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'fhe milita -developed cutrriculum materials in thn:s course

the Nata:onal Center for Research in

_ cthermstriictﬂ.Onalmaten.als agenc:. 5. The parpose Of

,dévelopedbythen;q:};ttarymre access:.bleto
educators in the c::vﬂ::tan sett:mg.

The course mtenals were acqi;ﬁ.red evaluated by project
staff and practlt:r.onex:i in the field, and prepared for :
dissemination. Materials which were specific to the mlitary = b

were deleted, copyrighted materials were either cmitted or appro-

val for their use was obtained. These course packages contain .
ctmailmnresourcemterlalsmducanmadapwdtosupport

vocatlonal nstructmn and cumq:ltm developent.
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Cumculum Matenals

Dlssemmation Is .
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What Matenals
Are Avaliable”

How Can These
| Matenals Be _Gﬁtamed’?

an BCtIVItY {0 increase the aceessibility ov
‘military-developed curricc'um materials to
,vocational and technical educators.

This pmject funued by the US. Office of
Edutation, incldes the identification and
acquisition of curriculum materials in print
foii from the Coast Guard, Alr Force,
Army; Marine Corps and Navy. ’

Aeress to military curiculum materials is

provided through a “Joint Memorandum of
Understandlng" between the U.S; Office of
Educatlon and the Department of Befense

Thé acquired materials are reviewed by siaff
and subject matter specialists, and courses
deemed applicable to vocational axd tech-

nical education are selected for dissemination.

The National Center for Restach in
Vocational Education is the U.S: Office of
‘Education’s designated representative to

acquire the materials and conduct the project
Hctivities. '

ProjectStaff: . -
" Wesley E. Budke, Ph.D., Director -
Natonal Centr Cleainghouse
- —Shirley & Chase, PD.
Project Director +

Q

Orte huridred twenty courses on microfiche
[thirteen in paper form] and descriptions of
gch Hiave been provided to the vocational
Curriculum Coordination Centers and other
instructional materials agericies for dlsseml

nation. *

Course materials include _programmed
instruction, curricalum outlings, instictor
quides, student workboois and technical
manuals. | '

The 120 couirses represent the following
sixteen vocational subject areas:

Agriculture Food Service -
Aviation - Health
Building & Heating & Air
‘Construction  Conditicaing
Trades Machine Shop
Clericll . Management &
~ Oceiipations ~_ Supervision
Communications  Meteorology &
Drafting - Navigation
Electronics Photography

Engine Mechanics  Public Service
The namber o ooses and thesubjct areas
represented will expand as additional mate-
rials with application to vdcational and

* technical education e dentified and elected -~
for dissemination.

¢

Contact the Cumculum Coordmatlon Center

in your region for information on abtaining
materials {e.g,, availability and cost). :They

 will réspond to yoiir request directly or refer

you to an intructional materials agency

closer to you:
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21717820759
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~ Robert Patton

Director
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405/377-2000
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 Joseph F: Kelly,Ph.D.
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§097292:6562

\
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‘Building 17~ -
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60‘/325 2510
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Lawrence F. H, Zane,PhE
Director
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METALS PROCESSING SPECIALIST, BLOCKS V AND VI
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structures and metal weld

_Th the third section of 2 four-part course on E?‘;fi;'f prooasmg. Training for the e’ ¢ course lncludes fabrication of welded $
pmrr : principles, techniques and processes of weiding, cutting, soldering, brazin and hard surfacing of various types of metals used in the fabrication |
ding hardness testing, identification and prevention of corrosion; use of hand and measuring tools; ':ﬁvw

ond repair Of equipment; bloeprmt raadmg, heat treating, hardne: ention of
ding, heat treating, test equipment and power frschinery sach as grinders, drill presses, power saws, and metal

This saction deals with inert gas'shielded wefding of high performance 2 aircraft metals.

section repair. This section contains “two blocks of instruction covenng 146 h

i s

ety_is e
- pipe, ng, andmrcraft exhaust and je
and v, (3-6), before begmmng th-s thlrd part of the course

)'oomplote Mctiii Procsssing SoTeﬁllit; Blodu ll

. Incrt Gas Sh:ofdod Weld‘ ng

ii'idhours follow. oL

Inert Gas Shielded Welding (2 hours)

ts of Heat and Corrosion Resistant Farous Alloys (24 hoars)

" Position Weiding of Heat and Corrosion Resistant Ferrous Alloys {6 hours)

Joints of Aluminum and Aluminum Alloy Sheet and Plate (12 hours).

. Butt Joints of Magnesium (6 hours)

" Joints of A-286 Alicy {10 hours) -

Joints of Chromoloy (12 hourst .

.. Butt Joints of Nickel Base Alloys (6 hours)

. ,. Biiii Jomts of Tifamurh and Titanium Alloy Sheet (10 hours)

P:pa Tubmy, and A"Icnft Exhaust and Jet anme Hot &co‘on Repa:r has six lusons co(lenni _;,g hours of instruction. -

Jomt: of Hm'and COrrosnoii Rélmt Ferrous Alloy P-pe 8 hours)

Joints of Aluminum Alloy Pipe and Tubing (8 hours) -
Butt Patches on Jet Engine Hot Sect ;

_Hotec ) Parts (18 hours)_
Filiet Patches on Jét Engine Hot Section Parts {12 hours)

 Reciprocating Engine Exhaust Manifold Repair (6 hoars)  ~

. Weiding of Carbon and mloy Steel Tubular Ass’embl.as {6 hours)

b

Thns section contains both teachcr éiid.stuaéﬁt materials.. Pnnted instructor ,"‘3 als include a course chart;. dmn ed lessoi'i olaii and a plan of mstructnon

Including the units of instruction, the criterion objectives, the d duration of the lessons, and additional materials needed Student matcmls mclude a §tﬁdv
et BY

> wndé for each block whoch contains ob,ectwa, mformmon, ravuew exercises a

B et

and references for each lessOn. s

ral commerc:al texts and rmlnﬁry mchmeal mar

nggjitéﬁalsm provnded in the student study gung'gs howm savera  and military
course. Audiovisuals suggested for Use in the entire course include 188 stides, 8 films, 2 videotapes, and S transparency seE The audiovisuals are n t;
es. It requires previous waldmg expenenoe and skills.. i ;"Em’_ :

Thns course can be used as advanced study in both weldmg and évizﬁon repanr courses. it requires p

g s

ENC- "

Aruiext providea by enc




o o 13-7 2

. | course Material - HNCLASSIFIFD 120 Hours TT
<-4} BLOCK V - Inert Gas Shielded Welding of
High Performanca Aircraft Metals

30 Hours CTT

[

i S ».;—'LL;%msiowkesfstant‘?ermUS—Alfoys (2“ Krs); Fos:.t:.on o
Welding of Heat and Corrosion Resistant Ferrous _Alloys

10 (6 hrs); Joints of Aluminum and Aluminum Alloy Sheet and

Plate (12 hrs); Butt Joints of Magnesiwm (6 hrs); Joints

: of A-286 Alloy (10 hrs); Joints of Chromoloy (12 hrs);
<31 ¢ | Butt Joints of Nickel Base Alloys (6 hrs); Butt Joints

' of. Titaniwm and Titanium Alloy Sheet (10 hrs); Measure-

~_ . |ment aad Critique (2 hrs).

[
|

(Equzpment Hazards and Personmel Safety Integrated “with
Above Subaects)

L e e e e e e i s o o b e i mram o e am o

60 iio”{irs éii

o 9A  PREVIOUS EDITION OBSOLETE.
ATC AFPORR;‘J A . .

713-24078

®

Course Material - HiﬁtﬁSSiEiﬁﬁ;;<;;A 78" Hours TT 8 idﬁ" C
rs CTT

BLOCK VI - Pipe, Tubing, and Aircraft ’ :

Exhaust and Jet Engine Hot Section Repair

12 Joints of Heat and Corrosion Resistant: Ferrous: Alloy

- Pipe (8 hrs); Jo:uts of Alu=inum Alloy Pipe and Tub- . 2 H'o'i.'rs RT ] -
ing (8 hrs); Butt Patches on Jet Engire Hot Section — \

Parts (18 hrs); Fillet Patches on Jet Engine Hot

13 Section Parts (12 hrs); Reciprocating Engine Exhaust

Manifold Repair (6 hrs); Welding of Carbon and Alloy

Steel Tubuiar Assemblies (6 hrs); Measurement and

‘Critique (2 hrs).

7

I_Q\Hc;urs CTT
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. {200 cperation of. inert gas shielded welding

i:iiiii‘,itié:it with 754 ﬁi:"ciii'ééy:

P _______________-——-*————""

N G‘.vea inert gés shielded welﬁtng

2achine, set up and make correct appa"atus
sertligs [V 10 3aRG-dl-10

o e

v

vy

LI

| S T Toert i e W

: 3Arc Heldmg" (Chapter 5, a an additional reference :hrougqout 2ok v

[— DURAHON Pt Tt e
(WITSOF ms.nucms AND CRITERION OBJECTIVES . (HOURS} » $UPPQRT MATERIALS AND GUIDANCE R
! : 2 I oo . —
1. Inert Ges Shielded Weldtng 7 |Colwm 1Reference 1% Reference
s la za(l)
3. Without reference, select principles 1 1b 232(2)

hstructioval Vaterlals

Modern Welding (Chapters 11 and 12)
10 34Wé-41-1, Operaror Service and Repair - lnert Cas S‘steIded Arc

Welding Machine

Mudio Visual Mds
Fln HC 9033, Iedustrial Geses and Stdelded &ee Welding
Chart: Are 'delding Machine Controls

LN

Training Egmgment

| Testt Gis Shiclded Weiéing .quipmenr: Etmsis:iag of m ‘Jeiding ¥achize,

Protective Equipzent; Torch with Foses and Cables, ard 'n'elding
Tables (1)

"ooldt (1)

Training Wethods ] -

Discussionlnemon..trafien (L5 hrs)

?erfomance £.5 &r)

Tnstructional Environmentlﬁéigﬁ

1 Classroom (1.5 hrs)

Laboratery {.5 hr)

Instructzonai Guidance )

.| Have each student respond to the wtitten items {6 the Jessos; Ecrp?is_tze

| the importance of correct. curzent_ settings for TIC welding. “ake outside

3351gnment to read. MBRSEJ.SI-SG-5U2 and Chapter 18, Modern Weldltg

Trsteoctor witl use "Ouaiity and Reld abllity Assuzance: Handpook §=56,

2wt a2 g, SABRI3LIL

' e 23 Septen‘uber 195,

siomns. ¥ paceng, 3

oo |

L PRTIIOS EDITINS AR
('R 6?07 197)=229:4031 28 ; .

v R '

" e Coy - B85 B X it}

e L. URU VS

L]

I O
»

. A T | .
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: . PLAN OF INSTRUCTION {Continued) : . _-
: UNITS OF INSTRUCTION ANC CRITERION OBJECTIVES HORS. | ‘ SUPPORTMATESIAL§ 8D CUDACE
_ o A I - .
. L o ‘ Caution students not to mark or write on any training 1itearture as it

is to b2 reused by subsequen. classas. o,

-

2 Joints of Heat and (brrosion Resistant Ry Colum L Reference  STS Reference
: ' '-'errous Alogs (418) | 2 3a; 3b; 2a(3)
| RS 3, %, 3a0) | |
mmeal I @!@,@E,m shielded weIding B | & o 33y 3b; 2afh) I :
' equipment and heat and corrosion resistant ‘ A . 3a, 3, 23a(6) ' R ‘

ferrous alloy specimens, set up and veld edge - .

jotats; free of 'undercut and overlap for a L Matetdals - :
total combined distance of no less than 3/4 34BR53131-56-502; Joints of Heat and Corrosfon Resistant Ferrous Alloys

of the length of the specimen; excluding the | Yodern Welding (Chapter 18) . . s
first 1/2 fnch start and the last 1/2 inch N ' | .
fimtsh: ALl shop safety; good housekeeping, : [ Traldlag Bquipieat -

] and_fire_prevention fieggutes mist be o‘bserved.. Inert Gas Shielded Welding Equipment Complete (1)
B ' “ofm e | Pover-Shears (6) R 7_‘____ . S B
b, Gived inetrfggg shielded weiding b | el @ B ]
' equipoent and heat and corrosion resistant ' e -—itainer -Tungsten Inert Gas (TIG) Suielded Welding opeeinen‘s, 4404 (IZ)

| ferrous alloy- specimens, set up and weld i B o
jotnts, free of excessive penetration, wndercut, . R

.| | and overlap, for a total conblned distance of | Discussion/Denonstration (2.5 hcs)
| | oo Tess_than 3/4 of the length of the speciven, | Perfornance’ (21.5 hrs)
T “excludlng the fitst T2 fnchstart andthe < | ¢} Outside ‘ssigament: (8 frs) -
£ 0| | test 12 inch fimdsh. Al shop safety; good
SCR I housekeeping, and- fire prevention measures o Instructional Environment]Desien
e f | st e observed, ., ¢ - | | Classroon (2 hes) .
‘ ' | Laboratory (22 hrs) ‘L '
e Given trert gas shielded welding ' 0
equiprent and heat agd corrosion resistant . Instructional Guidanee _
ferrous alloy specimens, set up and veld butt Bishasize welding saféty and 5eld requivements for edge; Iap; butt; tee;
|| joints with 100% venesration, free of mdercet | . and corner joints.  Make outside assignnent to read 3ABR53131:SG;593 and
| | and overlap, for a total corbined distance of © | Cuspters 11 and 18, Modern Velding.  idmimister; appeaisal test upon
no less than 374 of the Qenth of the speciven corpleticn of this assignment, Emphasize conservation of ‘heat and
sxcloding the ftrst 172 fnch start and the last corrosion tesisfant ferro@ alleys axd filer rods: L .
| 1/ inch finish. ALl shop safety, good house- C ‘ ; : .
keeping, and ‘fire prevention measures nust be ' . . .
observed. - , .
| ] pmoeinsTrocTonse JRSIL "' | OWE ‘23 Seprenber 1975 - | BLOCkN0. ¥ o | eaceNo. 34 |
By e S S — 7
BT L St ity  (Findl Copy - 84%.,.8 £ 108)
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PLA OF INSTRUCION (Continued

TR TR T DURATION : Ce
. GNITS OF (N3TRJCT'ON AND CRITERION OBJECTIVES :JHOURS) - ! SU;PORT MATED 4.8 AND GUIDANCE
1 . ' 2 3 - -

'
b -
».;,} . 9
)
Y

~d. Given inert gas shielded welding - 9)
equizment and heat and corrosion resistant

ferrous alloy specimens; set upand veld tee
and corier jolsits, free of excessive pemecra- |

tion; overtap; and wndercut; for a total
L ~onbined distance of 66 less than 3/4 of the

| | tetigth of the specimen; excluding the first .

07| 12 tnch stare 26 the la:t 1/2 dnch floish, ; )
o A1L shop safety; good housekeeping; and fire
- prevention measures must be observed. :
- | |3 . Position Welding of Beat and Corrosion §. | Uolimm ] Referece SIS Reference
' Resistant Ferrous Alloys /2) | 3 3, , 32, B, 20}

. 3. Given inert gas shielded velding Instructional Materfals =

: equippent and heat and corrosion recistant 3ABR53131-56-503, Position Weldtng of Heat and Corrosion. Resistant
“ferrous alloy specimens; set wp and weld butt | Terrous Alloys | . o
jolnts 1n the horizontal position with 1002 - Modern Welding (Chapter 18) , [
penetration, free of overlap and undercut; .. L
for a total comiued dstance of ™ less tham | - Trainiog BquipBenat = . ..~
{374 of the length of the specipen; excluding Inert Gas Shielded Welding Statiom Complete (1)
2|'the fizst 1/2 inch start and the last 1/2 fach: Pover Sheazs. (6) | .
| titsh A1 shop safety; good housekeeping, Toelde (1)
| , | Irhiniog Yethods . . _

b, Given fnert gas shielded velding | Discussion/Desoustration (t br)
eqilpoeat and heat and corrosion resistast' | Perforsance {Shzs) .
ferrous alloy specimens, set up and veld - v Outside Assigment (2 hrs) N
btt jolnts in the vertical positlonwith | o &
100% pepetration, free of overlap and undercut, |- Instrictionsl Enviroment/Desig
for a_total combined distance of no less than {1 Classroom (.5 hr)
3/4-of the length of the speciven, excluding . | Labotatozy (5:3 brs)
the first 1/2 fnch start and the last 1/2 inch ' _ L .
finish. ALL shop safety, good housekeeping, Instructional Cuidamce L
and Fire;prevention measures mst be observed. |* . Enphasize-velding safety-apolicable to horizontal and vertical velding

, R - | and explain velding requiremnts. for butt joiate, Make outside

il ¢ 7| assigunent to read 3ABRS3131-S6-504 and Chapter 18, Modemn Welding, .

S .' ' | hdninister appratsal test upon completion of this assigoment. Eophasize

v

-

| proper joint set-up and flovmeter adjustment to conserve 2rgon gas. .

1]

PLAN OF INSTRUCTION KO, JABRS3131

DATE" 23 September 1975 sockno, ¥ | PAGEND.. 35

I

ATC-FOMM g PREVOLADTOMSOBOLERE - (Fingl Copy - 845 -§ X 10H) (i edicoon o icide et o is v




PLAN OF INSTRUCTION (Continued

| TS TN CRTERON QT :f;’?.};?," : PROR GATERAS G UDCE
&, Johats of Kl snd Alimoia Alloy 16| Golm 1 Refereace S?&{eféfeﬂee
" Sheet amd Plate (12/6) | %; &, b 3a; 3b; zsagsy
 Given toert ges shielded velding () | Instr.ctional Materials

. equipnent &4 alwainom and alupinmm alley
. | sheet Specizems, set p d veld lap. joiats;
" free of excessive pemetration, overlsp, and

undercut, for 4 total conbined distance of.

00 less than 3/6 of the leagth of the speciven,
excludtag the fizst 1/2 inch scart and the
last 172 4nch finish.. All shop safety, good
housekeepicy, md fire preve:tton measures
' mus: be obse'ved

1ok Given inert gas sblelded weltsg
‘wilpieit &d slotem and aleninum atloy

late syeciaers; set up and veld butt jolats

with 1007 peaetration, free of overlzp and -

1 undereut; for 3 total coubined cstance of

5 1663 thaa 36 of the lesgeh of the spectoen;.
excledlog the frst 1/2 dnch start and the
last 1/2 inch finish. AlL shop safety, good

| housekeeptag, d Fre prevention seasures -
| oust be observed

't Given inert 288 shielded welding

| equipnent ad aleine and sluninu alloy
sheet tpecinens, set up and weld tee joints,

frée of excessive pezetration, overlap; ad
undercut;, for'a total combined distance of

50 less than 3/6 of the length of the specimen;
exclydiog the fizst 1/2 fnch start and the last

| 112 fiatsh. AL shgp safety, good house-

keeping; vand-Fire prevention measures ust
be observd:

%

o

BIOILI1-S6-50%, Jokats of nuﬁm il Mo Alloy Sheet ad Plite

Moders Veldisg (Cuapter 18)

| utto Visual Mg

Fiim FiC 2300, eldisg mm

Tralning Equipoent

ot s Suieldd Veldin Starton 60ﬁp1ete m .

)

(5

Power Shears (6)- AN
Toolkit (i)
_ ,. , o . . \

g Hothods -

Dscussion/Deponsteation (2 hrs)

oA

Perforzance {10 hirs)

Ourside Assigament (6 hrs)

te
Instructional Environmnthng
Classroon (1.5 hre)

taberetery (10.5 hrs)

Tastracttonal Guidance

 Eophaskze velding safety and veldtng sequlresents for decta, Naie

outside assigonent to read JABRS3131-86-505 and Chapter 18; Modera

Instroctor vill use MiL-HDBK-694A(IR); Aluminum and Aleinun Alloys;

83, an additional reference. Buphasize comservition of sluminon and

Welding, Adwimister appraisal test upon completion.of this assignmeni.

alunnom alloy sheet, plate. and f1ller rod. -

&' .
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PLA OF INSTRICTON Coived -
TG NETCTON D CRTEROUBICTVES 2’”’3{;‘;;2“ L GUPPORY RATERIRGS 32 CEIDANCE,
_ - ‘ . S 4
5. Butc Jonts of Hzgnss - KN SIS Refesbiice
' (6/2) | Sa 32, 3 23209)
i Q;yeghigerc ga3 shielded weiding
equipmenc and nagnesium specimens, set up . and Instroctional Materials
| veld bust jeints with 1001 pecetration, free JABR53131-5G=505, Butt Joints of ‘tagnesium ,
¢f sverlap and wndercut; for a total conbined ¥odern Kelding (Chapter 18)
&stance of ro Jess than 3/4 of the Tength of o _
- ,the specmn, excluding the flrst 1/2 dach Tratming Sqolprent .
T T st ant_!_ghe_}_a_.s)_tf;[;__!__ndl_ﬁnis}'_. A2} shop Inert Gas Shielded Welding St atlon Coule;e (1)
' safety; good housekeeping; and fLre prevention Cleaning Eqoiprient (12)
gesures gust be observed. Pover Shezrs (6)
Toolkit (I)
Tratntnv ‘Iﬂhods I
Discussion] Demnstration L hr)
Performance (5 hes) . .
Outside Assigavent (2 hrs) ; {
\ Ipscructional Environmeat Mw;*
Classrood (23 i)
"Laboratory (5.5 hrs)
Tnstructional Guidﬂee
Triphdsize veldlng safe:y md fire nreveutiou, applicable to cagnesium, -
Make outside assignment to read JABRS3L31-5G-506. Adeinister apptalsal
‘ test upon completion of this assigrment. Instructor vill use MIL-DEK-
: : 6534, Magnesiun and Magnesium Alloy Randbook and MIL-STD-BU% Kloy
. - . Yomenclature and Temper Designation Systea for Hagnestum Base Alloys;
7 a5 an additional rofsrence. Emphasize comservation of sagnesiim sheet
I and filler tod, :
|| Bk o¢ werucria o, - JABRTS1L | oate 23 September 1975 © | mocxno, ¥ T
" ' . ! 9 ] i} -
o ATC :f:';, Wh ey WFind Copy~BBZBXUG Pk b iolde v i Bl 21
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PLAN OF RSTRUCTION (Cariaed

UNITS GF iNSTRICTION AND CRITERION OBJECTIVES
1

DURATION
, WOURS)

SUPPORT WATERIALS AND GUIBANZE

6. Jotats of 4-286 Alloy
a. . Gtven dzert gap shieldod velding

equipment and A-286 alloy specimens, set up

and veld butt jofats with 1007 pemetration,
fres of overlsp and undercut, for & total
tength of the specinen; excloding the first

A1 shop safety, good housekeeplag, and' fire
prevention measures must be observed,

i e o sty

equipment and A-286 alloy specimens, set up

| and veld tee jolnts free of exvessive

pemetration; overlap; and undercut, for a
total combited distance of m less tham 3/4

of the. length of the specipen, excluding the
first 1/2 inch start and the last 1/2 iach
fintsh, ALL shop safety, good housekeeping,
and fire prevention measures must be observed:

conblned distance of 50 lesS tham 374 of the

172 {nch start and the last 1/2 inch fimish;

14 | Colum i Referesce ST Reference
(10/6) | 6a 32, 3, 23a(8)
® | o 32, B, Balb)
Iostructional Materials
JABR53131-56-506, Joints of a~286 Alloy

Traininp Fquipment o
Tcers Gas Shielded Welding Station Complete (1)
(leawing Equipment (12)

Pover Shears (6)

| Teolkit (I}

Performance (9 hrs) .
. Outside Assignment (4 hrs)

Instructional Environnent/]
Classzoon (1 br)
Laboratory (9 hrs)

Instructional Guidance =~ ‘
Exphastae shop safety md eplata vellng requtreneats for A-286 alloy.
Hake.outstde assignnent to read JORSILIN-SG-S07. Aduintster appraisal

test dpon completion of this assigment. Emphasize conservation of
4=286 alloy sheet and filler rod.

PLAN OF INSTRUCTION No.  3ABRS3131

Tonte 23 September 1975 | toceno. V T e o, 38
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CT L . PLIN OF INSTRUCTION (Cintinued T
: __Wmmm mocm:emomcmes O Nl 3 _ - SUPPORT HATERIALS AND GUIDANCE
. é;s sm Jotats of maremumoys | 1 | Columd Reference TS Refereace
3 ey T® 3a,3bz_sg4ﬁ
ow Given Ssezt gas s@ie]ilei ggl@g . ot
eqnipmc and nickel base; alloy specinens;. $ Instruction] Haterials o '
- |set up and m@,"!‘iﬁ@?&"’@}@; peme- . v ol 3&8R53131—SG-508 ‘Butt Jotnts of Nickel Base A:H;oys
. jtration; free of overlsp, and updercut; fora |- R . :
'+ Jtotal combined digeance of b legs thas 3/4 Equipneat
. |of the length of the specinen;- excluding the - Inert Gas Shielded Welding-Station Complete (1)
first-1/2 fach start and the st 12 fnch Cleditt Equtpmest (12)
| |Eindsh. A2 shop safety, good housekeeping, Power Shears (6)
4 xnd firc prevention measuzes must be observed. Toolkit {1) B
L. Discussion/Demonstracios (1 bt)
. Performance (5 hrs)
N futside ﬁssignﬁeat (4 rs)-
| ostructionat ; Environmenleesi"ﬂ ¥ - -
Classtoom (5 ht) = S e
i I;aboratory (5.5 lirs) . -
K ; " | Tustroctionsl Goldance
o , Buphasize velding safety and explain, the weiding requir-em for nicke] -
‘| base alloys: Make outside assigiment to tead JABRSILIL-SC-509 and -
.| Chapter 24, Fodern Welding, - Administer appraisal test upon completion
. -] of this 3 :sigmnt. Evphasize conservation of nickel base alloy sheet
\ . and filler rod.
(f ' )
¢ /
Y 7 ‘ . v li
‘- | . N .
| 'BWBE'*&@U&"WQJ WG DATE 1 Septenber 1075 sLBEkfiB : -meuo )
1 ' hE [ . R 1 N -‘ |
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PLAN OF INSTRUCTION (Contmued)

D[LRATJON

~ UNITSOF INSTRUCTION AND CRITERION OBJECTIVES  HOURS| SUPPQRT MATERIALS AND GUIDANCE. -
1 f
9. Butt Joints of Titiiiium md ’ritm‘.m : ' 12 | Column 1 Referemce . SIS Referemce .
"Alloy sﬁééi - - (10/2) | %8 35; 3, 23a(10)
a. Given nert gas shielded velding Listriceional Vatertals
equipment and titaniud and titaniom alloy 3ABR53131-56-509, Butt. Joints of Titanium and Titanium Alloy Sheet
specimens; set wp and weld butt joints with Yodern Welaing (Chapter 26)
1002 penetration, froe of overlsp and under- -
cut; for a total coubined distance of no less Sudlo Visual Adds S
| than 3/4 of the length of the specimen, - "iln' FLC 3*’60' How to Weld Titanium

- | excluding the first 1/2 inch start and the :

- | st 172 iach finish. ALl shep- safety, good . 'l‘rainin ui ment , .
housekeeping; and fire prevention measures Tnert Gas Shielded Welding Statlon Complete (1) . |
st be observed. Rectangular Dri Bel Bubble (2) - ‘ B

Cleaniag Equipment (12) : : o
; Toolkie (1) /q ; S
K . a |
Discussion/Demonstration @ hrs)
’ Performance (8 hrs) .
Outside Asgignuent (2 hrs)
' Instricticual Environment/Design
. | Classroom (1.5 hrs)
Laboratoty (8.5 h'rs) . L
) Tnistractional Guldance
- Emphasize welding safety and welding requirements applicable to-titanium
and titanium alloys, Make outside a?.signment to read 3ABR33131-56-601.
Adzfafster appralsal test upon completion of chis assignment.
Instructors will demousttate using the open welding jig and the .
rectangular Dri Bel bubble when velding titanius butt joints. Each
| student will comlete butt joints utilizing both setwods. Imstructor .
{ will use ¥IL-HDBR-697(MR), Titanium and Titanium Alloys, as an. -
- | additional reference.. Emphasize conservation of titanium and titanium'
| alloy sheet and filler rod. ‘
10, Measurepent and Critique 2

BUAN OF INSTRUCTION NO. 3#:3&531{3; _

0ATE 23 September 1975
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o . COURSE TITLE
PLAN OF INSTRUCTION | R,
. Hetals Processing Specialist
BigekmiLe ,
Pipe. Tubing. ad Aircraft Bxhauat asd Jet Ehgine Hot Section Repatt L
' | oumanon P
o OF INSTRUCTION 240 CRTERION OBJZCTIVES' R 7 A " SUPPORT MATERIALS AND GUIDANCE
I Cofr 3
1. Joints of Heat and Corrosion Resistanf 10 |Colimi L Refereice SIS Refetenice -
Percous Alloy Pipe . (8/2) |[la | 33 3b; 2a
: B 3, 3, s
& t};yen inett gas ahielded welding S ) N T
lequipnent aad heat nd cotrosion resistant : sstructional Materials
fezrous zlloy pipe specizens, set cp and veld ' 3ABRS3131-56-601, Jotats of Hest and Corresion Resistant Ferrous Alloy
butt joints with 1007 pevetration, free of | PMpe -
ovozlap and undercut, for a total conbined 10 00-25-224; Welding Higi Pressure and Cyrongenic Systems
distance of 70 less than 3/4 of the length |
bf the weld. All gnop gafety, good hoosekeeping, judio Vipuwsl Mfs - .
and fire prevention neagures must be observed, . Chatt: Pipe Helding Welding Sequeuces
. Given inert gas shielded welding ) L
-;qmpnent and heat and corzosion resistant ~ !lnert Gas_Shielded Weldlng Station Complete fl)
ferrous alloy pipe specivens, set up and veld: | "+ | Cleaniug Fquipment (12) .
tee jolnts with 30X to BOX penetratios, free | Grinder ()
af overlap amd mdereut; for a total combised o Power Sav. (12)
iistance of do 1668 thad 374 of the lemgthof [ - |Toolkit (1)
¢ |the weld; ALY shop safety; good housekeeplng; :
aad fire prcventiou measures must be observed. . | : Traintng ¥ethods i
'| Discussion/Deonstration (2 tis)
| C « | Perforsance (6 hrs) '
' , . - Outside Assipment (2 hes) -
Classroom (1:5 hrs). Ce e o
i.éE’o’td't'o’ﬁ 6.5 hts) -
Instructi at-Guldan
Exphasize velding safety and expiain velding requizements for heat and
corrosion resistant ferrous alloy pipe. ‘Make outside assiguzent to. read
| JABRS3121-56-602. Admintster ‘sppraisal test upon-completion of this
, o assigoment. Ceutlon students not to mark or wite on any tralning ]
SN : o 0| Mterature 5 1t 45 to be ressed by Stfbsequeﬁt cIasscs. anhasize '
| ' cutting and reuse of pipe. . - . y -
SUNCENTRCTONNS. SRS - | OME 93 Serpegber igis | aocena VI picE w0, 43
' EMC ng ) W ':5:'%”::?,5’,32{2,53,“ R (Final Copy - B45% - 8 X 10H)  Fine vedition o eclede ied @one imum{ - S—i
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* PLAN OF INSTRUCTION (Catinied

equipzent axd alwiowm alloy pipe and tublng

- | specimets, set up and weld tee joimes with 301
to 801 penetration, free of overlap and
undetcat, for & total combined distance of

| no_less than 3/¢ of the leagth of the weld,
ALl shop safety, good housekeeping, and

‘ 3£ire prevention zeasutes must be observed,

Izert Gas Shielded Welding Station Complete (1)
Pover Sav (12). ‘
Toolkit (1)

1 CIeenIng Equipmenf (12)

Tealalog Methods
Uikci:ssion?bemonéiiiﬂﬁ (2 hrs) ;

Outside Assigoment (6 hrs)

and revse of alunimm alloy pipe and tubimg.

