range of current

settings: Since these
transformers draw
currenit only during

the time the weld

is being rum; they

give remarkable cconomy
in power comnsumption. __
They are easily adjusted
to the required current
settmgs and require

very little maintenance.

: RBfafiﬁé Tybé;

The rotating type

of welding machine

is a mot:or-generator.

with a frequency changer

- to allow the welding

machine to be convert:ed '

. to heli-arc operations

or to a phase changer

to supply auxfliary .
power for tools or
lights. A two-position
switch permits seleetionu

-

of either a high or.
$ow current. An auxiliary
control is used for

fine current ﬁjustmem:s.

Accessories

Arc welding machines

‘require certain accessories

'R

to.take a complete

weiding outfit.

WELDING CABLES:
cabies (leads) are

copper cables made

specifically for arc
welding. The size
of cable tsed depends
on the mormal welding
current and the distance
from “the machine to

the work. For distances
up to 50 feet; a: 200. :

ampere machine should
have a No. 2 cable;
a 300 ampere machine
should have a No: 0
cable; and a 400 ampere
machine should have
a‘No. 00 ea’ble;

EEE'CIZROD& HOLDER.

. The electrode holder

is attached to one_
of the welding cables
and has a clamping

device for holding .

the electrode. Various
sizes are avallable
according to the amperage
capacity of the welding.

machine.

‘MAINTENANCE OF ARC
WELDING MAGHINES

_Due to t:he amount: )
of dust and grit presan:

in all welding shops;
proper maintenance
of equipment is very

important. _Although.
you can perform routine
taintenance, 3 qualified

electrician should.
perform any extensive

repairs or adjustments.

The following periodic

7

ﬁ?&aiﬁé '

~ &

.maintenance schedule

‘the equipment.

,;,,,,,,,,,, o .iil'.

should. help prevent
a major breakdown and
prolong the life of - .
De;:ailed

instructions for the

_‘operation,; maintenance;

overhaul; and the parts.
catalog for specifié

types of arc welding

in the 34W4 series _
T0 entitled "Welding

Hachines and Related
" Equipment."

An inspect:tcn

record moting dates
and maintenance performed

"~ 7'is kept for” each machine.

Cleani ng and Inspect1 on

A maintenance schedule

‘isset:uptokeepthe

. welding machine in

good operating condition.
This maintenance should

. be schedisled according

‘to how often the machine

«isused.

Onadaﬂyor“as

‘used" _basis; the cables,

ground,- clamp, and

electrode holder should
be checked for bare
wires and loose confiections:.

On a'éééui basis,
the welding machine

should be. checked for
loose nuts; bolts;
These

screws, Or p’irt's'i

* components tend to

work loose due to the
vibrations of the. cooling .

fan and generator.

Air is drawn into

the machinme by the _
cooling fan and circulat:ed
through passages and

around the motor-generator
windings. An accumulation

"of dust in these areas

will cause blockage
of the air flow and

; an imcresse in operating

temperatures. Clean _

* out’ the machine with dry

g

.

L
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. deep brogzgfgg]ﬁ.gg.; SAFETY
T Ridges or pockets on ' , . . )
the surface of the Eyes —
comatator should be (.
removed by turning = - The helmet is your -
it down on a lathe. ~ most important item

of personal safety .

equipmgnt . When fitfed

URNED CONTACT POINTS

three types of radiation;
heat, light, and infrared
- . and ultraviclet rays.

Since the light rays. -
can be harmful’ to other
peopleigighg area,
use screens or shields

T around—your—work.If

it 18 necessary to

Figure 7.

compressed air as shown

in figure 7. If the
—-———-—maea—ine—-i\;.—gt -
it should be Eaken apzrt

and thoroug):d;y cleaned..

This is done on a monthly S weld in an open area,.
basis. A - Electrical switch. B keep all unnecessary
’ contacts that are pitted personnel away and
- should be sanded . ‘make sure that your
- smooth (figure 9). Badly - helper has and uses
" burned contacts should . a helmet. Lens shades
" be replaced. : are determined by the. .
S " amperage used in welding. : o
- The windings of the A No. 10 shade is '
; generator and motor satisfactory-up_to
should be inspected 200 amps; from 200
once a year. A coat to 400 amps, a No.
of shellac should be 12 shade is used; and
_ S applied if they are for over 400 amps,
Pigure 8: - dry or cracked. . tise 4 No. 14 shade.
Electricai Parts - = tubrication . _ Clothing .
©  During the monthly _ Welding machines Wear gauntlet type
inspection, check the . :baving moving parts._ , leather gloves to protect
. condition of the switch should be lubricated - your hands from heat
points; brushes; commutator, at 4 to 6 month intervals : =and sparks. Use a leather
shcwn in figure 8, depending on the number . apron to protect your -
and the bearings. T -7 of operating hours. ~  clothing from sparks i
- Brushes that have The more the welder and globules of molten
. worn enough tgfggggeciaﬁly is used, the shorter . metal. - Wear high top’
) reduce their spring - the time betweem shoes and trousers ) i
L tension should be lubrications.. Be sure without cuffs. Cuffs ' :
. replaced. Brusm springs not to use too much can collect hot sparks
that have been weskened grease since the excess A  and molten metal which
from overheating should . ¢ould be.thrown ont6 ~ °  may ignite your clothing; .
be replaced to assure the commutator or windings resulting in serious ; .
posit:tve brush contact: and cause deterioration burns. Never wear
of the insuldtion and ' torn or ragged clothing
. Each time the brugegi __ :-a possible short . since it can catch .
are replaced the commutator circuit. Use the grease fire easier and exposed -
should be checked specified by the parts of the body may
for cleanliness and manufacturer as found ‘ be painfully burted.
wear. A commutator on the data_plate or ) ' '
in goo& condition has a in the Mil Spec.
8 -




Electric Shock”

When working in a

wet area; be very careful )
when changing electrodes..

~Stand on a dry board
or some other type . _
of insulating material
and BE SURE that the

mch:tne is GROUNDED.
Grinder Operation

A grinder is a simple,
easy to use tool but :

should not be taken
lightly. If used
improperly, it can’

- . this can cause the

metal out of your -
hand "and thus rsuit
.in a severe cut.

Note: Alvays let the
grinding wheel obtain
full rpm before using
ice

QUEST IONS

Answer all

Note:

questions on a separate

cause severe eye damage

and cuts.” .
Even if the grinder

_has a clear shield -
mounted on it, a face

. shield is required

for eye protection
from flying sparks

and chips. Safe
when a face shield

is not available.

A tool rest on the

" grinder is another
" piece of safety .
equipment and- should

-be. positioned no. more

than 1/8" from the
grinding wheel. A

aﬁtmice of more than

DO NOT WRITE mf B
— 7 weldfng?

STUDY GUIDE.

1. How are the cables

connected for DCRP?-

2. What are electric

forces?

_ 3. What derermines
the type of grease.
to be used on welding

4. What determin mines
the polarity setting

on a welding machine"

5. What encourages

the flow of electroms
across the arc?

- | 123
5:77tht effect does -

a long arc have on
voltage?

7.. What is surface

" tension?,

8. What are the
amperage and voltage
requirements for a °

‘ielding machine?

779: Where is the
heat generated when

welding?

10. What determines
amperage settings while

REFERENCES

1. TO 34Whi-1-1, Welding

Theory and Application .

g _'

2. Modern Velding
(Chapter 6); Arc We>ding.




~ INTRODUCTION S

" oxyacetylene welding.
major difference between

while it cools.
"are two basic types

Metals Tééiﬁaiésgy Branch

R .

OBJECTIVES

After completing this study guide and. clasSroom instruction, you
and select electrodes using military specifications and AWS numerical

codes.

The electrodes used

for metailic arc welding
do the same job as.
the filler rod in

The

the two rods is the
flux coating on the
electrode. This flux
coating serves to protect

the weld from oxidation
There

-of flux coating with ;

variations of each o
one. 7§;nggft§g§efe;ectrodes
and coatings are designed
for a specific purpose,

it’ is necessary for

you to be able to .~ .
identify them by their
pumber or color code.

IRFORMATION

" . MANAGEMENT OF DEFENSE -

“do not write inm or .~

ENERGY AND RESOURCES

Due to the ~conservation
of emergy resources,
mark on any training
‘1iterature since it

_will be reused by other
_classes.

Lights will

be turned off any time
the classroom 48 vacant

more than 26 minutes. _

vill be used congervatively

throughout Block III.
SHIELDED ARC OR HEAVY
COATED EtEGTRBDES to-

In order to protect

the weld metal from

~

of both.

the harmful effects

of oXygen and nitrogen

. in the air surrounding

the arc, some form of

protection must be provided,

ii tﬁe arc stream Since

gnd nitrogen by the
hot weld metal causes
brittleness in the

weld, the eiectrodes-
are designed with a
Suitable coating

this absorption.

coating producés a gas

cooling rate of the

moiten pool. This __ -~ °

" helps purify the weld -

by letting the impurities

float to the surface.
‘Shielded arc or heavy

coated electrodes are

made from wire which

has a definite

composition with a heavy

coating around the-wire.

These coatings have )
been designed to improve .

" the physical properties

of the weld deposit, o
to.control arc stability,

and to incredse the

speed and ease of

welding in the vertical

. and overhead positions.

These electrodes are

manufactured by extrusionm,
wrapping, heavy clipping,
or combinations of

these processes. The
coating of these, electrodes

may be either cellulose;

mineral; or a combination

11

3ABR53131—SG-302

_IDENTIFICATION AND,SELECTION OF ELECTRODES

w1l ident'.tfy

and color

P

) Reverse poiarity .
electrodes have a. ce11ulose
coating made from wood

pulp, sawdnst, cotton,

or various compositions’
of rayon. This type
of coating protects

the weld by forming
a-gaseous shield as
it burns away. This
gaseous shield allows
the weld to cool and
set up faster.

a distinct advantage
when welding in the

which keeps_theﬁa;rjrr_“,_~__4gg;irzl_nr___erhezd:_.________
" from the arc and forms positions. . S e
siag which acts as >

a blanket to slow the i Strsight polarity N

electrodes have a mineral
coating made from metallic
oxides in the form .

of natural silicates;

such as asbestos, clay, _

or specially manufactured
.forms of siljcates.

This coating protects

the weld by forming :

a bianket of slag which

reduces the cooling

rate. Figure 10 tiiuscrates
the shielding effect

-of the heavy. mineral

coating. /)¢ . -

Low Hydrogen. Electrodes
_Hydrogen has a harmful
effect onfs;;og steels .
such as causing intergranular ,
cracks which are\Enown !

;@{sigondition lowers
the fatigue resistance

' and strength of the

metal.

Low hydrogen electrodes

deposit a minimum of

144 R



' Piguve 10.
hydrogen in the veIament.

. The Yow hydrogen condition

special coverings of

1lime, titanmia, and ifron -
powder (AWS numbers

action of Heavy Electrode Coating:

steel and low alloy
electrodes. It cam

be either a four digit

_or five digit num‘ber.

Each digit or group

of digits has a specific

- fiat--and-horizontal

& "2" would Indicate '\
welding positions,
and a "3" would indicate N

welding in the flat
position only.i

_.The fourth digit :

"0" refers to the type -

of current to be used

and indirectly the .

gpe of electrode coating. -
This dizit can be amy = T

number from "0" to . :

fg." T4ble 1 shows

the ciirrent for some

of these numbers._The B
coating is also given -

for- augbers 5, 6, and -
81 ) . 3 L.

_The five digit number

‘gives the same information . . _ }
as the four digit number; : oL
however, the first Co

;.three digits are the

~ ending in 5, 6 7,
T'J{S)."’" T

. The electrode conforms
to AWSE—éOi:O E-70316;

and E-7018 specifications.
It 4s used on hard to

weld steels (freer'i

low ailoy steels, anti

hardenable steels: .

Although the slag is
very fluid, good flat

_ convex beads are easily

‘ obtained. - -

tdentification of -
- Electrodes

The American Welding
Society (AWS) has .
established a number and

color code system for_
identification and selection
of electrodes. It is ‘

- absolutely nmecessary - -

that you understand
- the system in order

to select the proper.

eiectrode for the job.

__NUMBER CODE. This
- code is used on mild

] meaning.

Since. the E—6010
electrode is the most
comimon , weiwj.j.}} use
it as the example of
how to interpret this-
pumber code.

. The letter E designates
..hat this 48 an electric

welding filler rod __

(electrode). The firSt
two digits "60" indicate.
the minimum:tensile. =
strength in thousandths

- of pounds per square

inch. -In this example;
the tensile strength

.of the electrode 1is

. @ mimimum of 60,000

psi.

‘The. chird digit "1"
indicates the weld
position inigh:j.gt}fthe
electroae can best -

””” Tﬁié iiiiﬁibéi:

three. The "1" in
the example indicates

that this is an all

. positioﬁ electrode: :

12

,mrl’d.ngs, primary (end);
: seconda;ry (spot); and

: étect:rode.'

t‘ﬁ’Iasttvo&rest:lit

" the position and current

selection.

- I’hisiirr -
code tonsists of three. °

group; as shown in
figure 11. The primary -

and’ secondary color . .
indicates the composition
of the electrode while

the group color indicetes
the type of curremt.

. The primary (enmd) color

" is on the top of the

base or grip end of
the electrode. The B

secondary- (spot) color
is located on the grip
end midwa}r between”

" the end of the electrode -

and the flux coating. . .
The group color is . ’

. located ‘on the flux
' coating just below

the grip end of the . S

The colof
coding for common
electrodes is shown =
in foldout 1. . o




* _ 0 - DC reverse when third digit is 1. . i
’ 0 - DC reverse polarity; AC;when third digit is 2 or 3.
1.- AT® or DC reverse polarity. -
2 -.DC straight polarity or AC.
3 - AC* or DC straight polarity. ' ‘
: . §.- DC reverse poiar:;ty (1me or titania sodium low .
hydrogen). . :
6 - AC=x or DC reverse poiarxty (txtania or iime potassium
dow hydrogen) -
8 - AC or DC reverse polarzty (iron powder plus low B
hydrogen. sodium coveri'ng) ' weome
#Preferred
> o "Table 1. I'.’Zectrode Covering Compositions aid Curpent Selection.
o . such a5 wood flour
e or paper flour, which
_ e are combined with other
: =~ ingredients. These .
. - . ingredients are added
) <o—obtain certain specif:l.c
\ - | qualities, such as
A . volume and fiuidity N
) of the slag. The heat
of the arc causes the -
coating to burn and -
generate large volumes .
of gases vwhich effectivi’-
. shield the molten metal-
. \ from the air and prevent
‘ . the formation of harmful
oxides and nitrides.-
. Good penetration is
characteristic of the -
E ’ - céﬁuiosic type as
——— —— well as quick freezing
. T S T T ‘of the weld metal slag.
. Pigure 11. Color Identificatiom Markings. This makes it applicable
L ' . ; for vertical and overhead
Characteristics of positions and the weld work.
Common Electrodes deposit has physical o
T _properties at least - . THE E-6011 ELECTRODE.
THE E-6010 ELECTRODE. as good as any other . This electrode is designed
This electrode is the electrode. "It i3 to perform the same
“ most univeraally used sometimes referred work using altermating
of all metallic arc - "to as the cellulosic _ current that E-6010
welding electrodes. " type because the coating performs on reverse
This is because it. contains a considerable - polarity direct currest.
can be .used m ait _amount of cellulose; It 48 an all-position
- , 13 4
- —— TP g SO i S / - U e
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-precisely. )
“cellulose type coating. )

- or E-6011.

A2

_ electrode which produces
" more slag than the
2—6016.

TEE. range
g current

in vhick various sizes. .
of electrodes can
be used satisfactorily

.8 narrower than is

Thisniesiwdmt:the

welding current controls

must be set more

THE Er6012 EZECZRODE.
'rhis electrode is for -

nse with direct current..

,,,,, .

works very vell-on -

alternar.ng current.
This is the case with

most. straight polari:y

electrodes. - Penetration

is not deep; consequently,
the E-6012 has many

aﬂvantages _on jobs

is poor. It is also

advsncageons on light
gage material because .
there is less tendency

to burn through than ___

there is with the E-6010
The 5-6612

" ig an all-position
electrode which has
fast welding speeds

and gives less spatter
than most other types.
The bead profile is

not as flac .as_ thac

it is often preferred :

‘for horizontal fillets
‘because of the appearance
of the weld. (Basically

mineral type coacing).

ZEE E-6013 ELECTRODE.

"his electrode opersces
on_alternating current
and fulfills the same

purpose as the E-6012 .

does operating on scrsigbt;

?h9,993E?F8 contains

a high percentage of
material for stabilizing

-

and maintaining the

arc. Penetration is
less than that usually
obtained with the E-6012
and_the spatter loss
is low. This electrode
has proven to be the |
most successful for
weldfng light tubular
assemblies; therefore;
it is used to a great -
extent in aircraft
construction: Although
it is often used with
straight polerity direct
current, the >riginal
intention"was to p3ir

it with the E-Su"

’

,electrode in the sume

y. that the E-6C12
1s paired with the
E-6010.

Classification

Alr Force supply
catalogs identify arc

welding electrodes

by military specification
- numbers rather than -

AWS classification

numbers. The following

information is of importance

to Air Force welders

and can be found in

the 34W& series technical~
orders.

This class corresponds ‘
to the AWS electrodes
whose last two digits

are 12 or 13, such.

. as E-6012 or E-6Dl3.

CﬁASS B EEEEERODE.,

This class corresponds
to the AWS electrodes

whose 1zst two digits

are 10 or 11; such

as E-6010 or E-601l.

?@igfggpefof electrode
is used with DC reverse

polarity except when

specified as an AC

electrode; This electrode

_ is normally preferred

for good. fit-ups and

vertical or overhead
14

i

- E-10020.

-with AC current.

welding since penetration
is deep. This electrode

should not be used
when heat treatment
is required.

CLASS C EZEUTRODE., i
Theseisrgfallog steel °
electrodes. They are
to be used in welding

of chrome molybdenum

and chrome-nickel- . —

molybdenum steels when

heat treatment is requtred.

The corresponding AWS
electrode specification

would be E-7020 or-

This type __

of electrode is generally

used with straight.

polarity; although;

it may also be used

Only

the smsller dtameterr

3/32"),7grefg@sgtable
to all positions: The _
larger diameter- electrodes

are generally used :

for horizontal fillets
and flat work where
deep penetration is

not required. -

CLASS D ELECTRODE-

This is a companion _

rod to the class C electrode.

