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FORWARD

This final report covers the work performed under NASA Contract
NAS8-11554, Control No., 1-4-8-0000 (IF). The contract work
included the design and mamufacture of sizing equipment for the
tubing to be brazed; the design of couplings, elbows and tee
type braze fittings; the development and manufacture of split type
induction braze tools for these fittings; the design and manu-
vacture of debraze tooling; the evaluation of high frequency in-
duction brazing on heavy wall large 0.D, tubing; and the train-
ing and instruction of Marshall Space Flight Center personnel in
the use of these tools.

This program was conducted in the Braze Development Laboratory,
Manufacturing Process Applications Development, Large Jet Engine
Department, Flight Propulsion Division, General Electric Co.,
Evendale, Ohio. George F. Albers, Supervisor of the Braze Dev~
elopment Laboratory, was the Program Manager and Don H. Greisl
of the Braze Development Laboratory was the Project Engineer for
the program.
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The design and manufacture of sizing tools for the tubing to
be brazed; the design of couplings, elbows and tee type fitt-
ings; the design and manufacture of split type induction tools
to braze these fittings to the tube ends; the design and manu-
facture of the debrazing tools; and the use of high frequency
induction brazing of heavy wall tubing (.188 wall thickness -
0.D, 2'") are described in this report, 7ZZr7

z
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INTRODUCTION

The systems and components of rocket propulsion vehicles must
function under severe environmental operating conditions. Roc-
ket propulsion fluid systems, in particular, are subjected to
extremes of temperature, pressure and vibration for short per-
iods of time. The standard threaded type aircraft engine fitt-
ings currently being used for tubing connections in rocket
propulsion fluid systems are inadequate. Leakage can occur when
the vehicle is exposed to operating conditions. Advanced tube
joining methods are required which will provide zero leakage and
light weight with a high degree of operational reliability.

Techniques for making ''on engine' tubing connections by induc-
tion brazing had been developed by the Brazing Development Lab-
oratory, Large Jet Engine Department, Flight Propulsion Divis-
ion, General Electric Company, Evendale, Ohio for use on the J93
Engine used to power the XB-70 air vehicle. This technique was
considered feasible and worthy of further development for joining
advanced rocket propulsion fluid tubing systems.

The purpose of this program was to design, develop, manufacture
and demonstrate induction brazing and related tooling and connec-
tors for fluid tubing systems on rocket propulsion vehicles.,
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TOOLING

The NASA contract required the design and construction of six
(6) split coil inductors (one of each size) for brazing 1/4",
3/4", 1 1/4", 1 1/2", 2" and 2 1/2" tubing using a straight
coupling: the design and manufacture of five (5) split coil
inductors (one of each) for brazing the pre-mentioned tubing
sizes except the 2 1/2'" for elbow and tee type fittings; the
design and building of sizing equipment for sizing tubing to
a controlled diameter in the following size tubing: 1/4",
3/8'", 1/2", 3/4", 1", 1 1/4", 1 1/2", 2" and 2 1/2"; the de-
sign and building of debrazing equipment, (one of each) for
1/4", 3/4", 1 1/4", 1 1/2'", 2" and 2 1/2".

The development of each type tool will be reviewed in detail.
Each aspect of the process is defined and each applicable
tool discussed.

Split Inductors For Straight Couplings

The basic process consists of induction brazing tubing and
couplings together to produce a strong, leak-resistant joint.
This is accomplished by assembling a coupling, containing pre-
placed braze alloy (print 871C234) equally over two tube ends
and induction heating the area to the braze alloy flow temp-
erature,

To satisfy these requirements the split coil inductors must
exhibit the following characteristics: a split induction
heating coil having the effect of one continuous wound coil,

a split atmospheric chamber with inert gas inlets and outlets,
and a chamber that houses the split coils with an air cooling
manifold.

The split atmospheric chamber permits visual observation of

the joint during the brazing operation. It also envelopes the
joint providing an oxygen free atmosphere. An advantage of
being able to see the joint during the brazing operations is
that 1f the automatically alloted time does not produce a good
braze joint, manual control of the heating cycle can be assumed
until the alloy has flowed and formed a sound joint. Secondly,
melting of the braze alloy can be observed or monitored visually,
Melting 1s evident by a dark shadow seen on the coupling repre-
senting the braze alloy as it melts and starts to flow.