Tostroctiongl Environmnt!bceigu

-Classroom (1.5 hrs)

.aboratory (6:5 hrs)

Instructionai Guidance

Eoohasize velding safety end | explain welding requirenenta for aluxinun
pipe end tubing. Stress proper joint set-up and welding current tequite-|

reats. Make outside assignoent to resd SABRS3131-SG-603, Adnintster
appratsal test apon completion of this assigrment. Ephuize cutting

tml's or MSTRUCTION AND CRITERION oazscnves ;?lfofi:?)u 13 SUPPORT MATERIALS ANO GUIDANCE
T -‘J'o',iiti ef iﬂmin\m Alloy Pip’i and Tubing 12 | Colwn [ Reference SIS Reference
o @) | a ' 38, 3, 2M
8. Oiven iners gas shielded: velding R R R 38 3 27b
| equtpoent @d aletom alley pipe and toblng ‘
| specinens, cet up and veld butt joints vith - Instruct{onal Katerials L
1002 retetration, free of overlop and undereat. 34BRS3131-56-602, Joints of nmum moy Pipe eud Iubing
for a total condined distance of no less than 10 oo-zs-zz« _
3/4 of the length of the weld. ALl shop
| safety, good housekeeping, and fire preveation - ‘Auddo Visval'Alds :
| measures must be obsetved. . Coart: Pipe mezng Welding Sequences ’
b Gtven iiert gﬁ shteidedméliing (&) Iramng Bquipsent ‘

)

 [oowcrmmmenane. sy O 13 Septoer 1975 | RO 11 I 1
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PLAN OF lﬂSTRUCT 1oN (Cominwﬂ

o] | wmor oo csoonerve oy oo e
' 3. Butt Patches on Jet Engine Hot Section 22 | Colum 1 Refereasce  STS Reference
Patts C(18/4) | de . M/
e | : 3 . P51 I
| - & Withogt taference; state the ay | % 1, B, 8¢
functions of jet eagloe hot section plrtl T

Gth 757 sccuracy. S S ‘
o | ABRS3L31-3G-603, Butt Patches oo Jet Englae Hot Section Parts
b, Glven 0, dentify location and {.5) TO 13-1-13, Tirbojet Snglues o Cas Turbine Clewning

service Tequirenents pértaining to jet eaglne pall’ Sertes, Field Malntepaace Insu‘uczions
hot section parts without e artor.
R Tfﬂijiﬂjotpmt

+| ¢ Glven techalcal ordets, select (1.5) | Inert Gas Shielded Welding Statiod Cotplete (1)

cleaning oetheds, repair procedures, and Preczatic Grinder (1) ‘ .
| techniques for veld repait without error. - | - | - Toolk{t (1)

S o Tratmer:- 3215 Jet Engloe Repair 12)
4. Given inert gas ghielded velding (15) | Selected Conderned/Defective P"‘(s) )

equipnent and Jet englne hot section parts, | - (lesning unipment )

set up and ke bitt patch veld repairs vith S

100% penetration; free of overlap and under- .| Traindog Hethod ‘

wit, for a total cotbited-dfatance of no less Discussion/ Demnatration (2 hrs)

than 376 of the leagth of the weld excluding | Perfornance (16 hrs). .

the 1/2 inch at the start &d flaish. Al , Outside Assignment (4 hrs)

1 Shop'safety; good housekesping; end fire
prevention measures must be observed.

(lacsroom (1.5 hrs) .
LéﬁBi:étiirj (16.5 trs)

Bpliasize welding safety npplicable to hot section repair, Bave each
student respond ¢0 all vritten ftems in the lesaca. Make outside

| sssigrment to read 3ABRS3131-S0-604, Adninister sppraisal test upon
completica of this assignoent, Brmaasize conservation of butt patch

: 8 ; o : ' naterial:
romer evmoo o B3 . itt: 23 Septesber 1975 | soocnn VT I EETE ]
ATE J5% A '.'c%?%f"flﬁ?ﬁ?ﬁ%ﬁf | (Fiil Copy - 8¢ -8 X104 o s s o v 3 5
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PLAN OF INSTRUCTION (Continued

[

& Gtvcn inert gus ahicided uciding
equipzent and jet engloe hot section parts,
set up od make £illet patch veld repars
free of excessive pesetration, ovetlap, and
vadercut, for a total comdined distance of. -
fo less than 3/4 of the -leagth of the veld,
pxcliding the 172 osh at the seart and

gnd fire prevention measares must be ohserved:

ER]l

finsh ALL shop safety; good bousekeeplag,

O TN D Gt i?:oﬂ.:g" i SUPPORT KATERALS O CUIOAKE
G, Hllet:Patches on Jet Eughoe Bot Sectton | 16 | Colum 1 Reference $15 Ratstanice
Parts | (12/4) | 4 3, 3, B¢

Instmctionnl Yaterfals L
JISRS_BHL-SG-GOE Fillet Patches on Jet Engine ot Sectioa Pam
0 2-1-13 : ,

10 Ueb-Serles

kaénrag:quigme S

Inert Gas Shielded Welding Station Conplete (i)
Prevmatic Griuder (1)

Toolkit (1)

Traltier: 3215 jet Engine Repnit (12)

Selected Condemned/Defective Part(s (1)
Cleaning !qt..pmnt (12)

Discussion/Devonstration (2 hrs)
Performance (10 hrs)

Outstde Assigooent (4 hrs)

Inst:uctionai Eovicoment/Destgn
Classrooa (1.3 hrs)
-l:aboratory (12:5 birs)

Iﬁstmctimi Guidmce

| Enphapize velding safety. applicnble to hot saction repair, Nake outside

assigmmest to-read JABRS3LIL-56-605. Adumintster appratsad test aped
comletion of this essigpoent, Puphasize conservation of fillet patch
material,

LN OF WTRUCTIOND, ABRSILL DATE 23 Swptesber 1975 |mockm. VT | Petwe, 46
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PLAY 6F INSTRUCTION gCi:iiiﬂ

UNIN or INS?RUCTION D CR'T!R!OH OBJ!C\IM

DURATIO'I

SUPPORT WATERIALS MO CUIDANCE

ciuniug gethods, revatr oroceduren ad
techniques for veld repair without error,

b Given st of materials, select
matertals required for repate of reciprocasing
englne exhaust maoifold parts and sssemblies
vith 757 accoracy.

¢, Given inert gas shielded welding
equipnent and reciprocatiog englne exhaust
md oamifold assechlies, set op mnd maks weld
repairs free of excesaive penctration, overlap,
aid updercut, for & total combined distamce of
20 less than 374 of the length of the veld,
excluding the first 1/2 lnch start and the
last 1/2 foch finfsh, ALl shop safety; good
housekeeplng, ﬁd fire praveation measures must
. 1 be ohserved.

i IR F P
5. Reclprocating Englne Exhaust Mandfold 8| Colum { Telemsoce  $15 Referemce
Repule (§/2) | S b
5b N
i Uiv technical ordm. ee]ect 3 ’

| Sandblast Machtne (12)

Vork Bench (4)

%, B, 5

MERSTL31-50-605, Reclprocating ngtoe Exhaust Yaatfold Repats
0 2R Serles, Dagloe Bhcust Assenbly Syatens
>

gpt

Cuart: Layout for  Butt Pateh on Edge of Exhaist Stack Spetes

Irninig_g gﬁi@nt

Tnert Gas Shielded Welding Station Cowlete ¥

Pover Shears (6)

Stip Rolls (12) ;
Buffer and Polishing Mlachine (1)
Throatless Shears (6)

Toollge ()
Selected](:ondemed Defective Part(s) (1)

Trainiqz ‘lethoda N
Plzcussion/ Demvasteation (2 hrs)
Yerformance (4 hrs)
Outside Assignoent (2 hrs)

Thsteict {oiay, Eavlroriedt)]
Classroon (1,5 hrs)
Laborasory (6.5 h"rs)'

Buphasize velclag safety and monttor ali stodeats dordng clemcing mnd

preparatien of parts for velding, Have each studeot respond to the

‘written items in the lesson; Maks ogtside mssigamese to read 3ABRSILI-/]
§6-506 and Modern Welding (Chapter 18), Aéninister appralsal test upon ~
conplecion of this assigmment, Eophasize conservation of cleaning

waterials, shieldiog gas, and filler rod.

{ sLanof wrrocrionso,  3ABRS3L3L SATE 23 September 1% BLOCK NG, VT PigENe, 47
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e m:m OF WSTRECTION Cotied

_3' ummmsmcﬂowocmemou uuecm:i :mxégu 3 R SUPPW“TE“'KWE cooiiee L ;
8 T f Cirbon ey Elloy Stael I'u‘ouhr .8 | Colum I Befere_née,r ST Reference -
taseﬁiies : g (512),. -

Instructional ‘faterials ‘ AR A
 34BRS3131-56-606, Welding Carbon and Alloy Steel Tubular Assemblies
Hodem Welding (Chapter 18) : :

equippent,: 1sy out and fibri,cate :u'oular
Joints. mi Mﬁu vt:hnut erroz, °

\,0 .

hl ’.

Y Given oxyacetyhm weldin&equipmnt'

- {end tubulat specipens; set up and weld tubular, |- v . Audio Tisial Adds : PRI

13oints free of excessive peneu'attun. overlap, |- 7 - Charts. Tubular Assemblies L

aod undercut for 4 total combined distance of s S .

o less tham 3/4 of the leugty of thewelds | | T | Tealaing Equm =ttt
: . [ Oxyacetylene Welding Station Complete (1)

prevention seasures mat b choerved, .+ | | Trafoer: 3116 siéélming weid (12)
| e i ' . = | Toolkit (1) ‘

Training Methods
‘Discussion/Denonstracion (1 br)
Performance (5 hrs) ol

Outside Assignmnt (2 hrs) - N . i

»Instructional EnvironnentlDesi -
Classtoom ((Shr) . - o
Laboratory..(s,s brs) | S o

Instmctional Guidance - ;,3 :

. ;| tebular jolats, Have étiident reed 3UBRS3131-56-701, Emphasize
conservation of cEyacetylete welding gases and filler rod. Use

TO l-lA-l & a addiﬁonal reference.
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UREE. A : CouRsETITLE Rt
.~ 3ABR53131 _ Yer _Metals Processing Spec:tai:ist
- BLOCK HUMRER . . ' .- - BLDCK ﬂ?cl: Inert Gas Shielded Welding of High -
-4 - e s S :__' - 'p R
| Tnert cassﬁ{él}}djelding 2

° I T _LESSON DURARION — -~ SRS
c}&‘“““‘ih&bomﬁory R Complementary | TotAL
' & D 1 5 hrslPerf w5 hr - None e _
- - TR POIREFERENCE e
PACE NURE\ER . B b : e ppcg °Af: e = T, PARAGQAPH
. . e : —— 1§ crs PEFERLCNCE ™
; uuuean ; T B DATE .. T
| _sTs s3ix . AU LT - i a3t Mal}f’?S
o SUPCRVISOR APPROVAL -

consisting .of: = _ .
Arc erldiﬁg"ﬁéi:hiné;

_ Toolkit

-

ment; Torch with
Hoses & Cables and
Helding Table -

~ SIGNATURE DATE SIGNATURE
e ST . PRecL»sseﬁlpnnarww e
= 'EOYIPMENT LOCATED EQUIRNENT . ' GRAPHIC AIDS AND
- L~ CADORATORY B rnon's;;p;Lv : c"‘““'so”’f‘”“- UNCLASHIFIED NATERIAL -
l. .Inert Cas Shielded | - = .. i . © 1. 3ABR53131-SG-501
Welding Equipment Consolidated None ‘. 2, Modern Welding

i (Chapters 11 & 12)
S 3. TO 34WA-41-1 .
ST 4: Film: FLC 9-233.
% -Industrial Gases and
Shielded Arc Welding
.5, Charts: ARC Weldir

CRITERION QBJECTIVES AND TEACHING STEPS

Machine Gontrols

: welding equipment with 75% accuracy.

setting HW TO 34W4—41—1.

Teaching steps are.listed in Part II.

e e we i :_ LRI |

o

a. Without reference, select principles and operation of inert gas shielded

b Given inert gas shielded welding mach"ne, set up and make correct apparatus |




Cs T iTRobucTioN. Time: 10 mia
N Attention: |
). Review: : ) ‘ i. o _' ' . ;7

}. Overview: Students will at the completion of this lesson; dnderstand the

principles of xncrt gas shuelded welding - and operation of various types of
equipment. :

t. Motivation:

BODY - ‘ ; . Time: 1 hr &0 min.
're§eqt§§|on B N S . - Pay b
(Refer to Ob‘eCthCS 746, /5 - R
|. Principles of inert gas. shielded _ SHOV FILK FEC 9- 233 -
welding and operation of, various o (Industria! Gases and.
types of equipment. - ~ Shielded Arc Weldnng)
,5;, Tungsten Inert Gas | o B
R €} lnert Gas Shielded weldmg
-~ C '(5)? Process which utllszes an

inert gas-  to protect'thef
weld zone ‘from atmospheric

" oxidation which contamlnates
the weld
: \ ( - )y . ’ ~ R = . . .
(b) ,!Qgitigps isacolorless; ] S

© jcally inactive anﬂ one .
* which will not. combine with - .
any qther element. ol

-

- {2) Sourceof Power e — ' 5zow C’Anz/s eow- 235
. " (&) Current may be supplied _‘ ARE . Welding ’%e"*’e
o - ‘through either d welding T ' (10”71yMr -
generator, DC of AC. o S -

contro] at the lower end of

{55_ Unut should have-qooa current

, ‘lts‘current ‘range. , o ' L




PAruntext provided by enic JE g

) .SuperimPosed high. frequency_‘_- o . - | g?i
. ¢ .. is used in some machines to | . ;
LA T permtt starting the are . |
S0 %7« ¢ without touching the - L L
s ’i_i-,-~} :' : ;electrode to ‘the wofk.-. Vo X
o (3)~ Weldlng Current g
@
i "“ 2 This current gives a deep . | o o
) ' narrow.weld because heat e T ' oo
is concentrated of work’ . . .
‘plece,j L
"3 Less chance of arc blow:
L b Used when'weldxng stain- ~
LT less steel, copper or -
Tt .brasses. _ . - -
e T (b) Direct EﬁFFéﬁE reverse polarlty S
- T - . i:,Electrode made pos:£|ve )
' ' 'and theﬂﬂork.negatlve U B
2 -This cﬁ?ieﬁt glves a w;de ) R
shallow weld because: L
electrode consumes most of ' ’
;'the heat.- L
3-A léFgéF'diéﬁeEéF e!eétiéae.: . ’
should be used; since it . . P
‘absorbs a large. amount of S : >
L - heat; to. help protect it ' B
ol from burning ‘off and’ also .
' ;conféﬁlﬁétlon.
) T 'ﬁ' Eén.be‘used for magnesium T o
(c)  Alternating Current " )
"1. Combination of DGSP and E v
: DCRP o ST - :
2 Forelgn matter such as_ . :
. : ‘moisture, oxides or scale S
. - u.s -~ :found on the surfaceof — - - . - — =
- S N EP?E‘?m' E"enq,tOPrevent, o ' ; : . ﬁ
S -~ “(partially or completely) the B . ' ~ BN
e “'flow- of -current .in the reverse - - ° ' ' o

. p"c_jlé:ﬁ_.;”y.d_i._réii:ti:bi'i. ~




o

;;;f'f'L. . | 3 To prevent thls from

occurring ‘uper i mpcééa

4,

. IR .é; W'th,§9 ggglesfalternatihg

current :there are 120 ' o

. : . . - changes of current flow
o ' -durectlon per second

_IF‘_

_Wlth superlmposed AC there -
-are 120,000 changes of S i ' .

. _*‘_‘*cu.%eﬂ%—#h%+1xﬂ~1ﬁﬂthrf — o

fﬁ_ Advantages of AC.

.. . a Arcmay be started with-

' - out touching electrode
to Work

. ' b Longer,arc is pbssibie

S : ., = life ; | | g : | .;

. Metals whlch guve exce!lent
results are magnes i um and

Vo

mag. castungs, aluminum and . » . .

N . . alum. castings
§§§ Shleldln 6
'(a) General lﬁfbiﬁétﬁbﬁ . e R

Yoo L Argbn. helium orfaimlx-,, . Tt
ture of the two are _ o
general!y preferred for
use 3s shneldung gas .

. . N

-'!,;‘;' : Z; Mang gg@e[ gases and gas

: -mixturcs have been tried - g _ . -
. ) - . . S—
T ' but for general use all '
; R . have been found to have - : _
- T marked deficiencies such : o i
R ' as.rapid-electrode deter- L ‘
iorationy porosity in welds.
e -or. éEE EESSiiuty ' .
< ’ ) 3
) 3" Some have beén found 6§e?ﬁi
for- certaln purposes, the'
- reactive gas nitrogen can : _ _
P be used as tﬁe,shleld[gg4444i, . - - . e

S




N §5)-3Ar90n L | S i X - . ' géé?
'_;i:_r g; Used more extensively : o S S AN
' because it is cheaper ’ o ' ST '
2 Cylinder markings are gray
R i ~ e oy =

1
th a white hor:zontal band .

3 -Wonferrous métals, such
. ~...as aluminum and ﬁiégﬁé§iﬂiﬁ
© " are/jsensitive to impur-
: ities and are best welded.. - - - S I
" .S~ .- with high purity gas, pro- :
. - : ducing excellent welding
S results.” Argon and helium . ‘
‘ gases which are commer- - : .
cially available from most - :

sources are of high purity

and average well over 99.

"b_ 952 pure . - S . B : , g

T E; Rrgon is general]y used fbr all
SR : “alternating current weldlng

-~ " applications; such as aluminum,

TN _magnesium Or. copper

The tendency of burn |
.5 T through is less with . L -

'|U1 |

argon, therefore it is.
good for welding thin ‘ -
 gauge. materjal ' ' '
{c} Helium
1. High are voltage and et
R ; "power are desirable a . S
R - _for welding thick mat- . ' '
" "erial and metals with .
_ _ - high heat EBﬁadctlvnty '
o L .EBéFéFSFé helium is
: " . used in’ thesa applucatuons
g L because of its higher arc
- voltage characterastlcs '

2 Hcllum is usually used
with DC wclding machines,
- us:ng DCSP

o
6‘
I'_'
=
o
i =4
&l
- (3
Q‘.
r’
o
¥3
ﬁ
Q.
o

magnes:um using DERP

‘Cylinders are gray—with———

,'l:ght brown top R , ' ' _

b




(5) ‘Regulator Flowmeter .

Steps down the high pres-
sure in the.cylinder or
mani fold-cylinders; to a . )
- lower working pressure .- :

-

fg. ) §5jj

(b) The lower pressure is re-
"ceived by the flow meter,
"the required gas: flow to

by the amount of manual ad-.

Agglhcgappatalus is controlled . I
justment of the throttle
valve :

This flow is indicated on
the flowmeter tube and is
controlled by the manual
adjustment of the throttle
valve -

(6) Jorches

- (a) Two types are a:r-cooled

and water- cooled

L 1

-~

<

I

Air tddlgdils excellent

for repairing this gauge -

material

3

N

It can operate contin- -
uously on AC or pC up
to 100 amps

-water coolea is deslgned

L

>

Water. requirements are.

from one to two pints

per munute

a .

A special fuse of 45 amps
is installed in the power

‘lead line to the torch to
equipment f rom
overheating ‘in case of water

protect the

stoppage

Q0!

<!

Aggggggggggﬂg;gr stqaaggegmex_ss:;_____.__~_-___-,.

- .- .

—sult from an accumulation  °

o? dart |n thc small pass-

"
~d

-

v e

¥ v e St



- . & Cor rcctegi gy gid>-=
connecting the water
linies and reversing the
;flow of waler
(b) Three basnc parts of the -
' torch are collet, cup and

-electrode.

-—i - -  _ __ ______ o L __

PR | 1 Go!let is used to hold
: : the electrode ‘in place

é{’;Jéc;rodes used for gas

shielded welding are:

a Commercially pure
tungs ten

o

12 Thoriated

I

23 Thoriated .

Iy
’

© d Zirtung

Thoriated. tungsten elec~
trodes are superior to _
pure tungsten because of

their higher electron flow,
better arc starting and
stability and they are

less likely to become

éaﬁféﬁiﬁétéd

oo

Tungsten electrodes that
beconie contaminated should
-be ground of f or break of f

I49

contaminated ‘end with pliers .

. 5 Tungsten electrodes may be

identified by color markings ™~

on either the box or the
clectrode itself

LR

‘Green "~ Pure tungsten

. Yellow - 1% Tﬁcriéted

I

_Réé - 2% Thoriated

o

Brown - Zirtung

'”JPO‘-

-,




St safery I\

R S , - - N
~ (a) Wear gloves when using AC -
i e high frequency _ - - \\\\
(v) F”rb’p’er shade lens - \
(t) Shut of F machines and oo _ : \\\.
) . . gases when not in use ‘ . — N
- {tpbﬁcaiibﬂ: - o _ . mu.pmexrwd _ﬂtf"@’ \
. N - a
.o - : P 7
1. ,.Studcnt. vri lL§et up and make apparatus Sé'efj"/ Weldiis Equiom €
e §§§Egﬁ§s wichout error with instructor B Con 3137w oF Aec L/efw(
) ‘.aSSlStam:e - : . ‘ /%t'/{ave )es’oféaﬂve ?’au:pnw.u
' - tvaluation: - - L . . 7oxeh ¢3:TR (pbles v Hases
Aii Student will.answer 756 of the follownng . and F7é7227i:7$323;
- iuestlons correctly . ' : co
RS ‘ .
) ) 2
' CONCLUSION ° Time:_10 min -

1. Summary

a. Review principles of lnert Gas Shnelded
- Welding Operataon

it
b. ;Advantage of gas shielded weldmg for
varnous typcs of metsal
c. Sclﬁuauand adjust apparatus for heat angd
/z:orrosmn resistant ferrous alloys
" 2 . Remotivation -
3. Assigiment . NONE._ o = R
7 _ :
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J ApFrsvsiorrice avooatg, . fwsieocron T i R
TWSTE. (' 47 7255 SRR |

CONnn~E uumat p

a5t .
Welding of High -

COURTE TiviE >

Metals Processing Specialist . ~ = ' e B

s

THlockmmmrn - - | mocx fiite | Inert Gas Shielded |
P -~ ] - 7 performance Alrcraft Metals ...
pouesson e s Lm0 e f ety , SRS IS

. Joints of Heat and Corrosion Resistant Ferro
Y el e emmrin NESSOMDUR IO e ~ -
| ETanasen / Laboratory T ~"| Complememtary . - . | tera inTT T T T

D & D 2.5 hrs/Perf 21.5 nrs | 6 hrs . ' - . 30 hrs - B
I - - - POLREREREHCE - '
e L PRGLOATL. L 7 : . -
34 and 35 | 23 8ep 1975 - iriom cemmiem fmm T e
: - e $TS.CTS REFERLNCE IR E

'};:_7;7., — o

7 s

PR ———

L oL -] rAnacoapn

7"‘"‘;.9527 R T { DATF. oo  Bra i - T i
sts satxt P U mimayaeys SRR ETS GRS
T ' : - SUPERVISOR APPRO%AL R R
Saatome - Darte siensione e T A g
. PRECLASS PRCPARATION R " : :
L nantrony e T eLasien DA FeAL il et |
?'\Irnmcas Shielded |gonsciidated Tooligt | Nome/ - . |I. 3ABRS3131-Se-502 |
. Welding Equipment T S 2. Modern Welding-
s Cg@let,e e - Poon e (Chapter 18)
2. Powgi' SBeéfS e . - - s : . . - . N : et
3. Tri:[.&gr:i:i'uhgsten o 3 -
_Inmert Gas (TIG)
Shielded Welding
. Specimens, 4404 [
' N B CRITERION DRJEC 117ES AND TEACHING STEPS 3 — ,,,
o “Gives Inert gas shielded welding equipment and hest and corrosion resistant _
.ferrous -alloy specimens, set up and weld edge joints, free of undercut and =
. overlap 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. Al .