It has the same specification

and is used where deeper
penetration is required.
It is used for welding
chrome-molybdenum (4135
and 4140) and chrome-:
nickel-tiolybdenum (8735

and 8740) steels:
steels require preheating

.of the parts from 400°
to 500’?

would be E-7030 or

E-10030. This type __
of electrode is generally

The corresponding

used with reverse: poIsrityQ:_

but may also be used

“‘with AC_current. It

is an all position
electrode.

e

o s, .



" gener

i

Electrode Diameter . mperes. . Standard Electrode -|' g
- — ‘Mimirum Maximum Legggs -
1/16 in B - 60 _ 8.in
3/32 in 70 - 90 11 1/2 in.
1/8 in 10 -. 135 i or 18 in -
*5/32<in 1s6 - 180 ih or 18 in -
3/16 in -t .180 - 220 1 or 18 in
1/h# in - . 250 = 300 s or 18 in
5716% in.. | 300 - k25 1 or:18 in
7 -3/8#"in kso -. 550 s or. 18 in
% DIameters, l/h in 5/16 in and 3/8 1n are for flat position only - . :
C'urrents Used Ihth Gageous and SZag Type EZecﬁ'od‘es. : ‘: $ )

- Table 2.

Selection of We1d1ng

Current for Metallic
E1ectrodes

The aelectioﬁ of

the proper welding
current and voltage

~depenids on three basic

factors: (1) the size

_ of the electrode, -
(2) the tﬁz:ness of

the pimte being welded;
and (3) the welder's
skill.. Higher turremt
values and voltages
may. be used in the -- -
flat positicn welding,
more than for vertical
and_ overhead we
with gfeleggrode of :
the same size. In 5
”””””” 1, the proper
current and voltage
requirements; data
published by the
manufacturers ghould

be used ouly as a gxiide.
'rhe mineral coated

: type of shielded arc

electrode; which produces
a 8lag as a shield,

requires higher weiding

currents than the cellulose
coated type. The.

cellulose coated type

* produces a large volume
. of gases to shield

the arc stream: Table 2

shows the' cutrent

P
[

.electrode. _

QUESTIONS.

gego:gemmts for the L.
mineral coated or. slaé—
forming electrode dnd

the cellulose coated

or gaseous type of __
The welding
voltage varies from .
20 amps for the 37/32"
electrodes to 100 }
amps for the 3/8" Reavy-
coated electrodes of
either the gaseous

or slag fozming types.
_The shielded-arc

= electrode has replaced.

the bare and light-
coated electrodes for

most welding appiications ,

The factors-responsible
for this are: higher
welding speeds; better

weld metal quality;

- and the ability to

introduce certain s
alloying elements into .
the weld metal through

the heavy coatings

on the electrode.

Note. , Answer all 777777

questions on & sepm:ate
sheet of paper. DO NOT

ﬁRIIE IR TEIS STUDY GUIDE.
1. What i?e the
color markings of 6010, 6011,

6012,  and 6013 ﬂzctrodes"
' 15

2. What polarities ‘are
recoumended for 6010,

6011, 6012, and 6013 -

ej:ectrodes"

3; -How do the pemetration
results_differ between _
the 6010 and 6013 electrodes?

4.  What are two
types of electrode

5. Which electrode
is used for stxit:tess

steei?

" REFERENEES >

T0 34W4-1-8, Use

2. Modern Welding -
Handbook (Chapter 5)
Electrodes.

N



G

29

‘Metals Technology Brameh - : mnsslsliscizos X
Chamiite AFB, Illinois » ,
St STRINGER BEADS AND BUILDING UP WORN SURFAGES .
UBJECT IVES : . - : ] . i
A . After compteting this study guide aﬂlﬁg}igsrpom instruction, _you will ap’p’ly
' the ‘welding technique uSed in rumming stringer -beads to build up £lat and worn
surfaces. . R
, INTRODUCTION - _ to allow for. machinins ’ In bead welding with
: - "~ the part batk to its ' coated electrodes;
_ Although bailding original dimemsions. _the electrode is tilted
up worn_surfaces is . If only = thin layer 5 to 15 degrees in =
- a relatively simple - of filler metal is ° the direction of travel,
: - operation, it is one . required, it 45 added as shown in figure 12.
. of the most important. - by weaving- the electrode . Tilting of the electrode
’ Since replacing worm to produce a wide bead - provides a clearer
pérts with new omes _ . of thin cross section. ~ view of the crater _ _
is not always -possible, — —-and aids in controlling
building up a worm : clé&hiﬁg Méta'ls and . the molten slag.
surface may be the Electrode Angles g .
only way to return . - Once the arc is struck,
a vehicle or an aircrzft ’ One of the first particles of molten
. toa serviceable . rules of good welding . . metal melt off the_
condition. - is 'to maintain a clean _end of the electrode
e ) working surface. _The "and are deposited in
INFORW\TIGN - presence of oil, dirt, : the molten crater on’
,,,,,,,,,, " or other foreign matter . the plate surface.
. MANAGEMENT OF DEFENSE on the metal to be. ‘' This causes the axc
Co ENERGY AND RESBUREES welded may result im . to increase in_length
L : such defects as a lack . unless the electrode
Due to ‘the congervatioﬁ < of fusion, porosity; . 18 fed doen tc ghe
of energy resources, and slag inclusions plate as fast as it
do not write in or . ... 1s deposited. Good
--mark on any training - T "To prepare parts _ ' arc welding depends
. literature simce it =~ . for welding, the surface on the development
will be reused by ° of the'metal must . of close control over
other classes. Lights be cleaned. Wire brushing the motion of the electrode
will be turmed off : or buffing is usually ~ down-to and along the ‘
, -any time the classroom adequate unless the: . -  surface of the plate -
! is vacant for more - part is greasy, rusty, = - vhile a constant arc -
_ than 20 minofes. All ~ or.dirty from other " length is maintained.
consumable materials -~ ' causes. .
> will be used conservat:tveiy - The progerfgrg-leﬁgth
) . throughout Block Iﬁ. L Trichloroethy;er;e : or gap between'the
. in a vapor degreasér end of the electrode
STRINGER BEADS T, should be used to remove: and the plate should
- ) . grease or oil and a be approximately equal
Building up,a worn . gandblaster or grinder to the diameter of
surface is dome by . "’ gsed to remove rust = the electrode used.
. running successive soo- and scale. o _ Howegver, im starting |
beads parallel with; . R * a weld; a long arc
and adjoining, to each Cautton. 011 .or grease .15 -held mowmentarily
- other: and the base , on the metal may result in order to preheat
metal. This process . | 4n a porous weld. ", the base metal and
:Ls used to build up - . . permit fusion at the
worn parts high emmgh . 5 ) ] Begﬁiﬁtﬁg of the weld.:

N : . T ‘ o7 .




. . the operator igg§t";earn-' -
_ to recognizeothe weld :
. - appearance resulting

v from either factor

b;:tng wrong: Figure
14 shows the results

o of various welding -
speeds and current
values'. oo L .
; , Genera’l' Pi‘ééédﬁi‘és :
Figuve 12. HAngle of Electvode in Making Beads.. = . . The fo};g‘g:flggiggeﬁﬁ '
: e " gemeral procedures used
the base metal and . when running beads.
) the molten metal is - g
: : - piled up around the- " 1. Cleam the surface’
o . we - . depression which is “of. the metal to be v
: _referred to as the = welded. - : R ) .
‘arc_crater, as shown o o P )
in figure 13. .. <+ -2. Using scrap metal,
f W'.l'lggfs:}ggiggdidggth ". ° on the welding machine
of the-crater depends _wntil ‘the best setting
on the current setting, . F i found. ‘ B :
- speed of trav : - : ST
of ei:ectrode,, ~Ten ; 3.,~Wé1&i the beads - - ~ L
g of arc.- The depth on the. plate in the S '
Figure 13. Are , of the crater prov:tdes - direction of travel,
Weldéd Bemd. a means -of observing . . as shown in figure 15.
o - - the "penetration" or . L
The reverse being- * depth to which the’ ©° % wiwebrushemer - . -
_ true.at the ‘end of . arc melts into.the . . bead before starting . - g
" the weld, the arc length , ’'base metal. The depth = . the next cne. ! ’
' is shortemed in order. " .of pemetration should . e oo
to eliminate a crater - mot be less than 17'16" -t 5. Cover the surface . o
N .of depression. Alternate : . " with overlapping beads R
_methods of ending a : . The speed of traVéI, . by traveling in the =~ -
weld azre to in ; ' 5—de : —by- diréctionof the arrow:———
- restart the weldior - = - = proportions of the - _ : : S
reverse the direction ' ‘bead desired, current . : Quench the pi:ate
. of travel for a short . 5 yalue; and size of ' oft&“éhwgh to keep-
distance. ... L the: electrode being . ° it from becoming .
RO iised. The speed of Excessiveiy hot. 7
. ~ VAre Crater Penetration . travel is gaverned '
\and Speed of Travel "’ 'by. results observed R BUILDING UP WORN SURFACES .
S \" ) et thetrailingedgé
- If the ctggent, " of the crater: By. : © Flat- Surfaces. _
pamff:y, and arc length’ " closely watching the. : e L
- ig_correct, the metal = c:;g[:erjgd};gigggiling o The first stringer Coe *
--melts and forms a . pool .- " edge; the operator " <bead should encircle” T
. of usoiteu metal ;at " ° _  can determine the g the part, as shown B
‘the point where the:- .’ ' penetrat;ogji@kggi ~ in figure 16, so that :
- are strikes Ehgiplaté- ° teight of the reinforcement. the other é&ﬁger , ) '
This molten metal is '~ Since the speed of beads can be started : :
forced out. of the pool ' travel and cutrenit - and ended with less’
§ by the blast of the . - - '~ setting are related - -difficulty. - This also
e ;- arc. Thus, a simall’ © factors_in determining ' reduces the possibility

" . depression is formed in - the quality of a weld, of ecratér cracks and
: ’ .-. - -". .“;'. 18‘ M .
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—— . _ ... A Current setting too high. D. Rate of travel too fast.-
- B. Current setting too low. E: Rate of travel too slow.
o - C. ,Con‘ect current setting. A eorrect rate of travel
;,; Q,' Figure 14. - Results of Va:maua Wéld‘mg Speéds cznd Gurrent VaZues.»
7',,:,' 6‘; o _ ' - - c
: - €(d m‘""‘U‘”'ﬁgsé55%&&5%‘““‘9““
L \u\( OO ’ ‘
- START. : :
- Gii 7
& Figure 15. Bead Welding Layout: :
, | 1




132

;OII..

(DS 8 SLAG INCLUSIONS

_vol

ng Up a Worn Surface.

=

-

teo .-

p v—
PENETRATION

5

rrec

I

o

17. .

FUSION BETWEEN BEADS

The Fivst Step in Build

7

F PENETRATION

P

LACK O

e 16

Fig




,87
VoV T -
o \ 0 89
- _0
N, o 74
- — - — "‘
L L L

= T -
.
e
- P — —
- B } _ 7 ;
. %
.

o

R
- i——



overheating with the edges
being burned away.

The first full layer
of beads is run lengthwise
on the.part because

it allows more time
for the part to absorb
and distribate the heat

from the arc. As each

bead 1s run, be sure
thete is penétration

into the previous_bead
and the base metal,
as shown in figure 17;

If-you don't get complete
_fusion; as shown in-
figure 18, defects

such as. slag inclusion

These defects can cause °

additional ‘man-hours
and material to be used

on.the part. All voids

_ and sitag inclusions
{should bé removed tO

avoid uneven wear and

premature failure of
~the parti™ T

Round Surface

2

surface requiring buildup
is a shaft. It may )
be from a blcwer, -

geaerator, or from a
piece of -heavy earth
_ moving equipment. The
- shaft may range from-
172" to 8" in diameter -
and may be from 1' to .
This type _ . S

20" long:
of surface is more fficult

to build up than a IIat

surface but 1f ‘done
properly, it can be
easy. . “

. . The easiest way to

" build up a shaft is
to place it on rollers
and run the beads
lengt@gise as shown
in figure. 19. The
roliers allow for easy
handling and running

the beads lengthwise
allows for heat

: dissipation.

The f:trst

bead should be placed -

- slightly above the _

horizontal center line

with. each successive
bead added above the

previous one. Depending

gpon the thickness
of the shaft, it should
‘be rotated 180° after

two or three passes __

. to decrease the poss*bility

of warping. By using
this procedure; the .
thickness of the deposit
can be closely controlled

and the desired diameter
can be obtained in .

Précautions

' 1. Hold a long arc
momentarily in starting
each pass. :

2. Avoid overheating
the edges and be sure
ail craters are filled
in.

3§ siéﬁ bead—strould

brush and a 5lag hammer: -
General Procedures

-

*The_following are
general procédures to

worn srrfaces. -

l. Clean the surface

of the metal.

2. Seleet thé proper

eiectrode.

3. Veld successive , -
beads on the plate _ : i -

with each bead ove;lapping

. half of the prévious
bead.

. Lower the welding
current for depositing
beads along the edge.

4. Lower

- 5. Clean each layer
of beads. L
22

“flat position’

. 6. Try different { 37
angles of the electrode

- until you ‘find one _

that gives good. penetration
into both the plate .
and the previous bead:

7. When -one layer

of beads has been deposited,

turn the plate so that _
the next layer is deposited
at right angles, to -

the previous layer;_

_ as shown :in figure 20.

_ Caution: Sides and
corners must have
enough fused metal

to be finished square.'
QUESTIGNS '

Answer all

thé;,
- sheet of iaper. DO NOT—
WRITE IN THIS STUDY GUIDE:

l., What are the

electrode angles recommended

for padding in the

3. What determines

—penetration’

© 3. What_causes slag . -

inclusions? -
4, Why_ is a round shaft

rotated 180° ﬁhile_padding2r
5. What is the purpose. . -

of "eneircling" a plate

before padding?

REFERENCES

1. 10 "§§;’;zs;1:5;; Welding

Thex

“2." Modern Welding . - S

Handbook (Chapter 5)
Padding.
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Metals 'Iechnoiogy Branch ’ o : 3ABR53131-56-304 ; -
Chanute AFB; Illinois : o
(«-f_\“ B o FILLET WELDS IN THE FLAT AND HORIZONTAL POSITIONS a
S a . R
OBJECTIVES '

After completing th:ls st:udy guide and clﬁsstocm :tnstruction, you will apply the

techiiques used to weld fillets in the flat and- horizcntal positicns, -:

N . _a

NTRODUCTION - do go;ﬁwg:ﬁlgef;gfg:r L “The tee joint :.cks_
o : . 7+ . mark on any training " very well whea a steady
' ~ The fillet weld is - literature since it. : bendiﬁg or impact load
: a weld bead used to will be reused by other ‘is applied. Warpage. | .
join two pleces of metal classes. Lights will S and distortion is elim:.nat.ed
' vhen one surface is i be turned off any time " and it stands up very ;
: perpendicular to the - the g;gssggggz is vacant ' weil to either a Eéﬁﬁféééi&ﬁ
other. The fillet _ for more than 20 minutes. " or.tension load. The |
»weld im used on lap  : All ‘consumasble materials - cost .of making this
- and tee joints. Since will be used conservatively type of joint must :
“the metal pieces of » ‘throughout Block IXI. . . _ be considered because ' ;
a butt joint are parallel ©  of the expense involved °
and on the same plane, TYPES oF JOINTS AND ' with joint- iiégaiaﬂaa.,
it 15 not”considered. ' USES _ o , . :
to bea fillet weldi —The best Type Of -
i _ _ When you arer coneidering joint to use in order/
. v Each fillet weld has which joint to use;. ~to gain the full _strength
’ its specific use: Tre you must consider three of the base metal and
lap joint is used ¥hen ifiportznt factors: " the highest resistauce
. a quick repair is ueeded, . . . - _.to any type of applied - ..
such as a patch over: . *1. _The type oI load load is the butt Joinmt.
-a hole. It may also _ @§7§ﬂ3gt‘giit is appI:ted ‘It is also the best
’ " be used in the comstruction agaiust the’ weld. - when appearance must
of fuel storage tanks - - ) - be considered;-however, -
when the appearance . - . 2. The manser in . the cost must be considered
of the joint 3r weld _ wnich the load is applied. due to the amountJ of
. is not important. . - . time involved in prépa:ratioﬁ
Z ) - ’ ' 3377:gyg7c9§t7§qdw . of the joint edgéé. R
. * The tee joint is nerzal’>  appearance of ths weld. ™
©  used 35 3 reinforcement g WAt timas the g:hoice
3 to gain additional stremgtk _ A lap joint would _ will be made by your
, . : cver a long Sp2n: An | fail tather quickly - " supervisor or a design
exumple of this would _ if a sudden or variable ' enginegrL _Even when .-
_ be shipbuiiding. Alrcraft — load was applied against  this is the case; you.
* fuel tanks _may j‘é‘;’{,,,, . the weld. A twisting ‘are the one that turns
, tee welds as stiffeners. or bei«'ng lozd would out the g:[.nigrgd product.
- An_internal corme. - - also cause it to fail; . Be sure you have the
' veld i: 3 modified - wiereas,; ir could Stiﬁa ‘proper- machine setting,
tee joint since the . - up indefinitely under electrodes, and skiil =
" requirements cf = fillet a tension origémpressiou . _necessary ts do Eﬁé .
weld must be mav Weggu load: The lap joint job. ’
thouzh it is mﬂ:y welded . 1= relatively inexpensive : o
ffai ﬁé side. . . to make since there . POSITWNS OF WELDS
. : . are no joint edges :
: INFGRMATIGN S to prepare or special . A1l welding can be
I, - welding techniques . classified according
MANAGEMENT OF DEFENSE . other than what you would  to the position of
ENERGY AND RESOGURCES .  normally usc "o ensure 3 - the plate or welded
o good weld. The metal should Jjoint on the plates .
"Dua t5 cu: conservation overlap 3 to & "I" Jhen or" s2ctions being welded.
of ere:gy an® Tesourcec; .  preparing a lap join.. There are four gemeral

23




positions in which weids

are required to be

made. These are designated
as,flgt,fvertical,
horizontal, and overhead
positions. Fillet .
or groove welds may -

be made in all of these.
positions.

'Flat Position Welding

Flat positionrvelding

is when the welding

‘is performed from the -
" upper side of the joint

and the face of the

joint is approximately
horizontal.

Horizontal Position
of We]ding

— FILIET WELD. This

is. the position of welding

“in which welding is
performed on the upper_
side of an approximately
hgrigggtal surface and

) against_an ‘approximately
vertical surface.

GROOVE WELD. - N
.. 1s the position of velding
. wherein the axis of

» the weild iles in an _
approximately horizontal
- plane and the face of -
" the weld lies in an

apﬁroximately vertical

s Note., The axis of
. a W147§7§ lIine _
through the length
of- the weld,
. perpendicular to the

cross section at its
center of gravity.