Page No. 4
Property of General Electric Company
Maintain one inch side margins.



o sasraim 5| | o € R A s 9
ON HS L33HS NO INGS o N 3OS m\u‘wﬂ “““ UYWL T T T e . WINIIND
ST Ty w9 Tttt yo| ——————rH
¢mNO—N-w w.u\,uwvn ,4_4.,..54_&0“—“ _ B - I e —
et i T A INTD 80 1800 LN,
mozu DwN<mm 31¥0 um>o“on< - " o IVIY3LYW |‘|¢|lc- o/3
1‘_\}\:‘1lz@wﬂu@umimwwwf 4 DTLie T aanss \/ SHvAE0S TV Mw..-m\_?mmuoo-s
ANV DAWCIN AT - T TIOITEI YT )T OddY 7 I - AP
v 1.,51.wm,um‘lw‘m;,.,>y meF OZ_I_QDOU SpYryTe 1 31vq wicz« m#ﬁwmqumﬂmm_wmem INVN o wis SEl anoz
TEINTTR RTINS T 1740 35N 3-9 804 | v
21912313 ) vuan3s o] oSN SOSNING | | Twe 30 379 Wos f-aoms
01 SiINIHd .
LOESS
ol WAS
2 3
= oa 3NOZ i +D 3anozZ
BE r ,— Y iwiza aas
(3M0 40 NOILYL38d¥3LNI) [010°Z1Z-15 3-9]0L WEBINODD LSAW | _ o1 5 -
IN3Q1 3007 HOONIA ¥ °ON IN3AI 18Vd H1IM OvE DILSVTd 03 V3IS LvIH TWNAIAIGNI HOVI OV 4O NHVYW i Mooy \
Jv@ J11Sv1d 031v3S LV3IH I\.N\WI/ } P B — —
NI 039Y¥IVd ATT1VACOIAION)  NOILVY3d0 ONIZVY8 ILYWILIN 3HL DL v ) via s J\ 4 \q
TYLINIWINLI0 IVIZILVIN NII3Y04 ¥0°3ISVIAT 110 “LYI0 11V JAOWIY 0L Wy //, J wia
mm 2 INIIYNIVd 0L 3014d YINNVW ¥ NI 03INV3TD 38 11VHS SINITdN0D € 1 ) ! . a - |
— ‘414 h00O0" NIHLIM ONNOY 38 1SNW HYIO 1 O Ly E: 00 3 :ﬂ_.mwr wa
m ¥4 200 NIHLIM DI¥LIN3IINGD 38 1SOW MY Jvio s / 7' 510 _ |
- ) A Y 100"
N i ] - !
£ N L= 500 ldos—L_ -t 4
g N -
ﬁz o — L P _
ok 4 - ' m |
090" -
r dogo"
s . oq aNnoz ! ~— VvV —
98 3NOZ IONVHD 340433 MmIIN W w3 S00 9
Vf § ow -
p x.
~ \ > X
] ‘ -
7 \ /
\ 9 7 [ .
& o Va \/
a 7o g ; Vooc /| 90 1S9 | Z90] cec-l 221°1] o2 | s8p .
oMOQszSz mzuq .ozbumwo_woy_wm ool 110 |seee | zeo| dsot| coivl| osae | S| 9997|904} a
F377 H1IM OVL ¥0 HINIVINGD SeET| 9607 | BIET | 2k67 | 216" | L66° | 918" | LSb" .
R s N& wavw csom 2 3108 0l H 908" | 101°, 6ES |Lb6" | 256" | 200°/| 9" | LbbT 28" | b ad
ry LA . o5t | 280" ere ) 4187 Lgec| ee8° | g6/ | 08E" -
7 m@%%¢zummv. /5| 2h0" | 262|226 | L08" | 148" | €127 | 00t osL
O - . PR SR R . . . .
.27 ﬁ P sYMVIdD Siuvd(l| 4]93 GE97 | 2L0T ObZ 4 CEFT| 957 9LL| /T E5E T o550 10104
v 74/ <5105 NDOF o 222" | Rmuw *%m 469° | 289~ | /8L 99/ | 69¢ _
74 v 7,6 . . . . . - N
ST | a0y 19 4 5o 1) 3 g B s e e e e oo s
855002 NAID 1 : &Tm £17 | £E€
ey e FWVHO 380438 M3 ¢k | 850 M 16" S6b" | bt | 5197 LOI" [2ee T | pop | 4oy
o !mik} | G z2a 6557 £90° T\RJFQ.W 96b° | 029" | L2/ |esE”
4 { )Ovoom N S| &0t bl MNV., o’ pbEL” 660" 62" .
3 HM& S5Ho NE5 SLEC | LLOT | bEIT | EokT BELT | £EET| 6117 | EOET e |
| MU aovetias (] D oI1s | 850" 9517 iog9st | oSe-| €2b | 1600 | 22E- ] 3
= o sis7|suc o 5987 odg” see | 111 |zee | R |5H
SS1002 NQID 088t NDO3 OﬂN“ 360" ﬂax_. L6e [1se |zae legor AFNNW, L
TWAOUdAY | 31v0 NOIL4OS30 wic Taung B AGe’ [e207  8g1r 120¢° 1L0€ lige” €0t 2ger ose ¢Oﬁ\¢ﬂuNU.Pﬁ