-l - shop safety; good housekeeping and fire prevention measures must be observed. e

b: .Glven Inert gas shielded velding equipment and heat and.corrosion resistant

"+ ferrous alloy specimens, set up and weld lap joints, free of -excessive penetration, =
under : T 3ges '

cut, and overlap for a total combined distance of no less than 3/4 of the

THNH oth of the’specimen, ‘excluding the first 1/2 inch,start and the last 1/2 inch

" findish. All shop safety, good housekeeping and fire prevention measures must be o

.. observed. ...t epdA LEE( - S0 LBE vndredia
DI%TL 2O dman I . . S : . : .
c. Given inert gas shielded welding equipment and heat and corrosion resistant SR ST

_ferrous alloy specimens, set up and weld butt-joints with 1002 penetration; free | .4

 of undercut.and overlap, for a total combined distance of mo less than 3/4 of the | %
- . length of the specimen excluding the first 1/2 inch start and the last 172 dnch - -} 7
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tESSGai E'LtN {Par I, semml) CONTINUATION SFIEET

Cﬁ"ﬁlcﬂ OMIECTIVES AND TEACHING STEPS (Continved)

Eiatsh.

fire prevention measures must be observed.

‘Teaching étepé_are ‘1isted in Part II.

All shop safety, good housekeepmg, and f:l;re prevention measures
muét be observed. : .

-~

Given inert gas ‘shielded welding equipment and heat and corrosion resistant
lerrcus alloy specimens, set up and weld tee and corner 3oints, free of B

start and the last 1/2 inch finish. A1l shop safe’y, good housekeeplng and - -
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‘2. ﬁeview:

3 Overview: At thc complet,l_on of_r.hrsiesson_-yoo—wﬂ%ave%earne’d how t6+

PRESENTAT!@*J- ) S : -
(Refer to objectlves 23; b, 2

1. Corrosnon Resxstan;t Steel

. 75’2

Gener_al Informatlon P —

3}

[ >~

INTRODUCT 10N . Time

in the last lesson you learned the principles of Inert Gas Shielded

Weldmg and Operatnon of - varlous types of equipment.

““weld butt, lap, tee, corner and edge joints in heat and

corrosnon resistant ferrous alloys.

N e

BODY  Time:

29 BES 40 min

<— — 5}§0W rmmet Wof

.

The caeff;c:eht o*F;expé’risibﬁ

TONE3ToN TaekT GAS (776)

for stainless stecel is greater . - o s’iﬁ.cﬂed wcfdaﬂa e/

than tarbbﬁ steel

(a) To resist the Eéﬁaéﬁ&y 6?
. warpage during weldlng,
Jount edges must be cor-

@

Carbide prec:pstétibﬁ is an-
other important factor to .

. consider when welding stainless

(3) This effect is, less when
using the iffert gas method

because the heat is concen--

',___trated to a smaller area

(b) carbide ‘brécipitétiéﬁ usually

occurs negr fusjon-line. It
can be overcome by confining

e t—to—as smalt an

&

‘area as possible

-,




[V

(c) This means you Eﬁauid.0§é

" amperage’and a faster

welding speed e , .
g . .

(3) Weld back up R

(a) oOn laght gauge material o
backing,is usually usedzz,
L " "to protect the underside
- of the weld from atmod~ -
pheric. contamination re-
sulting in possibie weld 7

pgr§§1§gigr poor surfaca :

appearance o ' R

. {b) Wéld back up on heavier =

> . - material prevents the we!d

-from melting through exdes—

.

sively by’ ;onductnng some of

. . the heat away from the JOlﬂt

- 'edges S
S oide) Flat me;al backup plates |

' may be used only on flange E

type J6|nts _vO

T (9 EExpla:n the groove in the S
rba*kup plates -

Weld edge’ JOIntS of heat and corrosion
resistant ferrous ailoys to Hbdern Held»ng

°

a.- Wejd;ng Edge Joints

. {1) ©ne of the easiest Joxnts
ST to weld
" 2) Eaéé joints are used primarily
!~ on light gauge material, where
! _there is little or no 3crect
tension or ﬁendrug stresses
applied on the fnh:shed weld

i'(Sj 'Hs:ng metal’ up tg .030; no

fl!lar rod is requured

mfﬁl::¥i£¥gelasQ_iLL_QQA£§;7 C e

. nécesSary when not
- §S|ng Filler rod
a .

(TR 2 o
S A2 RIS A



. :Ucld butt Juunts of hcat and corrosion
T ,‘Q%sreStstdnt ferrous alloy to Modern WEldlng
Coe nganaoooR spec:fucatlons ’ .

Butt Jo:nt”“

(II Bntt JOlnts are easy joints to -
_Q . : " prepare and. can be ‘welded with | .
. SRR or withoyt filler rod material, ' R -
R B depenolng on the.thlckness of o ' -
oo T R tﬁe metal x . :
: - () Metal uwp to :030 can be. ‘ .
- R N welded wnthout filler rod
.,eil"i,_ (2)./J6iﬁt fit-up for a square edge ' ,
S o ‘bﬁtt-101nt should alwag§ be' true - T
' .~ " enough to permit 100% peﬁéf?éfiéﬁ - I
‘ e . w:th good fuslon - ST S o S
: T da) /§97@eta] up to 636 o S s )
i . spacuﬁg is ﬁecessary '_7 TR g e
I 'ili)'~kéfél prebérérucn and set dp ;
: - Tt ﬁet§17§hould always be L . .
- frée of EﬁFrs P :
s . (b) J” 't edges mu,t‘be cleaned - =
o o ;”f all forelgn material )
3 (c) le;9§e§ are gse§7fgf Tetal T _ %. S
L ., alignment; bet ‘the main - S ’
R St . purpose. is to: dlSSlpate " . - ) E
. ol "« excess heat LT o R G
R {55 For butt JOLnts of erghlck-. s * L o
RO o ness greater than ;030 inch ST -
LT .the work should-be set up C o
-0 T T With the_ edges- spaced very R R
; \ T sllghtly ) S ' T
- 7{:) When weldlng bueg 49|n§§7 I f : T
R T '*outsxde.of a_fixture, :the LT - L '
T ' joint edges should be. aktigned - - . ’
o parallel; spaced approximately o
E . T . tﬁé'thiekﬁéss of the hétél
- :._(5j Hachlne scttlng and equupment‘ .
‘ adJustment ¥ S | S
- . -
, - {a) -Cdrrent.- DC straught : ;
-, < e pUlarlty




a

' (551 weldlng Applrcatlbﬁ.“

>

s 0

(6) - Argon flow. - 4-6 llhers
: (lS-ZU PSI) '

Cde) E!ectrode - 22 Throuated

(d) Electrode should extend
174 to 5716" beyond the

edge of the cup

(c) Water Fiow - l-2 p:nts
per mlnute

- (a) 13 electrode becomes contam-

lnated strixe the arc on a

piece-of" copper plete ontil -
- the erratic tendency of the
arc smooths out. _1f this

s does: not- work;" grlnd the

- . contamination off on .the
grinder

b

“. 7 (b)) Use the foot control to adjust

" (c) Travel should be the fcre-band

method addtng flller rod to the.
forward edge of ‘the "o ten pool
. as.you travel along

-_(d) When termsnatlng the weld the - E

foot control should be swung
to the low posutlon, the arc
" broken: and thé shielding gas
allowed to flow over the weld
area- unt:l it has cooied
'-(e) In order to prevent overlap
“when restarting @ weld, the
arc is struck approxsmalely, _
174 ahead of thé terminated

" weld and then moved batk to
the. end of the weld so as to
bring it to the molten state
Eefo:e addung filler rod

() Weld specifications are:
Bead width - 2 to 3 T
Penetration - 1003
Rern§orcement = § to 30%

‘al

RS

: '1"“;.2,'. B - :5:

the arc to aegiiéa heat >EQUired'




. (6) Defects to be avoided

(@) Undercut caused by poor
: set up, improper backing
or excessive héat' )
i(ﬁj. Overlap caused by insuf- -

ficient heat or adding :
too much filler rod

' i(cji\Too w1de a bead caused .
' :by traveling "too slow

—

- (@) " Insufficient penetration

Lo . caused by inadequate

’heat or traveling too fast«

s

»;(éﬁ; Smoky oxrdized appearance

:. - caused by insuff1c1ent flow

'1;;~ of shieldlng gas or 1mproper:,2;

Weld lap Joints of heat and ‘corrosion

resistant ferrcus’ alloys to Modern

. Wélding Handbook specifications

- Lap joints are- used to join

two overlapping sheet, can also ’

(DN

b Three types "of 1ap jointsv 7
_(l) Doubled‘ -
(éS Single‘

(3 doggted -0 . -

. ‘Boubled wieding of lap Joints is

" the strongest

~

- d. ~Single welded lap 3oints are\usually

. a single welded 1ap Jjoint in sheet:
“metal wiilinot develop the full

_ strength of the base metal

e. Stainless steel lap welds made

- by the heli arc process in light
gauge metals up to .060 can be

rod

(1) ‘The.electrode is so directed

as to melt the upper edge of.

' the joint, giving a Smocth,
. slightlyAconvex weld

spacing of the _pileces: prlor N

56

(]

L




‘.J- :
o .
.

be sheared 1eaving a square

"‘ils Picces to be tap welded shouid

(2) Joint edges ‘must be throughly .
cleaned of all foreign mateiral

Lo 3

7 éﬁ; Nb.fluxing is neuessary

g Machine and equipment adjustments

_are the same as the butt joint
L. Welding Applicatfon
éi§ Use. forehand method melting
.. back about 1 to 2 T of the
top. plate .

Z i. ﬁeid-specifications

Q1) Bead width - 2 to 3 T

(3 tower Leg - equals 1 1/2 T
(4) Penetration - 25 to 80%
3. Defects io~§§6id; :
| (1) Undercut
", (2) 'Too wide a bead

,,,,,

(3 AExcessive ‘Burning back
‘ " of the top ‘plate

%) 'Smoky oxidized weld
. (5) Excessive penetration
E:4fi§§§é§fi6ﬁ'EVi§ﬁéi§

extend above the thickness

) (1) . Reinforcement should zot

- of the upper sheet -

(@’ The contour of. the bead
- ' should be'slightly convex

(3) The surface appearance should
’ ;'be from a dark- bronze to a

light purpie




waxding'nanasodk SpecificatiOns

~

a.” Tee jo‘.tnts are frequently made to )

join eheets of unequal thickness

. b. ' Tee 3o:lnts ere mede to join plates
< at approximately 90 degrees of each other

S

es Specifications for tee joint

¢h) I:egs{- 1 3;]2 T

(2) ;anetretion - 25 to 85% -
‘§3§ Bead width - 2 to 3 T
(4) Bea& should be slightly

concave to .convex

d. Iﬁchine setting an& equipment

€8] 'DCSP

-"(2)’ Water flow is from 1 to 2
pints per minute

(3) Argon fiow shouia be a.bout
15 to 20 psi .
es Welding application

: _-.;’(3;);: Strike and adjust arc on the
copper ‘plate :

* (2) Hold torch to bisect the angle’

.as mear to perpendicular to the

= **axier«ofmthe weld -as- practical -

(3) Add the filler rod at the

‘root of the 3oint and for-
_é&ie of the mc” ten pool
(4) Let the inert gas cool the

weld when the weld is
terminated

£. Defects-
ﬁﬁfﬁﬂ&ak '

(3) Wro’ng torch engie
"g: Characteristics of good welds

(1) No overlap or undercut

3y




i.

1) Uused miinifr on B’o*xéé_; .

{5} Dafects to avold -

(3)" Good penetratian (25 to 80%

3

©

frames; etc. :
(2) Specifications :  °
© '(a) Legs are ‘éq&ai;.to: T
(b) Throat equal to T
(@) | ?éﬁé&é&éiaﬁ = 100 )

.

(3) Machine setting S
(a) DCSP

(b) Argon flow should be
T 15 te 20 psi '

"(c)—Water‘frow —1 to 2 piuts
‘per ‘minute <o

@) ﬁeidiﬁg appiicati()ﬁé -

(a) Torch angle 75 to 90% )
(b) Strike arc and stabilize on
. copper plate

(c)- :&liow shielding gas to fiow

~e - -

'. over tem:!nated weld -

{aj Undercut
by overiap . T

(c) Excess_ive pvnetration

- (d} Wrong torcﬁ ‘angle
Uriliza healtﬁ and ééfét‘{r equipmeat
(i)‘ Mach.mery guards '

@) Prapet aye f)rotection -

' (3) :Protect ive clotning (gi:oves, ete.)




1. gtﬁ&gﬁtggﬁiii'fétfﬁtm]tﬁe' o Equipment used im lesson, Inert Gas Shielded
following: C weiding Station Complete Power Shears. i
©3b

' a. fftéperntién 6? metal

b. . Set up of 3oint

c. weld Edge joint
d. Obgegye all safety precautibns ‘ *
. during the accomplishment of
the project
Evaluation: =~ . S " B
1. Student will be checked for ‘ : . ) R

proper welding techniques in
welding edge joints ; ,

2 Assistance will be given when

necessary - :

- , ' o " END OF DAY SUMMARY Day 1
Summary: . ‘ ’ ‘ - s ‘
- 1. Pi6§ététidn of material

2. Set up of edge joint and °
lap 'Joint :
3. Setting and adjustment of
' N equipment S N
e , | 4. Weld back sips
CIT _ o - G
;Assignment—gQ; gbjectiveﬂgc S , * 5. Safety
POT Time 2 hours : L
- 1. ,Rqujﬁ}gssnl-sc:soz and
answer quééti&ns at end’ of
B , , ' chapter.

INTRDDUCTION TO NEW DAX INSTRBGTION Day 2

' 1.':Rembtivation =

2. Reﬁiéw Evalnéte'CTT Assigﬁﬁéﬁt & Critique Missed. Items Study Guide 502 .
s 'Preparation of metal
b.. Set up of edge and lap joint = :
c. - Setting up and adjustment of equipment
d. Back ups. :
e. Techniques of - welding edge and lap joint




"3, -overview: Welatdg Joiats of Heat & Corrosfon Resistant Ferrous Alloys - | 3;7' :

' Application' Objectives 2a, b; ¢ _ ‘ ‘Equipment used throughout lesson,
; Inert Gas Shielded Welding Station.

1. Students will perform the foﬁow:tng . - Complete Power Shears: .
- a. Preparation of metal
b. Set u{: of joint |
c. ifrei’ci edge, iﬁi: and butt joints

k-3 Observe all safety precautions

* during the accomplishment of : o L :
the project _ ‘ L
Evaluation. .
1. student will be checked for )
" _proper welding techniques in - e ' 1 -
wei:ding butt joints ' R - ] o - ¢
2; ﬁéi&téﬁéé iiﬂl be given when ' ) a
necessary T ;
o e . END OF DAY SUMMARY DAY 2 ‘
Sumary: | Ce 1. Preparation of material |
: < = - S \ :
o . . R 2. Set up of edge, lap a:nd butt
s ' foiat |
: - FB* Settiggﬁgn& adjustment of
N ) . equipmeut
- L : S " 4. Weld back ups
SR L - ; + 5g safety . \
Assignment: ST S .~ 1. Nome ‘;_: g
m'monucnon “TO NEW DAYS msmuéﬁoii DAY 3
' i;. Remotivati:on _
. 2. 'Review ) i
. a. Types of butt joints .
: |
\
; \ :

LT R . — oo
o n L - K . R .- . -~ TN L e m



"¢ Setting up and adjustment of equipment ] : i B

| d Techniques ﬁ:ﬁ&iﬁé 1ap joints : 3¢ -
S e Safery
' Gverview. Wbiding Butt joints of héﬁt & Corrosion resistant ferrous allb?é o
Application: L . © Equipment used: Inert Gas Shielded .
_ e S T ‘Welding Station Complete Power
1. Student vili,perform the following: - Shears. . :
" a. iréﬁiratiﬁﬁ of ‘metal ’ ' ‘
b: Set up of fi’csints s )
} c: Wéiding of Butt joints ]
d. Observe ail shop safety rules E
* Evaluation: . o s v
1. Studen;¥w§1§;§é checked for | ,
procedures and techniques in o S
welding butt joints _ . ST - N U —
_.2; - Assistance will B;'givéﬁ when necessary | | | o
. . | END OF DAY STMMARY DAY 3.
Sumsry: .. i types ot butt jotats .
J, 2: -Preparation of metal o o
X : . : . .3, Setting up ‘and adjustment of
' i - S ‘ j ;eQuipment : ] 9
- - 4. Techniques in welding butt joints
' 5;'?Safety .
CIT Aggigﬁméni:: Poi Objecti'ggiZd - . 1. fRead Modern Welding Handbook
P - Poi Time 2 hrs. ' o _ - Chapter 18 Para 18-1 Thru 18-19 -
) INTRODUCTION TO NEW DAY'S msmucnon  DAY.4 R
1 Remotivation )
_i;- Review | _
a. §g§§935979§T Assignmeut & Critique missed 1tems (Mbdern ‘Welding Chap.18)
b. Preparation of Material.
62 | -'




c. Set up of Metal . : _ R L= S——
| *- 39

d. Weld tee and corner joints to Mbdern

¢ es. Observe ail shop safety practices

3} Overview: Welding Tee and cormer joints of heat and corrosion resistant ferrous
alloys. - :
Appiication. ! A A _ Refer to initial épplication step page 6,
. : part II L/P for equipment used. Inert Gas Shielde
‘l; Student will perform the following. Welding Equipment Compiete, Power Shears -
2. Preparation of metei : ' ° _— S B
b.- Set up of ﬁétai
c. Weld tee and cormer joints ‘to Modern :
Welding Handbook specifications , - ’ 4 : R
Evaluation. - - . '

1. Student will be checked for proper procedure

and . techniques for- Welding tee and corner

joints of heat and corrosion reéiéfinf ferrous " . . B
alloys: - ' ’
2. Assistance will be given When necessary- o L )

END OF DAY SUMMARY ';;ﬁ&?A6

-

- : -

Summary: o . ~l. Types of tee and corner joints
‘ , 2. Preparation of ‘metal
- ‘3, Setting up and adjustment of
= . equipment - :
4. Techniques in welding tee and ¥
: corner. 3oints
5; Safety
. .CTT Assigmment:  POI Objective. S 1. Reg§7§3§353l§l—sc—503 and
: ) POI Time 2 hrs. . . ¢ Answer questions at end- of °
' . ..7 v v . . . . . a Chapter. el o
* o ' . : ‘ ¢
INTRODUCTION TO NEW DAYS INSTRHCleﬁ DAY 5 2 hours "

1. Remotivationm _
2. Review- Evaluate CIT Assignment and critique missed items (SG503)

a. Types of tee and cormer joints P

e s o e e



B;“Preparation of material B

IR,

.c;LFSettins up and adﬂustment of equipment

d. Techniques in welding tee and corner.joints

§§fety
ﬁppiication. 7 i
1;

' .Evaluation: . '_" B

';Closure.

Student wiii perform the following § s

%greperation of metal

ci’ Weld tee and corner joints to Mbdern

- 'Heiding Eandbook specifieations T

~~

d. -Observe all shop safety practices

: Student will be checked for proper procedure and .

techniques for welding tee and corner joints |

of héat and corrosion resistant ferrous alloys.

Assis.ance will be given when necessary.
' | : concﬁusxou

.
:*A', t

Summary: -

" corner joints of heat and corrosion o

. resistant ferrous alloys o

. a.. séet up of edge, butt, lap, tee and

C be Preparation of metal for all joints

e Techniqués ‘for welding all joints |
d;. Shop safety procedures ’
issignment: None

Remotivation.

r

a,.

. W

. -

Equipment used, Inert gas;

shielded welding station
complete, power shears

Eimé?- 10 Min:

Day 5, 2 hrs. .
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I‘QUIPMFNI

rRov syeeLy
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Complete

2Mer Shears

1. Inert Gas Sh:lelded :

1. 333!!53133;—56—503 _

2. Modern Welding
) :

”, :CLIVES AND 1EA cmnc e 5

prevention measures must be obuerved._

b. Given inert gas shielded
fen'ous alloy specimens,

start ‘and the last 1/2 inch finish.

prevent:ton measures must be observed.

vape o
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Aruitoxt provided by Eic:



1. " Attention:

¥

INTRODUCTION e Time:

-

10 Min

2. Review:  Evaluate CIT &ééigﬁﬁiéié and critique missed items.

+ 3. 6véxviéw: sﬁt;tﬁe completiOn of the lesson _you will have. learncd,tﬁé

position welding of heat and corrosion resistant ferrous alloys.

16; Motivation:

BODY © Time:

Presentatlonﬁ

.S Hrs- 40 Min

i;;'Segfup and make correct apparatus

-settings for uelding heat and cor-
rosion resistant ferrous alloys

_é. Machine.setting_

© @) besee
" (2) Low range - 90%
- @) High frequéhég start
(4). water flow - 1:2.§t§ pet min i
(5) - Gas fiow - 15-20 11terlmin i
g;c Hetal set-up | o '
2;% o 'iiﬁ. Use back'up with fixtures

"(5 cu ft/hr)

(2) Tsck weld if fixtures are
‘ not used -

fﬁj_ Metal (jbint) must be at
least a 75 degree angle"

-t

1 7
- - ' . . -
= - co )




. Position welavng of hcat and

. -corrosion resistant feirous
alloys ‘to Modern Wcldvn; Hand-~

. book specifications. o ) - : :
‘3; Vertical Butt Joint :
(1) Due to the force of gravity : o
: the bead has“a tenaéﬁéy to . T
run aoﬁn
(2) Torch angle should be an angle
' of 45 degrees upward
GBr—Filler rod SHoUTd be 3dded to
" forward leading edge of molten
pool
o " (4) A downward flow wu]!ifgfm a good
bcad and a-good blendlna \wo”
EEe parent metal.
- (;l Proper heat control is very )
. important to insure 100%
‘penetrdtion . '
- b: Weld specifications
ttr—Bead width = 2 t6 3T S . a
(2) Bead heigth - 5 to 30% )
(3) Penétration - 100% - o
' ¢. Defects to Avoid o,
(1) undercut | .~ -
L 2) gverlap s - I
o (3) 'Toc 1 t-tie or icb 'riiij’cii ';sehetr;-itibh ]
3. Posulnon-weld heat and corrosiom resistant ,
ferrous alloys (vertical and horizontal) : : <
- a. :Hori26ﬁ1§1 weld bUtt-jdlﬁt? :
,j;'(i) Gravvt? pUlls the mol ten
’ ‘ pool downward 7 -
B '7(257 Torgg anyle should be as close : J
- I\ to 90 degrees as possible - ;
2 piy ' o
. 67 S




.iii.ifiiiér'rod;ié'édﬁéd ro’foroard'
" leading edge of molten pool
() 'fieéz ﬁeﬁécféfioﬁ'ié necessary

b. Weld specifications are . the same as

?ractice shop safely :

ipplication. R 'i%
Refer to objectives. 3aj;. b)

..

.:udent will-perform_the"foliowiﬁgz-

Preparation of metal

i, Set up of joimt .~ . <

Students will use equipment

in shop. Imert g§§7syielded

welding,station compiete,-
power shears - »

}. Weld butt joints of heat and corrosion resistant . -

ferrous alloys in the vertical and horizontal
'positions ’ :

a

. Observe all safety precautions during the
- accomplishment cf the project

~

Naluation:

‘Stedent will be checked for the proper

procedures and techniques in welding butt

joiats in the verticai and horizontal
positions R

L. ;Acsistance w111 be given vhen necessary

-

»ummary ' ST ND UF DAY SUNHERY

li.'PreparaEiéﬁ of metal LT
' A

i:,;Weld specificacions

.»ﬂObserve safety precautions

iéiéﬁﬁéﬁfi Péi;ﬁbjécfiﬁe &é; POI Time 2 hrs.

ad 333353131-86-504 and answer
Leations et end of chapter.

-

DAY 5°

N




INTRODUGTION TO NEW DAY'S INSTRUCTION

SOﬁ)

Students will use éiﬁiﬁiéﬁt_
Inert gas shielded

' 1. Remotivation
2. Réﬁiéw; Evaluate CTT Assignment and CrItqne missed items (SG
a. Weidlng procedures for vertical
and horizvntal butt Joxnts )
5
- b. Practice shbp_saféty L
"c. Check on homework assigament i
Overview: Position wel 1ding butt joints (horizontal posifion)
_ Appllcation' - 3. ' S
(Conit, Refer to obgectlves 36 < — — =
. Y in_shop.
1. Student will perform the following:

a.

welding station complete;
power shears

= Preparation of metal
-,Bi‘ ser up of joint
' . Weld butt jo;nt in hc*izontal posztlon ' ‘
- to specif:catlons - R
. 4 .observe ail safetyfﬁfééaﬁtiéﬁs
, ) _ _ ;
Evaluation: ; ]
i. 'student will be checked for proper procedures ]
+ and techniques in we‘dlng a ‘horizomtal Bntt , EEX
.joint: P . : '
2. Assistance will Be'givén when necessary =
'\ .. B -
CONCLUSIOV Time: 10 Min
- . . \ - ~
1. Summary - | |
a: '??éﬁ&f&fiaﬁ_af ﬁéi;i.éﬁa material
‘ , o S
. b. Set up of joint '\
. A _
c. ﬁeid spec1ficatlons~ |
. d. 'Observe all safety precautions
. L
- \," & N
- ) . |
o - \
\\
|
69 | .
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R Pom::Lamcs
P"A?v_"_p_,ur:

N omf nEN T,

dlmturycarsn
:IN cnuonrroai'

Ir,.,..a ‘LI', Titiae
Inert Gas Shielded
‘Welding Station
‘Complete ..,..._:
!.” Power Shears
‘ Trainer 4404 ...
Tungston Inert Gas
; {{TIG) Shielded Weiding

~{Specimens: : .: - .. _ | *

. R Yo . CRITER ’Bmsc-uvesmofsacmusmes LT esnei -

, 1. 3&3353131-80—501.
307 | 2. Modern Welding _

e »(Chapter 18)

‘& G:f:ven inert gas sheilded welding equipment and aluminum and aluminum alloy -

.specimens; set up and weld lap joints; free of excessive penetration; overlap, o

‘and undercut; for a. total combined distance of no less than 3/4 of the length of

. “the specimen, excluding the first.1/Zrinch start and the last 1/2 inch finish.
' All shop safety, good housekeeping, and fire prevention measures, must be observéd i

Given inert gas shielded welding equipment and aluminum and alluminum alloy plété

specimens; 'set up and wel butt Jjoints with 100Z penetration; free of overlap and

undercut 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, - ﬁl

: shop safety, good housékeeping, and fire prevention measures must be observed.

B R A L R LI ERUNEPIIC SR R L }'8""' R S T LRI

c. Given inert gas shielded wel&ing equipment and aluminum and aluminum alloy sheet ,
" specimens; set _up and weld, tee joints, free of excessive _penetration, ‘overlap; and '’

_undercut; for a total combined distance of no less than 3/4 of the length of the::

-
ES
»
High
?;'
¥

3 Y »,speeimen, excluding the first 1/2 inch start and the last 1/2 inch finish. A1l

U

e ——

shop safety, good housekeeping, and fire prevention measures must Be oBserved.‘: ;

NI

I

Aruitoxt provided by Eric



INTRODUCTION

. Attention: . . -

= 2. Review: Evaluate CTT assigament and critique missed items SS9504 | «
oo ST D 1 . ' R j
%§'~ 3. Overview: At the completion of this lesson you will have the Introduction
T - and Welding df Butt Lap, Tee of Aluminum. ’
= \
2 -4, Hdtiﬁétidﬁ: : 7
ﬁ o o ) '_.; o e e . R !
& 2N - . BODY o _ Time: - I hrs: 740 min.- -
: ! Presentation . - - - o
S . (Refer to. objectives 4a; b) . . Show Tyainer 440& Tugston
L . _ . Tnert Gas (TIG) Shielded.
=\ 1; ?éétafé §§§§7§§ thickness or _ N Welded Specimens
ol ' .gauge, design of parts;. finish ' S §§gd§nﬁs,Issued,3éBR53131
2] and appearance desired, and : - SG501 Modern Welding . -
= available equipment must be 1Bandbook
25 . considered in selection of the -at the end of Blk. IV. -
s <=+ -heli arc welding method to be
used in joining aluminum.