N Vert1 cal Pos1 ti on of
ﬂe]d1ng

< This ts the position -
of welding wherein the
axis of‘the weld is

. approximzteiy vertical.’

n

: 0vethead Position of

Welding

‘This is the position
of welding im which

welding is performed
from the underside of

the” joint.

ﬁELDING LAP JOINTS -

In 1ap joint the
edges of two sheets
are placed one above
the other, and the weld
applied joining the
edge of one sheet to _

the surface of the other.

" Lap joints are used

3

- loading is not too severe,

* the transmission

in the construction

of equipment fabricated -
from plate and sheet
metal. Lap joints are
not as efficient im

the transm of . '
are

certain

load stresses as
butt joints, but

_types of lap joints

develop the full streﬁgtﬁ
of the bdse metal under

a tensile pull.

Types of Lap Joints -
SINGLE*FIZLET LAP

JOINT. This type of -

joint is frequently

used,  since it requires

1o machining of the -

joint edges: - This joint

is welded from one side ;

only when the design- <

of the part does not

i permit welding from

both sides. The single-

fillet lap joint, figure -
21; does not develop

fuil base metal strength, - 3

bot is stromger than

applications When

tubing or frames overlap

.or telescope together,

to the butt Joint. If

- this joint is suitable

24
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. can be met by the single-

136

" for welding metals of

" all thicknesses: If

fatigue or impact loads
are encountered
concentration of stress
occur at the edge of .
‘the weld. Under temsionm,
‘the plates may pull ’

out of line, subjecting
the root to bending. '

. DOUBLE-~-FPILTET LAP . -
JOINT. This joint; _ o
figure 21, is suitable’
for much more severe .’
load conditions than

fillet lap joint.

properly made;, this
joint develops the
full stremgth of the
base metal.: However,
for extremely severe

When

* loads, the butt joint
is preferred.

JOGGLED LAP JOINT.
When you want to use
-8 lap joint but the

metal surface must
: be kept _on the same . -
plane, the joggled -

lap joint, figure 21,

is used. This joint -
:glves a more uniform
distribution of load
stresses than the single -
or double-lap type.

The  joint produces
a-greater strength _

than the single-fillet

lap joint, bot is.more

difficult to prepare
for velding. :

Weld Spec1 fi cat1 ons
1.- fﬁe apper 1eg'
should equal the base

metal in thickness,

- the lower leg 1-172

tp," figure 22. When _

‘welds are made on metals

of utiequal thickness, i ;
the specifications are :
based upon the thickness

of the lighter ‘gage sheet:
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. PENETRATION IS 1716 INCH MINIMOM

R}



3!

e 138

2, The procedure

for making this fillet ‘ (

weld is similar to
that used for making
fillet welds in tee
joints. The electrode
should be held so as
to form an angle_ . -
approximately 30° from :
the vertical and tilted
N . —%- N : ; 15° in the direction

newno™ K - : . of welding. The-position

: ' of the electrode in

relation to the piates
. 1s shown in figure .
24. The weaving motion
'is the same as that '
used for tee joints
except that the pause
- at the edge of the
~ top plate is sufficiencly
long to..ensure good .
fusion and mo undercut:
Lap joints on 1/2-
‘inch plate or heavier .
are satisfactorily
©  made by depositing
: . - : ; a sequence of string :
-t . ' L : beads; as shown in 3
' ’ figure 24. - ‘

o I . i In . making lap joints

Figure 24. Position of Electrode on Lap Joint. on plates of different
' S T . thicknesses, as shown

> in figure 25; the electrode

' is held so as to form -

an angle of between.. . .

20° and 30° from the = ;

vertical. Care must

- be taken not-to overheat

_ or undercut the thinmer

N

- 1 . 1. . i plate edge; and the )
< o -‘f‘ K arc must be controlled . . .
R R - . to wash up the molten .

| NotE: Auowmsmssuowumz iN INCHES Lo Wesh Hp LU= O
metal to the edge of
Figure-25. Lap Joints on Plates of szfez'ent Thwkness. this plate.

" 2, The face-'should He‘ldmg Té'chiiiqu'é WELDING TEE JOINTS - ' °
. be slightly éBﬁi?éi : - IN THE FLAT PQSITION ’
. " in shape. : . 1 ”Igfmakinf king lap '
- .. .+ Joints two overlapping miggaj‘;?i;;’ga‘;e
. 3. ?euecrac’i:on _should. -plates are tack-welded horizontal, vert :Lcél
be a minimm of 1/16 in place (figure 23) : head positions.
: inch. - o and a fillet weld in. O e e .
’ - o .the horizontai position gé i&giii i’; 5221;:3’ -
4. _The throzt thickmness: is deposited along "froii 0 to 45 degrees
should eijijal the thickness the joint: and the rotzc ion
of‘ ﬁhe base metal. _ " of the faca i
- . - - _ ié - | . -




 from 0-to 45 degrees

from the 180 degree

flat position.
The fillet weid in

 a tee joint is made
by depositing multiple
passes of stringer
beads or by weaving
the electrode to form
a wide bead:. Stringer -
beads are generally -
preferred for fillet

welds of mximuTn stréngth

tends ‘to refine the.
grain structure of
the previocus beads:
. The sequence of the
first three passes
"of a multiple-pass

fiat fillet is shown

in .figure 26. Figu

.27 shows several accepted
weave motions for °
-depositing a weave

bead to cover the stringer

- beads of a: .multiple- ~
—-pass flat fillet weld.

TACK_ALL CORNERS
BEFORE _WELDING

E@gygefgstr Wktdzng Tee
Joint in Flat. Position.

. Preparation

Tﬁéié éié two variations’

thé sqﬁare edge tee Joint

'f

p
1

Tl
@iiiijvm
igure 28.

' Preparation of Metals

for W@Zdiﬁg TJoints.

" and the beveled edge

tee jéiﬁt,' The square
edge tee joint (shown
in figure 28A) is used
on metal up to 3/16"
thick and is usually -

welded from one side:

' The_single bevel {showm

in figure 28B) is used

on metal from 37/16"

‘to 3/8" thick and is

usually welded from

one side: The double

_ beveled tee joint (shown

27

>

"on metal over §1§f thick
and is welded from.
both sides. Whichever
edge preparation is
used, the edges must
be cleanéd of all oxide,
dirt, etc. to allow a

good we;‘td to be produced.
Specifications o

Regardless of whether
stringer or Weave beads .

.(‘



' ABC - Isosceles Right Angle
" Triangle. .

AB = BC

_AB = 3/8"

. Filtet Weld Size - - 3/8"

Figure 29:

Size of Fillet.

 Figure 30.
are used in'making |
‘a_tee joint, the size .’
of the weld remains

the same: The size

" of a fillet weld.is

expressed In terms -
of the length of ‘the

legs of the larxgest
isosceles triangle

which can be Inseribed.

in the wela cross section,
‘29. The common terms
‘used in naming the
parts-of a tee joimt

are shown in figure

30. The throat of
‘a tee joigt should

‘be equal to the thickness
of the base metal (T).
The legs should be equal

Nomenelature of Tee Joint.

*to 1-1727§;ge§7T, and:

the pcietration should
be 1716" m

Weld Faults

UNDERCUT. In the

welding of, tee joints,
. ocecurs e}ggg the toe
* of the upper ieg: This
_defect is a groove
‘meltedf;gftgeiyase
metal adjoining the
toe of the weld; as

shown in figure’ 31A.

' The primary causes

a welding current oo
y;ghiand an improper .
angle of the electrode

28

Correcting the current
setting, changing, the
electrode angle; and
manipulating the e1ectrode
to wash molten metal

up to the toe of the
vertical leg usually - -
corrects this fault:

Figure 31B shows the
characteristics of

,’%

a good teeujoint‘
— \-7
OVERLAP. This defect
is thefgegu}tfof filler
metal overlapping on :
the base metal without’
fusing to it, as shown
in figure 31A. The' _
angles of the electrode
illustrated in figure

32 with the ‘weave __

overiapping: Only

‘highly-skilled operators

can successfully make

-iarge horizontal fillet - -

welds using a weave
bea& go that multiple-

‘pass stringer bead .

fillet welds are most’
widely recommended

for large horizontal
fillet welds.

: STAG INCTUSIONS.

Nonmetallic-inclusions

trapped in the weld

are called slag inclusions.
They are caused by
the covering of the

zlectrode being trapped .

‘~in the molten pool. )
when theré is insufficient -~

heat,.too long an arc,’

of the electrode.

Procedure Used to Prevent

Faults - !

1. Clean the surfaces
of the metal:

2. Select the proper
electrode.

3. Complete the first
pass in each joint.




e s— —N A
SLAG INGLUSIONS ~  INCORRECT DEPTH  OVERLAP : CORRELT-DEPTH
= ' OF THROAT } . : " oF THRoaT -

Figure 314, Chavasteristics ' | Pigure 31B. Chaacteristios -
of a Poor Tee dJoint. . : . - of a Good Tee Joint. ’
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Figure 35. Wide Beads Hovizomtal Position:

4. Chip off the slag
and wirebrush all the
Vﬁilaé;i_fgﬁ - .

-

© 5. Complete each
~Jjoint by making the

welds in the proper

order.

WELDING TEE JOINTS
* IN THE HORIZONTAL POSITION

. When the work.camnot -

: be_positioned for downhand
welding, it is referred
to as position welding.

. Position welding 15~
welding that must be

done in the position

normally occupied by

the joint. When the

metal parts are inclined
more than 45 degrees -

" from horizontal with :

the line of weld running
horizontally as shown
in figure 34, it is-
called a horizontal
weld. The weld beads can
either be applied as

«

stringer beads ot weave

"beads. - . .

weave Beads
Weave ‘beads; normally

used iu all other positions,

cannot be used in making
“horizontal welds. A
normal weave 1is not.

. uged because there .

is no “shelf" of previously
deposited metal to
hold the molten metal
in place:. _Therefore,
"in place of a normal
"""" sead, a series

“ of short diagonal welds

are made along the
line of the weld.
35 illustrates this

. method. The upward

path is indicated by .

a dotted 1line which
is a rapid movement
of the electrode with
very 1littie metal deposit.
The main deposit is -
‘made on the downward

movement as indicated

;30
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by the dark arcows.
A distinct hesitation

" with a slight backward

and forward motion _._
on the top of the weld
assures penetration

" at this point. Each
bdﬁgijﬁil,ﬁala éhould

overlap the preceding

" weld in order to avoid

undercut areas and
produce a uniform weld

The tip of
the electrode should
be tilted upward and
directed back toward
the weld crater to
assist in washing the
slag backward and fill
the undercut areas.
Stringer Beads

welds in horizontal o
tee joints, the electrode
should be held perpendicular
to the Xine of weld; -

_bisecting the angle T

between the joint edges..

When one weld is

* insufficlent to produce

the correct fillet size,
multiple-pass welds ’
or stringer beads are
used. The imitial

weld or "root bead" .

is deposited so that

" the wald metal is equally

divided between the
upper and lower plate.
The cleaning of each

_weld 1s necessary before -
" additional welds are

placed inm the joint:
The second weld is _
made by directing the
arc on the edge of

the first weld. This
permits fusion to take
place onme-half its
width into the first
weld and the other
half into the lower :
plate. This same procedure
is used on the next

' pass, fusing the root

bead with the edge
of the upper plate and

[

\



= \ C L i uBAREM®' 6. Why are stringer
v o Do = \/ _ ’ beadsinateejoin:\

overlapped half of \
.tha prior bead? AN

7. Where 1s the

initial deposit made
vwhen veldins tee

joints? "’
. - ». - -_8. What.is the overlap
, vwhen setting up & lap
. joiut?*--- -
. L. WORRING mmoul. ] 7793;7Wlfxzigréigee jﬁﬁtﬂ
) ) . e : spaced.prior to EEEEEE '
’ ) Fig’izré 36. Fillet Weld in Horizontal Position. and vel&ins? *
RV . the. str:!.nget bead. .- 1, WVhat degrees . 10. Vhere s the  °
. Additional welds may - ‘are considered flat . second pass directed
be deposited as required welding? : - -when welding horizontal
) to produce a fillet . tees? . -
) weld of the proper size. .. ‘2, 'What angles are. e DL
"Figore 36 illustrates - recommended for a hor:l.zont:al REFERENCES *- . -
this technique of depositing fillet? ; .S
a number of stringer : N ' " “1. TO 34W4-1-5, Welding~
]?gﬁégim tee Joints .3 ‘What edge ptepatation ~ Theory and Application. -
in heavy steel plate. is necessary for a half R . -
inch tee joimt? i Modern Weldi_ng
QUESTIONS _ A - i Eaadboek (Chapter 5,
e o - ‘4. Why 1& gresse and ~_ para 17):
) . Note: - Answer all . o1l ; temaved before welding?
questions ona ', A
separate ‘sheet of. ,5:,,59!7,1,97‘}Bdetcutting
paper. DO NOT WRITE eliminated when using . _ - ) :
IN THIS STUDY GUIDE. a’'weave bedd? - C
7 8
’ 2
; 2 31
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OBJECTIVES

After completing this study gu:tde anzl

welding techniques in mzking butt welds
v INTRODJCTION

>

A bute jolmt 18 -

of metal whose ‘surfaces

are in the same plane.

-Several types of butt

joints may be used,

depending upon’ the -

. position and thickness .
of the metal.

When

-ﬂpropetiy made; the _

butt joint withstands
bending, shearing,

and twisting loads
better than any other

joint.

 -INFORMATION -

MANAGEMENT OF DEFENSE
ENERGY.AND RESOURCES

Due to the conservation
of energy aud resources,

'>do not write in or

mark on any training
literature since it =~ -

will be reused by other
- classes: . :

Tights will
be turnmed off any tifie

. the clagsroon is vacant

for more than 20 minutes.
Allconsumable materials .-

.

will be used émervatively

. throrighout Block II1.
" " WELDING

In order to meet -

’ welding feqriirmts

for heavy'sections; -
joint edg&? mist be
prepared by beveling

‘the .edges of the plates.

is’ necessar,gﬁgg R are

complete penetra’ : -
to the root of the joimt.

When, due to the thickness
of the plé.téis, idél&§ :

'single weld bead, a
series of either stringer
or weave beads are

_used.

Multiple- Pass Beads

This method of depositing
weld metal is used
vhen welding thick
.nlates. It is done

in order to avoid carrying

‘-a large molten pooi

which méy cause slag
inclusions or cold
shuts in the weld. .
‘A large molten pool  _
i5 difficult to conttol;
gyegegoré, it requires

high heat and a slow _ _
speed of travel, resulting

in excessive meiting s

‘down- of the joint edges.

By @iﬁg mﬁt:tpie-

: “pass welds on heavy

butt joints, you can

concentrate on getting

good penetration at
the root of the V in

f&st pass or layer.
On succeeding layers;
devote your effort: ’

entirdy to gett::!:ng

good f.rion with the

sides <. the V and

‘the preced:tggj:ayet.

The final layer is -
then easily controlled -

- . to obtainm a good smooth :

7'I'7hi§ method: of vd:di'xg

pemits the_metal depo: uited
in a given layer to

. be partly or wholly

R

BUTT JOINTS OF CARBON STEEL PLATE
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classroom ifmstruction, you will apply. the
of carbon steel plate.

refined and. therefore
improves the ductility
in the succeeding layers.
The lower layer of
weld wetal, often cooling
to_a black heat, is
rehested By .the tipper
lavexr to a temperature

Eigh enough to permit

" grain refinement; which

bl

layer of the welded -

in effect is a form

of heat treatment.

The depth of metal
affected by this action.
Bﬁg@(@figx}tiupon the

penetration of the
welding heat. In some

-classes of work, when

- this added qixa.i.ity

is desired in the top

joint, an excess layer —
of weld metal is deposited

.ot the finished weld

and then machined: off.
The purpose-of this -
bead is simply to suppiy

Eéiaﬁé _heat to refine
the weld metal in the

final 1ayer at the-

surface of :the joint.

301 nt Preparat1 on

_ Im making various

' types of butt welds

in carbon steel plate; :
the following examples ..
are typical and should

serve as a general

plate of various -
thicknesses. In addition

to the plate thickness,

. another factor which

may influence the method
of joint preparation _
is the type of eqixtpment

available for beireling .



‘or grooying.

edges can be prepared

I SINGLE BEVEL

8 DOUBLE BEVEL

f%gure 37. . Bgveled
Butt Joint.

The single bevel,;
shown in figure 374,
is used in welding
metals from 178" to

77777 The edge
should be beveled to
an angle of 30 to 35
" degrees. The single
bevel is used whenm
ofie of the plates cannot
be beveled due to its
shape, location, or
fixed position. 'In
-this case; the weld
is made ‘from one side:

The double bevel;

shown in figure 373,

is used on metals over
3/8" thick. The edge
is. beveled frog both

gides with each side
-being beveled to an

angle of 30°to 35 degreés.'

. The double bevel may

be used when the jolniag
plate cannot be beveled
in the same manner

and for work that can be _

welded from both sides..
The double V requires

approximately one-half /

as much electrode as .
the simgle V butt joigt;

8 DOUBLE Vv

Figure 38. V Butt
Joint.

The single V; shown
in figure 38A, differs
from the single bevel
in’ that edges of
both plates are beveled.
The included angle of
the bevel should be
from 60 to 75 degrees.

it is used on the same

thickness of metal as
the ‘single bevel. The

éweid is made from one
side only. The number_
of‘?éﬁééé required will -
depend on the thickness "
of the metal.

The ‘double V; showm
in figure 38B; differs
from the double bevel
by the’ .edges of both -
plates being beveled.
instead \of just one.

The included angle of

the double V bevel should
" be from 60 to 75 degrees

and is usea on the same

thickness of metal as
_the double\bevel. In

;B DOUBLE U
Figue 39. U Butt Joint.
general, BEEE joints
prepared from both
sides permit easier

welding; produce iess
distortion; and ensure

" better weld metal qualities:

in heavy sections than
joints that are prepared

~ from one side only. -

 The single 15, Eﬂéﬁi :

in figure 39A,

‘be used in place of

the single or double

V for joining plates
1/2" . to 3/4" thick

and is occasionally
used on heavier plates.

The U-shaped type . of

: joint is more satisfactbt?

-metal than the V type

when welding ‘heavy

The weld ic made from
one side except for
a siﬁgie bead which

"is made last on_the

oppoSite side of the
u.

) 1@ 3¢-~1e U s&qwn

in jigece: 39B, is used
for joining heavy plates
usually 3/4" and greater.