GENERAL ELECTRIC COMPANY
TECHNICAL INFORMATION SERIES
NO. R66FPD47

Manufacture Of Atmospheric Chamber

Pyrex tubing of the correct diameter is split off center
lengthwise and lapped flat to the correct dimension. One half
of the tube is scrapped for being undersize. This is compen~
sated for, by the advantage that matched halves are not a re-
quirement. One half can be replaced with another tube half with
the assurance that an adequate atmospheric chamber is being
obtained.

A water-cooled metallurgical cut-off machine utilizing a glass
cutting wheel, was used to perform the splitting operation.
Cutting dimensions were obtained by the use of a plexiglass :
guide tlock attached to the travel table on the cut-off machine.,
Little difficulty resulted with this cutting technique. The
split tube contact surfaces were relatively chip free, but un=-
true. An aluminum oxide (grinding wheel - fine grit) served
as the lapping plate. to correct the contact surface. Dimen-
sional checks were taken periodically to ascertain the quality
of this operation, ' The lapping method is a light, even hand
stroke in one direction at all times., The quality was excep-
tionally good, chipping was almost negative, and a ¥ .002" on
altitude and a .005" F.I.R. on surface flatness could be main=-
tained. This method is acceptable for producing the split
atmospheric chamber. Table I lists the final configurations
and dimensions, '

Splitting glass for the elbow and tee type tool is accomplished
in the same manner as for the straight coupling tools. One
difference exists between the two types of tool glass. For the
elbow and tee type tools, the glass is molded to the required
diameter by placing the split glass in a ceramic mold and yield-
ing (forming) at a temperature of 1500°F for five (5) minutes.

This molding of the glass insures tighter control on glass dim=-
ensions, assuring more efficient sealing at the split line.
Standard pyrex tubing in larger diameters has greater tolerances
on the 0.D, and I.D. than is needed for (split induction braze
tools) sealing chambers. Molding of the glass also eliminates
the problem of using several different size O'Rings to hold the
glass in place. Table II lists the final configurations and
dimensions.

L | ]
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TABLE I. Tolerances For Glass Tools Used
In Brazing Straight Couplings

1\

\ e N

\

, -
” »

< C —»

Surface '"B" to be flat w/in .0005 F.I.R. and surface "B'" parallel

to top of tubing w/in 003 in.