L " 2. TIG is used for welding '
R - - aluminum section which is . . S
o less than 1/8" in thickness. '
= . -j é.f~Welding fixtures are sometimes
;“é _ ' necessary- and should be used
ol " when welding thin gauge,materlal
' ." to prevent warpage. .
. _ 3. .The arc is established between - )
e L a noncomsumable tungsten elec-
e s trode and the parts tb be

- welded.
E;: 4. Flux is mot required in imert -
= ‘gas welding because the action
o of the arc breaks up the oxide -
E ,fiim. o . . .
nit " 5. Power Source
== a. AC high frequency is recom-
e o : ‘mended for welding of aluminum
25 o
. "¢ b 'DCRE may be used é,fff@ isn't
s g P avaiiabie for aluminum
D . - - . : i

Y2
|y




‘6. Explain alterpating current S

a. AC is a combination of DCSP
and DCRP

"b. When high frequency is super- ' S
imposed upon AC welding current

a- continual flow of electromns

is jumping the gap between the

electrode and the work piece,

piercing the oxide film and

forming a path for the weld-
~ing current to follow.

7. Aiuminum aiioy most widely used

a. ?1100 1003, 4043; 5052, 6061

7075 and 2024

‘0\

: 5. ,1100:pure aluminum
‘3003-manganese—can be heat

‘before welding

4043-dluminum silicon

5052—magnesium—heat treatable

and weldable :

" 6061-magnesiumu silicon- . Show Film: FtC-2360
_ weldable (Wélding Aluminum)

7675—zinc-heat treatable,

nonweidab@g -

202&-copper—heat'treatable
non weldable

4

 a. TFor welding above 100 amps a
water cooled torch i§'ﬁ§ed '

b- Water used to cool the weld-
' ing torch should be clan to
prevent clogging or flow

restriction.

(1) Overheating can melt the
‘silver brased metal joints
in the torch and the plastic
water tube which sheaths the
electric &iBf% ' '

15
~
')




les.

10. |

Ce

a.

" 2 rod too small in size forces .

u:tpment
: 4.s provided w:tth solenoid
valves and valve timing
controls .to control the
. flow of water and gas
- during weldinz-

(3) When delding is stopped,

‘the rimer sllows the water
and gas to flow for a

to Z\i;.-«a the tungsten

zlec:rode to cook; thus

preventing .cortamination
waen eprsed to- afr. :

Reccmnend electrode sizes

for various ranges of welding current.

:fﬂler materia—l

Additional filler metal is’
fot necessary in TIG welding
when enough parent metal is
provided by the joint design
to form the weld bead.

The filler rod should

always be within the imert
gas shield and at the leading
edge of the weld pool.

o Iarge a rod distrubs and

often freezes the pool, while

the.weldér to feed too fast

for steady operation.

Preparation of metal

as’

'G];eaning of the surfaces to

be welded is of major im-

joiningregardless of the

: _welding process. -

Ox:lde, _grease or oﬂ: film
.Temaining on. the edges to
be joined .will cause unsouid
. welds. - :

i

v




¢. . Mild alkaline solutions and

commercial degreasers that - ' o ' 50
do not give off toxic fumes )

"during welding are used suc-
- cessfully to .remove ‘gurface - -
contaminants before welding.

(15 Acetone—aikaiine solu~

tion—explosive ; : . -

(@ Alcohol-alkaline solu-
i tion-explosive

@. Oxide fiim can.also be re-

moved by mechanical means
) - Aluminum.wooi
) étainiégs steel brush

13, Joint Requirement

a. The choice of joint design

and root openings required

for its welding are deter-

mined by the structural
requirements of the weld.

b. The basic types of joimt S

designs are the butt; lap,
corner and edge.

. @) Almost dny fébi-?té&fién
will have one or a com—

bination of two or more

' of these basic types, . -

depending upon_ the physical _ ]
properties desired; type ' -

of material being welded,
the size, shape and appear—

w;' : ance of the assembiy.

12. Weld épecifications . ' :

a. Butt joint

(1) Metal up to and including

1/8 can be welded with

‘no edge preparation other

than removing burrs and -
cleaning.

o




13.

(2) Weiding is done from one

- 'gide only, on metal of

1/8" or 1less

(3) On material over 1/8"
~ and up to 1/4" thickness
a square edge butt joint
can be used if the joint
is to be welded from

. both sides

) A single-vee butt joint
is used on metal 1/8:

to 172" thickness where.

wel&ing is done from
one si&e only

(5) Metal over 1/2" is'pre--

pared with a double-vee
or double-u

(a) Vee or U joints are
filled with filler
rod

(6) Specification for Butt
Joint .

@) feq?tratibﬁ;iéﬁz

(b) Width-2 to 3 T

(c) Height—SZ to 302 T

Lap joimt - -
a: A lap joint needs no metal
preparation,other than

cieaning and removing burrs

b. Plates must be in ciose

contact along the joint
; away of the upper plate: -

c. ©On material up to 1/4"
_thick, a lap joint can

be made with or without

-filler rod

Falel
A

57



e _ (l) hap joints are not
tecommended on metal

over %" thick except
;for rough £it up

- o (2). Thtee typeippf 1ap '
(2) Single welded 1ap
- - . - (b)  Doubled velded ap = = - | ;
. | ' y (c) Joggled lap

(3) Specifications for lap

(a) Lover leg-1% T
(b) Upper leg - T e,

.- (c) vidth bead 2 to 3 T

(@) Penetration-25 to
©80% of T

14: Tee . Jotats | | s :

fu : . . is used on matetial up to
178" thickness; needs to

3 : : have special preparation » ' - : -
: other than cleaning the edge
S of the vertical sheet and the
SR . ‘ Sutface of the horizontal -
- : sheet where the weld is to : '

be made.. : -

- b:- Welds made on metal ﬁé@iﬁé
a tmi-“gess of 1/8" or
o squire ba?cling o .
ot tﬁe.vettlcal sheet. '

on metal up to %“

where welding is done
" .from one side only.

-

X

(55 A doubl° bevel is used -
. whetegthe joint can be
welded from both sides:

{1




T e R T S R i e DR S TR T o e e e e

IR e o | - 7

E . () powerlegtkT. - 23

= . (2) Upper leg-i T |

%o (3). ‘Width bead-2 to 3 T ‘

& . B : . S . ~

g . {4) Penetration-25 to 80% T | L.

:% -

= . , : .

-] 15. Welding procedufes

- : a. Back up plates are rec- .

- ommended wherever pos-

= -sible to control weld

g penetration and permit

- ) _faster welding speeds.’

’-3 b. Tack weld at about 1" ~

2 to 1)%" intervals, they

= should be neat and small. L

Z‘E c. Ihe. arc isfstarted by

o bringing electrode close

= to the work surface.

s (1) Electrodes do not 5

o have to touch the '

;,: work surface.

§ . ' d. Hold long arc

] = '€3) Between 1/8" to 3/16"

5 e. Keep filler rod fairly ;

= . - flat to work surface.

AT : (1) Between 10-20 degrees |

-: Application. ) ,

. (Refer to objectives 4a, 4b - .'

=

Z EVALUATION:

= L- set'lldent nge::r:hec’*ed for Pr°Per . Students will use equipment im

T ep , shop. Inert gas shielded welding

2. Ass istance will be given when station complete, power shéa"r’s .
necessary
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Preparation of material e Day 6! B
. - .5
Wélding procedures and techniques_

" CIT Assignmen_i; a

" 2. ° Remotivatiom: .

Overview: .

Aluminum aiioy most widely used

Paraz 18-35, para 23-21
., and para- 24=21

INIRQDUCIIQNATG NEW DAY'S

INSTRUCTION

Rééd Mbdern Welding~ﬁhndbook POI obJective ﬁb 4c

POI time 2 hrs.

 Pay 7‘L~

d. Preparation of material
“b: Set nb 6f joint

d. - Safety

Tee joints of aluminum.

Application' 74444;44e4,ﬁ

T Evaluate CIT and critique missed items: (Modern Welding - para 18-35
. j

para- 23-21 and para 24-2&) \

»

Students will use equipment in shop

Inert gas shielded welding station

- {(Refer to objectives 4e)

3. Weld tee joint to student guide
specifications

4. Observe all safety precautions during
_accomplishment of project

Evaluatjion:

1. Student will be checked for proper
welding Procedures.

2. Assistance will be given when

necessary.

y

complete (power shears)

et s e ¢ e A——— S



i"_b’” VALY 1T ’:’f*'fv [ '7 ,
I"—DAJL—SUMU&!.IY Day 7/

{

= f; Preparaticn of material

3. Alumlnum alloy most widely used ' T
s OGS o
5, AiEéEﬁiEiﬁg current .

[

- CTT Assignment. 15‘31&;’81!533:31 SG—SGS Answer POT. Ob3ective 5a

Quéstions at end of chapter . POI Time 2 hrs.

Read chapter 18 MbdernWéldlng

3 . . _

Vo -~ INTRODUCTION IO NEW DAY'S INSTRUCTION

. 1. Remotivation:

2. Review: Evaiuate CTT Assignment and critique missed items [&e 505)

2
\ a; ?Eéparation of material '
A

- V' b. Set up of joint " - ’ -

. ¢. Welding proceditres and
9 techniques

ol
ow
1)
I
[}
34

-«

3. Overview: -Tee joints of aluminum. _ ,
Application: éédﬁtia§' - Students will use equipment"
7 : : . h in shop inert gas shielded -

- .Student will perform the following: : - welding station complete
a ' T o (Power Shears)

1. Preparation of metal
2. Set up of joilnt o :

3 Heiéing procedures and techn:queS'

for lap and tee jeoints

:'EVéluatidh:

s 1. Student will be checked for . proper
R o procedurcs and techntques.

3. Assistance ©ill be given when |
necessary. f

: S0 ' 3 7 Do ,
, e - . -9 . L
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Aruitoxt provided by Eic:

*l; Summary

-a.

.,b'

.Preparation of -material

Welding procedures and techniques
of butt; -lap and tee joints .
Specifications for butt, lap and tee
joints :

Safety

Assignment - NoNE

. S
3. Remotivation:
4. Closure:
=
5 L
& .

o/
. /
)
13
.-
-
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Time:

S - INTRODUCTION 10 Min
“1 K:cention N
5._‘2; Reyiew-l In the lasc olocR you learned how to set up and prepare for
T weidiug aiumiqg@ ?EEE: lap and- tee joints usin3<the gas shlelded process.
~ e Evaluate CiT ass:gnmerf and critiqueﬂmlssed items. :
B 5;' Overview°h Eébn completion of this ‘lesson, you will 1earn aﬁa apply
CoT proper ptocedures for’ velding magnesium butt joints: - s
4 ﬁ&éi@éfiaa; 3 -
f‘° ~ BODY Tiﬁé; ? Hrs 56 ﬁin
Presenta'icn. . - -

’Refer to Object1ve Sa)

1.

.

£

T

,

Show trainer 4404 Tungstem

- Inert Gus (TIG) shielded -

'-"weiding specimens
L 9.

Generai znformation .

e

World's l*ghtesv structurai '

metal -

” -éii'jllumlnum is times as heavy, 7'
iron and stee€l ate '§ times as -
. heavy and’ copper ‘and n1cke1

.
1

aiioys are 5 times as heavy.

'Magnesium is siioyed with cocher
metals including, aluminum, zinac,
- mangarese and oshers

'(1) Hagnes*um containing Thorium

31d radioéétive.
;Uses of magnesiuﬂ are”divided in;o
‘_two types - c:ructural and ﬂonstructura;

NS Scructural uses znclude, fuselag&s,
o ;wtgg§37§g§§{ng wheels; engzﬂc parts
cand a:cessories.
2} - Nonstructurai uSes are its use-es -

“an alloying element in’ aluminum, _
lead, zinc and other nonferrous



Welding butt jbin"s of Hagnesium to

" Modern Welding Handbook specifieations
a. humbering System

(1) Two. letters foliowed by tws ol

three numbers
'b. Welding machines and torches

(1) Direct Current mach:tnes and

; alternating current machines

. with a high frequency curren
siif)éfﬁjibéed'
(2) For ghijg gauge material, bot..
: types of machines are used, but
on meoterial over 3/16" thick, AC

N : are preferred Because of

% enetracing power.
c. - Shiel&&& G

{1) Helium and argon are both
suitable for wei:ding of

magnesimn

{f} ﬁrgon 1s used with alternating
current, yelium is used with
re':rerse 1arity.

with an oil> ’ating or chrome o
P > or surface protection
duri:ng shipment a.nd storage. i .

(2) Oﬂ coating .
(a) Preferred for materials to be-

weldai since they are easier to

; ' clean

‘ should be made frzm chrome p:tckiea
‘metals

(E) ‘Parzs to be painted after welaing

(3) Cleaning N
- (a) Chemicals

s



o;

£..

;v@ordegreaser

2 ‘ﬁtﬁééﬁé -

- 3 Hot iiiéiiié éolﬁtioﬁ
(Y Mechanical —

[

Stainless steel wool

jw

‘Wire brush -

3oint ?reparations

@

'Edges should be free from loose

" pieces or pits-which may contain

contamination such as oil or
oxides

(a) ﬁilled, ‘gawed, sanded, routed

or filed edges are satisfactory.»

Fit - up should be 1/16" gap or less
for butt joints. :

é3§ Welding fixtures argfgecessary when
. welding thin gauge material to
grevent the plates from oyeg;ggping
and to aissipatc excessive heat.
ﬁeiding poiarity ’ - o )
éi§ DCRP is uso@fghen there is no
ACHF availabie.
) Alternating current with hig? fre-

quency superimposbd is normaiiy

.a) Electrode is held flush or

. slightly below the surface of

the work for m penetration

’éES Torch angle should be from 75 to
- 90% - - ;

m I
O



_ Practlce Safety in Performance of required

tasks

-

a.
b,

C.

Remove a1l 3ewe1rv
Wear protcctive clothing

Check water, gas, power cabies and
water cables

Demonstration

Practice good housckeepxng consistent

with safety and fire preventlon

Overvieu: Welding butt joints of mbgnesiun

Application:

1.

‘i

Student will be given materlal and

equ:pnent for weldlng utt joints of

magnesium.

é; :Prepafe»jéiﬁfé for welding

b.. Weld joints to specifications
c.” Observe all safety precautions
Evaiiiéti'on P - )
1. Student w1ll be given 2551stance when.
- nel ssary ’
2. Welds will be v;sqgiiy znspected for
" HReight, width, overl'p, undercut, and
penetration- ) ‘ ,
1:2 Prebaratlon of metal R
2. Wbldlns Brocedurﬂs for butt
- joints of. magnes:um
5. Specif:catxons for goxnt

CIT tss:tgnment 5ot objective 6a POL time 2 his.

-

1.

Read SG 3ABR53131-SG-506 8nd

e

R
»chapt

questions at end of

"’:er 18 Hbdern WElding-Para 18-20

o — - 7 -

61

o!!

Students will use equipment in

shop. Inert gas shielded welding

" station complste, cledning equipment‘

power shears.



7 INTRODUCTION T0 NEW DAY'S INSTRUCTION DAY 3|
1. Remotivation | | | | . '
2. Review: Evaluate CIT Assignment and céitiQﬁé missed items (SG 566§l
a.. Preparation of metal | |

b. Welding procedures and specification: for

. bute joint
3. Overview: Welding butt joincs o‘ magnesium : e
Appliéétion' {Cont) EF:AAA; - i ‘ Students will use equipment in. \
' o L shop. Inert gas shielded welding |
Student will perform the following: L gtatiun complete, cieauing equipment i
, _ - - power shears }
>1. Preparation of metal .
2. ‘Set up of joint
3+ .teld butt joint to specifications
in_the Modern Welding Handbook-
' Evaluation:
1. Student will be. checked ‘for, proper uelding ,
procedures 4
2. Assistance ﬁiil be given when necesééfy
T " CONCLUSION . Time: 10 Hin i

1. Summary
a. Set up and preparation of butt joints of magnesius for welding,
b: Use of ﬁESbéf waldiag procedures 55& techniques.
e Joint to be welded to specificaions in the Modern Weldiny Handbook:

oo .
. Remotivation

By

-Assignment Nome

()
' v
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a. .Siven imert gas shielded welding equipment and A-286 alloy speciiens, Set up anu |
weld butt joints with 100% penetration, free of overlap and undercut, for a t7:a. [}
< combined distance of no less than 3/4 of the length of the spécimen, exclued iy ihi

first 1/2 inch start and the last 1/2 inch finish. All shop safety, good L
housekeeping and Fire prevention rweasuTres must be observed. - :

weld tee and corro joints free of excesgive penetration; overlap and undercut,
 for a total cumbined Aistance'of ;no less than 3/4 of the length of the specimen,
excluding the first 12 inch start and the last 1/2 inch finish. All shop

b. Given inert gas shie .ded welding equipment and A-286 alloy specimens, set up and

safety, good housekeeping and fire prevention measures must be observed.

L

C e
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| TBARTTeTTAN L Y T BN 22
INTRODUCTION : Time: 10 min. b?

1. étteﬁiiéﬁ
2 ggvieg: In the last lesson you learned how to prepare and set up_ for
welding magnesium butt joint in accordance with specifications. Evaluate
CIT assignment and critique missed“ff&ns.
3. Overview: Upon completion of this lesson student will learn and apply
proper procedures for welding A-286 butt and tee joint to specificatienms.
4. Motivation: =
BODY . Time: 13 hrs. 40 min.
Presentation:
(Refer to objectives Sa, 6a)
1. General Iﬁfﬁfﬁétiﬁﬁg
a. A-286 S ¢ ' ‘Show trainer 4404 Tungsten,
) Inert Gas (TIG) Shielded

z

b. i:iéﬁf weight (inert gas) are weiding »orch

high strength up to 1300 degrees

D) Designe& for parts requiring - g Welding specimens.

'.F and oxidat: n resistance up to

. 1500 degrees F

(2) Should be welded in the
. solution—treated condition

(3) Strees relieve @aes0° F
1 hr air cooiled)

i.
%) Chemical é&nTp&EiEi&ﬁ
(é) Chréﬁiﬁﬁ .
(b) Nickel .; S ~ . .

(c) Irom

b. oaly properly trained men will
" periorm welding on aircraft parts

outlines welding qualifications

for aircraft welders

. (1) Specification MIL-T=5021

c. TIG welaing is the best suited welding process for repairiu6 or ael&ing Ar286
azloy P

d. <The possibility of A-286 cracking is more critical than‘&hat of stainless steel

WElding equipment an” materials

a: Welaing machine-AC~DC rectifier vith foot control rheostat

~



a.

2% :“r-{z+- . tungsten electrode

Shielding gas (argon or helium)

Welding lense (No. 8; 9 or 10)

Light weight gloves
Filler material
(1) Hastelioy "W"

(2) A-286 sheared stock

. Welding p-ocedure

benzine
Grit blast may be used to Temove dirt; scale, carton, rust or other imorganic
matter ’

Hhere a crack is suspected:

(1) Rec dye check to determiae exact location

"/ (2) Inspect both sides of the area to deter- ‘= exact location if crack

penetcstes the materiai

" Prepare cracks for welding as follows: L ,

(1) Up to 0 045" thick grinu %o A depth of 50% of parent metal thickness

() o. OﬁS to 0 090" thick grind to 75% of parent metal thickness

(35 over 0.090" thick grind’ t6 within 0;936" of opposite side

Set current for thickness of material te be welded

Check all tacks (tacks that are cracked will be ground completeiy out and
xzade over)

Use capger tab to start arc on whenever possible

Reep iiller rod under gas gt:ield

Grind oit poiat where weld was terminatad, before restarting
Eliminste crater éfaékﬁ .

Hnltipass welding- each beggfshaii be thorougnly cleaned by zrinding or rotary-
filling; followed by the wire brughing to znmoletely remove all oxide :

= LT Aat hoos anitbai: Hooasld, all materiel is incladed -



o 1. Clean repair welds with fine emery cloth and dye check 47
‘4. Weld requirements:
a. Butt joints

¢l) Penetration-100% T
s~ {3 Reinforcemest - 5-30% T
(3) Width = 2-3 T
b. Tee joints
(1) Penetration - 25-80% T )
(2) Leg width-11/27T A
(3) Width = 2-3 T
Applicacion: ' (Refer to objectives 6a) - Students will use equipment
’ in shop: Inert gas shielded

oot siion: S 7 . welding station complete (2)
Evaluatic : cleaning equipment(3) power

1. Student will be checked for proper welding power shears
procedures. .

5. Assistance will be given when necessary

| ENﬁ,GF DAY.SUHHARY ' DAY 9
1. Welding equipment and material
i ‘2. Welding procedures

3. Weld requiremer-s
- CTT Assignment: 1. Read Modern Welding Para. 22-1 thru 22-5

POI Objective 6b

POI Tiime 2 hours

1: Remotiva .. )
3. Review: Evaluate CTT Assignment - ‘d critigue missed items
a. Welding procedures ’ o ' T

b. Welding equipment and material

-~

. - . ’




3. Gverview: Welding butt joints of A-286 : 6&
Application: (Contimued) Students will use equipment
. (Refer to-objectives 6a) - ~in shop. Inert gas shield
o - - S " . welding station complete ) -
Student will perform the following: Cleaning equipment, power shears
1. Preparation of material

2. Set up and tack

3. Weld joints to student guide specifications

" 4. Observe all safety precautions during accomplishment of project
E;éiﬁaiiaﬁs
1. Student will be checked for proper welding procedures
2. Assistance will be given when mecessary
CONCLUSION DAY 10 Tige: 10 min.
1. Summary -
. a. Preparation of metal
b: Shop §if§t§ 7
5. CTT assigament: 91 objective 7a POI time 2 houts

a. Review notes taken during class

iy

5. Read 3ABR53131-SG-507 and answer questions at end of chapter.
3. Remotivation:

4. Closure:

o

-
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Joints of A-286 &ffoy .
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N LAQORATORY

. EQUIPMENT

_FROMSUPPLY T . CLASS

FIEOMATERIAL -

 SRAPNIC ADS WAD
UNCL ASSIEIED MATERIAL | .

Inert Gas Shielded
¥elding Station
Complete LT
.Cleaning Equiipment
Power Shears
Trainer 4404
Tungsten inert gas

(TIG) shield=d weiding s-

Consolidated Toolkit Nome

| 2.° 3ABR53131-SG-506

CRITZRION OBJECTIVES AND TEACHING STEPS

a3

safety, good housekeen:

'Teacking steps are listed in Part II.

a. Given igert gas shielded welding equipment and A-286 alioy specimens, set v and
weld butt joints with 100% penetration, free of overilap and undercut, 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 £4ai:h. ' : ‘
bousekeeping and fire prevention measures musct e observed:
Given inmert gas shielded welding equipment and A-286 alloy specimens, set up and
weld tee and corner joints free of excessive penetration, overlap and undercut,
for a total combined distance o no less than 3/4 of the length of the specimen, |
excluding the Zirst 1/2 inch start and the l:st 1/2 inch finish. All shop |

<g &} fire prevention measures must be observed.

~ All shop safety, good

o

YR AL LAY IS |

M-‘ P '92
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INTRODUCTION Time: 10 min
, 1. Attention
g ‘ .
- 2. Review: In the last lesson you learned how to prepare and set uvp for
. welding magnesium butt joint in accordance with Specifications. Evaluate
CTT assignﬁcﬁt and critique migsed items.
3. OvervieW' Upon compietion of this lesson student will learn and apply
proper procedures for welding A-286 butt and tee joint to specifiéétions.
4. - Motivation: | .
BODY ) , Time: 13 lirs 40 min
‘Presentation: o
(Rofer to objectives 5z, 6a)
1. General Information
B a. A286 e  —  show TRAINER 4909 TonEsTEn Ticy
i g . T . _—— — — ; Gﬁ r ) ;w -
. . (1) Dezigned for parts requiring 7 ’(, ¢ 3‘“ Uoﬂm"i‘;—n
high strength up to 1300 degrees rmews.
) F and oxidation resistance up to :
- 1500 degrees F _
- . (2) Should be welded ia the

'SUIutxon-treated condition -

(3) Stress. relieve (1650° F
1 hr - air cooled)
{4) Chemical Eéﬁéi;éitibgi L
" (a) .Cﬁfaﬁiﬁﬁ
(b) Mickel
c) irbn
b eniy properiy trained men will e

perform welding on aircraft parts

) Spec1ficatibn HIL—T—SGai : ‘ : .

" tions for aireraft welders

-
—

Y.

(Y
o




b.

c.

d.

]!

e

1 Acetone may’ be used ‘ ; 7’

(b) Grit—bi;asting may be used to remove dirt; rust and scale.

1 If grit blast is used the surface shall be polished with a rotary

stainless gteel brush to remove blast residue from the surface.

?repare crack for welding

(3

Joint preparation

‘(a) Sheared stock .

eompleteiy grind out any crack that daes not peunetrate the material.

(1)
(2) For through cracks frind out to a depth of 507 of metal EEE;EEESB, keeping
" width' to a minimum ]
Weld immediately after pre-heating (706—800) aegrees F. and stress relieve
immediately afterward.
" (4) Check for cracks ' E ' \
Welding equipment and matezial
(1). AC-DC rectifier welder ~ :
(2) Water :: led torch ~ .
. ” . P r~ !
(3) Tungsten electrode—2% Thoriated -
(4) Argon gas for primary shielding, helium for back up shielding
(5) Filler rod

(b) Copper coated filier wire - to protect wire from corrosion

. ¢{1) Reove ghafp edges or burrs - o : .

(@) -Spacing 2T
’ ; .
(3) sheilding gas - 12 cu.'ft/hr. - W -
(4} Back up gas - 3—.1 cu. ft.fhrL 7 /\/—T\ - 7' N
(5) Torch: angle ‘ -

(b) Tee]— &5 degrees

. . ‘
Weld spec}fications :. - 1
(1) Butt jo:tnt‘ R - . : | | - e
R i ‘
(a) Penetration - 3:0’ 0z T




' (¢) Bead shape - slightly comcave o slightly convex : 53

3. Practice safety in performance of required tasks )
-is _ _ _ _ 77‘7 777;7 . _ _ _
a. Remove all jewelry befofe 6§éfét16§<6f equipment

b Wear protective cia:hing o .

¢. Check water. gas; power cables and water <ables
4. Demonstration

5. Practice good housekeeping corsistent with safety and fire prevention.

v,
i

Avoplication: _Students will use equipment in ;

shop. Inert gas shielded welding -

‘station complete; cleaning equipmeni

ower shears.

Studént will be given material and equipment .

fcr welding butt, 1ap, and tee joints of chromoloy.

1. Prepare joi?ts for we}ding. ; ‘ : R
2. ﬁeia joints to spectf#cations. _ : "
3. Observe all safety precautions. ‘ ‘ | - |
Evaluation: . - | ’ -
4 .
1. Scudect will - given assitance\when pecessary. - ‘
2. Welds ;iii .ally inspected for height, v Eﬁ overlap, undercut.and penetratior
Sumdary  EXD OF DAY SUMMARY DAY 11 o
4i; Preparatiosn of =esal | .
2, Weldir: sz nadiste “
3. §Ebp é\;éf?. : - -
err AsEigiiiiéht: _ o /
1. Read Modern Wclding Para 22-6 thru 22-4 o - t
| mmonumon TO] maumeefzow fw 12

Evaluate CIT and eritique missea‘,items. 7 ‘
1. Remotiiiitibﬁ T o - s g
i:f ﬁé?iéi “!;j?l . | 3

. a. Welding equipment and paterlais | ) _i I . -

b. We ilng procedures - ’ 7 - :
c... Weld reqidrements

3. Check on Home assigiment .
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3 Overview': Wélding, butt and tee jointb of chromoloy (Objective 7b; ©) c>$?

- , \ .. Inert Gas Shielded Welding station
Student will be given material and complete, cleaning equipment, power

equipment for welding required joints. ~ shears.

APPBICAEION. (Cont) ' . _ o Students will use equipment in shop.

3

. 1. Prepare joints for welding. - , .

- 2. observe all shop safety.