Less weld metal is



of the joint edge,

M) |
W))

M)

)
)

: Fzgure 40., Square Edieﬂguff

Weld With Backing Strip.

required than with the .
gingle U and welding

is done from both sides. N

_ The square edge butt
joint with backup_strip;
shown in figure 40,

i1s used for joining

heavy plate where beveling
is not practical. If
necessary, the backup

strip may be removed

completing the joint.:
Procedure

The joint edges shoutd™~
be prepared as previously
outlined. . Depending
upon the size of the

' spac:tﬁg should be provided

in the exact amount.
The parts should be

- tack welded inm piace

* deposited during tack

welding should be removed

- to prevent its inclusion

into the weld. The

first bead (root bead)
should be made with

an electrode small enough

"in diameter to obtain
‘good penetration and

fusion at the base of

the joint. A 1/8" or - _
5/32" electrode is suitable

‘for this purpose.

A 1ong- arc is held

momentarily in order

weld. The top of the

electrode should be -
~tilted slightly in the

ME

o Figure 41. Typical Beavy Weld Wéo-bé.,

direction of travel.

_ The exact angle depends

on the type of electrode

- used and the current

setting. - The root

bead should be thoroughly
cleaned by chipping

and wire brushing before'
a@é{:gom passes or
layers of weld metal_ __
are deposited. A 5/32"

or 3/16" electrode

should be used to make

filler metal in the
joint:  Weaving makes

it possible to deposit
more metal at 3 single .
pass in welding im
a V on heavy weld without

‘stopping, and at the

‘same time proceeding
along the line of weld.
Figure 41 illustrates
a8 weaving motion of

the electrode which
will prodiice best results
in welding heavy butt
joints in the flat
position. ‘The muvement

of the electrode is

semicircular across
the line of welde .

slightilj!!;gztion of
the electrode at the_
toes of the weld will

aid in preventing

undercutting. The
number of passes or .

‘layers of weld metal will

35

of met:al being welded;

however, a sufficient
number _in any_case

is used to build the
weld with a serties

of small stringer or
weave beads. The heat

input and, therefore

the formétion of hard

-zones in the base metal
will be bpt: to a minimum.

"Each bead or_ layer

of weld metal will
refins the gra:tu in

the weld immediately
beneath it and will.

anneal or soften the

" hardness produced in -

the bace metal by the
previous bead;

welding heavy o
sections that are beveled

" from bot:h sides, the

be deposited a:];t:ern:at:eiy

on one side and then
on the other. This
reduces the amount

of _distortion in the _
weld met:a.l Thoroughly
remove all scale; oxides;
and adhering slag before -
additional metal is o

deposited. The motion

of the electrode should
be controlled to make
each bead uniform in

thickness and to prevent



- plate.

<
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_ WELD REQUIREMENTS HEAVY BUTT JOINT OF CARBON STEEL

| ﬁgm‘*f* 42.

at the edges of:the

. weld.

The welds shown in

figure 42 illustrate

the requirements for

butt joints on steel

plate for thicknesses
from 3/16" to 3/8"™
and -over. The - width
of the fusion zone

for heavy plates is

‘prepatation of the

joint. When the edges
to be welded are-beveled,

" the weld should be

approximately 1/8"
wider than -the included

angle of the bevel.

* The depth of fusion

{into the beveled edges

of gheiiotnt should

be a2 minimum of 1]16"
Reinforcement height

" of 1/8" is usuaily

sufficient for heavy
plate. - The penetration
for butt welds must

be 100% regardless

of the thickness of

In the case

" of double edge preparation,

penetration of 50%

is obtained. from each

side to produce the
required full base

‘metal péﬁetration;

REI‘ORCEMENT 5? ﬂlN IS USUALLY'
SUFFICIENT

773§ﬂﬁ TEST. The bend
test may be used to *
produce a fracture
throiugh thé weld so

that a cross section
of the weld metal is

exposed for examination.

The specimen 1is placed
in 2 vise so the jaws
will grip the metal

just at the seam that
has been welded. The
projectiig portion

of the specimen is
then bent back toward

the weld zide mtil

a fracture is produced.,

' This test indicates

the soundness of the

weld by showing on
the fractured surface
the extent of the
penetration obtained,;
the presence of oxide .
or slag inclusions

and the degree of porosity.

7;2@? TEST. Scme
jotnts, such as fillet
welds between tubes
and sheets of heavy
plate welds; cannot
be broken to produce
a fracture. These
joints may be examiped
by etching. The weld -
exposed at each cut

must - then be polished
and etched. with a solution

36

SPectficatzons fbr Thzcker Metals.

consisting of equal
parts of hydrochloric
acid and water; or
one part nitric acid
to two parts of water.
The procedure using

.either_ solution is .

as follows:

1. Remove all saw

‘marks from the surface‘

wifh a fine mill fie.

2. Wbrk Giit the

file marks with coarse-
" grained emery cloth.

3. Bring the surfaces - ..
to a mirror-like finish
using successively
finer graimed emery

cloth.
4. Avoid touching
the polished surface

with the hands or any
substance that may

- teave a film of grease

5. Apply the acid

piece to stand umntil all -
chemical action has ceased.

- &. Wash the surfaces.
with warm water and
allow to ary.:



7. Exanmine the

. surfaces for defects.

and uniformity of grain

structure may be readily
seen.

General Pi‘dtédiji'ég

77'g§e7fonowing gemeral

procedures will be used
when welding butt joints
- on steel plate.

1. Bevel the edges

- . of the fietals

2. ,Grind or file

the shoulders approximately
3/32" deep.

3. Cheek ctre pieces

for aligmnent .

‘%4, Space the pieces

approximately 3/32" -
and tack weld both
enids securely.

5. Support the
work clear of the surface

of the table and weld

S A O

6. Chip off slag
and brush clean.

7. Weld the second
pass. Weave the electrode

to secure the correct

QUESTIONS

Note: Answer all
&ﬁéétiﬁﬁé on a sepirate-
sheet of paper: _DO
NOT WRITE IN THIS

STUDY GUIDE.

1. What is the
reinforcement of a 3/16"
butt joint?

2. What is.the required
penetration of a 1/4"

butt jo:tnt:"

3. What size electrode

is used for the root

. pass on a 1/2" butt jo'int"

7”1}. Why is a long arc
held at the start of a
butt joint”

37

_ 5. What is the, ‘
reinforcement's width on
a 1/4" butt joint?

6. What is the depth of _
fusion in a 174" butt joint?

7. What must be done
after tacking aad prior to
welding a butt joimt?

8. .What is the angle of
bevel on one plate of a

s:i:ngle bevel butt joint?

9. Why is spac:tng requ:i:red

i:n ‘preparing a butt Joint?

10. Draw a picture of

the single vee butt joint.
REFERENCES -

1. T0 34W4-1-5, Welding
Theorv and Application:

Eandbook (Chapter 5,
para para 17).-

[y
-t
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BUTT JOINTS OF CARBOK STEEL SHEET

OBJECTIVES.

a

2 .er completing chts study guide and classroom instruction, you will appiy the

e *di';g techniquzs in
THTRODUCTION

The butt jc-nt is
probably the zost diffiécit

“joint to weld. The
. weld specifications

must all be met to -
produce a joint.that
is as strong; if not

stronger, than the
base metal. The butt
joint also withstands
bending and twisting
loads better than any
other joint.

. INFORMATION

MANAGEMENT OF ﬁEFEﬂSE
ENERGY AND RESOURCES

Due to the conservacion

of energy and resources;

-do not write in or’

mark on-any craining

literature since it

wiil be reused ‘'by other
classes.  Lights will

- be turned off amy time

.the ¢lassroom is vacant

for more than 20 minutes.

J-uki consﬁmabie materials

will be used comservatively .

throughout Blbek III.
WELDING :

Edges should be deburred

" and squared in.order
-to meet welding.

requirements for sheet
steel. Further
preparation, such as

beveling, to secure

complete penetration
to the root of the

joinc 4s mmecessary

" on metal up to .125"

(1/8") of thickness.

ok |

Proper spacing and
current setting are
crirical to emsure
" sound welds. A single
stringer bead is used
for best results:' Due

to the thiclcness of -

- or nmlfiple stringer

beads are not recommended.

S1n91e Str1nger Bead

The nmn‘ber of passes
ogiglgielgnessu of the
iayer weld metal will
depend upon the thickness
of metal being welded.

On sheet:steel .125"

or less; ome stringer _
bead will be sufficient
using 1?8" e.‘le&fiide. ’

be prepared as previcusly

outiined. Spacing
should be tack welded

in place at short intervals

along the seam. The .
slag deposited during
tack welding should

be removed to prevent
its inclusion into

the weld. :

A long arc is-held
momentarily in order
to obtain penetration
at_the start of the
weld. The top .of the

electrode shoiﬂ;d be

che @i!?t:-f:!él}, of travel;
‘the exact amount depends
. on-the type of .elestrode
used and the current

secting.

, Whenever possible,

thin sections should

39

zaking bucc welds of carbon steel sheet.

be held and spaced
in a fixture to allow

for shrinkage along
the seams, as shown .

in figure 43. A properly -

designed fixture will '
hold the edges in alignment

of heat into the sheet; -~
thereby reducing the
amount of expansiom

and subsequent contraction.
The edges to be welded
ghould be spaced am

amount equal to the
calculated shrinkage
of ‘the weld. The amount
of spacing will depend
upon the kind of metal
being welded: For

carbon sceel, a space

. thickness is allowed

* at the starting end.
- of the joint and 114'" '

for each foot of seam

length plus the metal @ .
chickness at the opposite
end.

he welds shown 18 -
figure 44 illustrate’

the requtrements for

butt joints on steel
sheet for thicknesses

gp to 17/8". The width
of the fusion zZone

for heavy plates is

"governmed by the preparation’
-of the joint.. When
the edges to be welded

are beveled, the weld .
should be approximately S
1/8" wider than the

spacing: The depth R
of fusion into the C

‘baveled edges of the

Joint should be 302
to 50%. Reinforcement_
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m e 45

ﬁBZ&%ﬁg Mét&ié—iﬁ a;fixfure;

Figur ure 44. Specifications of Carbon Shect Steel:

height of 251 "T" is

usually sufficient for

steel sheet. The
penetration for butt

welds must be 100%
regardless of the

As the thickness

of the metal to be
welded decredses,
the welding current

must be lowered ‘and
a smaller electrode

However, there

4is a 1imit to both
of these adjustments.

The fidinimum value of -

weid:tng current with
which a stable arc
can be ﬁﬁita:tned

depends upon the Welding
machine. The swmallest

diameter of electrode

that can be used is
the one which will

. nor’ co];hpse under,

the amount of welding

ch”’n”éi’: required to

produce fusion in the

most suitable for welding:
1ight| gauge steel sheet

in the flat position._
is classed by the AWS
(American Welding Sociéty)

as E-6012. This electrode

" can be used with direct

current welding machines

and straight polarity

or with alternating

. current machines.
i

General Procedures
! .

_ The! following are

general procedures to
be used when welding

carbon steel sheets .

1. Clea.n the edgés

" of any i:mpur:tties.

'fé. Match the edgés

~of the sheet.:

l

3. Ta.ck—spacing eqrmft to

the metal thickness.
40

QUESTIONS

metal butt jomt?

| 15]
) 4. “~upport the work
~_ 1. . ruc surface

o iz siwle,

.5, Make weld using
1/8" diameter electrode.

Note: Amswer ail
questions on a
separate. sheet of
paper. DO NOT WRITE
IN THIS STUDY GUIDE.

1. How many layers .
of weld metal are required
for metal .125" in i

thickness?

2. Why 15 a lon

arc heid at the start
of a weld?

3. What is the purpose
of spacing im a butt

joint of steel sheet?

4. What is the required
weld reinforcement

for a 1/8" metal butt
joint?

5. What is the pemetratic
requirements for a 1/8" ’

REFERENCES

1. TO 34W4-1-5; :L_ng
Theory and Applicatio&

2. Modern Welding

Handbook.

|
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ELECTRODE IDENTIFICATION AND OPERZ
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__Stidy.Guides and Workbooks are training publications authorized by Air Tfaining Command {ATC)
for student use in ATC courses: - :

The STUDY GUIDE (SG) presents the information you need to complete the unit of instruction or ‘

mnakes assignments for you to read in other publications which contain the required information.

_ “The WORKBOOK (WB) contains work procedures designed to help you achieve the learning

objectives of the unit of instruction. Knowledge acquired from using the study guide will help you perform

the missions or exercises, solve the problems; or answer questions presented in the workbook. - <

The STUDY GUIDE AND WORKBOOK (SW) contains both SG and WB material under one cover.
The two training publications may be combined when the WB is not designed for you to write in, or when

lfﬂ.h SG and WB are issued for you 5 keep.

‘Training publications are designed for ATC use only. They are updated ds necessary for training

_purposes, but are NOT to be used on the job as authoritative references in preference to Technical Orders

‘or other official publications: - -
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iéi FILLET WELDS IN THE VERTICAL POSITION
OBJECTIVES
After completing this study guide and classroom instruction, you will épply the
techniques and procedures required for velding vertical fillet joints.
INTRODUCTION- ' The fillet welded tggfjo@g;iggigggmonly
P used in bullding and paval construction
Making fillet welds in the vertical “and is often made in the vertical
position is ome of the most difficult position. It requires much practice to
- welding tasks you will encounter: . make consistently good welds in the °
:normziiy more stringer beads are required vertical position. . Once this skill is
to meet the joint requirements because of - acquired, you will. yeiggu;ggg§it9 make
tggigggdfgoigggigga;;griyggégidggfto the welds in practically any position: Many
effects of gravity and surface tension.  commercial businesses classify operators
- These factors canm be overcome only by © 4in two. divisions: ome qualified to do
using smaller electrodes and shorter arc work in the flat position only; whereas .
lengths. The skill of the operator is the the othefSis qualified to do work in all
primary factor in selecting electrode positions. -
sizes and in determining arc lemgths. { : :
Your skill as a welder will be determined Lap joints vhich must be welded in the
: by the amount of performance you do on vertical position, expecially those
the vertical fillet joint:: " found in the field, are often found in
e . r steel stru-tures fabricated by welding.
‘ INFORMATION Uhe reason for using lap joints is that _
" T . they do nmot ordimarily require the close
P ~ MANAGEMENT OF DEFENSE : . tolerances and- fitups that butt joints
- - ENERGY RESOURCES . do. _
T Due to the conservation of energy Stringer Beads
" ‘ resources; do not write in or mark on I S
any training literature since it will be The correct position_ and manipulation
reused by other classes. Lights will be. - of the electrode for welding upward in
turned off any time ‘the classroom is the vegt;cg;igoggt;onigs shown in figure
vacant for more than 20 minutes. All 1. The electrode is held perpendicular
consumable materials will be used . to the plates laterally.. It is also
conservatively throughout Block IV. inclined down about 5 degrees ‘from the
horizontal plane; so that the tip of the -
VERTICAL FILLET WELDS : electrode points slightly upward and

Welding in the vertical position is

much more difficult than welding in the The weld is étértéd by directing the
. flat position. The force of gravity end of the electrode down, as shown in
! acting-on the molten globules passing figure 1. This permits the deposited
across the arc tends to deflect them metal to form a shelf. After building
from the crater. The operator is forced - up the shelf, the angle of the electrode
' to hold a short arc aid to manipulate the . is changed with tke end directed upward.
\ electrode in order to contral the size of As the weld progresses, the tip of the
' the molten pool. The strongest force - _electrode is momentarily moved upward
propelling the globules across the arc --ghead of the pool of molten metal long
is exerted by the .gas produced from the- ' enough tb permit.the deposit to solidify. .
. electrode coating. This gas_ expands at This is repeated along the linme of weld
2 rapid rate, foreing the metal across to the top of the plate.
the gap. "

(-




. Pigure 1.

A somewhat shorter arc lengch is
'reg_uired co concrol the size of the

The arc is never broken .

throughout the movement of the eleccrode.
The end of the -electrode is moved from

the crater just long enough to permit the

deposited metal to solidify and form a
shelf upon which additional metal is .

deposited. The timing of this movement

may vary since some operators work faster
and use higher current values than others.;

Actual effective deposition of metal
should take piace only during the-time in
which the electrode is in position at the
downward end of the movement.
Weave Beads - ; F s -
OUse a slight weaving motion with
the electrode when you want welds that
are wider thah those produced by the
stringer bead technique. You should use
a slightly larger electrode with higher
welding current to produce the wider weld. )
A 3/16" diameter electrode is the &

,praccical size for vertical weiding

n

the verticai posicion is shown in figure

2. The electrode is woved with a_slight

. gide to side mcicion in the crati? during

electrode momentarily_ to allow the
deposited metal to so_lidify. This

e~ F SHELF

5‘3

ELECTRODE = ANGLE
START OF WELD

AT

.'Z@chn-rque far Welding ﬂpward m the Vertical Poszmon

procedure elimipates the highiy crowned / ‘

bead Wt~  nay result when thé weaving
motion 2ot used. Use a series of
stringer beads when larger maximum -

strength welds are required.

A

WHIPPING
UP MOTION.

, QIRECT!ON
- OF WELDING

- ¥
WEAVE BEAD L\_Q

172'WiBE. f — :
Pigure 2. Vertical Weave Beads,

: , > - Welding Up.
WhEﬁ ﬁaiiic a;c welding; the

preferred direction’of welding heavy

" metals is from the bottom upward.
However, considerable welding on thin
metal is done from the top down.  Welding
downward on metals in the vertical
position reduces the possibility of
‘burn-through. A higher degrge of skill
is required when using-th ocedure

slag to trap

because of the’ cendency

in the weld.

"
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Tee Joints
The number of welds required to.

make a vertical tee weld depends on the

thickness of the metal being welded.

‘Where more than one layer is required to

meet weld specifications; either the
stringer bead, shown in_figure 3, or the

Weave bead, shown in figure 4; can be.

used.; A combination of thetwocanalso'
be used. In either case, the first pass

'is made in the root of the joint to

of the weld._ If addit:lonal layers are to

be stringer beads then each added layer. .

of weld metal requires an additional bead.
Each weld is fused into the preceding

weld by holding the center of the crater

at the edge of the last weld. To avoid
trapping slag, clean each weld thoroughly

by chipping off the slag and then

» wirebrushing it.

Figure $. Stringer Beads,
Vertical Position.