0.D. Tube 0.D, Tube Wall Dim. "A" Dim., '"'C"
Brazed Tube (€4109) (MM) Inches Inches
250 13.4 1.3 .266 2.26
12.6 1.1 .251 2,24
750 28.7 1.7 .550 2.26
27.3 1.3 .535 2.24
1.250 46.0 2.2 .897 3.63
44,0 1.8 .882 3.61
1.500 52.0 2.2 1.015 3.63
50.0 1.8 1.000 3.61
2,000 76.3 2.7 1.487 3.63
73.7 2.1 1.474 3.61
2.500 81.3 2.7 1.536 3.63
78.7 2.1 1.521 3.61

L _
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Glass Tolerances For Elbow

And Tee Type Tools

v U |
N
>

to top of tubing w/in 003 in.

Brazed Tube

0.D,

.250

« 750

1.250

1.500

2.000

<

e n

Tube 0.D. Tube Wall Dim., '"A" Dim. "C" Dim. "E"
Nom. (MM Nom, (MM) Inches Inches Inches
13.0 1,2 .260 1,32 .520
.255 .510

28.0 1.5 5675 1.57 1.135
5625 1.125

45.0 2.0 . 880 1.95 1,760
.875 1.750

51.0 2.0 1.005 1.95 2,010
1.000 2,000

70.0 2.4 1.400 2.32 2,800
1.395 2.790

_
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Split Coil Inductors And Housing Block

The coils are supplied in equal halves, but function as one
continuous wound coil., Coils are housed in a rigid chamber of
RPD 150 (composed of preimpregnated long spinning grade chry-
sotile asbestos fibers and a high heat resistamt phenolic resin
system) material and containing an air manifold for cooling of
all coil halves. The coil is so constructed that if one portion
of the coil were accidently damaged it could easily be replaced,
preventing the loss of a complete coil. The individual coil
segments are contained and positioned in RPD 150 block by means
of two small screws. Between the two screws is an air passage
from the manifold to the coil segment, thus cooling each seg-
ment separately. Air is discharged on the 0.D. of each coil
near the split line thru a small hole drilled in the coil seg-
ments as seen in Figure 1 and 1.A,

The cooling air in the 1/4'" tool enters from one side of the
coil and travels through the coil discharging at the opposite
opening (See figures 2 & 2A). These particular split coil
inductors are for brazing the 1/4", 3/4", 1 1/4", 1 1/2", 2"
and 2 1/2" tube joints with straight connectors. Table III
lists the split coil data for the above mentioned coils. Sev-
eral other features of the split coil inductors are:

1. A flexible copper braided joint at the pivot point
of the clamp allowing freedom of movement while in
operation.,

2. A special copper cable connecting pin, silver brazed
to the end of each coil lead.

3. A double argon feed system to prevent a heat sink.
4. Ease of opening and closing of split coil.

5. Extra argon channel between O'Rings to prevent
oxidation.

Figures I through 6A are the split inductors delivered to NASA
for use in brazing straight couplings, print 4012180-651.

Page No. 8
Property of General Electric Company.
Maintain one inch side margins,



ANy, 4y
5 1

13

O AR A SMATOH
TBITWEEN (113 THRU 18)
pELPTT THRL 12)