EVALUATION: |
1. Student will be checked for proper : ' B
' ﬁélaiﬁg procedure ] -

. - 2.  Assistance will be given when

 nécessary
CONCLUSION - Time: 10 min |
1. Summary - .- - ; / :
' a. Preparation of metal -
b. Shop safety |
2. CTT assigoment: POI esjéetivé.éa ~ POI time > hours ' .
| a. Read 3ABR53131—SG—508 and answer questions at end of éhé?tér.
b. Review notes taken in class . ) \
3. Remotivation: - | g *
4. Glosure: . | ,
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% APPROVAL orr:ce AND DATE . . INSTRUCTOR o o . - :
% éffA[ 7]7 e — e : . .7‘ -
@- S . COURSE TiTLE : e
= -_3ABR53]31 .~ - | Matals Processing Specialist
g BLDCKk NyuBER - . evum::xi TITLE Inexrt Gas Shiclded Welding cf Hi gh
= |V - IR - Performance A:.maf_t_netalu ,
?g' LESSON TITLE . ;\' ) _ o . , R 3 B
' $utt Joxnus of Nlckel Base Alloys A : e
§' - LESSOM DURATION _ : 7
e Complementary o - TorAL S g <.
R "2 brs | 10 brs o
B  ———_POIREFERENCE S '_
g . | PrceDATE ' - .| eaAragrark
= |40 - .. 23 Sep 1975 y 8
B B . ' STS/CTS REFERLNCE
= NOWBER ; ' g _ OATE .
= |-STS S31X1 : : 31 _May 1975 o
o i : e SUPERVISOR APPROVAL . I ‘
% . __SIGNAYURE ) DATE S - SiGNAYURE . L pArge 1§
5| : . '-
] - ~ ~N
=2 o R - ’ .
&= |- e — .
=l - . PRECLASS PREPARATION , — —
= - - o= ————— — —— R
S| TWRARRe | et | e | SREERENISL
g. 1. Inert Gas Chielded|Censolids7éd 7aolks: None S 3A3R53131-SG-508
P  Welging Station ' - : . :
= Complete . S . ‘ ' - '
— | 2: €leaning Equipment _ ' o™
% . 3. Power Shears N ‘ )
CO 3 TRAMEL 4404 Tué-
S7en ZweRT GA3C7E) |
% | shielded Welded Lpecmchs- o
:E , CRITERION ORJECTIVES A4D 7 f‘AcmNG STEPS —
P S e —limmmoilo- S 3
a. gzj:gegiinert gas shielded welding equ*pment and nickel base, alloy speclmens,
set up and weld butt joints with 1007 penetration, free of overlap and undercut,
for a total combined distance of no less than 3/4 of the length of the specizen
excluding the first 1/2 inch start and the last 172 inch Finish. A1l shop safety,
good housekeeplng and fire prevention measures must be observed.. .
Teaching . steps are listed im Part II: .
= N : .
- - - -
MC . - R . - _ s




< AU IR IN‘I'RODUCTION - . T
1. Attention: - . s - 7%

3. Review: In the last lesson you learnmed how to set up and wald Chromoloy

butt; tee and lap joints o specifications: Evaluate CIT assignment and
-critique missed items. -

3. Overview: Upon completion of this lesson; you will learn and appiy proper procedures
for welding nicke base butt, tee and lap joints.

4. Motivation:s
[ T S BO®Y ' Time: 5 hrs 40 min
7 ' ' ‘ DAY 1

1. General informatfom . ' - &
a. Good mechanical properties (strength .and ductlllty)

b. §§effib1ent of thermal expansion of inconel is about ths same as that ‘of carbon
_steels ¢

(1) Warpage and stress reSultlng from the appircation of heat will be approximately

the same

-éi§ Welding fixtures should be used wherever possible to help d1ss1pate heat

2. Weld butt Joints of nicke base aiioy (TIG) . Show Trainer 4404 Tungsten Inert :
to study guide speciflcations - . Gas (TIG) shielded wel&ing specimens

a. Metal ireﬁéretidnv
(1) Chemical cleaning
- | (a) ‘'Vapor degreaser
(6) Acetone

(2) Mechanical cleaning

1
il

(a) Sand blaster i S . | | o

i i (b) Stainless steel wire brush

[ §

(c) Crinder
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WEIaiﬁg équimeht 7
() AC- ¢ rccfifler welder - - o

(-i—:)-lngrt gas (a—gon)

i3

) 2% Thortated tungsten-
-g_;:{e!cctrodc
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(2) Amperage aepends on thnckness

of maternal -

3

i

:

(= @ finerrea v

NG

i

T T< (3] Inconel 62 or 63 A T

;

T
.

. (b) - Sheared stock

.

~:

th
)

H
S

d. Torch angle

RIS

SRR (VI 5 9e aégFéég L P

(2) 'Upon complet|on of we.d, ieéVé‘ : o SE e

: " ostops - : j o T P e N;:

3. éutt'jbfﬁt Ebpcificétions

2. Penetration - IOO% T e
b. Bead width - 2-3 T

‘e Reinforcement = 5-30% T

k. Practice §5Féiy in performance of : .
requircd tasks : : ‘
5. Practice good housekeeping consistant LT o

N wlth safety and fire preventlon

a. Remove all jewelry before operatlon
R .of equnpmcnt :

;;7 b. Wear protcctuvc claiﬁxﬁé - ; :
‘€. Check water, gas, power cables L o
. and water lines - - - - L o St o
. N e . ' o2 99 o g -

At
AR T e - a——




R 78
2 6. . Demonstration
H’ﬁi’eﬂzeﬂ: =< . Students will use equipment in shop. :
1. Inert gas shielded welding station complete
Student w111 be given maierlal and 2. Cleaning equipment
equiprient for, welding butt joints of 3 Pﬁwer Shears
nickel base alloys T
T~ =—T: Prepare Jjoints for welding o P
i 2. Weld joints to specifications _ :
% 3. Observe all safety precautions
_ i. Student will be glven assistance i _ ‘ , ' ;
o when neces e‘ary : ' : '
5 2. Wplds will be visually inspected
B for height, width, overlap, under=
cut and penetration
e BN | | CONCLUSION Time: 10 min
: 1. Sommary: DAY 13
da. Preparaticn of joint
b. ﬁeid <pecifications
c. Welding procedures ‘
: e
3 2. CTT-Assignment: . POI Objective 9a POI time 2 hours;
=5 _ a. Read 3ABR53131-SG-509 and answer guesticas at end of chapter.
b.  Read Chapter 24 Para 24-26]
= Modern Welding Handbook '5
_. 3. REMOTIVATION:

4. CLOSURE:
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E2e ) i
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g= | L . | PRECLASS PREFARATION - . S e
=5 . EOUIPUENT LOCATED - - L EQUIPMENT . GRAPWIC AIDS AND
ﬁ "IN LABORATORY. “ 1 FROM SUPFLY - CLASSIFIZD WATERIAL UNCLASSIF 1EC MATERIAL
1. Inert Gas Shielded R T 7 T S
. .Welding Stat:’cou} Consalidi7ed 730tK.7 Nome ° - .71 1. 3ABR53131-SG-5091| -
“ Complete. R C 1. i| 2. Modem Velding |
2. Rectangular Dri T - : R T =R (Chapter 2k) -
- Bel Bubble b .. .| 3. Pilm: FIC 8/60
‘3. Cleaning Equipment TR SO B o How to Weld
4. Trainer 4404 o e : o ' Titandium = .-
5, Tungsten Inert Gas (TIG) s o BRI ST e
Shielaed Welded Specimen ——
S - .1 .- CRITERION CBJECIIVES AlD 1EACHING STEPS
e Given inert gas shielded weld:l.ng equipment and ‘titanium and titam.u:n alloy T | {
- specimens; set up and weld butt joints with 100% penetration, free of overlap, P
and undercut; for a total combined distance of no less than 3/4 of the lergth
of the specimen, excludlng the first 1/2 iach scart a.nd the last 1/2 :anh finish-

e ATC TORM




mmom:cnon . mme: lomin g

1. Attention: ]

Review: In the last lesson you leatned how to set up and weld butt

2.. B
joints of nicke base alloys, according to specifications. Evaluate *
CIT assignment and critique missed items.
3. Overview: Upon completion of this lesson, you will learn and properly apply
procedures for weiding butt joints of titanium and titanium alloy
- ) sheet. = B} *
4. ﬁbtiﬁéiioﬁi : — ST —““'“"nm"'“mwf""*““"’f“"“””“""”f“““‘44";:r:-:
- BODY S Time: 9 hrs 40 min
_ 2
Preseatation: o
(Refer to objective 9a)
1. General information
"a. Melting _pornt: of commerciaily pure titanium 3140 - 327‘1‘
b. Discovered im 1795
2. Identification - B Show Trainer 4404 Tungsten
o N T Inert (TIG) shielded welding
a. Crinds very slow and gives off ) . specimens

bright; white sparks with traces ending

{u brilliant white vursts. (Spark Test)

b, Afreraft parts fabri.ated of titanium are identified by the word "Eiféﬁiﬁﬁ“
etched or sramped co the part. ,

<. deatified DY sianufactorers code and specification numSer stamped on sheet;

bar, platz and tubing,stcck.

.

A, Hydrochioric ac'd;;e 53 _—

(1) Used to disiiﬁgﬁisﬁ between commercially pure titanlum and its alloys

ééi. Put piece to be identified in 50cc of hydrochioric acid (solution will
beccme viclet a£ter 1 hour)

(3) %o 5ce af solution, add 3% of hydrogen peroxide

turn orange-yeilow

T . ;

(a) Commercially pure strip will )

(b) :m alloy of titanium will

turn a deep red—orange
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TR - m%m—v-—f-—-— ‘
S < '“; ."C,\’\ W oy mw—“q.qu -

18 oA,

3z ~f:iiér;-n:i:eri'5ticg : SR . - S LT
-a. tight welght . ’ L
S ;o : : Do - 7 - -
o (') CUmpareS ‘favorably to stainless LT -
Dol steelfat”temperatures below s
e 2 800 900 degrees F. - F R
.(2i_ tlghter than sgglglgss steel and E E
o 'Slughtly heavier than aluminum :
b. f’o'r_r'ogi'oh resistant | | L
(1) . Greater corrosion resustance than ' _ .
. 7 aluminum E L S o B .
.2 (2). 1t appears that titanium will replace. . o -
s - aluminum in aircraft where High strength . '
' and resistance to sea water are. biime
con5|deratlons :
5. Some uses of tltanlum
‘a. Aircraft skins s . oo
b. Frames .
- c. Hydraunc lines 5 e e
5. Compcsition ’
.a. Commerc1al}y pure
b. Alloyed wnth alumlnum ﬁéﬁgahééé; o o B
- irom, chromium and carbon : - -
6. Neldlng technlques , | o ' Show Fii"i FLC 8160
a. Host weldments are made with ' : EBW to ﬁéié Titanium
-'commerCtally pure titanium - oo
b- '§§[onger g[lgys are not SU|table
for welding’ becauseigffbglggleness ‘ '
. 7 7 . along the heat affected zone. - —_— S o o
3 (Alpha and Beta types) : ; . - : -

Aruitoxt provided by Eic: —
[ g ———

e s et O e
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7.

116 of HiG is the.only process R A L -
_recommended for welding titaniom i g T -
(i) Reagga controlled atmosphere - o Lo . H E

) (argon 5 heludﬁ} L Co i ¥
o ) o ;
(2) Can also be spot welded,or sulver

soldered .

;(éy_ enly usea for glueing ébbllcatlons . :
(b) Cannct be used to obtain strcngth : -
- of base metal because of absence ’
. B of inert gas' <
(3). Argon or helium-or a mixture of the :
© - two are used to dispell oxygen and - A o
nitrogen, allowung welds to be made : ' - ‘ _— -
.that reach base metal strength r ‘
PﬁFée chambers ‘ - : : e
- ?
Oy lmpracticai for air force use
{2) Waste gas; bukly and expensive :
T o Ll . s
‘Weld butt joints of titanium to Modern
Welding Specifications ‘
" Preparation: of metal - AR
- {1) Solvent degreasing - ' ' . o
-* 5 (vapor dégrééger) - _ 3 5 i
(55 Hot”tflgﬁlgfoethylene . - —
(186 dcgrees £y - . .
i (b) Used to remove organic contam- A . _
s inants (Grease oil, etc) - . L A
(2) ghemical Pucklxng :
(a) nme - 1-20 min . " -
(b)- 80- 160 degrees -7 <
; (c) Rlnsed in 56 viater o
(d) hlkélihé'dib used to remove - -
organics (Grease, oil; etc) —




(a) us
.(R

LY

. e
[t A

- . - (&) Grindin

%E .. . Cloth

—patyn
S ——
o

= b - Weldlng titanium .

ed to remove inorganics

ust, ‘scale e oxides

g, w're Brushlng 3 Emery

iii St ) _Non-consumable ‘or consumable
o inert gas shielded welding

"*may be used

N " E . .
== : . R

. (2) .Shielding Gases
%gg o o (@) Argon or heiiUm or both
§§§ . - ) 1 Afgbh gives a more stable arc
55 , = e .
== - . _than hehum :
a2 B R o L P
ggg_ . T 7= (2 Argon is heavier than helium
e - .and is preferred for open-air
== welding because of |t§f blanketlng
§z; - , effect g L R
%%é i ‘ (b} ?iiierfrcd should be kept under
= - gas shield to avoid oxidation
==+ .. ., oftot filler rod -
S (c) Trailing shields S
. . 1 Extend behind torch

: 2. Porous diffusion of gas
A (argon & atmosphere)
" (4) Baf Fies
.. 1 Helps keep gas around _
weld area "
= X
2 Hélps keep atmosphere away
“from weld area /
(3) current
’ (55' Direct current straight polarity
. B \h) T1G - 2% thoriated tggg§§gnielectrode
R T (helps keep a steady aFE

A ruiToxt provided by exic [
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o*&v \."."‘ Bl lahr s

N = r\qa..,.\..‘u*m

= Pl vadouil
P o b~ e S A e

- . _ e e .. . . . "
< +¢:* Jofnt Preparation ) . , ?? ‘
(1) ‘Remove sharp edges or burrs
(2j Torch angle = 75-90 deg ees

(3) Posltion gas shseldlng and back-up
" -gas {use generous cup srze)

d. Weld specifications . | - ~

|
!
|
|
1
|

LUEIEY DL R B

(1) Peaetration - 100% T

9]
Kt

T

HiE

(2) Bead width = 2-3 T

4

(3) Reinforcement - 5-30% T

B

]
|

iPractlce safety un performance of ,
sa¥ _ | .

reqUIred tasks

W
o

Remove all jewelry before Operatlng
S equlpment

St R

Wear protective clothing.

i

AT i

o
*

c.. Check water, gas, power cables
and water.cables

L. TDemonstraticn

N

safety and flre prevention : : B

-l .
“

Pr é'tlce good housekecplng consnstent
with

*
1
i

X
i

1wt-z{§5nas;g;w;a.--ﬁm;.;

. APPt|CAT'0“ —~ e _Sfudents will use eqnipment in shop.
- ' 1. Inert Gas shielded welding station complete

1. Student wlll be given material and 2. Rectangular dri bel bubbie, (3) cleaning

welding equipment for welding butt 7equipment.

~Jjoints of titanium ° _ : o . N

"2. Prepare 30ints for we¥ding

i

©3. Weld joints to specifications
L. Observe all safety precautions
5  EVALUATION: B T : - S L

Student will be glven assi Sté”ce - . . ) ‘ .
when hecessary D . , B e .
Welds will be vusual!y inspected - : .

for height, width; overlap, under- S . : . S

cut and penetratlon

21




- SURBATY : END OF DAY SUMMARY: : DAY 14 25

1. Preparation of ﬁétéi;
2. Set up of jolnt

3. Shiclding gas

4:. Welding procedures
Assignment:

1. None

T ST - e ODUCTTON TO NEW DAY'S INSTRUCTION -~ - DAY 15—~

1. Remotivation
2. Review
a. frepaféiibé of metal
b. Set up of joint

- - &. Weld specifications |

Application: (Continued) ° Students will use equipment
: S dn shop: -
i. Given material and equipment for welding . Inert gas shielded welding
titantum butt joint, student will: " station complete
S o ‘ 2. Rectangular Dr. tell bubble
“#";.. Prepare joint 3. Cleaning equipment

" b. Set up of joint
¢. Weld joint' to specifications
fvatuation: o,
1. Student Eiii be éhééké&,&ufiﬁg _

the accomplishment of the project

2. Assistance will be given when necessary

[y
o
~d

A



CONCLUSTON - Time: 10 min

'_::Sliqmé;yi__,,:.r:_..._.,.—-—'———.-~—-~~*—————‘ e T T T T e e e

é..:. f’ré'pérétibn of metal ' ‘
bl Set up of jolnt - : ]
© c. Shiclding gas __
2, CIT iéé,ié'nméﬁt: | POT objective la  POI time 2 hours | M Y
| Read 3ABR53131-SG—601 and answer 'qu'érstié'ng at end of chapter. '
3. Remotigation: ' ' |
4, Closure: o
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C [Reusstiwgen Counsg TITLE -
| 3ABRS3131 . - o Metals Processing Specd
;- [ ovock nymsem ¢ | stock Tirie  Inert Gas Shielded Velding of High
—y . - Performance Aireraft Metals — - _ _
LESSON TITLE 7 _ . ' - S ‘

Joints of Chromoloy: g o - -

— — - o _ LESSOM DURA1ION
| cvassreow/Labaratory: Complementary - TGTAL R ,
1 D&D % hr/Perf 3t hes = | L hrs T .7 716 hrs

PO! REFERENCE e e

PAGE NUMBER ™ - PAGE DATE S . PARAGRAPH

39 L 23 Sep 1975 - .~ ~ 7

_ . - . STS/CTS REFERENCE — - . ;
NUMB‘ER . ] .- .- . . DATE - R . N | - ' ' '.‘“:
lsrss3txt 4 31 May 1978 _ N
S :  SUPERVISOR APPROVAL  ~ ~ ~ S

SIGNATURE __DATE " siGNATuRE - |- oA

 PRECLASS PREPARATION B

75@@@;@1}5@5?;5 . o EQUIPMENT o ReRiFIED MATERIAL GRAPHIC A1DS AND
| (¥ e LRenmaToRy - FROM SUPPLY - CLASSIFIED MATERIAL UNCLASSIFTEDMATERIAL

. Tnert Gas | Consejiceled Jeotk,r | Nome | 1. 3ABRS3131-SG-507)
Shieldzd Welding _ o Nk P T

. Station Complete . B ST i

2. Cleaning Equipment| S .
3. Power Shears . B L :

A P E R

SHeled wepws Soec | T A _ o

— T CRITERION OBJECTIVES AND 1EACHING STEPS |
a. Given inert gas shielded welding equipment and chromoloy §pecimens,” set up and

T weld lap joints free of excessive penetration,:overlap, and ‘undercut 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. A1} shop safety, good

housekeeping and fire prevention measures must be observed. .

5. Gived iner: gas shielded welding equipment and chromoloy specimenms; set up and.

weld butt joints with 100% penetration; free of overlap and undercut, for a total
conbined: 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 house-

keeping and fire prevention measures ‘must be observed. -

‘¢! Given imert gas shielded welding equipment ‘and chromoloy specimens, set up and _
" weld tee Joints free of excessive ?éﬁé;rétibn;,oyg{:lgg;ﬁagclﬁii&éiéiit,fdi’ a“total

. combined distance of mo less than 3/4 length of the specimen, excluding the

- first 1/2 inch start and the last 1/2 inch finish. “"All shop safety; good hbﬁs;a?_ s

keeping, and .fire prevention measures must be observeds * . ST
: - : Teaching steps are listed in Part II, .

- —————

;{Z.tl' i?E FoObM_ 776
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e ittty D ey - T 8 & o

v INTRODUCTION Time: 10 i 8
| Ty SRS - N
1. . Attention: . I : :
2. "ievieé. ‘In the last class you learned how to. prepare and set up for welding ST

Ar286 metal according to specifications. Your appiication included ,lfﬂ;;,T

istics of A-286.
Evaluate CTIT assignment and critique migsed items. _ -
rd . ~‘. '7_' .

3 '6ver5iéb:; Upon completion of this lesson; students wxll learn and apply

— -l “_.....*,_..

proper procedures for weiding chromoloy butt, lap and tee jo:nts '
4n the flat position according to specifications. o ;

&, Hotivation. "..rw ; Iiif_ e
BODY - .+ Time: 11 hts zé'ﬁiﬁ S
Presentation - ' o : ;.;. . EON . -
(Refer to Objectives 7a; b) <—_ — . Show trainer: ' ﬁﬁOﬁ Tungsten
T . - Inert gas (TIG) shielded
1 ~‘Genera1 Information S -+ . welding specimens
'*.'a;, Weld repairs on chromoloy parts e
- should be. performed by certifiea
welders:
b.. Iron base . ' e -t
cs ﬁeétsitﬁeiﬁedium~high temperature '
: service requirements needed in the B
: jet engine turbine section:
R d. . ormalized at 1725 _degrees F for o , v _
’ 2 hrs then air cooled. = i T - L < -
“es Ghromoioyiis 9“9,9§ tﬁemeasiest i . , . . K
of the super alloys to weld. e AR b -
é.',:ﬁeld butt, tee and lap Joints of o ) ‘
"~chromoloy to specifications. e _ . S
- a: Preparation of chromoloy for S e .o
I - weiding . .; ) . o : - . I - .
. &Y t:iézfﬁixié’ i ! T '
(a) Vapor degrease to remove = _; ' _ g
grease and oil ' ' . . . S
. . e - - . " -
’ _1 | kS -
P H . 2




(2) Clean area to be welded

(3) Tack and check alignment
1 (4)° Run root or penetration pass
§§ - ‘(55 ‘Use stringer ‘beads for filling
= _vee
= © . S
= - T
‘ d; Good Housekeeping
(1) Safety_measures )
(2) Fire preveation y
- APPLICATION: | oo
L. Students will weld stainless’steel pipe :
butt joint IAW TO 34W4-1-5 and SG-601: :
‘2. Students will weld stainless steel tee -
joint IAW 34W4=1-5 and SG-601.
3. A1l safety rules -and good housekeeping .
; will continue to be observed at all times.
= EVALUATION- ' o«
' 1. Instructor will assist and check each “«
stgdeggifor proper ;welding procedures and - .
s for. g@eirioﬁéeréiée of good housekeeping -
ﬁg“" and safety.
e , ) - . . LS *
, 3 EN_D_O_LDAY_W OF_DAY :SUMMARY
| Sﬁﬁ@er?i | i; Types of stainiess steel
: 2. Types ‘of filler rod
3. Welding procedures for butt
: . - joint -
: : ; i 4, Good housekeeping and shop
) R ~ safety 7
CTT Assignment: _ = ° - L 1. 3ABRS3230-56-602 and answer - -
ezi POI item la; 1b; 2 hrs e g _questions.
v R 2 R X
‘ 11y




INTRODUETION TO NEW DAY'S INSTRUCTION
(Day 2, 2 hrs)
~T1. Remotivation: Restate previous T o o
- 2. Review: ~
a. Evaluate CTT assrgnment critrque missed iteﬁe.
o b. Types of stainless steel pipe )
@  c. Types of Filler rod o | -
B d. Welding f_:roée&iiréé and techniques
: e, Safety
3. Objectives to be covered )
I: Welding stainless steel tee joint'
Application: (cont) ' ' -
1. Students will continueé welding stainless . ,
steel pipe specimens in accordance : ' P ‘.
Ei o - with-TO-34W4-1-5_and_$6-601.- Instructor
will assist when necessary: A
,5% . T
‘ 2. All safety rules and good housekeeping will
: continue to be observed at all times, - ]
EVALUATION- - . e : . Ta
s - 1. Student§ ‘EB‘,E‘}@ completed butt and tee joints LT
. of stainless-steel pipe, provided they meet all i
required criteria.’ Performance of students in
shop safety and fire prevention will be considered
procedures and’ techniques of stainless steel
’, pipe wei:dinig!jtndents are required to select ]
.- 7 .‘correct respomses with. a minimum of 75.€ i
sy };:" . accura.cy. . ‘ _ - _ : 5 _
"concwsmn-“ S o R (_Time: 10 min
3;;;' Summary: o - : L
a. _Type of stainle§s steel pipe _

t

i




-~

ERIC

a,

4. Closing statement

-
«
RS
-~
e
-
R P

Aruitoxt provided by Eic:

«

Type of filler rod

Weld procedures for tee joint

Good housekeeping and shop safety

‘2, €T Agéiéﬁﬁéﬁti

‘Read 3ABK53230-8G-602, «nd answer questioms:

" 3. TRemotivation

4

..

b. POL Item 2a, 2b, (4 hrs)

R

~

Cok

.
-
@
’
«
-
.

.~
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T PRECLASS PREPARATION

EQUIPMENT LOCATED _EQUIPMENT .
IN LABORATORY FROM SUPPLY - CLASSIFIED MATERIA

| uncuAssizino MATERIAL

GRAPHIC AIDS AND

1. Inert Gas = _ .
Shielded Welding
- Station Complete
P 2. Cleaning Equip-
\ ment -

Yone

L saldited ToOlkit

3 Grinder
lys Power Saw

1. 3ABR53131-S6-601

2. TO 00-25-224

3. Charts: CAFB
63-502, Pipe

-
i
€
<

.
e
—

LY

Welding - Welding "

Sequences

e

~ CRITERION ODJECTIVES AND TEACHING STEPS

hg equipment and heat and corTo
Set-up ond. weld buth joints wit
stance o

Given inert gas ghielded weldi
ferrois alloy pipe-specimens
free of overlap and undercut, for
of the length of the weld. A1l shop safety; 690
" measures mus B L

£

for a total combincd di

t be’ obscxrved.

~higlded velding cquipment and
gpecimens, set up and weld tee
f overlap and undercut,
I length of the weld. .
Fire. prevention feasures-must-be observed.

,

Given inert gas
join

ferrous alloy pipe
"penetrat

. 'pe ion, frce of
—-Jess than 3/} of the

for z to

..

-

r-

Teaching steps are 1isted in Rart II.

A\ 2

v
bl

d housekeeping

hoat and corrosion resistant -
ts with 30% to 8Up .

tal pombined distance of mo
A1l shop safety; good housekeeping, and

sion resistant
k. 100% penetration,
f no less than 3/L

and fj_;z_'é prevention




INTRODUCTION _ TIME: 10 min

 Attention: Welcome to Block VI

Review: Cover aspects and procédures of heli-arc weld:ng thcn students
" fearned in Block V and relate them as important for the skilled
welder to know in the field. Evalutate CIT ac ignment. Critique

missed items.

3. oOverview: Upon completion of this lesson, students will set up and weld

stainless steel pipe while- observing all rules of good house-:
keeping and safety.

4. Motivation: You now are profxcxent in weldlng §75 sheet so we now will -

ﬁéﬁi . TIME: 7 hr 40 min
PRESENTATION: L ,
Ref. Objective #1 o _ . N
1. Studerits wili participatz in discussion
" . of various procadures_ fd*riFldLIE 7
"stainless steel pipe in the vertical
. rssition.

a. Types of stainless steel for welding . o
) pipe; ' :

(1) 321 = titanium stabilized stain-
less steel

2) 347 - columbium ctabilized stain-
’ 1ess steei . -- -

Y

(55 Extra léw ‘carbon sEé’iﬁiéss' steel | | . -

oy mi
(2) 347
B - Welding Proéedure

(1) Form pipe bevel to a standard vee

- R e X L.

T |
C bies
97




9/C
1 Acetonme may be uséd

) Grit-blasting may be used to
remove: dirt,- rust and scale.

-1 If grit blast is used, the
surface shall be polished
with a rotary stainless steel

- brush to remove blast residue
L . from the surface. . . . )

b: Prepare crack for welding

_ (1) Completely grind out any crack
T that does not penetrate the
material.

(2) For thrqug@wcfééiéigiiﬁé out to a
depth of 50% of metal thickaess,
keeping width to a minimum.

3) Weld immediately after pre-heating - T o —
(700-800) dgg?éé& ¥ and stress - . . -
relieve immediately aftérwérd;

(4) - Check for cracks.