Weave beads cam be made by weaving
the electrode, as shown in figure 5. '

After the root bead has been completed

and thoroughly cleaned of all slag, the
weave is started by building a shelf then

‘moving the electrode laterally to the - _

desired width of the bead. The electrode
is held perpendicular to the plate and

moved from side to side: _ A slight

‘hestitation at the end of the weave

results in good fusion without

-undercotting the plate at the_edge of the

weld. 1If the weld metal should overheat,
the electrode widy be raised from the

crater at short rapid intervals without

metal to solidify without running down;

P
.\ﬂ‘

however, the eleétrode should be returned

to the weld crater immediately to maintain

. the desiréd size of the fillet weld. To_

eliminate a crater at the end of the weld,

break the arc momentarily to allow the

- weld metal to solidify. This ‘reduces the

possibility of éverheatiﬁg and allows the

end of the bead to build up to the .

- required specifications.

b N 70
NV 7 ~ .| 8
< 2>
e STRINGER
BEAD
) / _ N 31 Sf - "
e weave | g
— _2ND_ == - -
WEAVE o
= or °
— -3 R0 R
WE‘VE E
>;{ ==/ weAve
71 L1 J— .
s Rig

DIRECTION OF WELDING

Figure 5. Weaving Motion,

Vertical Position.
Lap Joints

When welding lap joints in the
vertical -position, the electrode should

be manipulated as shown in figure 6.

‘Holding the electrode approximately



P

perpendicular to the. plates, scart: the

arc and deposit the weld metal to form a

L e— — o

shelf. Move' the arc up and away from the

" molten pool until, the molten metal has

solidified: Contiouous deposit:ing of

metal without using this moveiiefit caiises

wolten metal to Ifux over the shelf and -

- down the weld. A siight hesitation of
the electrode at the bottom of the "J"

with the arc directed mainly upon the

lower plate aids in penetration and

" - reduces the possibility of overlapping

" .dnd undercutt:ing. Lo

" NOTE-_
LOWER PART SLOW -
UPPER PART FAST :

Pigure 6. Vertical Lap Joint.

When you weld lap joi:nts cf plat:e _up .

" to 1]4" thick, one pass on each side of
the weld is norsially sufficient to devéiop

the full strength of the base metal. s If

the metal is thicker than 1/2"; a series

- of stringer beads may be needed, as shown

in figire 7. The final pass can be made

by weaving the eiectrode as shown in
figure 8.._This procedure is necessary
when the weld 8pecific3§fi0ﬁ caumot be met

.by a ‘singié weld.

153

Figwe 7. Stringer Beads
Vertical Lap Joint.

S — — o — — ¥ 4 -
— —
~ =
<
-
ad
K}
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<

DIRECTION OF WELDING

Piqure 8. Weaving Motion
- Vertical Position.



Making satisfactory welds wu lap
joints is mor. difficult than waking welds

on tee joints in the verttcal sosition:

This is due mainly to the. cvssiapping
edge of the top plate on X»t joints. The

ovarldpping edge of the joiﬁt is easily

overheated if the proper manipulation of
the electrode is not used. This catses

undercutting at the upper edge of the
weld and possible overlap om *' '~wer

edge.of the weld.

Electrodes

_ The electrodes used for vertical

welding have lighter coatings than the
- used for flat positioen welding.

<re desis_;ned to aliow the weld metal
‘ag tov solidify quickly. This type
. sctrtode is used on reverse polarity.

. zation is secured easily since the.

greatest amount of keat is at the positive ;

side of the welding circuit (the tip of

Thtsisanaidtoa

the eIectrode) .

The electrodes

.-—are classified imder Americag Welding

Socicty Specifications as AWS 6010 and in
A¥ supply catalogs as CIISE B.

,,,,,

. When using coated electrodes in the
vertical position, use smaller electrodes

andilggerfggrregtﬁsettings as compared to
flat position welding. This helps to
maintain a small poo’ of‘molten metal;
thus permitting surface tension to
overcome the force of grawity. The’
current settings recommended by the

electrode manufacturer serve as a gulde

in making initial settings for a given
electrode siz\e. :

Joiﬁt Preparat\on and Weld Spec1 fi cat1ons

The joiﬁt preparation and weld .
specifications for welding in the vertical
position are the £ame as_ §°r,‘£%}§198 in
the flat posit:ton. -1t mey; however; be
necessary in vertical'velding, to make a
number of passes for 4 joint which would

require only one pass in the flat )

position. ,’

1. Clean the surfaces to be
welded.

™

R~
“J

top and bottom.

© 2. set up the work, eld it .
gecurely, and support the work firmly so

t:hat it will not fall off the table.

'3, Complete the first pass im each

joint; being careful to acquire adequate
penetration at the root. .
_4.. Complete each side with two

6. Coutinue the weaving passes umtil
all the joints are filled.

Procedures. for Welding. of Lap Joints
1: Clean the surfaces to be welded.

2. Set up the work and tack weld the

A
<

"3, Start ‘the weld at the bottom of

the joint. Weave the electrode in the
manner illustrated in figure 6, making
the upper part of the J rapidly and the
Ilower part more slowly._ This is required
since it is desired to deposit the weld

metal oﬁly during this part of the

4. Try different electrode angIes

and rod manipulationé until the best one
is found.

5. Weld the joint on the reverse
side. '

QUESTIONS | :
dmsver all the questions om a
DO NOT WRITE

Note:

N TEIS STUDY GUIDE.

1. When are multip..e passes used on
lap welds?

2. _Why is the electrode moved

' vertically away from the crater in making

a "J" weave?

"3. What is the main purpose of the

root bead in a vertical weld?

4. What deteruines the number of

i passes required for tee joints?:

'QO:

k|



5. Can a verti al weld bé ma.2 j.ﬁ Why is a vertical lap joint more
with the torch moving ownward? difficult to weld than a vertical tee
jdiﬁt’

6. Why must the electrode be_ ~
manipulated when welding lap joints? 10. Wy is it necessary to assure
good fusion at the root of a weld?

7. _ _Where should wost of the are's .

heat be directed in vertical weic{i{:g : REFERENCES
8. What type of electrode is TO 34W4-1-5; Welding Theory and . : .
suitable for vertical welding?. . " Application; Modern Welding Handbook

(Chapter 5).

e
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FILLET WELDS IN THE OVERHEAD POSITION °

OBJECTIVES

- After compieting this study guide and ¢lassroom inst:ruction, you will xppIy the

- INTRODUCTION .

The overhead position of welding is

one in which filler metal is deposited
from the underside of the joint and the -~
face of the weld is approximately
~horizontal:  This is probably the most
difficult of all the welding positioms. -

INFGRMATION

Iy MANAGEMENT OF_ BEEENSE
o ENERGY RESOURCES

Due to the conservatton of energy

resources; do_not write in or mark on _
any training literature since it will be

reiised by other classes. Iights will be

turned off any time the classrqom is
vacant for more-than 20 minutes. All

conisumable materials will be used

conservatively throughout Block IV.
6VERHE§B WELDING

In the erection of structutes and

eguipment, and espéciaiiv in repair work;

it is often necessary to weld in the
overhead position. Fortunately, there

are forces present- -in the electric arc _

powerful enough to avercome the force of
gravity and make it possible * deposit
metal overhead: One of the most ~ -
effective of these forces is the - _

propelling power of tle gases formed by

the combustion of the ~lectrode coating.

These gases are expanded at 2 tremendous
rate due to the heat of the arc.

Depending on arc lengths, the
transfer of metal in the overhead

position is accomplished in different

ways. An overhead deposit made while
holding a long arc is relatively small

and doe only to condensation of-vaporized

metal. 1In the case of the short arc,
there 1s 2 globular growth umtil contact

is made with the Iiquified plate or

1

techniques -and procedures required for welding overhead fillet joints.

surface of the deposit as Bhown in figure

9. Here the forces of adhesion and

surface temsion at the plate overcome the
combined forces of gravity, cohesionm, and’

surface tension holding the globule to

the electrode tip. The forces acting

against the depositing of molten metal

" may be-overcome by using a small diameter

electrode and holding a shorter arc.
Heating the joint locally is also helpful
in starting aun effective metal deposit.
This can be accomplished by holding a long

arc at the start of the weld. It is often

- desirable on heavy plate to burn or waste

2 to 3 inches of the e1ectrode in heating
the joint.

Wﬁ%ééﬁéil
‘e Deposits.

Ftactrodes .

Or , those olectrc s Aesigrs? for

overtieau welding shouis Bo vsed. -
Weld:ng with large ajameter 2lectrodes is
d"fi”nlt,77§§e73[}§fidiauete? elecivode
s fhe ma-imm piactical cize to b used
for aveshesd &eidii“.' Tk: amoum’ f
wejzig2 :,v-eggisgcylf ‘Be carefully
adjusced s0 :rat a sher: arc length can
be hel”. Ozir a sligit amousi of
electrode fiovrirnt 1S neszsc Iy if the

corri ot ad-c.tment and el::ctrode angle

is corre:z:.

Polarity

Reverse polaritv 7z used wher uning

a dircet current ar 1¢ iding machkine.

<
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- the electrode.

-ELECTRODE ANGLE

Penetration is more easily obtained since

- the greatest amount of heat is at the

positive terminal of the welding circuit.

‘

The selection of weiding current

depends “on the size of the electrode, the :

thickness of the plate.being ygided, the
position of welding, and the welder's
skill. For pverhead position welding,
lower current values must be used: In

g-era:t the proper current settings are
_obtained from experience and should be

""Gdjusted to fulfill the requirements of

the particular weiding ¢eeration. _Data
published by the manufacturer should be
used only as a: guide since many factors

ffect the current requirements.

N

Welding Tééﬁri’iziﬁé
_When making fillet welds in the
overhead position, a short arc should be

held and there should be no weaving of
The electrode should be

Leld approximately Z0 degrees to the -

vertical plate and moved uniformly in the

y dirsction of the welding, as shown in

figure 10. The arc motion should be
coutrolled to secure a good pemetration to
ke :cot of the weld and good fusi 1 with

the sid<walls of the vertical and

horizont:zl plates. If the molten metal
becomes too fluid and tends to sag, the-

-
-

Pigure 10." Tés Joint Overhaad.

o

Sbe

—

ol

electrode should be moved away quickly
from the crater to lengthen the arc ard

allow the metal to solidify. The
electrode should then be. returned
immediately to the crater and the weld

continued H

When welding hesvy pl’.ate in the B

overhead poesition, severa.l passes or

The order in which these beads are

added to the joint is _shown in.figure 10. -
The first pass -or bead is a stripger
bead with no weaving motion of the
electrode. The second and third passes -
are made with a very slight circular
motica »f tlgefegdiogithe electrode while
the tr- the electrode is tilted ‘about
15 de: - .5 in the diraqtion of welding.
This mution permits greater control and
better distribution of the weld wetal
being deposited. All slag and oxidas

should be removed from the sﬁrface of

- each stringer bead by chipping o‘r w..rt

deposited in the joint.

Procedures - ¢

The foilowing are general procedures

to be used when mpaking overhead welds.

1. Clean the metal to be welded.

b3
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2., Sec up the fixture in.che

manner described by your instructor.
Make sure that the work is securely
fastened to the fixture.

3. Attach the work %o the fixture

4, _ Strike an arc,_ .héﬁ hold 2 long
arc until two or thiree giobules fall to -
the floor; and then sthEéﬁ the arc to
the correct length.

5. Complete the root bead; trying
various angles of the electrode until
the best one is found.

_6. Continué laying stringer beads
until the weld is complete. Chip off

all slag after each pass.
QUESTIONS - _
QES ®

Note: Zaswer all qgesgions on a

separate sheet of paper. DO NOT
WRITE IN THIS STUDY GUIDE.

i}ifiﬁhat is the cause of slag

inclusions in position welding?

2. How may the forces acting

against the deposit of metal in the
‘overhead positio: be overcome? .

e

3. What diameter electrodes are
usually used for overhead.welding?
4. Vhat are the causes of
undercutting on overhead welds?

’5: Why do_you use a sho t arc in
overhead welding?

6. What is the principal difficulty
in welding in the overhead position?

7. Whick forces in the arc aid in
overhead welding?
8. What force hinders overhead we
" 9. _ When direct current s used for
welding in the overhead position? What
polarity is used? . .

16. Whac type. of electrode should

you use in welding in the overhead

position? . &
REFERENCES

TO 34Wh-1-5;

Application; Modern Welding Bandbook.

1
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e PIPE Jéiﬁ?é'

After compieting this study guide and classroom _instruction; you will apply the

techniques and procedures required to perforii metdllic arc welding of pipe joints:

iﬂTR'O'BH'eTI'O'N ,
- ) A tubular section is the most

effecient where a large amount of torsion
is involved, It is for this reason that

aircraft engine wmounts and landing gears
are constructed chiefly of tubular shapes.

In the\construction field, pipe is being

‘used extensively for etructures such as

frames, platforms, and fixtures. The

‘ petroleum-industry uses. pipe for g

transporting liquids and gases; and the
. equipment . decessary for prodictiod of

these fuels. Welding has made available

the use of tubular sections for these

purposes since joints are made directiy

to other memiers without the use of a

mechanical con.'ecting member.

INFORMATION - T
. MAKAGEMENT OF - DEFENSE

: ENERGY RESOURCES <

., Due to the/conservation of energy -
resources,fdo not write in or mark on any

training literature sincé it will be _
: //;/?* reused by other élaSSes. _Lights will be
- turned off éﬁy tisie the classroom is
vacant for more than 20 minutes. All
consumable materials will be used
conservatively ‘throsghout Block !

TYPES OF JOINTS .. =

The advantages of arc welded piping
gystems are: (1) permanentIy tight

connections of great strength and_ )
rigidity, (2) resistance to flow due to -

elimination of ;réjettieﬁs inside the >y

pipe, (3) a pleasing appearance; (4) easy

simplification of design,-and (6)

elimination of many fittings required by
mechanically connected.systems.

“This freedom of design with tubular
steel members is just one way welding

makes savings possible that capmot be

e~

;obtained by any other method of
fabrication or comstruction.

.- to severe service conditioms.

. securing complete’ penetration td the

' Butt Joint . -

The most common type of joint used

;§7t§e butt joimt. It is the most
satisfactory from the standpoint of stress
distribution. When the wall thickness of

the pipe is 3716" or grcater, the ends of

the pipe are beveled to an angle of 20 to
37-1/2 degrees to within 1/16" of the

' inside wall of the pipe; as shown im

figure 11. _ The. oxyacetylene cutting torch
is used to bevel ‘heavy walled pipe,

whereas, thin watled pipe can_be beveled

by using a pedestal grinder.

“ t,backing ring is -used when joining

,large diameter pipe which is subjected

This 1is a -

. ring shaped strap whicl is fitted to the

. inside surface of the pipe at a joiat

It may be either a

prior to _weldiag.

plain flat Btrap ‘rolled to fit the inside

' diameter of 'the pipe or a forged" or
* pressed shapll with or without projections

which space the two pipe ends the praper -

: distance apart; as shown in figure 12.
* 1ts function is to assist the welder i \\ -

\

inside surface of the pipe without burning

" through and to prevent glcbules of

spattered weld metal and slag from
entering the pipe. Backing rings help
align the pipe ends but are not normally

used in shop fabrication. . They are
removed after the welding has been
cotipleted when int&rnal :leaning is to

be.done.
N

Butt jéiﬁts should be reinforced

with weld metal in excess of the net
throat  dimension by at least 1/16"
;g;gﬁggeinunt should be graduaiiy

increased in thickness" from the edge to
the center. Avoid excessive

reinforcement because it temds to

The

incroduce undesirable stress
concentrations.

-
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.. THIGKNESS (1) e’
GREATER. THAN 3/4 INGH
FORMS OF
7 Figure 11

LN

o

THICKNESS (T).
T/16 TO 374 INCH

BEVELS FOR BUTT-WELDED JOINTS

Forme_of BézjéZé }‘b? Butt-Welded Joints.

; Figure 12.
Fittet Joint © . '

T -

The general zpplication ‘or the
fillet joint ia pipe Is the intersection
jointrsuch as the tee, ell, or wye.
Joining pipe where ome member forms am _
anglb to another; presents the problem of
either preparing both ends of the tipe to
form the joint or fitting a singie pipe
""" Depending

to join another at
on-the time factor Ynvolved, the 4
prepra:ion can either be done by guessing

at ‘the proper angle of the cut or by
. making and using a temglaté.

The materials necessary for making
tatterns consist of a straight edge,

trizngle, compass, rule; a piece of
teavy paper; and a pencil. In laying out
a pattern for a 90-degree benél first lay
out the joimt actual size; letting the_
iines represent the outside diameter of
the pipe, as showd in figure 13 Next,

1nscriae a circle and divide it into 12

S

H\
!
- AU

Iypes of Backing Rings:

equal parts. Number the parts beginning

"with zero: Extend these joints:over liue
AA and number the intersections to -
correspond with the points of ‘the circié,

as shown in figure 14. Draw

Draw line BB at a
right angle to the diameter, starting it
three inches from the cormer. This.

completes the preiiminary details’ prior to
making the actual pattern. .

g ?roceed to 1ay off lini CC iﬁiéﬁ

circle, as. §139w13,19,§,1,8@§§ 15. Divide
thiz linme into as many equal parts as -
the circle was divided into and number ..

thed beginning at the lefr with zero.

At esch division; draw a line at a right
angle to CC. Starting at 0 on the
vertical linme, lay oif a tength equai to

B-5; on lime 1; lav off length E-1; on
iine 2; B-2; etc. : :il B-12 is' laid off,
which is equal to B-0. Now, joigethe .
extremities of these lines and the result

should be the curve AA which corresponds

Vi
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?igure 14.7 Layzng Out a fﬁftern

a 90° Bend (second S%ép)
The

to the line A'A’ in figure 15:

pattern is cut out by cutting along the
edges CA', A'A’; A'C; CC.

The pattefﬁ s ‘then wrapped around
the pipe. Hold it :Ln position wit:h one

soapstone following the line A'A’. This

is the cutting edge. Cutting the two

pieces of pipe on line A'A’ and butting

them together results im a 90-degree bend

vhich should require no trimming ot:her

° This procedure cam be applied to amy
pipe joint. If a pattern for a tee is to

be made, the joint is laid out as shown

in figure 16. The pattern is wrapped

around the outlet of the

circle is ﬁmcr.tbed in thc outlet ‘and not

in the run.

_ The difference between this pattern’

and the pattern for .the ell is that -the

B cutting line AA is half a circle instead
. of a straight line.

After the outlet is

:e so-that the -

13

" least 1/4" from the welding groove.

- Tacking -

16b
cut _along the edge A'A' on the pattern;
it is placed in position on the runm and
the outline marked and cut. The outlet
serves as a pattern to cutithe opening
in the run. This procedure may also be
used in laying out patterns for a pipe

elbow as shown in figure 17.
WELDING PROCEBURES

Al
rust, paint; scale; oil, or grease should
be removed by either the chemical or
mechanical method. They make it
difficult; if not impossible; to secure
penetration and fusion to the base metal
and a sound weld deposit:.