bR

»é}mRu'/
petaL B, 72 o)
/

(ENLAR S Z,

12 N "

CPMENT TO PT 34 THRU

/‘y\ T 45 WITH EASTMAN 10

PL 20 CONTACT CEMENT
R QU

D

i

Al
‘4; G

R EF,?)‘

. L/
SRR

27N
s

A1 THRU .S !
B e
(spmcen o
T oy FTTER
O \THRY
{A Kv—) ) ) -
- e s e T O RAN
‘ C % | 7 THRU,
: M P, AT 45 1O | TR ( (=3 % L _%}
| S A @) ey , Voo
. a) A .q-‘.,x,%.“ 2 - i
1 ) 2 ACE | \ , ,
(mk T2\THRI
| B é‘;}——k@ AN P B
-'T el > ,« ' —
: / 12|} ) //
| (Eﬁ . v i I vw
| $y ;
! SIMOVE 00350047 FROM L
' Al S t < ASSY - P _
TR S .
THRU =~ 45 } WiTh . o
L PTT “HRL PTIB ) 'Ti\\ — N J (6 1
: . ~ \~.
L NOTE: ~ | 5
coas HE o8 175 16 1Hpg4s @mg“@ |
1 TO BF IN LINE AT ASSEMBLY '
WITHY QO FiR. -
DUANLLZE ALl ALUM PARTS AF TER ASYY - T (7 ¢
PER A'¢S 2470 (12 % T.alw N
2] o
’ oA 5F
N
ol S AR wiim rens wess 5 AT piin oD
(28) 1 33 WELDED ASSEMBLY b AN N
i A KTPPER TUBE 181506 = 03 WALL | 1 PREIRUN L AL T e . BITRI
"é I CPPER TUBE- .15 0.0 ».09) PUAT . 5 = PRCIDE A 317870 SIZE AT o ThEEN (TN (AL
B l P aS ie G SER _ -
. MAaT, ATPER 48
roi e vum ”opt P BRAD (2R AZES AJ o
| | Dee el ) setaszgie Reqy; ! (cnzvr pr3es) Do
AF~ - CETA < Ty D
- \ AH- = ‘e . L \\, L
E ; 41. o |, =2 \
R N
| 70N — AFL X
Z N ol l
= Eo B
7 DETAIL YA } - '-'_]_/
(FoR PT 32¢ 33 oruv) AE r_—%“ e
: U ; - ATING £
: .
o !
- | N -
| ® L Pl |
B
— D62 DA THR QUTER : -+ AK -
WALL OF Ti,BE NC. 2-90M TR p
c AN nries FilEE MAL O TR ~MIN BEND KAD
A~ - (2YFLALES
5 BTS2 mmR. P77
Bk Apai eemi .
famiﬂ | APmacs : ‘ J}il »
= e P =
o iy ! & :]-I IS P 3504+ ZDeER & T C
- : W PLACES I
1 I AN AB e B ~z.mion DD
L?’ /BD o _“_M BRAZEL @
> =10 MAX BRAZ
| APPLACéS (£ I (EYPLACES Y
DETAL 00 MAX YN T — oo Sl DIA THRy TR |
&, T T ALL CHLS (RIPLACES M T ELRR
DAMET. DPETUTE Y PR LTEY T D gy J
’ B t
ol ) i ' TART]
f“f%;AB[ACIAD]AEoAFxAH*_A CAK | e AM| AN AP AR AT, o] |
0 iS2 1 e : N = ¢ _ c !
Zﬁ» v ] L35 - s ey 7-37#_7;‘71 . a 3 | o L§2~4r!
.88 25¢ .27 L Tz oee - - Do
I.Q%_Z.‘O ) 212 45“32; . O 1 20 '
¢ 12 7.82 R e e \
‘1 AT XTI 23 ;25,221540 J1i 24 2
! ; 07 T35 R . e, : f
P .206 348 Cis 48 ‘%,’f s 32 32 '
27 e E . B — . :
: RN O X T : .88 fio = | ce :