. Welding equipment and material -

Q) AG-BC rectifier velder -
(2) Water cooled torch |

'3) Tungsten electrode—2% Thoriated R

-

(4) Argon gas for primary shielding, . . .

helium for back up gh:_l'fl_d_?}é__, ::,’,--_ . e L -_~__._____::_

RN o e e ,

(5) iiller rod ._ co i ST - - -2

éa§ Sheared éEéEﬁ | - ©
s ® Copper coated Filler wire— o
» s. 7 ‘to.protect wire from corrosion
‘,a;"jqiﬁt preﬁaféii&ﬁiv ' . - B | ) -
" (1): Remove sharp edgés or burrs - ’
118 :




. B c , | o = 1

: (2) Spacisg 2T -
(3) Shielding gas: - 12 cu. ft./hr. :
(&) Back up gas - 3-5 cu. fe.fhr. —
(5) Torch angle -
) éé$v~Bﬁtt— 75-90 degrees '—' -
(b) Tee 4'a$ degrees | | | -
e. Weld specificafi&ﬁg _.
(1) Butt joint - ‘ jﬁ‘<\ ' : ; o
@) Péﬁétiétibﬁ;- 100% T ”
- [ Width - 3-3 T ' - S | -
() REiﬁforcement - 5-36%;fjvﬁ_ : | . S
. (2) Tee joint | =
\ . (@ legs - 1% T ‘
. (b) Penetration Z100Z T —
(C) .Bead shape7j7§i§g§§}y con- =
- eave to slightly convex
‘3. Prgq;;gg §§§gty in performanc° of
‘required tasks -
v;—-ﬁ”mm a=~~Remove 311 jeweiry'before operatiOn . T : R T L
of equipment ‘ C ) . . .
b. WEar protective clothing . v o B
c. Check water; géé, pbﬁét'tabieété&& R -
7 water cabies : S - - -
: '}‘4.1 . Demonstration ;
5. Practice good housekeepin37§§§§istent B e ]
with safety and fire prevention: ) ;
_ i < -
p 3 '
——— - -

""-f;filﬁﬁf;ﬂ | ' __1{1q7-_.,_;_::“;f-<-mmm_”#w Ml/;m" T




: =
e e e ey e a.—..‘---_.—-.\.h ———na

A .li i N <?]£:
pp cation: . <—
< _ _ _ Students will ueeieggxggent in
‘Student will be given matetial and equipment shop. Inert gas shielded
for welding butt, lap; and tee joints of welding station complete, cleaning
. chromoloy: _ equipment, power shears.
1. Prepare joints for 'wéiaing;
2. Weld joints to specifications.
3. Observe ail safety precautions;i
Evaluation: ~—
ii: Student will be given 3551stance when
ﬁecessary.
2. Welds will be visually inspected for
‘height, width, overlap, undercut and —_
penetration. .. ‘ - -
umm3ry END OF DAY SUMMARY i DAY 11
1. T Preparatiqn of metal '
2. - Welding Procedure
3. §ii’o’p"§é£ét5v
R o & Assignment'
1. Read Modem V@ldiug Para 22= 6 thru 22-11°
q —
I R INTRODUCﬁEJﬁ _TO_NEW- ﬁAY'siusmucnon - pAY I T T
Evaluate CIT and critIque missea items. :
1. Remotivation S . - ‘ P .
L . '
2. " Review. _ , _ o i
a. Welding equipment and .
’ materlals ' - E
‘ b. ' “Welding procedures . I ) .
<. Weld requirements :
e e
3. ., Check-on home assignment - -

- om




3. ‘Overview: Welding, butt and tee joints of chromoloy (Objective 7b; c) ?/F
. . . ; " o

APPLICATION: (Cont) ——

Student will be given material and
equipment for welding required joints.
1. Prepare joints for welding.

2., Observe all shop safety: :
EVALUATION: -

Student -will be checked for proper
welding procedure -

- 1.

6 -

.. Assistance will be given when
necessary

2.

L -~
_ ';S, aﬁ.

~

.'a. Preparation of metal

" b. Shop safety
CIT assignment: - FOT objective 8a

Z.  Read 3ABR53131-5G-508 and answer questions at end

b. Review notes taken in class .

Remotivation:

ﬁ'o‘s’ure: .-

3

4.

CONCLUSION

Students will use equipment in
shop. Inert gas shielded welding

station complete; cleaning

equivpment,; power shears:

ry

Time: 10 min

[

POI time 2 hours
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EQUIPMENT LOCATED _EQUIPMENT_ .  CRAPNIC AIOS AND
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~IN LAGORATORY - FOOMSUPPLY LASSIFIED MATERIAL

_ M&ul\jmu

1. Inert Gas I _
Shielded Welding Molkit None

2 TO 00- 25:22LL.

- Station Complete 3 Charts: CAFB
—t2+-Power-Saw |- 63-502, Pipe
3- Cleaning Equlp!n°nt Welding - Velding. -

Se

quences

CRIIERION OBJECUVES AND 1EACHING STEPS

Civen-inert gas l'h_1.e1ded welding equipment and zluminum alloy pipe

specimens,; set up and wcld butt joints with 100% penetration, free

.and undercut; for a total combincd distance of ro less than 3/l of
All shop uafe%y, g : hous:s Ppeplng, and fire preventi

a.

. of the weld.
,must be obaerved.

lecn inert gas ohlcldod weldlng nqulpmcnt and alumlnum alioy pipe

set up ard weld téc joints with 30% to 80% penetration,-

specxmenglf
'overlap and undqrcut,
‘length of the weld.-

A1l shop uafety, good housekceping, and fire p
mﬂasures ‘must be oboervcd. o

Teathing steps are listed iﬁ Part II.-

for a total combincd dittance of no less than 3/h of the

and tubing
of ovcrlap;
the length.

on mPG»‘LLI‘CS

and_tubing

frce of-

reventlon

!

ST S




)

. ‘ ‘INTRODUCTICN “TIME: 10 min

Attention: Stainless pipe aagﬁ't hard now for alum.
te : : —

VRéviéﬁi DlSCUSS ‘important points of ferrous alloy pipe welding coverec .n

previous lesson. Evaluate CTT Assignment. Gritxque misséd items.

Overview: Upon completion of this lesson, studehts Qill set up and TIG

weld specimens of aluminum alloy pipe: Joiats to be welded

are butt and tee weids.,

4. Motivation: Alum is fot hard fo weld neither: )
o -+ - _BODY TIME: 7 hr 40 min

PRESENTATION:  °. . " _.5
Ref. Objective #1 and 2 ) NN\Y ’
o I B ”””7,‘_ - \'_' -
I. Students will discuss procedﬁrés\g\g _

involved in welding butt joints ofi i

aluminum alloy pIpe in the vertical

position. i \,

_ N y
- » ~ -
- N _ e \

a; Types of aluminum for welcing’ \<\\

) -pipe. . . \
(1), 3003 | ~ ,
(2) 5052 . 5
(3) 6061-F *

b. ,Iiliér rod for aiuminum-;

,(i§ 4043 = alloyed w1th K . -
". ; sflicon .
‘ » S
(2). Shear stock or base metal .
: rod - . - .
v Welding Procedure: A
(1) Form pipe bevel to a
: standatd vee
(2) Clean area to be welded -
:;
-1

sl




*

1. _Students w111 weld butt 3cints of adluminum
' . atloy pipe in the .vertical pos:.tions while

- 8

Preheat gitﬁ'rzc'tarch

o

",Tack at 3 or mere iocatlons_-

make them small with 100/
penetration )

’v“Weid ‘root or penetration p ass

vee

) Cover beads can be either
stringer beads- or weave beads.

-

J
o Ewumuum.

procedures; and

vention are—being followed: :

~

Stﬁaeﬁts will turn iﬁ a butt jcint of -

. observing good housekeeping, shop safety
and fire prevention. .

1. jinstructor will checR for proper welding
insure that all rules’ of
good housekeeping; safety .and’ f1re pre-

-~

(L

Q

ERIC

T
RS

A

requirements prescrxbed in the criterion

ehecklist.

Summary:

eIt Assignment- E
PGI Itcm Za 2b 2 hrs

H

.

END OF DAY SUMMARY

y

Types of aluﬁ<pum pipe

- - ¢
o AAW-Z; _Filler rod ,
- 3. Welding Procedures for - .
“ i butt jomt .
1. Read 3ABR53230-5G-602, ~
Answer Qﬁéstions

.5% . | ;
N _ .

) -.i. -

5 - .




T

C 1, Remotivation KIA -

2. Review-

3

a; Evaluate CTIT assignment.

Gritique missed items, -
b. Types of aiuminum pipe

¢. '?iiiér rod e

d; 7Welding procedures

3. Objectives to be covered

a. Weld procedures

" . PRESENTATION. (Coiit)

<

Ref. ObJectives #1 & 2

- 1; Students will discuss characteristics-

of a pipe tee joint of aiu%um atloy

~ and the procedures involve
(/set-Up and welding,

proper

. a. Weiding procedure

Insure proper bevei and

: fit-up of pipe spec1mens for -
) the tee joint
7 (2 ctéan :aféa to be welded, . -
- Lol ‘ L f“, '
- (3) Preheat ‘entire joint set—up
K 7 with TIG torch.
| (&) .Tack evenly and check for
’ ‘propervalignment
(5) - Weld stringer b?§§51,9§§§rV1n8
» all proper specifications.
ééi ACHF ~ S
ﬁ?PEEGATIGN-
" ©i. Students will weld aluminum alloy pipe
tee joints in accordance with TO 34W4-1-5
" and SG-602.:

| ,’\':._-.,




. ..2: All safety precautions, fire pre- . - 4
~ vention and good housekeeping will v -
be observed at all times.
EVALUATION: o :
1. Ianstructor will check for proper
welding procedures, and insure that -
* all rules of good housekeeping and
fire preventign are being. followed.
AégigtéﬁCé Will bé given as needed. )
1 . -
2; - Students will weld and tumm In a tee . S
"~ joint of aluminum alloy pipe, which - ' '
will meet all reguired speclflcations
and criteria.; )
3.. Given a series of questions regarding . : . , 7
althinum alloy pipe welding, shop safety and: '
fire prevention, students will answer EBEEEEE ' o .
. responses with 75% minimum accuracy. ' _ : i § -
COthﬁéiéﬁ- ST CTDME: 10.min. | - w
T i;' Summery:
" a. Types of aluminum pipe
b. fiiier r’o’d‘:
c: Set up of jcints
8;_ Weiding procedures for tee'jBiﬁE
2. CIT Assignment

a. Read 3ﬁBR53230-SG—663 Answers and

Questions

- 3. Remotivation
4. Closing statement .
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INTRODUCTION TIME: 10 min -
: i};,Attention‘ What is a butt patch’
2, Review:' Briefiy mentionitneiimportant.skills learned in pipe welding. T
= - ' "' Evaluate CTIT assignmént, critique missed items. - )
oy _ 3. " overview:.' Upon completion ‘of this lesson students wiII be famiiiar with -
iy o : . jet engine hot section components, know how to use the
" ' applicable tech orders, and weld patches on the various
hot section parts. !
- 4, Motivation:  Now is the time to start on Jet Engine parts.
o BODY < TIME: 17 hr 40.min £
PRESENTATION ‘ . ' :

.1, Students will participate in
discussion concerning the 1ocation;

- function, and service requirements - N ; -
of the various hot section parts. S ; -
" a. Area of hot section;
' Between compressor and turbine"
section.
-b. Parts composing the hot _
section:. . - S
(1) Tramsition duct . B L
- _— (2) Combustion 1ineer '
ol ' - ~assenblies -
é§)f;lnnér-combustiﬁn;casing' ' ' | : | -
- (45 Outer combustion .
© ' casing -
S ' (5) First stage turbine - .
= : © " ‘nozzle ~
= 1 3
' - . i




. cs faﬁéfiaa'af=fﬁé hot section: . | >

.(1)..--Fuel- is injected and - - : . ) . '
" air is’'forced into combus- - : ‘
tioneliners through the
transition duct.
o (2) ' Fuel-air mixture is’
===~ - ' . then supported and igﬁited g .
L : in the hot section.

= - (3) Eesul,tins gases rush o | -
o from hot section to . ’ » .
D - turbine; thus driving the ' . i
L ' .compressor and accessory drive - _ L e
Wik T . - section, o : . ’
%? . -t . . * ~
2 d. .Service Requirements-,
% . - e ) i 3 ’
§§§~ L (1) Weld repair of parent.
: = = ‘metal cracks
(2) ’Repaiz,9§ replacement _ .
~of burnmed and eroded metal o
il .(3) Repair of buckles and
o bulges-
§‘ ’ ﬁ?ﬁfﬁﬂfﬁﬂ: | ‘ -
§§§ : 1. Obtain the proper -6 series : ' o .
o Tech Order ] . : . :
L= 2. Kiow the- proper nomenclature . S ,
oo ' of the part and look it ‘up in the . -
_ table of contents or index.
3. Locate part in Tech Order,
4. Turn to the appropriate page .
- and ‘paragraph; and check for
‘instructions and further references }
_glven such as: _ A .
;;L a. Serviceable/repairabie L : ; -
Sole table for the particular '
— ~©  component, o .
N EVALUATION:
1. Conducted throughout ieéééi’ EODS . .
3 i |

I
t
L
i
1

By
~AND;
3



END OF DAY SUMMARY T
Day 3 o | |
swwpRv: . -
) ' . REVIEW:
1. Function of jet engine hot
section parts.
2. ldentify location and service.
requirements of jet eng1ne kot
‘section parts.
. ) : - — __ Y SR
i ; - . -~ 3. Cleaning methods, repaiv
. _ : precedures; and welding.
o ' i techniques. ,
CTT Assigament: | " 1. Review 3ABR53131-S6-603
POI 1tems 33, 3b, 2 hrs : 2. Review - TO 2J-1-13 -
INTRGBUGTIGN TO NEW DAY'S INSTRUCTION
. (Day &, 6 hrs) _ . R 1. . Evaluate CTT ass1gnment
: - ~ critique missed items.
2. Remotivation
3. Review
a. det eng1ne hot section
' components
.~ b. Use of tech orders
4. Overview _
a. Cleaning me thods
b. Repair procedures
c. Welding technigues
EGDY
PRESENTATION '
é; <Weld Data Tab]e .
b: §1§an1ng methods'
"requ1rements
i Acid etching; Gf- S ‘ o B
app11cab1e to the part) o . -
d. Welding Procedure
(1) Current Settmg )
Y ]




: 70] -
. (2)- Back=up and shield-
_ ing gas flow =~
(3) Other important -
data such as cautions -
and suggest1ons , - ) . S
- a; Weld Spec1f1cat1ons _ |
(1) Bead héight and:
. _w1dtﬁ .
) (& Penetratiéﬁ B | 7 : < - N
~ (3) Pneumatic. gr1nd1ng ] :
' and tolerances allowed.
. . (8) S;[e§§7rel1ev1ng |
) requ1rements if aﬁy C - : -
S B ‘Use tech .data at a]]_t1mes,
2. Make siFe patch repair metal | " .
~ is the same type and thickness :
* as prescribed in- tech order.
3. . When making patch:
~ a. Cut out defective area
with a hack saw and.in SR )
aCédFdaﬁéé With thé TO. Lo
b. Make template for
shaping the patch and -
form to contour and size
according to tech order |
' Sﬁééifiéétiéhs :
T4, _C]ean the arggfgg out]ined
in the tech order. - , y
5. When using the pneumat1c
" - grinder: - - .
a. Make sure wheel with - . ;
proper . RPM rat1ng is used: K

'y
oo
ca‘



C.

a

L]

Eheck wheg] and gr1nder
for defects

A]ways use a face--
“shield. '

i‘jajéwﬂ ry or improper
clothing.
Never tap gr1nder on

part while gr1nd1ng

one piace on the part for
too long.

~—

Keep gr1nder moving

'smoothly and evenly,

avoiding nicking edges,. - -

[R— ——]OH'VEY‘?;""'E‘IZC.

h.

6. When welding the patch

A]ways d1seenneet a1r

1t

jnsure full compliance with the
ﬁ]apprepr1ate tech order. as to:

e.

Proper sh1e1d1ng and

- back up gas pressure..

:Preper f11]er wire and o
‘tungsten type and size

Proper spac1ng and

' ta]erances, if any

' App11cab1e SpeC1f1cat1ons, L

suggestions and precautions.

7. Observe al] measures of safety;

good housekeep1nd and fire
prevent1on

APPEEEATION

"T; Given the appropn1ate T0 ZJ-G

;ser1es sutdents W111 use this

ek
S

o

ol

\



pub]1cat1on to determ1ne clean1ng

methods., repair proceduges and -~ . T
technicues for weld repa1r without
_error =

2. While obserV1ng«a11 measures of good
housekeeping, safety,; and fire prevention;

" sutdents will set. up and weld butt patches:

- on jet engine hot section parts on full

accordance W1th TO 23-6 series.

EVALUATION

Instructor w1]] check each student for .. L S
-proper—comptiance withthe TO : 2J-6 - .

series, correct welding procedures;

spec1?1catlons observance of good house- - . ° . .

keeping, fire prevent1on and safety. ° : : =
Assistance will be given as needed. .

END OF DAY SuMMpRY _ . - | L
Summary: - 1. Use of tech data
: -2. Patch repair - .
N 3. Use of pneumatic gr1nder o
4, We1d1ng precedures for patch-
_ | repair , :
CTT Assignment: POI items 3c; 3d " 1. Review 3ABR53230-56-603
(2 hrs) i ’ 2. Review T0 2J-1- 13

>

T INTRODUCTION T0 NEW DAY'S INSTRUCTION . -
* (Day 5, 6 hrs) _ 1. Evaluate CTT aSS1gnment
) Co . o s - . Eritique missed items -
2. Remotivation .

S~ i

3. PReview: .
a, Tech data -
b. Patch repair '
c. Use of pneumatic gr1nder
. B d. ‘Welding procedures“for
- - patch repa1r
: _ 4. Overview: —_
" \  a. Cleaning methods
. . o b. Repair procedures.
S : ~ ¢. Weld f‘é'p’éif‘ t'é'ch'rii'q'iiés
APPLICATION: (con't) - = | N
Ref. - ébjéCtiVéS‘#I; 2&3 _ _ N
1. Students will-cortinue to use the N
appropriate -T0 2J-6 series to determ1ne ;,\\\
' . ’ . N o
:f . 3 N o E




R | - ; = - o ;779i

c]ean1ng methods, repair procedures

—— — . v

and techn1ques for weld repair without
ervor;

2. Students will contlnue to set up -

and weld butt patches .on jet engine

hot section parts in full accordance ~ - ..

with the T0 2J-6 Series, Al1 rules of

good housekeeping, safety and fire
prevention will be observed.

END OF DAY SUMMARY
. ' 1. Use of tech data

. Summary: 1.

e o - eeTee o 2y Patchrepair '
- - C L 3. Use of pneumatic gr1nder
‘ " ' 4. Welding procedures for

~ patch repair;
Assignment: " ‘1. Read 3ABR53230-56-004,
. S _ . _ Answer questions., -
N - : : .~ 2: Read TO 2J-1- 13 _
) INTRODUCTION TO.NEW DAY'S INSTRUETION 7
(Pay 6 4*ﬁFs} o i o 1. Evaluate QTIﬁas51gggent

. critique missed items:
2. Remotivation )
3. Review: ' .
’ . Use of tech data :
. Patch repair. . -
. Use of pneumatic gr1nders :

. Welding procedures for
patch repa1r - ,
erv1ew' — ' -

: G]ean1ng.methods
Repair procedures _

" Weld repair techniques

N
L]
0! urnuo': an o wm

APPLICATION: (con't)
 Refer objectives #1, é; 83

1. Stud ents will continue to .use

the appropriate TO 2J-6 series 1o
determine cleaning. methods repair

procedures and techniques for we]d

:repa1r w1thout error.




7,

2. Studentu w111 continue and com-

-plete their work in setting up and -

welding butt patches on jet engine

. hot section parts in full compllance

with TO 2J=6 series. A1l rules’of | i

'good housekeeping’;_ shop safety. and
: F1re prevent1en W111 be observed

- EVALUKTIGN

-~

‘_i; Students will. complete and turn

in their butt patch welds, which
will meet a1 standards.of the cri-
terion checklist; and all Spec1f1cat-

ions and requ1rements conta1ned in

2. Instructor will check each student i

for proper compliance with TO 2J-6

‘series, correct welding procedures,

spec1f1eat1ons _observance of good

housekeeping; f1re prevention and.

shop safety, Ass1stance w111 be given

v -as needed\

3. Adm1n1ster appra1sa1 test.

' Eﬂnc]us1en o . Tire:

1. Summary

function of hot sect1on

parts of hot section

use of -6 series TOs

welding procedures '

patch repair -

weld specifications = s

use of pneumat1c gr1nders
shop safety

e o 0

S@ 0O O

.‘m

2. ETT assignment: POI item 4a, 4 hrs

a. Read 3ABR53230-5G-604, Answer quest1ons

. b. Review TO 29-1-13

3. Remotivation’

4. Clesing statement

10 Min

[l
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A e : L ESSON P,Lm; { Past 1, General) . ,,7,4zaé7
APPROVAL OF FICE AND O “INSYRUCTCR _ B
TWSTI 74/ - _
COURSE NUMBER _7’ counsq‘vm € . : . .
3ABR53131 — JTgtai.._Proce.,sn.n(f Sp_c:.allst ' B
BLOCK NUMBER slock TITLE Pipe, Tubing; and Aircraft Exhaust a.nd Jet
| VI s b Enpi mLHot Séé%xon Repair
EE§37°N TITLE .
Fillet Patches on JcﬂngImJIOLSectlon Parts - : ’ -
. LESSON.DURATION :
cu.AssnooyLaboratory o Compftemenba;r'y : " TOTAL o
D& 0 hrs i hrs B 16 hrs.
. . POl REFEREMCE — - R g
PAGE NUMBER - 5 PAGE DATE i PARAGRAPH ’
L6 : e = o 23 Sep 1975 ‘ S
— . i : . STS.CTS REFERENCE .
NUMBER . : DATE
STS 531X1 : 131 May 197';
e SUPERVISOR APPROVAL T . -
i SIGNATURE : ' - DATE — GRATORE - : DATE =
7~ el - L
ERANFeE: y — =
- o ) .0 - , S oo
’ 5§EC;ASS'PﬁéPxnxi4éu7 ] : e
W cmmroumrein |, SR
~]..; I'nert Ga;§ I N
Sh 'relde}d Velding | Toolkit None 1. 3ILBRS3131 sc-seh
Statjioy Complete | - ' : 2. TO 27-1-13
hati 3. TO 2J-6 Series
“CRITERION OBJECTIVES AND TEACHING STEPS —
a. -GJ.'; n inert gas shielded welding equxpmgx}tfaind Jet engine hot section parts;
set/up and make fillet patch weld repairs free of excessive penetration, overlap;:
and; undcrcut “for =z total combined distance of no less than 3/).; of ‘the length of
thd weld, excluding 110}12 inch at the start and finish. All chop safety,
good housekceping, and fire prcvent:.on measures must be ob'-r'rvcd..
Teaching steps are listed in Part II.
- * e . . .
B 14
EKC “ATC :gg*;i 0 ~ 134 .~ s
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iﬁf§6ﬁﬁéfi6ﬁ TIME: 10 min

Attention: Conserve, conserve, conserve!!!

1.
si; Review: Cover impgrggggfaspects of butt p;gch repair 1earne§iin .
 lesson 3ABR53230-603. . Evaluate CIT assignment critique
miééed_items.
3, Overview: Upon completion o§7§§;§7ie§§§§! students will set ‘up and
a - make fillet weld repairs on jet engine hot section parts.
- R Work will be done only in full accordance with the appro-
o E priate TO 2J-6 Series, while all rules of shop safety,
good housekeeping, and fire prevention are observed.
N s ”'777777772: - - - LA -
* - 4. Motivation: By using proper Tech Bata will keep your ass in ? afe place
. Appropraite -6 TO ; ot - .
: BODY _ -~ TIME-11 hrs m
PﬁESEﬁTﬂiIﬁNi ; o B I
. Ref-objective n o o
i; Obtain the proper -6 . _ :
) series tech order. ..
2. Know the proper nomencla- ] o
ture of the part and look it . _ . :
~ up in the table of conteﬁfg or . .
"index. ) : . i
3. Turn to the approprzate - -
page and paragraph, and check ¥ ' C

-for instructions and further . .

references given such as:

a.:

b.

cular component.,

Serviceable/repair- T
able table for the parti-

Weld data table

Cleaning methods
éﬁa requirements

Acid etching, é;g L
applicable to the part) -

SRR =1




L ; : SRR : 7 : SN 09
ﬂ\% Welding procedure - e - h ;' : S 769 :
’ EH Currei'it settiﬁg“ S C e R
‘ _-;i;’(25 Shielding gas fiow ST )
S N4(3) Other important S ,-: }: ’
S VI geta such as precau- : : :
IR tions and suggestions,r - -
3 o ' - | ‘ T ‘; 77 " — ; - 7 3_.4 ,.;ui [ - ’; h—— - . ,. . : _— - - .. ] iCar e
PR T Weld-Speeifieations : ‘ S, v -
- . (l) ‘Bead height . - LT g g
' . S uidth and ‘contour : 4 ' S e -
@ Peneiration STl I S
2 B - «; < - . © - N
e (3) Pneumatic Grind- S ‘ ,
a7 . ing and tolerances L f . L L T
N -ailowed - ew B : ,

Eéiuiréﬁéﬁts,,if any. - T S

;;ﬁ; ‘Make sure patch repair metai . o e

L. type and thickness corresponds . Tl - . .
, "thh that prescribed in the -~ , CL C .
b - tech order, and the part to ST . ;

X be welded : . : : Coa - .
et -5 - WheR makingcpatch s SRR , ———
. : ;_5 'a. 'Remove defective - el . o - ) ) » - " ;
e .. . patch or metal in compliance' - . s ]

'with the: tech order, o ‘ I o ' .

be EE&E test' as: 5&&&&&55 S - 7
. ,wc.‘”Prepare patcn to prescribed I T 0.
.. ..+ size, shape and contour according ] <
IR T to tech order spécifications. : - 7
- &8 N ) 2 - a
. . :' ;5 - )
6 136 ’ - :
: e SRR R ﬁ ',




- 6&_;Clean the area as Outlined )

1n the tech order. L - ‘ _“ ) . n;].?; :;t:%g -
7 s welding the patch, insure S ° vy
g ~ full compliance with the _
q : : appropriate tech order as . to- S
a. Proper current settlng e A st ;_;;____;j”;igiéi;
: _p; Proper shielding gas - i 'r‘ ir ,;’_ »_V'Tj; S
a L i ‘ : ‘ -
IR - .
o d.- T e
s ﬁéﬁt éﬁd toiérénéés if any. -
) N - S _Applicable specifica-f ' S ' B :
- . tions, suggestions and : E
-  mecautions. ‘ S |
B X ~?‘?§&°5}fe alt measures of . |
.safety, good housekeeping and oL 7 e e
fire_prevention‘as followsj ) S ' '4» *_ Tl
“a.  Insure maximum safety . o o
when using the pneumatic T e
R grinder; ‘ ‘ . R
(1) Faceshiéid o
(2) _ corregt RPM;rét: o : o :
.- . ing of wheel to : ' . _ S ‘
o grinder _ S : : o : - i
'(35 ‘No. Jeyeirz orr s ‘ _ : o C
improper ciothing. ‘ o - ‘ R
(ﬁ) Never tap grinder = - - ,L S T
on part; or bind wheel 7 : :
X v v in tight areas. , N
- : LT - ' - - 7/,/
(5) Always disconnect _ _ ///
.air from grinder when - C : S
not using -it. :
< S R
. 3 :
B S -
- . 137




cleaning_agents.
e IR ]
c. Wear gloves when using
: étchiﬁg solﬁtioﬁ:alwggs

" water to acid.

»l

" APPLICATION

"d. Dispose of oily rags
~ ~ in metal container with
1id

e. @??9342°Y§E sﬁear e o/

" jewelry and

one man at a time on'

- ‘machine,

. £. Be safety conscious .
- when using all shop'eqnip-

ment, and keep alil a gas clean.