Alignment

_ The pipe must be carefully lined up
cefore welding. If the two pieces to be .
joined have the same intermal diameter;
regardless of wall thickness; backing
rings may be usSed to bring the bore of
the two pieces into .a:tignment When
backing rings are not used; the two pipes
or fitting ends are often secured in a

fixed position by an externmal Tlamp.

'I'hey can also be secured by posit:..ming

large ::iict‘[gh te permit the ends to fall
into proper line; as shown in figure 18.
Where the pipes xeet at an angle, a

suitable fixture may be comstructed if

a number of such joints warrant its:
construction. Froper al gnment forh

-angular men” 2rs can Deréléseiy maintained

by predetermined allowances for
contraction of the weld, along with proper
welding pracedﬁru, thus eliminating the

_need for a fixture.

After the j'o’iﬁt :ls aligned tack

weld at regular intervals prior to actual
welding. This maintains the joint
alignment and permits removal of any
external fastenings which may have been
used for this purpose and which would
interfere with the complete welding of
the joint. 'Tack Wetdiﬁg also permits

handling the pipe aiter setting up and
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LINE CC REPRESENTS CIRCUMFEﬁENCE OF CIRGLE

Figure 15.

hid

'

Pattern for 90° Bend.

CIRCUWFERENCT

Figurz 16.

before welding. As a rule; the length
of tack welds in arc welding should be
two to three times the thickness of the
parts joinmed. Tack welds should be
- thoroughly fuse” into the main weld.

Welding Technique

 Pipe welding invoives mno new
principles of welding. The;main
difference is that either the position

of the work or “the weider must be .

.

Laying Out the Pattern j“bi a Tee.

covs._ntly changed due to the cifcular
for=.

[

- There 15 no specific direction for
welding pipe in a fixed position. The

. preferred direction is usually from the
bottom upwird; nowever, comsiderabie
welding, espacially of thin or -:digm

wall thickness pipe; is dome iz the
opposite direction. Ordinarily, more
getdl per layer is deposited in welding -

upward; and the requirement of having
the layers thin emough to undergo -

14

187 . ¢
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Pigure 17. . Layout of Welded Angle Joint of Heavy Pipe Comstruction.

¢ ion width of the welding grocve during each
Y pass. When the pipe is in a fixed

- E . : , of metal is deposited across:the full
TACK WELD ANGL

vertical position, the metal is deposited
in a series of stringer beads. Regardless
of the position of the pipe, there is

usually ome layer or pass for each 178"
of wall thickness.

_Each layer of weld metal should be

. SUPPORT BLOCK thoroughly cleaned béfore depositing the’
- ‘ next ldayer: Chip with 3 slag hammer and '

Figure 18. 4ngle Irom Serving ‘wire brush it to remove all slag deposits.

-

a8 Fizture for Small _ e ) X
Diameter Pipe. . Weld Repair o : i

. : complete grain refinement must be = . __ When a weld is to be repaired, the
: considered. Downward welding: requires a defect should be removed by chipping, .
- higher degree of skill to seccre adequ:.c machining, flame gouging; or flame .
fusion with the 'side walls and to avoid ~cutting. After removing the defect, clean
* ‘trappiog the sldg. - . and shape thie Tepalr area so that & souad
S . weld deposit can be obtained.
; The number of passes required ‘to ’ :
make a pipe weld varies with wall
- . thickness of tbe pipe aand the position "R - oo - o
of the pipe when it is welded. When the The fcllowing are gemeral =
+ work can be zviled ur aen the pipe 1S procedures to be used when making pipe
- . 4n a fixed horizoncal position; a layer - welds. :

Procedure

‘Y

o
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Pigure ié;

.

1. _Cut two pieces of pipe to the
required length.

2. Clean and_ bevel the joint ends

as ﬂzawn in figure 19.

3. Set up work in v blocks or at
‘an angle and tack weld at four equally

spaced points:

4. Us;ngiggeihgndito turn the

work; weld the first pass using a 1/8"
diameter electrode.

5. Chip off the 'slag and inspect )
TN unidesirable in a butt weld? o

the veld for penetration and fusion.
. 6. Weld the second pass in the
same manner using a 5/32" electrodé.

QUESTIONS ) ) o

Note: Answer all questions on.a

separate sheet of paper. DO NOT °

wﬁITE m TRIS STUDY GUIDE.

i; What is the purpose of the’
: backing ring in butt welding pipe?

2 What is the purpose of a
template?

Butt Weild -Z?z Pipe.

1

« .3, ‘Bow does the metal thickness

affect the number of passes in butt
- welding pipe?
4. Vmat are the advantages in
wrinkle bendins pipe?
5. 'How much pipe‘would be required

. to produce a 90° bend with an outside
_ radius of 28 isiches?

: . 6. How is the spacing of the
wrinkles determined_? .

7. - _Why is excess penetration

LN

o 8. ‘What methods are used to bevel -

1arge~ diameter pipe of heavy watt

thickness?

. ipproximately what size are the
tack wetds in comparison to meta]\
thickness? o en ’
10. - How can the aligoment of pipe .
ends be maintained prior te welding? ; _

.- REFEREMCES BRI

TO 3t.wa—1—5, Weld!sp Theory

" Application, Moderw Weldin J_'Handbook.

)

.16 ; SRR
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OBJECTIV a

After compIeting this study guide and classroom in:
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= HEAT AND CORROSION RESISTANT FERROUS ALLOYS

.ructiocz; you will apply the .

techniques and proeedures required to perform metallic arc welding of heat and corrosion

INTRODUCTION 5
ﬁeat and corrosion resistant ferrous
alloys; sometimes referred to as stainless
steel, have comie into their present wide
use mainly pecause of one characteristic
- they -have in common. They are all
resistant to heat and corrosion. This
corrosion resistant quclity is due to a
chromium content iﬁbgmounts over 10
percant. Other elements added to attainm.
certain desirable properties are nickel;
manganese; columbium, titanium,
fiolybdenim, silicon, and carbom.

INFUMATION
MANAGEMENT OF DEFENSE ENERGY RESOURCES

\~

Due té the conse*vﬁtiOﬁ of energy

resources, do not write in or“mar
training literature %ince 1t 11 be
reused by other classes. Lights will be

: turned off any time the classroom is_
- vacant for more than 20 minutes. A1l -

. consumable- materials will be used’

A S ——m————m—— i — ————--——

conservaciveiy throughout Block IV.
] ﬁEﬁ&tLTE,ARE,HEEBING,BE,HEAT
* ~ 'AND CORROSION RESISTANT
 FERRQUS ALLOYS
=~

bs far as wel: g 1s \concerned,
practicalgy'all stainless steels can be )
divided imto two gemeral’ classes;. those -
containing only chromium as the alloying

The

latter, contair< both chromium and nickel
35)65ry1ng amounts.

Thg'Ei:st'Eiass known as straight
chromium stainless steels; are more
Q}iﬁfcult tb weld than those containing

’ ogiﬁm and nickel: When metals in
the £ir¥t! class are heated to melting
-tezperatures, they are subject to rapid _~
grain growth-and do mot respond.to grain

refinement Eﬁiaiigﬁ heat treating Such

damaging=effects of welding.

alloys, wbegfvg;§e§i possess very little
ductility; therefore, weiding is not
recommended when the part is subjected to

movement Oor shock at room temperatures.

The second class, or chromium-nickel
group, 1§ miost highly recommended for
welding: These metals, being of an
austenitic nature; are extremely tough
and ductile in the as-welded condition.

_ The techniques and procedures_
employed in welding stainless steel are

different than those used in welding
carbon steels. . Not only must the strength
of the base metal be maintained across the

weld area,; but; im practically all casef;
the corrosion resistance must be retain

as well. Frequernitly, welding must be dome
on thin gauges.

Often, the appearance of
a polished stainless steel surface must
be protected: Preservation of these
qualities rest mot ouly in your. ability as
a welder; but also in your knowledge of

stainless steels. You should kmow how.

each st ess steel 1s affected under the
influendy of heat and anticipate this-
effect g3 that you may control the

R |

.

c- - —

The American Iron and Steel Iustitﬁte

standardized stainless steel_types by

has
the use of & nuﬁbering system, Foldout

1 (located at back of this SG),; shows the
common types of stainless steels; their
@pproximate chiromiuti-nickel cuttent,

usage, and general, characteristics.

/
Fusion welding by use of the metallic
arc is used in the Iabrication of stainless
stainless steeis. For best results in
welding, stainlcss steel should not be
held at the meliing temperature tod long:

This causes loss of corrosion resistance;
warpage; and urndesirable.grain growth.
Metallic arc weiding can help you to

avoid these harmful effects because the
Beét‘éﬁplitétibﬁ is immediate in this
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method. 1In making gfyglggwghe metal

deposited and the joinmt edges are heated
to the melting temperature of about
2690°F. The body of the work; however;
remains cold. This causes a zone parallel
to and near the weld which is heated
between 1000° wnd 1500°F, causing carbide
precipitation. Since arc welding is
rapid; this zone is quite narrow and close
to the weld. The deposit cools quickly
resulting in a minimum of heat build-up
adjacent to the weld. This allows the
laying of a deposit which can be
accuratéiy.controiied. Good control is

also possible because the cotiposition of

the weld metal deposit s the result of _
two krown compositions, that of the metal
being joined and the metal in the

electrode. ickness

Where metal thickuess

permits;
metallic arc welding of stainless steel

jet engine and_ reciprocating engine
exhaust manifolds is highly reEBﬁﬁéﬁaed
for the following reasons:

- \
1. The intense heat of the arc °
permits faster welding speeds with
minimum heat iﬁﬁit and @arpage of the

part.

g of the electrode

2. Tme
provides 3 1°
gas shield.
* deposit of ti:-
of the wel:i fieia:-

.- rion, BE&) Eeétive
covering during .
trode and cooling

3. vVarious electrode combinations

are availatie wiich make it possible to
. v loss of certain elements

compensa“ -
such a8 ¢ ow.us and columbium during
welding

Since many jet engine parts are

- fabricated of very thin stainless steel;

arc welding is restricted to parts i

which heavier gauges of metal are used.

Other aireraft parts, such as exhaust

mantfolds and collector rings, are
fabricated and sometimes répaﬁred by
this method-

SELECTION OF ELEGTRGBE+ POLARITY;
AND CURRENT SETTING

Electrode e

The: comp051t.on of electrodes for

the welding of stainless steel is of

critical iﬁpértznce from the standpoint

of corrosion resistance and tensile

- 7]
This is especially troe of

strength., 7 ET
nifierous jet engine repairs where the weld

deposit must meet exacting requirements.
Manufacturers of electrodes must meet

certain ccﬁmerciai and military standards,

which are established by the steel
industry and using adgencies.

Specifications of welding electrodes
for heat and corrosion resistance steels

dte contained inm military specification
MIL~-E6844A. Electrode composition,
commercial designation, and color

identificztiou for each is shovn in

Foldout 1. . :
electrodes by color is shown in figure 20.

In requisitioning  electrodes from federal
supply catalsgs; the military

specification number will be shown as
part of the itca nomenclature. Positive
electrode identification can be made by

reference to MIL-E68444.

o SMMANT_COLOR 14T OF WESR_TN0)
rSlC&QMV CO\OR (3PCT OR BAND)

. / . _

L

0T

CND GRie (L!C“OO(S

. \-i&({wu-o COOR (350Y OF Band)

surwaRy COLON (CIWTER, SPOT O Ban0) ——/

Figure 20. Color Marking
for EZectrodb Identification.

Electrode nﬁnufacturers consider

ceitain elements lost as they pass. through
the arc. Such losses are compensated for

by an increase in known voiatile elements

in order to produce welds whose °
composition will be close tq”thggigfitbg
base metal. Approximzteiy 30 percent of

the columbium in an electrode will be
In welding 18-8

lostn;p\;?lding. elding 18-8
staindes® steel, an electrode containing
19 percent chromium:and 9 percen: nickel

is often used. Titaniut cannot be

tratsferred from the electrode through the

arc and- for this reason titanium bearirg
rods .are not used in arc welding.

Polarity

Pt |

 Direct curremt with reverse polarity
is geirerally used for metallic arc welding
of stainless steel. This places the hotter

hotter end of the velding circuit at thé

tip of the electrode.
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filler métaI from thé e;ectrode.
results in less heat input to the base
metal being joined. - Straight polarity is

sometimes used om heavy gauges of ,
stainless steel.

Gurrent Se*t1ng

" The welding current should be

adjusted to provide omly enmough current
to ensure good fusion. "Lower curreat
settings are ‘required more for stainless

steels than.for ordinary steels of equal
thickness because they possess a lower
heat conductivity than common steels.

’ This tends to keep the heat of’ the arc
ST arc

: Procedures for Tee Joints in the
‘Horizontal Pos1+1on

than allowing it to travel back inte

the plate. *Stainless steel will also
penetrate much better than stéel because
it is very fiuid when moItén, whereas

ordinary steel.tends to be more vwiscous
and sluggish. TFoldout 1 lists average

ther_ factors,

used sizes of electrode.

- such @s metal thickiesS, mass of metal,

type of stainless steel and the ability
of the .operator must be considered in
determining exact curvent settings for

a ‘particular welding job:

Procedures for Butt Jo1nts in the F]at
Position . -

The following are general procedures

to be used when welding butt joints in
the flat position. I

i., Clezn the surfaces of_ the metal
arc to be weldéd (1/8" x 6" x 6").

2. Set up Eﬁe'ioint with proper
spacing and tack weld the ends. ’

‘3. Hold the proper arc length to
ensure good fusion.

4. VWeld the butt joint according

_to weld specifications.

, 5. Check the weld for contour of
bead, penetration at root, and slag
inclusions:

It also -

-~

. ....beads:

" current settings for the most frequently -

m
’

- 19

19

2

- 12

) The fo]lowing .are generai procedn*e’
to be used when welding tee joints. ir- Che

: horizontal position.-

- ””i;”,,q;é?ﬁ,§“r§3¢é$,§f the metal ave:
to be welded (1/8" x 1—1/2" x 6.

2. Set up the joint with proper
alignment and tack weld the ends.

3: Hoid the proper arc 1ength to
ensure good fusion. .

4; Veld the tee joint according
to weld specificationms.

-

5.  Check the Gei& for comtour of
”enetration at root and slag
inclusions. . -

Flat %;1 tion
, e following are general procedures
to be used when welding lap joints in the

flat position. -
' 1. Clean surfaces of the metzl
area to be welded €1/8" x 2" x 6").

2.  Set up the joint with proger .
overlap (approximately 3/4") and tack .
weld the ends.—

.
.

3. Hold the proper arc length to
ensure good fusion. .

4. Weld the lap joint according

to weld specifications.
(

S. Check the weld.for contour of
bead, penetration at bottom of plate,

and slag inclusionms.
QHESTiBﬂS

Answer all questions om a
DO NOT

. Note:
separate sheet of paper.
WRITE IN THIS STUDY GUIDE.

T 1. Why are stainiess steels

%ghmonly known as heat and corrosion

2. fInto'@hat two gemeral classes
can Stéiﬁlégg steels be divided?

. . -



. 3. List by type number the
Stéiﬁlééé éféé1§ ﬁﬁéa té-fésfiéété gas

manifoilds:

" 47 Wnat factors must be comsidered

order to produce good welding rersults
stainless steel?

!
|

5

5. Wﬁ§ is the composition of the

critieal?
‘é. How are the various types of
welding electrodes idemtified?

o

‘-

ERIC

Aruitoxt provided by Eic:

7. What polarity is ased to
metallic arc weld stainless oteel’
. 1
8. How do current settings
differ between ordinary steels and
stainless steels?

~

TO 34Wﬂ—1—5 Weldiag —Theory and
Application, Modern Welding Handbook -
(Chapter 18). .

-

173
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" CAST TRON .

OBJECTIVES

- B After completing this study guide and classrcom instruction, you will apply.

-
.

the

techniques and procedures required to perforw metallic arc welding of cast irom.

INTRODUCTION ° T

Cast iron is a cambinztion of ironm A
and -carbon with other elements_picked up
during the refining process. The carbon
content of cast iron may vary from 1.7 to
4.5 percent. It is the high carbon = _
content that gives the. cast iron its dark .
color.

¢

There are three types of cast iron - -

used in industry: gray, white, and LY
malleable. Gray cast_iron is made by
slowly cooling the molten irom, white

cast irom by quickly cooiing the molten
iron; and malleable cast irom by heat
trezting white cast iron.

INFORMATION - _
‘ MANAGEMENT OF DEFENSE ENERGY RESOURCES

£

Due to the comservation of _energy

resources; do_not write in or mark on
Y§QY7FI§43198 literature since it is to _
be reused by other classes. tightgﬁwill
'»be turned off any time the classroom is
All
consumable materials will be used.
conservatively throughout Block IV.

WELDING CAST IRON

A

Cast iron is an alloy of iron B

containing a high percemtage of carbonm

and 1s made in cast form. The carbon
content is usually from 1.7Z to &.SZ.

Cast iron gemerally contains smail
- ... percentages of silicon which act as a
fluxing dgent and improves fluidity.

- Alloys of cast iron contain such elements
as nickel; chromium; molybdenum; vanadium;
titanignlfalgminum and copper. . General
characteristics of cast irom include

' hardness, brittleness; great compressive _

‘strength, low tensile strenmgth, high Shock

. resistance; wear resistance; and
" corrosion resistance. - It is not malleable
‘at any temperature and has a tendency to

21
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_crack if it Zs subjecred to quick changes .
’in temperature.,

For this reason; it

Its low melting point fluidity,

bent.
and fusibiiity make it an éiééllent metal

for casting. - o

Gray cast.iron is the most common
type. When this cast iron is fractured,

the break appears gray because the”

‘surface is covered with free graphite.

White cast iron containsigarbon in
the combined form. It is readily e
distinguished by its hardness and

brittleness and when fracturea,,the break

appears silvery-and white with little or
no visible graphitic carbon. White cast
iron is produced by’ rapid quenching from
the molten state. It is available in .
various compositions, some of which are

used in making maiieable iron castings.