l 7 ] ) £ a 3 2 o 1

e e amona
e R ADAPTER - i AREVIED A .Y v i A i I" e
47 ¢ (i e _NLT ! D was
Qoo ) v ‘e
TSR AU : 4 hree 0 ' ‘ "
’ <) | , i b
) N l PamAn Ll e
— } ) ; REVITE€D S-EET 2 | |
S - ) ; PER Lhat-tier oy i Loy
- Ref HROLER Rt 1} .
‘J_‘. i’ 1 e
L% vk : : B — l
¢ 1 - VEW FCR ASSY NC1CMLY . l 2 |
L _ (3 7o8e) T .
v M i .3 ! T 04 44N -t L
R : T e Eu SHING, HALE !
S —_—— . . [OHT 2 0B _ AINa HACF !
;gL‘L . SHY 2 BUSHING, HALT
< 2 [9RT 2 - BUOHING HALF
sect.CC IR RN B AL
ne H i JBUSHING HALE
2(212|202 COMM - WEA TUBE POLYMNTL IHLIRIDE NOPT- 200
i I 2 (OR EQUAL) 250D <129 1D LG, TO SUIT
'2‘2*2_ 2122 Jcomm }#46 HOMA R s N G
oy [(COMM - WEATHER WEAC (C TJEZ PAYMNYL DM DRIDE NPT 200
/‘ﬁ AR } (OR EQ) .258D.5.12510 ¢ 2 OC Ui .
P DT EQOACONNETOR N%. 1255+ 3 | .
< i N (2]2i2l2]ele TTING MALE PIPE N.. mm 92 K
o~ \ . p BES SRR BAALEX MO NG HIOL 141D »127LG t
op ’ AN BAI0C SET LR.CUPTONT W00 4N B L :
AR 6,6 6 c 5l REDHOMACH NOA 40 > /2 (G i
wgs 4 \ s An SON MET g leel? IL
Feehet !
view D @meu(@assmauﬁs IR |
CTHERWISE SAME AS [ <I ' :
) 2 rees DAW§. UST\ st
—— N el ]
OR wdemge o) .ps TEYTITTIT SRR
€, RS ]eszuo:n ASSEMBLY ie;
' | y A 1557350 RIS, T TR &% 2.2 ;
et . 14 ’ g ST TUBE 300 %ERKS, D= mw 8's :
a Jial e SST TUBE 30C SERKS 1 6C.0 023W ale ;
3 4w ST e D97 TuBk 00 SEMES, YCD1.023W 1 T ’
i Ty P NOTE: OWM(T PT 2D (U TUBE) FCR (A4 . t ;
P, s 1M ASSY NO.I ONLY I"”
E;;u —l@l: . '\\ [ 1‘,-——%35 YOT PUACES 4’4 ;
1 : ) ] tu
6 fo myie2a 00 D) »
; Q.. i
K ~ (A)PElL_is} l o &%) 2?
R 78 34 3 RS e - 2 f—.éom ThaU I
. N 2 ! i (FoR ATSY NO.1 crY) [
LI A S Rt T
] i H

" o m . ~P3 2]e
> U By ’

LB - Fa -
TR iz g
e — — : =

~NC 4L 24N THIPY F) ] EXRO TR P W

o Gl WES L ROV FT 22 ZISHT ) BRI B K el
L e 1hme TwP, 07 RESPECTFLLLY Fl HY ¢ —_pLEUR M—"E — |73
ARLE BRSO 0T ' Z S 3 Q4

B 7 - TS TPURGE  JACKEY
EM (I ACES —.223 DIA THEY - r e « I '

/ | COBORE 187 Die TR LATF VT A %H
1 o’ p. ‘-‘\ oot : —— : lm,— - N ‘T-"—“KL -~ -4 “
LN SRSOVES m 11 R - . - e
i ] R - 1 “4
- - 1 10 L " 1 —
| 1T SHY 2 . - 5
—— Z[ o~ 33 T 3 4 I[HALF- 1
rT— il '\t&, 2YPAE FE [ s T T h - ;
1 S ; '4*,“* p4qapre . & - 4 -
S A ' g_ : LSO —
o BN n f*V,.TJ_ 2T _DelnALE: "Ry T
{inkEs = Jiq e - ~TE[HALF- BUSHNNG (RHY ]
: J e ] H%&L. e
OUTSIDE CONFIG PR (T Yy T o
N P52 ONLY e i —Eai aSsiany s
~ ; Ty ’ X ]
J2sowxBoom | 1 Jan .
AN A;)-..'s-»mﬁ;w BT T ”‘{‘ -
AT T R U JHTE
. H ~ !
! 2 i
h N = t
1RO ! ‘c
, ! \ 093 DIA Tamd S
N o2 BE wowes LNTU-’ED T s
\ oo N ZROOVES « PERFE 1O, 1T HULT T {BICUAMP. .
oy PSR FH e b % 3
SIS TIA MG '
ciNTrad e T TIRTE 15]CLAMP, BOTTom Sk
EACH SROCVE \ vad I4Q.rM BT 3‘
-~ 0 - Y - [13
—_ (52) 1hiry q Matt fye. os il ! s 3 Src;mu 3
. (oR EQu v) B 2 1 LAMP, TOP HALF R
XX Sla /) I FSHT 2 10} LAMP | TOP HALE ¢
; SHT ¢ 3 [CLAMP [ ToP Al — T T
I 1 2:? {a CLAMP, TCP nAF —=8
LRI e ,é
. B AS :
g i :
ao BE | BF B [8LjBm e = ety Fflas
’ =1 3 1 :8a! 331 - % ASSEMBLY 3
- B SEMBLY _
,’ ’ - : hot ASEMEY 1.
4 s S g0a & nr o240 e
. ) - -l
\ s . é 43 o 103 200 , 375 p . PCIETER ‘PR Sl . ¢ )
e VT L S50 LSS .z 7 41 - &8 SR T A BRAZING “'"L?é‘"“"
RIS TR E R “oedu et B R FIXTURE EVENOALE PLaNT
s < 1.7 . < g . M
1,335 . 2 S s - AT 2 TUBE JO'NT -
p 2.12€ - 14 LT R 1 -3 "
S8 Zlio 4Th e 95, Kie. s, g L35 G2 B g 4012180-651
. Too a2 swmn 1|
' » - e a JFoy- NI I? ==="1