1. While observing all ‘measurgs of . : -
"good housekeeping, safe fire

prevention; students will set up and ’ ' B

weld fillet ﬁétcﬁes on jet engine hot ST : -
section parts in full accordance with TO v R L N S
2J-6 series., L ] : S ' ; S

o

' EVALUATION'

é: Instrnctor will check each stndent

- — — —— —— e o — . G

- for. proper compiiance with TO 2J-6 . _ . =

Series, correct welding procedures

, specificationsl observance of good
' housekeepiiig, fire prevention . and
. shop safety. Assistance will be R
- given .as needed. S . D _ ' - Lo

" . END OF DAY SUMMARY

.’ Use of tech data’

Summary 1l
C - - '2. Serviceable/repairable parts
3. Welding procedures N .
4, Weld specifications
B s
: 4 . -




SRR 7

- . ' ' 5. Patéh repalr
’ 6. Good housekeeping
and shop safety. - *

_CTT Assignment- Students will read/r2view the foliowing assignment after

completion of the assignment ‘students will be able to answer questions with 75% :

accuracy. 1. POI item 4a, POI Time 2 hrs. Read. 3ABRS3131—SG-666

- (pay 8, 4 E’ié)‘ INTRODUCTION T0 NEw DAY'S msmucnon o
S ‘Evaluate CTT Assignment
Gtxtique missed items.
: ol ; ‘ i T S
T - : - S 27 Remottvation vhen is FHS
T ' B o . you will daily work with
. : e o : AJ/C parts. ;

3. Review: s

’

" yse of tech data
serviceable{tepairable

. parts

¢. welding procedures

e ‘d. - weld specifications
S . e. patch repair

oIl
[ M} o

&, ,e’aéﬁiéa

- '~ “a. Set up and weld fillet

patches.

. APPLICATION (eont)

1;' Students will continue to set up
and weld fillet.patches on jet engine: -

hot section parts in full compliance
with:TO 2J-6 Series. - All rules of

good housekeeping, safety and- fire

prevention will be observed.

Ly

| EVALUATION: B L

1. Instfuctor will check each stu-
dent for ﬁtéﬁét ebﬁpliénce‘ﬁich the

cedutes, sﬁeéiftcations, observance o o i

of. good housekeeping, fire preven-

tion and shop safety. Assistance
will be given as needed.

)
v




S o END OF DAY SUMMARY

Summary: ' 1. use of tech data
. . 2. welding procedures
3. weld specifications
4. patch repair
: : . 5. good housekeeping and shop
: L o . . safety

YRR

€TT ﬁssiéﬁmeﬁtén Students will read/review following assignment after’

' ccmple ion of a551gnment w111 be required to answer :

“POT: Item.Sa ( 2 hrs)

INTRODUCTION TO NEW DAY'S INSTRUCTIOM,¢ .';

1. Evaluite - CTT assignment

o S . 7 . - Critique missed items,

»

2. Remotivatlon : =

a, tech data —-
'b. welding procedures
c. weld specifications
d. patch repair. :

: : 4, Overview

a. Set up and complete

' welding fillet patches - -

APPLICAIION

1. Students will continue and complete

section parts in full compiiance : L Lo
with T0 2J-6 Series. ' All rules or - . : - e

_— ——g—— —— 3 — — . — = — . N

good ﬁousekeeping, shiop safety and!

fire. prevention will be observed

EVALUAIION

1. *Stﬁaéﬁts will complete and turn

- in their best fillet patch welds,” which
will meet all standards of the criter-

{ion checklist, and all _specifications

- and requirements contained in the
' appropriate 2J-6 Serles.‘tech order.

-
’




cinic?:.ﬁsmn ) - ; |
e | 7
1. Summary: ,
a. tech data /
b. weld procedures -
c. weld specification :
.d. patch repair _
2. CIT Assigmnent' Student:s will read/reviewifpj;igwing assignment after assign- T
ment will answer questions wit:h 75% accnracy. Read:

, 3ABP53131—SG=605 : : <
'3. Remotivation _ I B | L
‘4. Closing Statement - L R

. _/i =
- \ )

»»»»»»»»




'.w:-novn OFEICT AND DATE MSTRUCTOR B
7/ A/{ ’7 /#k{
NUN B couRsE fm.?
3ABR§3l3l -Metals Processing S ecialist ; :
_8LOCK NuusER sLock niree Pipe, Tubing, and Aircraft Fxhaust and Jet
\'2 SO - M Eﬁ&iﬁéiﬂotesectionekepair
LESSON TITLE _ ] _ -
_ ﬁééiﬁf&éa"finwgf Engine Exhaust Man:tfold Repair ) R
) __LESSON DURA TION ’
Coggiementéf? ToTAL . _
[2Brs: -8 hrs "
. e —————— — S
TPAGEWUMBER | PAce pAvE__ - - | Preacmarn - 1
B - oo eeme 7|23 Sep 1975 5. |
e : ' _ sﬁVCrsg;4agsucglllllllllllllllll, o
uuuatvai - DATE
S7S- 53X - | 3t vay 1975
- " . SOPERVISOR APPROVAL o
__ SIGNATURE OATE - ° SIGNATURE DATE
) 1
S — ‘PRECLASS FREPARATION [
e apoaarony cff.ﬁ"s’.i‘fp'?y | cumsriomarsaa | g SRARe s; npsamp
1. ;g??F,GaSm,, T il 7 -
-Shielded We Welding - o P o 1. 3ABR53131-SG-505
_Station Complete | - }EJPQ}Eigl. . None ‘ ] 2. TO 2RA series _
2. Sandblast Machine , _ 3. Chart: CC 74-217
3. Power Shears : : : -
4, Slip Rolls . ; _—
5. Throatless Shears ‘ . ) ) : ST T
6. Buffer & Pblishingi : ' S L '
~—Machine ___ e — — —
- ' CRITERION os:z.cﬂvss AND TEACHING STEPS

a. Given technical orders, select cleaning methods, repair procedures, and

techniques for weld repair’ without error._ ,
- L !

-

b: Give" a l:l:st of materiail:s, select materials required for repair of reciprocating -

engine exhaust manifold parts and aSSEﬁﬁlies with: 752 accuracy.

c. Given inert gas shliielded weldiug equipment andfreciprocating engine exhaust and

" manifold dssemblies, set up-and make weld repairs free of excessive penetration, _
. overlap, and undercut, for a total combined distance of no less than 3/4 of the -
léﬁgth'iif tﬁé ﬁéid éiélu&iﬁg tl'ie firS't '1]2 iiich start éﬁd thé'léét 1]2' iiii:li fiﬁiéh.

"‘; ren

'—;‘\ 7“ - R - 7 B ; - . .
)Sﬂ; :gg'.‘;, 770 . | ’ ' '7 _ . ‘ . .. - H—.., ) ia;:;;i]ii
. 142
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N .:.- .; - . ) . .‘, ;.-»._ - -‘ . . = 1’5'
B g ' INTRODUCIION - TIME: 10 Min -

1. Attention: NéﬁrEEaEfféciﬁ'é are on the wa§'§ﬁE; we wiill 1eafﬁ how to
weld on them, ' o

2. Review: Fillet welds on jet engine hot section parts. Evaluate CIT
' assigament critique missed items.

3. Overview: Students will set up and weld butt and lap joint repairs on

’ reciprocating englne manifolds in accordance w1th the TO 2RA
Series. _ T
- &, {ﬁbtivatidﬁi -You may have to someday work on recips.’
. . . ) g _
'~ :BODY CTIME: 5 HE;iié.&ii;
" 'PRESENTATION: | . ' ] -
: Ref Objectives #l 2,3
. i;. Gieanlng methods in accordance with . : S .
- TO 2RA series
a. Degrease all exhaust assembly
. components using a solution of
compound-carbon. removal. S : : ;.
b. Rinse with hot water under
pressure 7
c.. Inspect aii ‘exhaust assembly ( . _
* .components for hard carbon : i o - ) -
deposits, ' ' '
R ~d. After’ degreasing, clean com-

pbnents in a 15%, by we:ght,

‘water.,

e. Steam clean all parts thoroughly
© and finse in cold water.

'£.° Clean both inside and outside

of cracked areas with a stainless

steel brush or very light sand ) )
biasting. c ) .
1




[
o s

_ _ 2. Minor crack repair - :cracks less than
s one inch long:

a. Apply flux to underside of crack

b. Heliarc weld using 19-9WX or
18-8 type 347 weld rod

. 2
b - ;patches-
s a. ;cra’ck_s; longer than one inch
S .-
- (1) Level edges
(2) Tack weld every % fach ‘
" before attempting finmal
weld repair, <
i © (3) Start welding from ends of
’ crack, working both ways
- toward the center.
4. Patch repair of thiﬁnedvareaé and holes:
a. Cut away thinned area and smooth - -
stack body material. edgés. :
" .b: Make patch I inch 1arger than removed
body material using same gauge
| material as the original material
c.” Ii‘igﬁi’é iﬁli‘iliﬁﬁiﬁ raﬂiﬁg of ~£ on éll corners
' . 4& From pétéh to fit contour of stack
e. In’s:ure ), overlap of patch over damaged
" area ' ' '
£. . Make Sure area to be welded is. clean - ,
on both sides and then heliarc weld. ) . e
5. Weidiﬁg.édrréﬁt ,
~ a. DCSP
b. 50-60 amperes
_ —; - -j
L ’ 2°
—_

-~

©
[
A
- N




IS
re

Torch gas = 10-15 cubic feet per.hour

Materials required for repair of air-

craft parts and assemblies

a, Vapor degr aser s
b saﬁa‘bléstét

c;'zﬂ1nd tools for cleaning and joint
B preparation . .

d. Apprbpriété'téch"déta

;é; Various gauges and types of: metal'

for patch weid repair -

- £, .Appropriate weld rods according

to tech data )
g. Complete heliarc weld station and
: accessories ‘ -

h. Safety items

i, Flux : .
Rl .

j; Heat

| APPLICATION:

1.

-EVALUATION-

'Iﬁstrﬁctor wiii chéck stﬁdéﬁts fbr prbpér

Given inert gas shielded welding equipment
and exhaust manifolds, while observing

all shop safety and fire prevention

accordance thh TO 2RA SerIes.

&

and ‘see that all measures of good housekeeping,- o

fire prevention and safety are being observed.
Assistance will be given as needed.

cal orders to detérmine clea1ing methods, repair
procedures and techniques for weld repair without

error., - . v

o
;,.‘..\
-

L

S

b4




 END OF DAY Smary -118

1
2
3. MaJor crack repair
4
5

Patch repair

+ Materials required for rebair
of aircraft parts, ' :

- CTT AssigﬁﬁéﬁEi The students will read/review the folloaing assignment éEEér

.completion of the ~assignment students wiil be able to ahswer :

: questions with: 75% dccuracy.
R BOL itens Sabe, Time 2 hrs . ReadeBRSBLBL-SG—SOS_ o
[4) S iy . . T R .
‘ (Day 9 % hrs) ) INTRODUCTION TO MWMINSTRUCHON
a - : . _ . . ’

Evaluate CTT Assignment - o . i s
Critique missed items ' o T
Reme;ivatzqn: .

- @ - Cleaning methods

Review:

\. b: Minor crack repair ' .‘ S - __'1 -
¢. Major crack repair - - —
. ~d.\ Patch repair - 7
- . Shop safety

4, Overvi&\ 7 ' - L

.a, Weld repairs on reciproééfiﬁé ' ‘ . _;e . |
engine exhaust uﬁnifolds. o . ‘ I

APPLICATION: (Cont)

. ;i. §tﬁdéﬁts"wiil ééﬁtinue to 535799 ' . - . ;; o

- .. and weld repairs on exhaust mani- o ' o - : B
folds in accordance with TO 2RA Series, ‘ ' : I ==

. while observing all measures of good S o
, houSekeeping, fire prevention and
_safety. .
| EVALUATION: - oS )

i; Given the applicabte publicatibns use '_: - o -
technical orders to determine cleaning . '
methods, repair procedures and techniques

. 'fot weld repair without error. - - o
- 'n‘\




". 2. Given a series of questions concerning
° "the materials required for repair of
aircraft parts and assemblies, select

questions..

3. Stﬁdéﬁts will complete and turn in weld

.folds which will meet all requirements

outlined in TO 2RA Series and the - - s . ST R

Te - criterion checklist. ‘This includes indi= . - A s L
vidual observance of all rules of good . : . . o

e e e . < B . -

: housekeeping, fire Fravantiqn and safety.

' CONCLUSION G o TIME:
. Al. Summary : - B - y .
a. 'c’:iéénigig methods ) _ |
6;. Minor crack reﬁair R R . ﬁf' ' i,.-
= - Major crack repair |
é; ‘Patch repair : . 2 ' T . Q:__.

*es Materfal required for ?ésai?af aircraft parts
2, CIT Assignment: 'Students will read/reV1ew following assignment after

answer questions with 75% accuracy. . _
.POI Item 6a, 6b; time 2 hrs Read: BABRSBISI-SC-BGB

and answer questions

3. Remotivation

4. Closing statement L,

T
B SRR
N
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CouRSE TITLE

Metals Processing. Specxa&x.,L

RSE NUMBER

Atock TITLE Pipe, Tibing, "and Aircraft Exhaust and Jet

BLOCK NUMBER

vI . : - Engine Hot Section Repair

L ESSON T ITLE

Jleldz.ng of Carbon and Alloy Steel Tubul

LESSON DURA1ION : .

CUASSROOM /Isabomtory _ Uomplementary ToTAL  _
"D &D 1 hr/Perf 5 hrs | _2.hrs 8hrs
) . PO! REFEREHEE -
PAGE NUMBER PAGE OATE PARAGRAPH
| 48 23 Sep 1979— 6
s ‘ ' . $TS/CTS REFERCMECE
NUMBER : 7 | oate ,
— . P 131 May 1975 . : SR |
. SUPERVISOR APPROYVAL : — S
o SIGNATURE _oATE b SIGNATURE ey 1T SR

-

_PRECLASS PREPARATION

__
EQUIPMENT LOCATED . _ EQUIPMENT T  GAAPIIC AIDS &ND
-3 - - -
CLASSIFIEC MATERIAL UNCLASSILIED MATEHIAL . _

N LABORATORY ) . FROM SUPPLY ] T
o o o , : 1. 3ABR<3131—SF605—,_
1. Oxyacetylene < : T . ‘ 2. Charts: CC 71;-20*7,

Welding Station Toolkit None - cC 7&-269, €c h-|
~ Complete ' L - 210, CC.Th-211; {.
2.  Trainer 3216 ‘ | ; oC_7l-212, CC Th-
¢ - 1 - A S -213

: : , _ 3: Vodern wc’:l«;l_'l.nf_;
: ' o : (Chapter 18)

CRITERION OBIECTIVES AND TEACHING STEPS,

a. leer}img;izgrzjgls, tools, and required cquipment, Iay out and fabricate bubular

. joints and assemblies m.thout error.
set up and weld’ =

b. Given owa.cetylene welding equ;tpment and tubular spcc:.mens,
tubular joints free of excessive penetration, overlap, and undercut for z

total combined distance of no less than 3/?; of the length of the w1d. All .,hop'
afety, good housekeeping, and fire prevention meééu:ne must be ob..ervcd. ]

-

<«

BN

Peaching Fteps are listed in 555& . T

m: g

rcro- 1972 799.308/23
ie

T ,
- Ll
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: . S 5 o
» ( . - iﬁl
R o . ~ INTRODUCTION TIME: .10 Min., -
- i; Atten’cibn. Used. on eng:.ne mounts a.nd some ma.mtena.nce stands.
2. Review: §:E?§;y7§over what “was leaz:ned eoncemng weld;t:ng of ree:.pmcatzng,
manifolds s .
. 3. bveﬁieﬁ:' Students will cut out and fit up tubular éssemb:j.i'gsfémj. splice

iép’aus" r'sS é.nd.oxéctyléné vTel’d: then ét:bblﬂ:l.ng” ing to TO 1-1A-1. :
ke fﬁtiﬁﬁ&ii_ﬁ Last joint before blocking outs ' ’ %

BOY . - , TIME: © Hrs: LO Min.

) rm-:smmxon- -
Bef Objectives a and b.

1. éonsult TO l—lk-l for tubtﬂ;a:: wei:d::ng
* ' for the:.

a. Type of metal 'be:.ng welded and means ‘!
. of 1dent1fxeatlon

(1) Chemical composrl::con
(2) Tensile a.nd yz.eld. strength

v

(3) BHeat and quench test ' - y

metal to be welded in this case ' .
h130 chzomoloy steel tubmg

%b; Factors concerm;ng the type of

(1) Preheatmg temperatyrs and
' quirements =

(2) Weldability . ; _ - .

(3) . Stress Relieving and other forms ‘ 5 .

- of heat treating, temperatuxes,fa.ctors . : | .
: and requirements ; p
(h) : ‘Requlmdi coohng pethods A

C2u Lay out and fabncate tubula.r 30:Lnts and
’ ‘assemblies

‘a. Tools to be used




L }(.i.j.,Flles - :r.'ound and ha.lfnound
T types o '

(2) Hacksaw - adaus*bable type thh
" flexible blade

i (3) : Combmat:.on set m.th square or

protractor head . i

12

.- Iiayout and assembly” of stat:zon joint

SY Y inch and 1 1/8 :mchODhl30 : 3

chmmoloy ttibmg is used.

stud;y guIde°

(2) - Isengthoftub:mgasg::venin’

0\'

R contour of B tube. Finish:

(8) &-tube is 2 37'1?‘1@3
+ 1" 0D

(b) B-tube is S&" long, 1 1/8" OD .
(c) _c-tube”’”é ate 1" long; 1" 0D
() D = gusset plates are O. 093" L
X 3/)4" X 2%:: o
(3) ffoper-fxt of tubing

' (a.) Sg_ua;reBtu’beatbothend;s .
. ‘to a 90 degree angle . .

(b) Square A tube at one end to '7

96 degree :angle. Rough grind
other end of the tube to fit -

R

contour.fit with fIles. el

(é} Square ‘one end of C tube to'a
. .-‘ 90 degree angle., Rough gm.nd

tu'be Fmsh contour f::t with files. .

-1 Laarouts and. fabmca.t:.on of sca.rf and. f:.sh—

. mouth sphces

(1) Both sphces may be used where

‘partial replacement of a d;amaged

member is necessary

“3




e ‘-.:,.T:.:.:_p ,.,,._ IR ‘;._,_.,_..,._._ g, g -9..~...-.-..-_ »_--;-:: R
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BT N (2) Sphces are never placed in m:.ddle ’ i

B 1/3 portion of a member. -
i, (3) Only one spllce per s:.ngle tubtﬂar L
; - member. , e

(h) :Ang];e of cut on bo’ch spl:.ces is 30

- (5) Iiénéi:h- of i‘ishmbuth s?iicé is 13D - _ e
(6) Length of Scarf spl:.ce is 6D - |
T3 ,Weichng SPec:LfIca;tIons and pmceduxes ' | |

- é.f Penetra.tlon = most J.nq;orta:nt i‘a:ctor

RS 744 *L& 'l‘ or grea.ter, bevel edges R e
’ o aL5 degree angle to eliminate| - - . '
. S nee& for spac:;ng. . , _ _

D

S . résults and to prevent cha:agmg :
\ . - ‘metal proye:ctles. - : : S

(2‘) ' ‘Use neutral flame for best R s S

I

b. Overlsp -.caused by fear of burning S R
through thus a&d:mg f:;‘tler rod too- ‘ _ _— ~
rapldly. o _ =2 - ' T -

¢. Shallow-welds - lack of ﬁiiéi metal - - -
- ~ thickness -of. weld should be grea:ber '
= ~ ’cha.n parent metal.
s Bh?m: - ‘c‘;ﬂ:36 meits at a;pp-r-oma.telv
f, 2600 degrees F; 300-400 degrees above =~

thJ.s Qomt may enda.nger a;ny of its

‘ Undercutt:;ng

®i
[}

) S’GrEngth is E‘&aaéa' | S

*(3) Buisin
more directly at the edge that

~ | is being undercut. |

ted by a.ngllng the flame.

‘f. Uniformity of bea.d o ' ' - _/

(Y.

— R -7 SRR




IRY
“ () L§§'§ and proba.bly least most :
: important
(2) Uniformity of the w::d:th is more 7
important than'unlfomz.ty of the ' . =
surfa.ce. ‘
L . g._ehangmgro&l
. (1)-. Necessi: Ltes most of the stoppm
and. sta:r:tlng -
v | (2 glgge envelope should contn.nue to . -
= play uponthe solidified Puddle to . . S
- pmvent ond;a:txon. ] » i '
h.’ F:.msnlng Welds o o - ) “ .
(1) Lap over distance of 1/8-1/ "o - ) B
- (2) The crater should always be ﬁliéé_..‘ S .
(3) The flame should -be withdrawn o
(usually ahiead of the puddle) -
and the. pudd.le allowed to solidify. .
(i—;) Pinholes, caused 'by contractlng of .
——surrounding metal, should be ::ewelded e 3 o
. . Just emough to gef rid of the hole. i S ‘ _ " A
A If necessary z. drop of md shou:'!:d be - B : o
" added. N , : -
: .- i = - . - - s 77-'\'
Sumary: - .- ) s -, 1. Wetal ideytification. .
T o L P 2. layout and fabricate ..
. - 7 - 37 Velding specﬂ‘:&é‘:ons and -
< © ’ . _ C procedures - :
Cﬂ.‘T Ass:.grmlent ] el e i
POT Ttems €a, 6b (2 h:r:s) : : 1. Review 3ABR53131-SG-606 - -
- ' - 2< Review Mcdern Weldlng
7 g : : Ché.iféf 18.
SN ".':ﬂ/i'w/ L
R k

A%
'.}‘P"U

e

\"}
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T T S e R AT EERS

(Day i5-h hrs) mmonncrxoi@ io NEW- DAY'S niéinucmxon
1: Bvaluate CIT assigiment & :
Critique m;ssed :Ltems .
2. Remotivation: Restate Prenous | . )
3. ﬁéﬁéﬁ | ‘A '
as Metal J.dentz.fn.catn.on o ;3_: _ )

.« ba Fa.ctors concemng the type of metal to be welaed.

e Lay oit and fabrication of tubular joints.

' a: Weid:z:ng of tubular assembhes. S
L. Gemew |
4. Layout and fabricate bubular aon.nt§
b. Weld tubular joimts. |

~ APPLICATION (Cont)
- 1. Students will cont:.nue to la:,r out ard
.i-fabncate tubular joints and assemblies.

2: While observing aﬂ:i; shop safety, gwood;

. housekeeping and fire prevention.measures,
gtudents will continue to set up and weld
' tubular joints. - _

the layout, fa.br:.catlon and welding of tubular

1. Student perfonnamce in the 1aboratory on

joints and assemblies will be evzluated by the

instructor. Proper observance of good

housekeeping, fire prevention and  shop sa.i@ty
.?'wa;li be considereds ‘

2. Stud;ents will complete and turn in their

. work on tubular Joints, Jolnts must meet all
spec:r.f:.cat:.ons of the criterion checklist.




B -
e - CONGLUSION IDE: 10 Min: :
8 ééi Meta:l n:&enta;i‘lcatlon . - s
’ T \'b. Factors concemng the type of metal to be welded
¢. Lay out and fabncatibn of tubular joints- g
d&. Welding tu'bular assem:bii.es )
2. Assigment: ' s
) & .Read 3ABR53131-SG—701 and 702 ansver questn:ons.
) | “5; Read TO 1-1A-9, para 2-43 thru 2-57, nges 2-8 - 2-11 e
3. Bemotivation -
L Closing statement
- - 6
3 - j
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for student use in ATC courses:

The STUDY GUIDE (SG) pr&ents the mformatxon you need to complete the unit of instruction or

makes assxgnments for you to read in other ‘publications whlch contain the .required mformatnon

The WORKBOOK (WB) contains work procedures desxgned to help you achxeve the learmng

' objectxves of the unit of instruction. Knowledge acquired from using the study gmde will help you perform

- - the rmsslons or exercises, solve the problems, or answer quostnons 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 wnte in; or when

both SG and WB are xssued for you to keep. ‘7 . 4 .
Trammg pubhcatxons are desngned for ATC use only They are updated as necessary for training

purposes, but are NOT to be used on the job as authoritative references in éréfexence to Technical Orders -

or other officxai pubhcatxons.

-
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C“,_ i T " INERT GAS SHIELDED WELDING Do
 OBJECTIVES ° o
. After completing this study guide and your classroom instruc-
tion; you will be abie.ﬁai N ' e . )

1. - Understand-and apply the principles of imert gas shielded

SR welding for fabricating different types of joints on various types
o  of metal. | D -
F - INTRODUCTION - - =

i Tnert gas shielded welding is a welding process which uses

an inert gas to protect the veld zone from atmospheric oxidation
which would contaminate the weld. It produces welds that are stronger,

' more ductile, -and more corrosion resistant than welds made with ordinary .
metallic arc welding. The protective shield that emvelops the weld ¥

ensbles the joints to be fabricated without thé use of flux," thus
eliinating the corrosion due to flux entrapment; and also expensive

postwelding operations: The'entire welding operation takes place
vithout spatter, sparks; or fﬁ@éé. : : i R
INFORMATION e o L

.+ WANAGEMENT OF DEFENSE ENERGY AND RESOURCES

o . While you are in Block V, there is to be mo ~riting ‘in training .
- .. 1iterature provided you. .This is .due to redistribution to ‘subsequent
' classes. Also, while you are on' regular scheduled breaks, you will

%ééﬁé lights on in the classroom unless you will be out of the classroom

) for 20 minutes or, more. . I , ot x

: - R R - o

. During clean-up of classroom and other areas, use of cleaning

R materials should be kept to a minimum in order to reduce cost. These.
-7, procedures should be followed throughout Block V.. - .

-r

TIG WELDING

There are many irert gas shielded welding processes. The process

< that you are going to'become familiar with is the tungsten inert

;. gas (TIG), figure 1. Tungsten imert gas uses a nonconsumable tungsten
S~ electrode. = o i ' . '

K

The tungsten imert gas shielded welding process. is especially

adapted for weldirg light gage work requiring the highest guality
- and/or. finish because of the exceptional concentration of heat;, '
precise heat control, and the ability to weld with or without filler

metal: It is ome of the few processes which permits the rapid welding
. of tiny or light-walled-objects. R \

~

“{ B : . . . B . ’ . ! .
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An arc from the tungsten electrode in the atmosphere of ‘inert
gas provides an intense source of heat which is very clean and operates
: very quietly: The inert gases provide an almost ‘ideal shielding
cover: in which to melt ‘most metals for welding, refining, or _casting:. oo

Because of this, the inmert gas process is generally adapted for
welding a wide range of materials. ,

7 !

~~w——L———'-.-—~~--"~~Mﬁost~met-als—01=~alloysewhich.do_.not vaporize under the heat . R i”_?
= of the arc, and which solidify without cracking, can be welded::
. Some of the metais that can be.satisfactorily welded by *this method

' are most grades' of carbon steel alloys, stainless steels, aluminum _ . -
- and aluminum alloys, magnesium and its alloys, copper; copper-nickel, o
‘phosphor bronze, tin bronzes of various types, ‘brasses; nickel; : -
monel, "inconel, high temperature "alloys, titiniuﬁ, Eirconium, gold
and silver. .

-~

- The basic requirements for inert gas shielded arc. welding consist _ B

o of a power unit; gas-shielded welding torch; shielding gases, auxiliary )

equipment, ‘and protective welding equipment. , S

PowerSource_. RN N : S ' .