Malleible cast iren is produced by
prolonged :annealing of white cast irom:
This annealing causes a decarburized
steely skin and a'dark core of tempered
carbon. These castings will bend before
preaking,and are more suitable to use

when shock occurs: .
Metallic Arc Welding

| Metallic arc welciug.is the only
velding process adaptable for certain

cast iron applications. - Examples of this

_ are found frequent_y in castings which-—-—-:
Z... ———periit the use of only a limited amount

of heat and in jobs which require’ welding

to be done in the overhead positionm;
This latter is usually prohibitive by

other methods because of the fluiidity of

the molten metal. Cast iron can-be
welded with heavy-coated monel or 18-8

type stain‘eéé steel ef%ctrodes. _Other

"aicast" can, with proper precautions,

produce a fairly machimable weld: =
Various types of mild steel electrodes

. ——



such ‘as_ "§E£-65§Eé§t and "ferroweld” are
available for arc welding of cast irom

z nonmachinabie weld is satisfactory: ) —
Bronze electrodes are also available for : \
joining cast irom, cast ixon to steel, ot

any other combiration of bronze and irom
based alloys. These electrodes are

recommended for malleable iron castings.
Metal Preparation.
¢ . - S
. _ - The edges of tbe joint should be
chipped out or beveled by grinding to

Where a crack is-to—be—zéebded;—al—&mhll ) : -
hole shouid be drilled inm the casting at i

— == == = — N

form 2 60-degree included angle bevel: - . STUDDIRG

The vee should extend to within 37/32" o e

from the bottom of the crack. Always Figure 21A. Method of Reinforcing .
maintain criginal ai:;gmnem: of the parts: C'ds.t' IroaneZ’ds S —

each end of .the crack to prevent it from
lengthening when the welding heat is
applied. i

Studding

Where maximum strength is necessary
in heavy cast iron parts; studs of steel
approximately 1/4" to 3/8" diameter should

be used (refer to figure 21A). The cast
iron should be veed out, drilled, and- .
tapped. along the vee so that the studs - —

may be screwed into the casting. A . . GROOVING ’ <
coarse threaded bottoming tap should be Co- -
used. The studs should project 3/16" to F‘ngzre 21B. Method gf}jemforczng
174" above the cast iron surface. The .- Cast Iron Welds.
studs should be long enough to be screwed e ‘
into the face of the casting and to a _ “Welding Procedure
depth of at least the diameter of the _ o o
studs. The cross sectional area of ‘the - Reverse polarity with a minimum -
studs should be 25% to 352 of the area of ~ cprrent setting should be used for
the weld surface. It is good practice to . _ metallic arc welding of cast irom.'
first weld ofie or two beads around each Foldout 1 lists recommended current ]
stud,; making sure fusionm is obta;tned with -gettings for ﬁst iron type of electrodes.
the stud and cast irom “ase metal. _ :
Straight lines of weld metal should be - waggiingf should proceei wix:h_stringer——————————- -
avoided as much as possibiez———Weids--—""‘" —beads approximately 1" in length. Each .
should be deposited intermittently and bead should be allowed to cool before . T
:ach bead peened before cooling. Where - proceeding with the next bead. In some
it is difficult-to apply studs to a joint, cases the skip procedure -should be- used:
:he edges of.the casting can bte machined - Each short length of weld should be =
’z chipped out with a _round nose tool to peeried lightly imedidtely after the bead =~ -
‘orm a long U-shaped groove on the : has been deposited: It should aiso be .
surface and face of each bevel, as shown. - allowed to cool before additional weld -
n figure 21B. These grooves seérve as - metal is deposited. The peeming action . -
inchors for weld metal deposited in the ~ gives a forging effect to the metal and: . '
joint and helps to increase its strength - helps relieve the_stresses set up by . -
techanically. uneven ggo}}ggiwgeieging reduces the. ) .

™~ danger of cracking in the weld or hase - ST

23 .
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wetal. The cooling between beads

, reduces che amount of heat inducted imto

- ‘the part: Using a small diameter

= electrode alsc helps to reduce the amount
: of heat inducted. Weaving of the

electrode should be kept to a minimmum.
Each bead must be cleaned thorouegkly by
chipping and wire brushing before :

additional metal is deposited.

I 4
2; Which type of cast iron is
annealed?

3. Vhy is peenming used on cast
iron?

4: What is the principal drawback

in welding cast iron?

) 5. What is srudding? 3
QUSSTIONS . .
R REFERENCES ;
Hote: Answer all questions on a . REFERENCES _
separate sheet of paper. DO NOT e )
WRITE IN THIS SIUDY GUIDE. T0 34W4-1-5, Welding Theory aad
. T Application; Modern Welding Handbook.
e L= What ~is feconmended fnctuded o o . .
angle of a cast iron butt joimt?
. ]
- >
3
) g
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Metal & NDI Bramch
Charnute AFB, Illinois

" HARD SORFACING; CUTTING;

-

- -

The hard surfacing process has been

used for a lomg time to increase the

service life of equipment uysed im

. 1M

353R53131—SG2406

AND RESISTANCT WELDING

pEJECTIVES

77777 5£ter completing this study guide aad classroom lnstruction, vou y}}t apply the e
procedures amd techniques in metalllc arc hard surfacing and cutting, and: esistance .
"welding: _ . z
INTRUBUCTIBE o - vacant for more-than 20 minutes. All

consumable materials will be used

conservatively throughoﬁf Block IV.

Al

" use.

. thin for mormal weldiag methods?

' constriuction and mining ¢ operations.'*The

proper appiication of hard surfacing -

material can increase the service life of
any given pilece of equipmient frod@ two to
25 tizes. Imagine the cost involved ia

a road building operation or a mining
operation if hard surfacing aere.not done.

7 ,rt is importaut to know how to save -
&ir Force equipment and material; howevaor,

it is just as important to know how to

.manageable size and separated by types
of material. - In maiav cases this is dome
by means of metallic arc cutting.

o

777¥9u "re now familiar with the
methods used to join metal. You kuow

when and how zach method is applied.
What bappens then when a metal is too
You

must learn a pew method kncwn. as
resistatice welding. This method was

designed for metals that are too thin

to be joined by other methods.

" current.

HARB-SUREAGiMG:ANB—RES%9¥ANGE~————————
. WELDING PRINEIPLES

The principles involved in metallic

arc hard surfacing are basicailly the
saie a5 those of oxyacetyleme hard _ -, .
surfacing: The major differefice is in
‘the method of application. The -

advantages of the arc process become _

- readily apparent when yot have to build

up and hard surface a 1arge item or area:

preheating since the arc suppIies the
heat.

__Spet; flash; and sear aré‘ré§i§tance
welding processes. _The required heat at
~he joimts o be welded is _generated by

che resistance offered by the work parts
to the relatively short time flow of

IOnyoitage, high—density electric

_Eeat developed in this mammer -

is sufficient to raise the temperature

of the metal in a very localized area to

a plastic_state.” The maximum temperature
dchieved is ordinarily above the melting
point of the base metal. Pressureé is-— -

thenapplied- throngh the electrodes;

ERIC
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‘A resistance weider known as a foil
weldef has been developed for use on -
metals too thin for other resistarnice

Its primary purpose is for

welders.

jet engines.

INFORMATION _ -
MANAGEMENT UF UEFENSE ENERGY RESOURCES

- Due to *9e conservat;on of energy )

resources; 4o not write im or mark onm amy
training litera.ure since it will de
Lights will be

turned -off anj—time the-classroom is- -~ -

i 2

r

- Y

et
‘o
J

which forge the parts together. The weld '
_is made between the sheets to form a Spot
Spot welds properly
3P§EE§ angiofispecified size produce . L
joints comparable in Stréngth to joints .
that are fusion welded.

_The various types of resistance .

welding processes diffsr in equipmen.
design and welding technique. ATl

~ processes; however; have- one-common =

feature - no filler rod is added to the
weld: Recent improvements in the design .
of resistance welding machines and the

development of speclal alloys for aircraft

" and ‘missiles—have brought about an

bt

e hrm—
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1ncreased use for this process in the

fabrication of parts: Spot aud seam’

resistance welding has almost totally
replaced the use of riveted joints. This

new method produces assemblies with a2
smooth outer surface which are light in
weight and high in stremgth. Also, the

effects of expansion and con:raétion

common to the fusion welding processes
of oxyacetylenme and metallic arc are

overcome by resistance welding:

- The metal foil welding machine “is

designed primariiy for assembly and

repair 6f stainless steel foils which are
used as_insulation blanketsS on some types

Ef?j!f_EﬁginES$‘fﬁﬁSﬁiZtiOﬁEbiEﬂkéfs—aﬁe-N___

used to hold in the heat of nigh _ _
temperature exhaust sections which helps
to maintain maximum engine performance.
These blankets zlso act as protective

shields to prevent high exhaust

temperatures from coming into comtact
with: str¥uctural members of the airzraft
which could weaken or destroy them.

Insula:ion blanke:s are frequentiy

nay be snags; tears; pinholes; or'
punctures which must be repaired before
>eing ‘reinstailed. -

Recently, thz me:al foil welding
sachine has beem - sed 131 the assembly of
stainless .steel honeycomb structures

thich are being used as structural support

lembers in our Iatest superschic aircraft:
T HARD SURFACING ALLOYS

_ There are many types of hard - .
urfacing ‘alloys. Each alloy is

——-surﬁécingralloy;of—betteE=8Eadev—_mhesg—__;_

~Some of these alloys have the property of

' are genmerally classified into five broad 7
groups.

Group 1 Alloys _ .

The élloy§7§n7§§7sigroup consis:

=ainly of an iron base and less than 20
percent alloying elements. These are

- mainly chromium, tungsten, manganese,

silicon; and carbon. Group 1 zIons
have greater wear resistance than any
machine steel. Although not as hard,

:hey have gtea:er :oughness and shock

They are aszd to build up badly worn

sections before applying a fimal harder

atloys are used for rock crushing and - .

similar equipment where resistance tq- .
shock and impact are most important and :

hardness is omly ‘secondary.

(

Group 2 Alloys €.

: Tﬁé alloys in_this_group comsist of
an iron base of 50%Z to 80Z iron with the

remainder being the same eioneﬁ:sfyy;gy T
are used in Group 1. Sm2il percentages  ~

of cobalt and nickel are sometimes added. ;

3

"red hardness" which is. the ability to
rEﬁain hard at a red heat. These alloys
are used for final hard wear-resisting
surfaces after the part has been built up . ‘

with a high stresgth rod:
Group 3 Alloys .

The alloys in this group comsist of

tﬁ%cnonferrous alloys of cobalt; chromium,
and tungsten, as well as other nonferrous

hard surfacing ma:er;aisJ_;Sameznf:rhese:::::::::::

jpeciffcally aesigned to provide

r- erties which are best adapted to
Vogggtfgoefdesgructive forces met in a
In any type of

ubject to wear which results inra loss :

£ materiall: Hard surfacing reduces ;
ear. Hard surfacing alloys are . used;
ot onIy to protect new parts to emnsure

reater efficiency; but to repair worn
quipment. No single hard surfacing .
aterizl is satisfactory for all

pplications. Many types of hard facing
lloys have been developed to meet the

arious requirements for hardnmess,

oughness; shock, wear resistance; and
ther special Qﬁalities. These alloys

allogsf@lso have the property of red _
hardness. These Eiloygiaggigyallgbleiin

different grades; all of which are highly

. - resistant to wear and possess a tcughness

‘and strength which give them 3 wide range’

Valves made from these

alloys are designed for handling gas; oil,,

acids, .and high temperature and high

pressure steam. These alloys are used
extensively for the valve seats in

internal combus:ion engines.

Group‘4 A]]oys-“-"—-————_m— — E R

-

The alloys in this group consist of
the carbide materials or diamond

sﬁbscitu:es -and are-the hardest’ and most

~-
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i

wear resistant of all the hard surfacing
materials. Some of these alloys contain.

90%Z to: $5% tungsten carbide; with the

remazinder being cobalt; nickel; iron; or.

similar metals. ,These givé strength,

toughness; heat resistauce, and impz‘t
strength to the tungsten carbide. Sume

of these alloys are almost pure’ tungsten

carbide and containm mo ailoying elerents:

-

Alloys of" this groLp are furnished im the

They are welded -

‘to the surfage of che metal or other
hard surfacing materizl. "This.
application of tungsten carbide pieces

to wearing suxfaces is known as "hard
setting " -

179

3. Low alloy steels, depending
upon the base metal. Heat treatment is .

required after hard surfacing.

- Manganese steels; which

4. are. .
hard surfacedfbyfthe metallic arc welding -
process. Care should be taken to avoid

overheating this metal and to apply the
welding heat in order to heat the part:

uniformly. The deposit shouid be peened
to relieve conling stresses.

5. Staluless oteeis including thé

h}gh chromium and chromium—nickel steels.

The physical properties of the particular <

in order to

steel should be known in

faefmaineain—theecorrosion n_resistauce after  °

-

. The aiioys 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, high strength rod, or

packed in mild steel tubes of various

dianmeters. -

All of these are available in

short lengths which may be applied to the:

wearing surface as welding rod. Crushed

tungsten carbides are also available im
loose form as granular pieces or powder
which may be sprinkled onto the ‘Wearing

surface and melted into it. The alloys
in this group, although more expensive
than other types, are used for mamy

applications because of their long life.
° ° HARD SURFACING

Mbst metals and their alloys can be

readily hard surfaced wfth the exception
of\ copper; aluminum, and their alloysu
These metals-cannot—be-satisfact: 1al
surfaced becaose of their low. melting
points. 1In some cases; heavy sections
of brass, bronze, and copper can be hard
surfaced by preheating to a red hezE”§§d
then applying the Group 3 alloys.

foiiowing metais and aiioys:

Low and medium carbon steels

. !r,,,

with a carbon content of 0.50Z or less:

2.
Teat treated before and after hard -
surfacing to remove hardaess and

brittleness to. prevent cracking.

Eigh—carbon steels, if they are

“"hard surfacing. -

., melting point of cast irom

Uniform heating znd

cooling help to prevent warping and
cracking due to the higher coefficient of

Since the _
is lower than

should be
sections.

6. Gray cast iron.

steel, special precautions
taken in working with thin

7. Malleable iron. The malleable
iron surface bemesth the hard surfacing

layer hardens. -Some of this hardness can
be temoved Ly reheating the metal to
approximately 1500°F. . -

Meta] Preparat1on

The surface of the metal to be-hard
surfaced must be cleaned of all scale;

rust; dirt; or other foreign substances

by grinding; machining, or chippirgz:
When these methods are -mot available;

the surface may be—prépared by filing,

The 1atter

-

small particies of ;oreign matterig@ichwf

remain on the surface must be flodred out
during the hard surfacing operatién. All

.-

& T a
edges of grooves; Coraers, or recesses S

must be well rounded to prevent
overhiedting the base metal.

Preheating

. _The same precautions for preheating
should_be taken in hard surfacing as are-
for ﬁelding the particular base metal.

1f possible; steels in -the heat treated
condition shculd be anneaIed before the
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Quenching #n water will crack the hard

surfacing layer. When it is mecessary to

heat the metal tocthe critical _temperature

-after hard surfacing, o0il shoild be used

as the quenching medium. When it is

carbon stetl or high temsile low-alloy -

steel, the hard surfacing alloy is
deposited by the transition bead method.

This is done by first depositing a thio

layer of stainless steel, such as the 25

percent chromium/20 pefceiit nickel rod or

the 18 percent chromium/8 percent nickel

rod. Next, build up the section to

approximatély the original dimensionm,

using an ll to 14 ‘percent manganess ar

.For best results; the filler metal should

" measuring 3/8" x

' - /%0
be deposited by using a long arc:

‘Foldout 1 may be used g5 a guide in

selecting the_ currentjaettrngs for
hard-facing electrodef
- o 7

PrCCEdUYégf - \

The following are general procedures

to be used when hard. surfacing metals
(tow carbon plate)

Iy

1. Select a low carbon plate

6" x x 6" and secure

.

Toolweld. Number 55 electrode l/8" diameter
(Group 1).

L)

th_rod,—and—then—~finish—by

hard surfacing with one of the Group 2

alloys.

Deposit Thickness

Depending upon the speclfic,

application, worn secticus are rebuilt

with hard facing deposits ranging from
1/16" to 174" in thickness. When it is
necessary to deposit hard surfaclng

naterial in -excess’ of 1/4"; the part is
rebuilt with the Group 1 alloys to within
L/16" to 174" of the fintshed size. The

final deposit; consisting of Group 2 or

} alloys, is added with some excess to

sermit . grinding to the desired finished

limension's. ;When harder and more brittle

sroup 4 and 5 hard surfacing materials are

ipplied; either as a final deposit or iil
i single layer, the shape of the.depesit
thould be carefilly comtrolled. This is

mportant in order that impact, or shock

metallic arc process.

—Ry T

process depends on gravr
force of the arc to remove the molten

2. Clean Eﬁé éﬁifééé to Sé .
hard-faced. §
3. _Bevel the edge of the metal -

plate to 60°. )
4. _ Apply hard-facing. materiaé
the beveled part of the plate

. Inspect the weld for porosity,

5.

overlapping, burnt, and insufflclently
built-up edges. ‘

6: Grind the Surface smooth and

check for proper- cutting edge.

ARC CUTTING

Mbst metal can be cut by the.
The metallic arc
» heat; and

oads may be transmitted through hard
urfacing metal Iato the tougher base
etal. When not backed uwp by tough base
etal, corners, sharp edges; or built-up .
ections will chlp or break off in
ervice.

ppiiéatioﬁ

metal from the kerf.
_of the metal) does not take place ds-if- — - —
Oxyacetylene cutting.

Oxidation (burning

Arc cutting is used for cutting of -

scrap steel, for preparing metal prior to

welding, cutting heavy castings, and
cutting nonrerrous metals.

The last

application tzkes the process adaptable

Every hard—facing metal except some

f the Group 4 and 5 alloys, is applied
ith either coated or base electrodes,

v ~ The flux coating
1 coated electrodes reducgs spatter loss,
ssures good penetratiom; prevents
cdidation of the deposited metal and helps
> stabilize the arc. The bare

1rd—facing electrodes are used when it

o

.posit the metal against a copper form.
28
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and are not as clean as cuts made by»the
- -~ -OXyacetylene process.
performed by using mild steel electrodes

a heavy coating.
wore slowly and serves as an insulator; '

to the scrapping of salvaged aircrafe.

Cuts made with the metallic and carbon
arc electrodes are rough and irregulir

_"Metallic arc cutting is best
f down-tand (flat) deep groove type with

The heavy ‘coating burns

¢

(

.ﬁ



‘Electrode Dismeter o Current

1/8 200 amp

- 5/32 . B 300 amp

. 3/16 . 2 %400 amp
Table 1. Current Requivements for Metallic Ave Cutting.

" preventing arcing to the sides of the
kerf. Curreant requirements for metallic -
arc cx.tting are giveu iLtabiej. o

RES ISTANCE WELDING

Spot We]d'mg SRR

It w:tll ‘be nbted -that the current

requiréménts for metal arc cutting are
much higher than those used for metallic
arc welding. Pcslzrify adjustments are

consistent with recommendations of the
manufacturer. When lacking this .

information, experiment umtil desired

Tesults are obtained. In starting the
cut; the arc is held at the point

* selected mntil the metal begins to flow.