‘o "he welding current may be supplied through either a welding o » -
generator, DC rectifier; or an AC transformer. It is important - T
that the unit have good curremnt control at the lower end of the
current range: -Standard DC welding machines. are employed and selected

~ on the basis of the current output and the range necessary to meet
the requireiients of the work. Superimposed high frequency is used

in some machines to _permit starting the arc without the electrode

- contacting the Work. ' . : : ' (:. :

;L‘l‘ B R : . - T —
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Torcn . R ' ;
/=i - There are seversl types and models of gas shiclded welding
* | torches being used today. The operatior and design are basically |
: the same with the exception of the manner in which they are cooled.
- [ . . - "TORGH :
o | “ . HANDEE o 6as N
_, SLEEVE .
. (LA™ =™

CABLES HiemaLy

) ?*éﬁéLé ADAPTOR
Figure 2. Air=Cooled, Gas Shielded Aﬁ;‘ﬁ?i&%ﬂgéTbiéﬁ;;;

;g ' Fhe air-cooled torch, figire 2, is designed for manual velding

of high thin gage materials and is excellent for weld repairing
, thin section jet engine parts: This torch. can be used for welding. .
- with high-frequency stabilized alternating- current or straight polarity

direct current, depending on the job requirements. It can perform’

g continuqusly on AC or DC current up to 100 amperes: ..

: P e o e . - HOSE<  POWER  WATER
ey o ___: HOSES _ R WATE

T

<

) TTenommmam . T
» T T I T IS TINITESII I/ SIIIIIIIT: P77 LLLllllld

P

K qssren suectmone T EIIDGAS PASSAGES
i « _ . ...  SUS—WATER FLOW
Figure 3. Water-Cooled, Inert-Gas Shielded Arc Welding Torch. '

- e

| The'water-cooled .torch, figure 3, is designed to operate at -
higher current ratings above 100 amperes and up to 300 amperes-turrent,

capacity. Water-cooling of.the torch and power cable for imert.
gas shielded welding makes possible the use of lightweight parts

capable of carrying the rated current without danger of overheating.
_The power, cable is locat.d in the water discharge hose. Water fequirements
are from ome to two pints per minute.._ A special fuse of about-45 ’

amiperes is inmstalled in the power lead line to the torch to protect.
the equipment from overheating in case of water stoppage. The torch

yéédvbé§ically consists of three parts: -the-collet or .electrode

. .
34 N
. 4 -
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holder, the gas“shielding cup,.and the tungsten electrode. The

" shielding -gas enters through a plastic hose fitted to the rear of
the torch handle, passes through the body and emerges from the gas_
-orifices in-the torch head. It is then guided down toward the weld

or molten pool by the gas shielding cup that surrounds the electrode.
- ~

 The tungsten.electrode is held firmly in place by a replaceable
electrode holder (collet) that screws into the torch head. The® :
threaded end that screws into the torch head is split into four parts. :
When the electrode holder is tightemed;, a clamping action takes ' '
place on.the electrode and holds it in place. The holders are made :
in various sizes and hold electrodes from .020 to 1/4 inch in diameter .
‘and from 3 to 12 inches long. : B T -

- I
. Gas shielding cups are made. from plastic, metal, and ceramic - ' o

tile. They "are made in various sizes and the size selected.depends :
- on the size of the electrode to be used. The cup number indicates
the diameter of the cup opening in 1/16ths of an inch. Continued °

. use of the torch at high amperage tends to deteriorate the shielding
gas cup. For this reason,. metal water-cooled cups are used with -

currents above 100 amperes.

Hose o - 7 7 . o ; W_m<_~;'
 Rubber or plastic hose is used to circulate water for cooling
. the torch and power cable lead. The bare flexible lead .cable is = <
‘enclosed in the water outlet hose. A4 separate hose is used for the _
- water inlet and another for feeding the shielding gas to the torch. s

In case of water stoppage, welding must be stopped to prevent damage .

to the welding equipment. . - . . -
! , . , - . : N
' Water stoppage may result from an accumulation of dirt<in the I
small passages of the torch. -This condition can usually be corrected: A
' by disconnecting the water limes—and-momemtarily reversing-the flow . \
of water. Three possible causes of leakage-in water lines are: amn Co
excessive high water pressure,.mistreatment of equipment; and. improperly - .

sealed hose comnection: If Ieaking g;pﬁrsfiﬁ,the-;érﬁﬁwhgggigiii
goldered repairs mdy be necessary. When the hose is damaged near

_ a connection, it is omlysmecessary to cut away the broken section -
and reimstall it to the fitting. Rubber cement or a hose clamp

may be used for securing a-leakproaf joimt.. When repairing the: =
water outlet hose; it is necessary.to remove an equal length of electrical

PN '»';_t:a;bie;' o . Sl
. . T e . » ;, . ‘ R ; —Tb— - 7“7 S LR ,I i : -
: . The argon or helium hose must be gastight. If the molten pool
" - becoies ‘cloudy or the tungsten electrode turns blue“on cooling, it

is”an indication of a leak in the hose or. hose connections. If, T N

. for any reason, the plastic hose is subjected to temperatures above

' - 125 degrees; it becomes soft and loses its strength. It should
be protected carefully and not allowed to come in contact with hot
metal. Hose that has been burned or broken should be replaced because
it cammot be effectively repaired. Leaks cause the shielding gas

 to-become diluted with air and causes contamination of the molten-
pool and the_adj;cent.metéii ) .

G e h tee o




. zirconium have been refined and improved to make them better than

" Tungsten Electrodes. : }

. Four types of tungsten electrodes are used’ for gas'shielded

welding: They ar: commercially pure tungsten; 12 thoriated tungsten;
27 thoriated tungsten; and tungsten containing thirty to fifty percent
zirconium. The thoriated tungsten electrodes are superior to pure
_tungsten electrodes because of their higher electrode flow, better

arc starting and stability, high current.carrying capacity, and ,
tigher resistance to contamination. The tungsten electrodes containing

the thoriated tungsten electrodes but are considered to be-too expensive
for mormal Air Force use. ' R
' The tungsten §i§§E§§aés,été,tbibrfcaded,féifé%éiégiééiéétiéﬁ{
Pure tungsten has a gréen end; 1% thoriated has a yellow end; 22

. thoriated has a red end, and the zirconium tungsten has a brown
. end:” ; - to

-

~Tungsten electrodes are practically nonconsumable, but when

. the electrode unintentionally touches the molten pool;  a small ball

forms on the end, which may cause an erratic arc. This metal pickup
should be removed by grinding or breaking it off with a pair of -

“pliers. Electrode loss due to oxidation can be prevented by leaving

the gas on a short time affg’r‘ﬂie—arc—té—ﬁrbkéﬁ;ﬁigwing—ﬁf-ié—ééél

" in the protective atmosphere of the shielding gas. ‘Tungsten electrodes

are available in diameters of .020 to 1/4 inch and in lengths of

3 to 12 inches. The diameter of the electrode to be used depends |
upon the current setting used in welding: , . S
Foot Control ' *

_The foot control is a foot-operated theostat -which is installed |

in the field circuit of the welding machine to change the arc for
varying thicknesses of metal. This control enables you to start °
and stop the machine, an® [.ovides a convenient method of making
current settings during ‘¢’ ing. Another disadvantage is that the
control shuts off the welclug current and at the same time allows

" the gas to flow, which protects the weld 8uring cooling; and helps
* to control crater cracking. . ] S

gas Regulator ) 3

A combination regulator-flowmeter, figure 4; has been developed
to control the flow of shielding gases: It steps: down the high -
pressure.in the cylinder or manifold to lower working pressures.

" The gas flow to the apparatus is indicated on a flowmeter- tube.

In operations in which the gas consumption is high, a central cylinder -

_manifold system can.be installed and the gas piped to the various

welding stations. The flowmeter is equipped with a manual throttle
valve for gas flow adjustment and the welder can set the gas flow

fequired. The flowmeter tube is calibrated at a positive pressure
which normally exceeds any back pressure produced by -the . equipment.

this makes a true reading of the gas pressure possible. ~

¢
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Figure 4. Argon Regulator Flowmeter.

4 For economilc reasons and for ease in handling, both manual = -
~-eilie.- gnd mechanical shutoff valves are made available in the power unit.

Electric solenoid valves are installed in the unit; allowing the

flow of shieiding gas and water to be turned on automatically when

the foot control is-used. These valves are designed in such a manmer :
that they can be timed to allow.the gas and water to flow before o
the arc is struck. When the foot control is used to _stop the are, - ' <:: i
the gas ‘and water continue to flow for a specified time. The flﬁwiﬁg T

eiectrode and the molten pool; protecting them from»atmo§pheric
. contamination. -

Weldmg Current L : »V . i; T e

. DIRECT CURRENT. fhé’ welding circuit may be connected up as - :
either straight or reverse polarity. The choice of pblétity depends
upon the type of metal to: be welded. - - -

: IﬂG ELECTRODE

7 D.C. STRAIGHT POLARITY . K

-

WELDING- 4
GENERATOR
. — .

ECTRO
e\

Figure 5. Welding Currvent.
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~ ' In direct current straight polarity (DCSP) welding, the electrode’
* 18 negative. and the work is positive; as shown in A of figure 5.
— ..In straight polarity welding, the electrons strike the plate at high |

»

( - veloeity, producing a concentration of heat effect upon the plate.
' The heat not only influences the welding action, but the shape of _

the weld also. DCSP produces a deep narrovw weld, as shown in B of -

174" ELECTRODE

REQUIRES L oo oo o
TGE“EL‘TUR ™~ 7iG ELECTRODE- _E-_c_:_R_EV,ERSE POLARITY

s . [ |

7 Figure 6. Divect Current - Reverse Polarity:
" In direct current reverse polarity (DCRP) welding, the electrode
is positive and the work is negative; as shown in A of figure €. n
In reverse polarity welding; the electrons are flowing from the
plate to the electrode. This requires the use of large diameter @ )

* . electrodes to absorb the extxa heat gemerated. and helps to prevent =~ -

. the electrode -from burning off: DCRP produces a wide, shallow weld,
as shown in B of figure 6. - For any given welding:current, DCRP. ‘
-reduires a larger diameter electrode than DCSP.” RUEE

ti

= COMPEET§ CYCLE OF
C t

~— AMPB|

DCRP  DCSP
Figure 7. AC Wave:

Ky

:. . : TWO_COMPLETE CYCLES OF AC. WITH
- RP COMPLETELY REGTIFIE_D

Figuré 8. Rectified AC Wave.

-




' ALTERNATING CURRENT. Alternating current (AC) welding is a
~ ° combination-of DESP and BCRP welding current. Onme half of each
complete cycle is DCSP and the other half is DCRP; as shown in figure

" 7. <Foreign matter, such as moisture, oxides or scale on the surface
of the plate, tends to prevent the flow of current in the reverse
polarity direction. If noc current flows in the reverse direction,

. rectification is taking place and the current wave would look 1like
-figure 8. To prevent this freom occurring; it is cominon practice
to superimpose high voltage; high frequency additional current on

2 the standard welding current. When high frequency is superimposed

' g vpon AC welding current, a continual flow of electrons is jumping '

the, gap between the electrode and the work piece;, piercing the oxide

film and forming a path for the welding current to follow:. Some :
advaritages that are obtained from using high frequency current are . -
‘starting the arc without touching -the 2lectrode to the work piece, ’
better arc starting and stability, a longer -arc is possible, wélding

A typical weld contour produce& with high frequency stabiiized AC

ds shown in figixre 9, with ﬁGSP and DCRP weids for comparison.

-

, J 1T |7
__DC._. - _be. A o : o
- P N STRAIGHT _ REVERSE . WELDING : . : . . Toa—
A : POLARITY POLARITY )

| Figure 9. Comparison of Wéza} Contours.
' S!‘qe]dmg Gas o o |

S A}.though there are several inert gases w‘nich may be used for
- gas shieided weiding, argon and helium are the two most commonly o

<used.” The main reasons for this is the complete chemical inertness -

~  and- insolubiiity in molten metals; electrical characteristics that .
are. favorable to smooth, quiet arc action, and efficient metal transfer
- at hiéh\current density: Whether argon or helium is used for the
: shielding gas\tepends on the. distizctive- characteristicsﬂ required
" to produce the desired results. 'Argon is usn’ in most cases; but _ _ 2
hei;:f;um is used when t \lwat per ampere of +~e¢lding current ia needed.
This' characteristic of helizibecomes a dizsivantage when welding

- very Tight gages of metal, 1/32 tnch or less. | S .

l‘he terni "inert gas su ests a chemically inactive gas, one o .

: which will not combine with any other element. _ The two gases. produce - -

'diffei'éiit effects upon the. materials to be welded due to arc voltage, I
‘argon- producing a narrow bead with deep center pemetration; while

 belium pres’ ices a wide bead with compzratively shallow penetration.

: Tbese dif. <rences often make one or the other of the two gases, }

‘-or a mixture of the two, preferable for specific applicationms. .




" Miny other types of gases and gas mixtures have been tested,
but all have some deficiency which prevented them being used, sSuch
as causing rapid deterioration of the electrode, porosity in welds,"

and arc instability. ~ Some have been found quite useful for specific

. purposes, such as nitrogen; which is ised as a shielding gas for

welding copper. Also, mixtures of argon, helium, and hydrogen have

been used in welding heat and corrosion resistant ferrous alloys .
“od some nickel-bearing alloys, such as monel. Both gases are plemtiful,
,ut due to the difference in weight; three times as much helium f
is required for shielding as argon. - _ ' _ ‘ i

*: ARGON, Argon is a colorless, odorless, nontoxic; and nonflammable

inert gas, which is somewhat heavier tham air. It is supplied in' /-

" ¢ylinders similar in size and shape to oxygen cylinders, carrying /-

. pressure between 2000 to 2500 pounds per square inch.. The cylinder

a white band paintéd horizontally around the cylinder. The.cylinder -

. may be identified by the distinctive color markings of gray with / . |

is considered empty when. the pressure is reduced to Z;’c—jjaﬁﬁa\s.pé_i:-

" square inch and should be replaced with a full cylinder: - .

' Gas purity may have considerable bearing on welding, depending 3
upon the extent to which materials are affected by impurities. Stainless .
steel, as a rule, is not significantly-affected by metals, such -
as aluminum or magnesium, are relatively semsitive to impurities
and “are best welded vith high-purity 'gas.” The argon and heliuwm =
gases which are commercially available from most sources are of high

_ purity and average well over. 99.95%.pure.

. Argon is generally used for all alternating current welding

applications, _ 1 a&s welding aluminum, magnesium, or copper. The

‘are is relatively hard to start in helium gas shielding when very

1ow welding current is used. This difficulty is not encountered -
with argon and the low arc voltage, characteristic is particularly
helpful in the welding of thin material, because the tendency toward

|

burn-through is reduced.” . | | j

HELIUM. Helium is a colorless, odorless, nontoxic, and tasteless

jnert gas. It is much lighter than air; being the second lightest
of all gases. Helium is nonflammable and is placed under pressure
in cylinders, like argon, with 2000 to 2500 pounds per square inch.
The cylinder may be identified by the distinctive color'markings.
of gray with a buff top (light brown). .The cylinder is considered’

~ empty when the pressure is reduced to:25 pounds per square inch
_ and should be replaced with a full cylinder. ‘

4

Helium is used mainly with diract current welding machimes,

.using DCSP: .This shielding gas is us o to weld magnesium using

'DCRP. High arc voltage and current oi-ings ave desirable for welding

~‘thick metallic materials which have ~igh hieat conductivity: -
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NELDABILITY -OF VARIOUS TYPES OF METALS

Rl

Héé{ﬁaﬁa'eaffogiéﬁ Resistant Ferrous Alloys - : : <T:‘

. Heat 'and corrosion resistant ferrous alloys are probably the
most easily welded of ‘all metals by the gas s shielded -process.. They

are generally welded with direct current straight polarity, using

argon as_the shielding’ gas. These factors give maximum heat inmput,

~*resnﬂ:ting in deep pénetration and fast welding speeds. This technique

minimizes carbide precipitation in nonstabilized heat and corrosion

resistant ferrous a:H:oys and helps reduce distortion on thin sections.

 Aluminum ’
. Alum:.num and aluminum alloys, along with heat and. corrosion
resistant ferrous alloy, make up .the bulk of the metals joined by

inert gas .shielded welding. The welding method preferred is alternating

current, high frequency stabilization; with argon as the shielding .

‘gas. Almninmn can also be welded with direct current reverse polarity.

Magnesi um

" Magnesium was largely responsible for the development of the
gas sh:l:eitded welding process because it is virtually the only process

that can be successfully used to weld magnesium, Magnesium alloys
- can be welded using AC or DC curremt; If DC machines are used,
reverse polarity with helium gas for shielding is used. When AC _

machines with high frequency stabilization are used; argon is used : S (,_

Mone1 and Inconel | .

Monel and iconel are both readily weldable by gas shielded welding.
The basic procedure is the same as for the heat and corrosion resistant
ferrous alloys, using direct curreat straight polarity and argon

as the shielding gas.

A-286 is best fabricated or repaired by tungsten imert gas.
shielded welding (TIG). Argon is the preferred shielding gas on

the lighter gage metals and helium for the heavier gage metals.
During welding, the heat input should be kept as low as possible

while still obtaining proper fusiom. Welding A-286 is more critical

- than welding other similar types of alloys. If A-286 is not .properly :
shielded, or if it is permitted. to burn through without a backup -

of: either shielding gas or a copper backip plate, there is a high

‘ probability that the wef!:d will crack. -

Chromoloy B "‘;"’.””" -

_.-——-—'

. Direct current straight polarity :Ls used in the fabrication -
and repair of this material. This new alloy -is being used im our-

- S 10




‘ sections:— Chromoloy is one of the easiest to

'p’téééiit day: aircraft ;aﬁ&i&éé’ﬂ:éé because it fieets the medium-high

temperature service requirements needed im the jet engine turbinme
,,,,,,,,,, weld of the new alloys

and should present no problem to you as a welder.

. QUESTIONS

Note: Aﬁéﬁgr,lthe questions at the end of this chapter on a
separate §hé\et1 of paper. : ,

1. - Definme an inert gas.

' '3.  How do welds made by the inert gas method compare to those
made by metallic arc.welding? : ’ :

3. List five metals vhich can be satisisctorily welded by
the TIG process. - - o L :
77777 4. - What i5 the purpose of the 45 amp fuse installed in the

power lead line? - 7

5. From what material are gas shiclding cups made?

6. Fﬁ:y are. thoriated éié'EEch&éé more superior to thé pure
tungsten electrodes? | T

7. hat determines the choice of welding ﬁéi:;?'ifj?:_ |

8. ~Why are large diameter electrodes required for welding

with DCRP?

9." What are the weld characteristics produced when welding -

‘with DCRP? DCSP? AC?

10. What is the purpose of the foot control? -

REFERENCE

11 and 18,-1967.

1. Althouse/Turaquist/Bowditch, Modern Welding Handbook, Chapters
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© at closer intervals than heavy gage metals.

T,

' JOINTS OF HEAT AND CORROSION RESISTANT
| | FERROUS ALLOYS <
OBJECTIVES

After completing this study gﬁiéé and your classroom instruc=

"Eiaﬁ; you will be able to:

1. Apply the techniques and procedures for welding joints-

-iof heat and corrosion resistant ferrous alloys using the TIG welding
- process. ’ . . )

 INT§0DUCTION

" Inert gas shielded welding is used very extensively for the.

fabrication and repair.of jet engine aircraft parts because it prevents
oxidation of the weld, maintains the maximum of corrosion resistance
in the welded part, and helps keep warpage to & minimum: The use

.of special welding fixtures, close control of current settings;

and the application of certain welding techniques and welding speeds; il
assist in producing welds. of a highest quality. :

INFORMATION .
" MANAGEMENT OF DEFENSE ENERGY AND RESOURCES

. When welding heat and corrosion resistant ferrous alloys, the

bead will be completed with a n amount of £iller rod. After

‘completinig a weld, you will cut the specimen as close to the bead

as possible, and utilize the remainder of the specimen.

FACTORS PERTAINING TO HELDING OF HEAT AND
' CORROSION RESISTANT FERR_GUS ALLOYS

 The coefficient of expansion for heat and corrosion ferrous

resistant alloys is approximately 60% greater than for carbon steels;- =

PR P e

and special precautions- are a mecessity. To resist the tendency -
to warp during welding, joint edges must be correctly aligned and

" properly spaced. Tack welds mist be closely spaced in accordance

with metal thickmess. Thin gage metals offer less resistance to

warpage when ‘heat is applied and must, therefore; be tack welded

 Carbide precipitation\is another important factor to consider
in welding héét_éﬁd'cgrrqsiqn,resistéﬁﬁ-férfdﬁé alloys. When the - v <

metal is kept at an elevated temperature for any length -of time,
the carbon combines with chromium and forms chromium carbide. Im



| : - R T']
the region of this carbide formition, a loss of -corrosion resis-
tance reults and the temsile stremgth and dutility are reduced: _
This usvally occu.s nez: the fusion line in the welding of heat (i:

and corrosior resistant ferrous alloys. The effect can be reducad
to a minimun by confining the arc or heat to as small an area as
possible. This means that best results are obtaimed by the use .
> smaller electrcdes, higher amperages, and faster welding speeds.
Ynert gas shislded welding is very adaptable in this respect as

. +he tungsten elactrode has a very high melting point, allowing the
use of high amperages with smaller diameter electrodes. This permits

hisher welding speeds; a-marrow heat affected zome and more rapid
cooling of the metal. : '

Ou scme pas shielded welding applications, the joint éigég,,

should be backed up to cbtain best results. On light gage matefial, .

backing is usually used to protect the underside of the weld from
vuéxidation; : '

'CORNER AND EDGE JOINTS

Corner and edge joints are the easiest types: of joints to weld..

With proper setup; no filler rod is needed on metal up to 1/8 inch
thick. Very close fitup is necessary so the edges will fuse together

without the use of filler rod. The different types of juints and
setup are shown in figure 10. .

Figure 10. Types of Corner and Edge Joints.

Metal Preparation and Setup
‘The preparation of an edge or corner joint is simple. Clean

the edges thoroughly to remove all.foreigh material and make sure

4



- of the.electrode without the shielding cup touching. :

" the metal and tack welded, as shown in figure 12. o

that the edges fit together evenly and that all burrs have been
réemoved: A very close fitup 'is necessary for the edges to fuse

together without the use of filler rod.
:ééﬁé'féi Welding Procedures R . .
* 1. Strike and hold an ::75:?: mmtil a miolten pool deveioéé:
2. THold the electrode as nearly iiéftiéél '.t'o' the joint as possible.

' speed of travel to produce a uniform bead. ;
J

Ll

3. Regulate th
position to break the arc and permit the shielding gas to flow over
.the weld area until it has cooled: » ‘

4.  To terminate the weld, swing the foot control to the low

5. A slow welding speed will cause molten metal to roll off
the edge of the metal. . .

‘6. Irregular or rapid speed of travel will produce a rough
or uneven surface. : :

WELDING BUTT JOINTS

The square butt joint is an easy joint to prepare and can be

welded with or without filler material, depending upon the thickmess
of the-pieces being welded. Joint fitup for a square-edge butt
. joint should always be true enough to assure 100% penetration with

good fusion: In welding light-gage material without adding filler
metal, extreme care should be taken to avoid low spots and burn-
through. The heavier thicknesses will generally require filler
metal to provide adequate reinforcement. - :

Metal Preparation and Setup QNN
| Light gage sheet stock to be butt welded mist be accurately
sheared and free of burrs. Joint edges must be thoroughly cleaned

i . of all foreign material. A fixture; such as shown in figure 11,

may- be used for holding the pieces in alignment. For butt welding

_ a thickness, of .030 inch or less in a fixture, the work may be set
up with the edges butted together,

and clamped tightly in the fixturei—

For butt.joints of a thickness greater than .030 inch, the work

" should be set up with the edges spaced very slightly. The backing

slate for metal above 051 inch should have a V-shaped groove equal:
in depth to.the metal thickness and about 1/8 inch wide:. ' The clamping .

"bars should be set as close-to the joint edges as will permit manipulation

o NeooocL e Ll _l :
When welding butt joints outside of a fixture, the joint edges

. should be aligned parallel, spaced approximately the thickness of

.2
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Pigure 11. Butt Welding Fizture.
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Figure 12. Tack Welded Butt Joint. . L
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Maéhiné Setting and Equipment Adjus tient

: . For metal thicknesses ranging from,.030 to 081 of an inch;

the foiiowing approximate settings can be slightly altered to fit
the individual thickness of metal. The fact that the metal is being
welded in a fixture which dissipates heat from the weld area also

may affect the current setting.

1.A7 Current - DC straight polarity, 15 to 90 amperes.

2. . Argon flow — 12 to 15 cubic feet per hour (cfh).
3. 'siéaffaaé - tungsten - .040 to 3/’5’2‘ inch.

edge of gas shielding cup-

5. Water flow - Approximately 1 'pint per minute:

General Welding Procedures

1. Strike and ﬁoi& an arc near the joint edges.

2. If the tongsten electrode becomes contaminated, strike

the arc on a piece of copper plate until the erratic tendency of
the arc "smooths out."
3. “Use the foot control rheostat to adjust the arc to the -

approximate desired heat. - R

e e e — - "

=== . %&. Move the arc to the joint edges and travel steadily along®

(foréhand) holding the electrode as nmearly vertical to the joint

. as possible.

5. Filler rgd should be added at the forward edge of the
pool. P ‘

Note: Manipulation of the torch is not necessary to obtain

the proper width of weld in light gage Eetais.

6. To terminate the weld, the foot control should be swung

to the low position; the arc broken, and the shielding gas permitted

to flow over the weld area until 4t has cooled to a black heat.

7. In order to avoid overiap in restarting a weld strike
the arc shead of the terminated weld (approximately 174 inch) and

then move it back to the end of the weld so as to bring it to the
molten state before adding filler rod:

8. Weld specifications of penetration, reinforcement, and

width of bead are shown in figure 13. .These specifications are

approximations of acceptable variations for heat and corrosion resistant

terrous alloy welds on jet aircraft parts.

17
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Figure 13. Butt Weld Specifications. :
9. -Defects to be avoided are: . B = -
) - ‘a. Undercut = Caused by poor setup, improper backing
or excessive heat. , .

b. Overlap - Caused by insufficient" heat or addmg too
much filler rod. .

We‘ld Reqm rements

 Heat and corrosion resistant ferrous: a:]:ioy butt welds made

with the inert gas shielded welding process may be narrower with
jess reinforcement because the highly effective shielding of the

inert gas results in a weld of high ductility and tenmsile strength.
'The high amperage carried by a small electrode permits a narrow

weld having fusion equal to that of wider welds made by oxyacetylene .

or metallic arc welding process.

1. Penetration through the joint should be slightly in excess

of 100%. | - ;
T2 Réﬁforéeﬁeﬁj for 1ight gages of heat and corrosion resistant '
ferrous. alloys can vary between 5 to 30% of T (T = base metal thickness) . ’ .

3. Width of bead can vary from 2 to 3 T.

4. Surface appearance should be a dark bronze to a iight

purpi;e color. - . . —
- 5. " The wei;d metal should taper: smoothly into the base metai o
with no undercut or overi;af:. , e _ ' &'
C | 18 '




A. DOUBLE WELDED LAP

\!

‘ : : A.! 4‘;?2?> ' )
| C. JOGGLED LAP '

WELDING LAP JOINTS

Lap joints are used to join two overlappinmg sheets so that

- the edge of ome sheet is welded to the surface of the other, as

. shown in figure 14. When the joint design does not permit welding
from both sides, the joint may be welded from one side only: For

 some applications; such as tubular splices, 2 single welded lap is

. satisfactory. However, a single welded lap joint.in sheet _metal .

' will not develop the ‘full stremgth of the base metal. -:Lap joints _

are used extensively in the repair of weldable jet and conventional

aircraft parts because of the ease of preparation and welding. Heat

" and corrosion resistant ferrous alloy lap welds made by the imert
gas shielded process in light gage metals (up to .0625) can be set
up and welded with no addition of filler rod.. The electrode is
so directed as to melt the upper edge of the joint, resulting in
a smooth, slightly convex weld bead. :
. Machine and Equipment Adjustment
 For metal. thickness ranging from .031 to 08l inches, the following
approximate settings can-be slightly altered to fit the individual
thickness of the metal. The fact that it is being welded in a fixture
_which dissipates the heat from the weld area also may affect the
current setting. ' S :
o 1.  Current — DC straight polarity - 20 to 90 amperes:

o




" beyond edge of gas shielding cup- . . 1&

-4._ Electrode adjustment - To extend l/4 inich to 5/16 inch

-
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