The arc is then moved along at.a rate
which permits the moltenm metal to -

contingousiy flow out of: the Cut,ias
shown in figure 22.

MetaZZw Arz Cuttzng
Removing Cast Iron Geaz'

Figure 22.

29

- and _swings in an arc.

.a:m.

- This is the most widely

used
resistance welding process. The name .

"spot welding" is derived from the fact

that the weld is made at ome point or
spot between the electrode, as shown in. -

figure 23.

Spot Welding: '

" Pigure 23
Spo): weld:Lng n:achines are

manufactured in'a yariety of types and E

sizes but_are usually classed as "ROCKER

ARM" ors "PRESS," depending upon the :

movement of the upper arm. The rocker

arm machine, shown in figure 24, is so

'named because the upper arm is pivoted

These machines are *
used for wé.ding light gauge metals. The
press type spot Welder has a straight up

and_down movement of the upper arm

_similar to that of a punch press. )

_ .Im addition to these, there Eref
multiple spot welders that make ngeral
spot welds with one movement of the upper

Portable zuz'spot wﬁders are ysed
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on parts and asseﬁblies that would not

fit into the throat of conventional
tidchines. The control panel and
transformer of portdble wachines may be

suspended from overhead rails and moved‘
freely about the work area.

Figﬁfé 24. . Racker Arm Type spot Welder.

“Seam" or "Rol1" Welding >

o This is a resiSCance weldiﬂg process
similar to spot welding except that the

electrodes used in the latter method are
replaced by copper alloy wheels cr .
rollers. The work is placed ‘between the

rollers and pressure is applied to _hold
the parts In close contact. One of the

wheels is motor-driven at an adjustable

speed. The speed at which the worck is
moved and length of time-that current

fiows may be regulated to produce

. overlapping welds and gas~tight seams; as

Q
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shown in figure 25, or they may bes spaced

an inch or more apart. This machine is

widely used in manufacturing jet engine
ivner and outer combustion chambers and -

tail cone assemblies, aircraft and

automobiie fuel tanks and other liquid
or gas-tight assemblies.

C~ ) o I

Pigure 25. Cross Séctzonal

View of a,Séam Weld. ..

Spot Welding Electrodes <L

B Electrodes are made of copper\jlloy
" with a hardness of at least 70 on the

Rockwell B scale and at 1east 80% o
electrical conductivity. though ‘these
electrodes are simple in design, local

manufacturing from warehouse stocks of N
ordinary copper is not recommended. They _
may deform under high pressure and may be °

'low in electrical conductivity. The -
#adius of the electrode contact face

determfnes the size of the spot weld. If

the contact face 1s too small; the weld
may be sound but low in total strength.

if the contact face is t&o large, a

higher current will“te required to
overcome the increased resistance. This.

condition cam cause localized heating and

result in poor weld surface appearance:

Electrodes are made in many different

shapes and sizes; depending on the design
of the part to be welded and desired size

of the spot weld (figure 26). Regardless

of the shape of electrodes; provisions -
mist be made for keeping them cool. This

is accomplished by. machining a recess to

within 3/8" of the contact face. Water
is circulated through this recess at the

rate of one gallor per minute to cool
them and to prevent surface fusion of

" electrodes and work:

A rule to follow when selecting
électrodes for a given job is to select

one ﬁith a contact face diameter eﬁual to

be weided. Pressure on the electrodes

may be varied slightly to produce

Iy

3
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. FOR WECDING CCOSETOKNKNGLE.
=R

figid'é 2. Va.mous Types of E’Zectrodes.

iﬁ&éﬁtétiéﬁ and thereby ;a'?rii;é at the

veld:~ CLEAN THESE_CONTACT wmces WiTH _STEEL WoOL

OR FINE EMERY CLOTH AND WIPE OFF

- After béiﬁg in service, electrodes

will develop flat surfaces and-flash pits.

They should be inspected regularly and

’ redressed with an electrode—die-pomt

- dresser and rough (75-100 grit) emery
.cloth or paper.

: ° Maintenance of Resistance Welders - _ . -~

- | .Like any machine, continued operation

V- _ of a resistance welder depends uponm proper
” care and maintenance. The following

preventive maintenance operations, s‘xoulci

_ be performed on zll, resistance welders. -

e e— - -

lower hornways with. steel ‘wire every six =
months when welding steel;and every month ~
when welding alumimnn. . .
' 2 Clean contact sﬁrfaces of *
electrodes and eleétrode hol¥ers with ©

1. éi\-}nntac —surfaces of the - 7 L“

steel wool every week; as. shown in

<= Q—mmamwuum

O ~— NOTATES SURFACES GLEANED ONCE EVERY 6 NONTHS WHEN WELOING

figure 27. - . o STEEL BUONCE EVERY MONTH WHEN WELDING ALUMINUAL
B 3. - Clean comtac surfaces betweem = . thw;iié '27; Sﬁf&céé ‘to be Cleanzd.
lower horn and hornébrfBcket with steel - PR
wool every week. Tt ] B E: ”},gbricat-g ways b’f upper press g~
. oY . « . arm (or swivel) each eight hours of .
b - D operation. N
] . ;= - ]
= , - ‘ .

\)4 : Lt : . * R .-_: . ' B . ) . .

EMC’ T O e oo e oL 7'; W
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CLEANING AND WELDING
- Carbon Stee] =~

C‘Wﬁa‘ Greasy or oﬂy steel
should be degreased in a vapor degreaser
or as specified in technical order
"Cieamtng of Aeronautical Equipment."
Milliscale; present on_hct rolled steel,
way be removed by steel grit blasting,
wire wheel buff:tng, or by the manual

K applicat-on
. __should-beavoided as particles of

sﬂ;icious nratcri:ai may rewmain on the metal

—_Tesistarce conc conditions, spitting, and

expulsion of the molten metal. The
operator should avoid touching the
metdal surface with the hands since

cleaned
the

affect

£ilm of depostted .01l and ubisture
the quality of the weld.

- . WELDING:- -Carbou steel is the eastest :
of all metals to weld. It has a wide

variety of current, pressure; and time
settings. It should be remembered,
however, that all resistance welding
operations should
of experiments to.
settings are best.
Variation in_line voltage; water pressure,
alr pressure; and cleanliness of parts to

‘be welded prayents prescrtbing spee:tf:tc

be preceded by a series
determine what control
for a given job.

control settings . '

r

Ll

‘7Sta1nless Steel

. Cleaning of stainless
1y limfted to removing d:trt,
o0il; or

rease in a vapor degreaser or
manually with a degreasing agent.

steei 13

ent. After
being in serv:tce at elevated temperatures,
~—stainless steel developz a'ceramic coating
‘that_acts as an insulator. between the -
electrodes and work. This coating resists
. the action of a wire wheel but is-easily
" removed by soaking the part for a few
. minmutes in molten caustic. The . caustic .
bath should be fol by a
fer rinsg to remiove, or netitralize, ‘

aﬁ tracEs ‘of . -the caustic solut-ion.

 should be*welded as rapidiy as possibie

g;fagm_ﬁlnth.——San&blgstm flash pits.

ace‘———”ffg_ure 28; and shearing in a vise. .

‘as shaw:i in f@e 29. The weld is -

e

less welding current and a corresponding
increase of pressure.- Stainless steel

because of the danger of carbide -

precipitation between 800 and 1500°F.

Inspection and Testing of Spot Welds

. INSPECTION. The outer surface of a
good spot weld should be smooth; free of
crach_,_ESentIﬁIy—free of tip pickup

Internal inspection of a
weld way be made by lap welding two
coupens (I x 6 imches); as showm 4o -

The
‘sheared weld should present a round, fine
grained, rough fused area. The rough
weld area is proof that a good bond was
obtained and tha- chunks of metal from.one
led; away

-m:tcrosccpe to determ:tue grzin size and to

check for minute cracks. . If the sheared

- weld appears to be satisfactory, another

weld should be made, sectioned 1/32%
above weld center; pclished; etched; and
again examined under the mictoscope. The

etched weld shculd be an oval
Penetration
should be at least. 20% of the sheet

thickuess. (one shi*et) and should not

F?:gzzre 28 iap Welded Coupons

After a wglc}jmg gggsed
visﬁl inspection, d described in the
preceding section; two coupons should

be lapped and welded for a temsile test, -

. TESTING. A

5‘

e

Stainless steel’ :Ls easily

WLDING

welded but requires exacting control of
time and pressure. The electrical '
»resistance of staiinless steel is greater )

than that of carbon steel and the thermal
» com_it;ctivity less; therefore; it reguires

32
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. considered sat:lsfactory if it pulls
above the minimum weld strength specified
in the table for that type mietal.

‘..5 .

i Fon. WELDING

C’WOHENIE ’I.'he VIW-1M (Vacumn Tube

Welder) im figure 30 is an enclosed umit
ihich consists of a velding‘transformer,

and an adjustable speed repeat timer._

205—240 volt: KC 50-60 Hertz.

e &

controls, their arrangegent! gn@itheir
location on the panel can be seem. - (1) =
Power switch, (2) output receptacles, (3) .
actuator . receptacle, (4) weiding :

indicator 1lights; (5) weld power control
swftch (6) repetition rate control
switch, (7) single-repeat switch. .

©

same manmner except that a wire mesh is
added to the outside of the blanket for
greater reinforcement and protection from
damage.

FOIL TYPE. The metal foil is a

corrosion resistant: steel, typée 321 or

—-347;~and-the-thickness may vary from "

.002 to .008 depending on where the

insulation blanket is to be used;

13

1mery———————————1~———A&i—cré¢ks—fte&rs——pinnoiésri

: and/or punctures in the skinm or foil of

on each side of the blanket installation

bottom center lime, must be repaired.

i:ﬁﬁgagghesfmgst overlap llﬂ" é.nd
lignt; overlapping spot welds ﬁsed to

.make a tight repair. . -

‘ IR ' )

ofFF I & |oN & .

¢ ﬁm ki:iT 7|771:‘§‘ ..

o 3
-iﬁﬁiéﬁ'ﬁR LIGHTS .

@ © r R

POWER-ON READY NS SINGLE
R PETITION ~~ = REPEAT
______ _ B
T;ypes of Insulation Blankets R 3. In the remaining blanket area; .
- 3 patches way be installed by spacing spot -

_ Foil and mesh insuiation blankets °
- are used on_various parts of .the exhaust
In figure 32,

- gection of jet aircraft.

:the foil blanket is constructed with
insulation material placed between two

. thin sheets.of -foil. - ?bs,mjsb,m?, o
. insulation blamket is ~constructed the
e © 3%

dy

- welds in a straight or staggered lime -
pattern. Figure 33 lists type of damage -
and typical repairs. S N

EESH TZRE"‘ The mesh type. insulation.

blanket is fabricated differently from

. the foil type. A wire mesh is added on



Foil Type

Figurs 32. Types of :'b}suiatwn rtion Blankets.

Mesh Type.

v

Damage

_ Pinholes; tears or cuts. ..
¢ in skin of blanket.

- -

. o

Repair

__Seal with 0. 002 inch to 0,004 inch cor-
rosion rééiétém éteel foil, type 321 or
34?0 77777777

weld.

S d

- Tear or cutout in edge of
blanket. oD

L;oslon res:.stﬁant steel f_911 ~t jpe~‘3r21 -or -
347, wrapped around edge of blanket.
Attach to blanket using light spot weld. .

: Wrinkled blanket edges.

Flatten out wrinkles. Check for tears -
.and cyts. If any are present, ?pa.:.r as
descnbed in preceding step. '

Torn out grommiets.

R

Péi:i:ﬁ skin atea w_iﬂa 0.002 inch to 0.004
‘inch corrosion resistant steel foil, type
321 or 347 allpjgmg O 25 mch patch o
overlap. v
-spot-weld. . For torn edge, wrap- sheet
(Sround édge, overiapping torn edge
sufficently to obtain good weld seal - -~ -
_Jomt. ‘Punch or cut out hole for grommet;
nd inst: If gzrommets -

and install n new grommet.
are not éézléﬁ}e. seal edge of hole by

N

overia.ppxng spot weldmg around hole.

. .
P . . ~

Figure 3.

Types of Damage and Typical Repairs.

~

T

wy
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gge exterior side to protect the foil I annect metal foil welding
from damage. It is placed on the blanket machine to power source.
as a reinforcement to prevent tearing or ) : ;
snagging of the foil during maintenance - 2. Comnect ground cable and either <
and Handling. The mesh blanket may be the spot or seam weldimg handpiece to the
repalred by the follqwing steps: . front. panel receptacles marked "OUTPUT:"
. .31 Inspect the blankertvcfarefully 3. _ Imsert actuator plug into the
for snags, tears; or pdﬁéfﬁres in the receptzcle marked "ACTUATOR." )
wire mesh. ' S -
— — , 62,, Turn on PGWER switch - a2 red
2. A mesh type insulating pad with light will indicate that power has been
tears in Epe wite mesh may be repaired, appiied. -
provided the damage is not“more than 35 - ' ' :
square inches in any one area: B 4775. ) After a one minute time 1apse -
° _ a green ight will indicate that the unit
. _3. Mesh repair patéhesﬁmgsg §verlap *is ready for operation: -
the damaged area approximately one inch .
. and be secured in place with .032" steel Note: Material to be repaired ‘must
bostitch staples or laced with safety be cleaned prior to welding. Keep
wire. The staples should be located at welding electrodes clean. Electrode
cne—haif inch intervals. ' pressures must be held as uniform
x ‘as possible. ] -
Caution: Do not staple through the . L :
pad or foil, ‘ Procedures for Spot Welding
5. Patch repair small areas which ‘ 1. Set SINGLE-REPEAT switch to
have become separated or matted. "SINGLE."-
Insulation‘Blanket Repair : 2. .Set WELD POWER CONTROL switch ..

Q

Aruitoxt provided by Eic:

ERIC

at_low value if light gauge fmaterial

. _In order to properly repair (.001 - .002) is to be welded: Set .
insulation blankets with the least amount .-control to mid-range for heavier gauge
. of difficulty, the following should be material €.006 - .008): (
observed: : 7 : :
R ' 3. VWhen making all welds, the
o I The insulation blanket mist be ground electrode must be pésltionedfwith '
cleaned pridr to welding: No attempt the tapered portion of the electrode held
will be made to clean the blanket with a filat aga Stippefwgrkrmaterial to obtain
solvent sozked rag, or to remove the best possible ground connection.
discoloration which remains after vapor
degreasing. ) ’ 4. Depress the microswitch on spot .

weld handpiece.:
2., Accumulations of hard crusted . | - _

material ygllibe removed by cutting. out Note: Make samplefyelds and = R
the area or areas and patching done T - - o test the material before—atfempting
within prescribed linits. "to make Struq repalr. The. ° _
. - me;ai,fd 10uld- ore the
- 3. ~ Use- duek bt11.5n1p§ griscissors ~);w;, —weld nugget breaks. o . i
‘to_trim foil to required size for _ - - . o -
patching,iallowing a minimum—of’174" edge .. - Procedures for Seam We1d1ng ]
distance for hppi:ﬁg’afi around. - E - S
E—— e 1;; , Set SINGLE REPEAT switch to -~
e Patch material mist be clean " . "REPEAT."

and the edges smooth. Form patch to fit =~ P o

the grooves of - the blanket when necessary o 2. Set WELD POWER CONTROL‘switch

- the same as for spot' welding.
ProcedureS'fbr Machine Sepup R



3. . 'I'he REPETITION RATE™ CONTRQL

switch allows the adjustment of welding
- speeds from 1 to 20 spots per second.
Four to five spots per second is most

—““‘“’"desfrab:fe .under mormal weld:mg conditions.

(L L 55

seam weld handpiece:

Depress the microswitch on the

14. . How does_the.current setting =
compare between welding -and cutting with
a 3/16" diameter electrode?
~15." Will the carbom ai¢ cutting .
process satisfactorily- cut armor plate?

16. = What methods may be used to
remove the Scale and roiigh edges after

QUESTIONS

separate sheet of paper. DO 'NOT
WRITE IN THIS STUDY GUIDE.

1. What is hard surfacing?

- 2. What is the carbon range of the

carbon content be hard surfaced? What
precautions must be taken?

4. Name three functions of hard
§iii'féj:ing;

¥ 5. What percent.of alloying
elements are_ found in the Group 1 hard

surfacing materiai" -Group 2? <

" 6. 1In what group is Stoodex found?

. Stoodite? Stellite? Borium? .Tube
‘Borium? > -

‘ : ’7".;.~' Wha)ype*df‘hard surfacing
X § found in valve seats of

internal combustion engfnes" ~

8., Wbat bard surfacing alloys are
: generally @ea”’whai parzs are subjected .

tof use in sand” and gra\iel"

r -
R4

9. VWhat is the transition bead

Explain .

- to shape"

) accmnﬁiations; of hard-crusted materiai.

T CUCLLII.S

17. What two factors largely
determine the curreat setting" ,L- .
18. Is oxygen useo in conjunction

d:itti:ng" ‘Explain.

' 19. What are the three ix?portant
factors in resistance welding?

. 20. What is electrode contamination"

.21. E Why should spot welding
electrodes be mde of a spec:lﬁ:copper '

alioy?
~° 22,. Vhy is the timing so critical
in welding stainless steel?

23. " Does the welding of stainless

2

steel require a 'higher ‘secondary current-
than aluminum of t

24 What will ’agpg_if the -
e:lectrode radius is too: small%
.25, = te short heat times --
"ecessary in welding titanium"

) 26.7' What is_the pggoee of
insiila'.tion blankets" ”

27. - How are ﬂsh repa:tr patches

secured in place? -;
28. _ How is patching material cut.'

B :
"9. How are areas that have

repaired? '

__method of ipplying hard surfacing?— — -

' 10: - - Will carbon or metallic arc
_cutting produce as smooth a finish as
oxyacetylene cutting? __;-:‘ N

1. What type of electrode is best
- suited for metallic arc cutting?. S

2. What,is,;he.ﬁpp,roﬁnate, amperage

gsetting for a 3/16" dizmeter electrode?”
13. What polarity is used for carbonm
- arc cutting? .Metallic arc cutting?

ERIC

Aruitoxt provided by Eic:

. 5. .ol

- 30. What type of’ velding is used'

- to. attach patches to the foi1? -

- 31. Are. any particular welding

patterns used in%lmket repair?

‘nsrensﬂes o o

TO 34w4-1-5 Welding Theory and
2 Chapter 20

A
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