Figure 1 ATR DISCHARGH HOLES \




FIGURE 1 A AIR DISCHARGE HCIES

/ ~ ya - - «. o -
"\,‘/}i”nraze Tool} vOLTEL
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FIGURE 3A
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INDUCTORS FOR ELBOW AND TEE FITTINGS

Housing of the split coil inductor for brazing elbow and tee

type fittings is similar to that used for the coil for brazing
straight couplings. The coil itself is made from square copper
tubing instead of round which was used for straight couplings

coil. Square copper tubing was used to gain additional surface

area needed for efficient heating of these fittings. Greater
efficiency could be achieved with coils having a larger surface
area, due to the fact that high-frequency currents tend to flow
along the surface of the metal. By using square copper tubing

the rumber of turns were reduced, zllowing shortening of the
straight length required to make a coil for brazing elbow and

tee type fittings. The width of the brazing tool was thus re-
duced. The coil itself has a safety wiper blade attached on

the back side of the coil where the coil joins at the split line

of the glass chamber. The wiper blade not only insures good
electrical contact, but also acts as a shield which prevents back
flow of discharged cooling air. As was mentioned previously, the
glass for these tools is molded giving tighter control on tolerances
and assuring a better atmosphere chamber. The sealing jaws of these
tools are made of the RPD 150 material to reduce weight of the tool.
The jaws themselves have a double 0'Ring groove to insure better
sealing. Figure 7 thru 11 show the 1/4'" braze tool through the 2"
braze tool for brazing the elbow and tee type fittings. Figure 12,
12A and 12B show the braze tools with their carrying case. For
details of these tools see prints, 4012180-740 thru 744,

Page No. 9
Property of General Electric Company
Maintain one inch side margins.



[
] i i
. (R
| |
r
1” .
. J
1] w ' '
I
2 L b
4'PAMES : e
y
”~_
. Nl

CTHER i SE AR
AN PTS 705
fABbLATnc

M
RPN
X
{
L [
. '
- »_l ‘ \
y ) 8]
REVeS NG A (Y 40N -
THRH T N LAA R ol
@PACES PR
A S DA ;
'2yPlac ™M
34
~
~
-
“.
: ¥
q
! 355761
s . i H M T T [
F P oA calcofcelcrs ’/,H;'.,‘|nh NS
) 5 LAty 3 ! hi il T
? - ?’,%g % b I 68| % 2% % | ® %
3 r‘(«: i li r7 {00 . I ;- v :- 7: .;
- I . . et ' B -
N S Poos o B <
9 9. % ,LE%LL“,'E* ‘)t s 33; Dt
) 'j:; [ P ;:,z‘ 1.50 l_‘; 1 a.s50 % LR i
b ¢ t T t : t- 7 3
: L 2.0 2 sasol LA B 2 o
3 Iitcof e ‘3.:456‘#%,(\6,«« | & 32 N
) ) E .34 \ . 4 K -
e i 33ae C18 25 500! 3 Y %
] e : 7 DiA THRU.PF FOR COWEL
4 BEE BT T (nror&{? gl LINE WITHIN
gz } atﬁa L oSBRces
. ! /’ ]
‘ [’1’1. 23 3 T e 352 R @A _
§ S ! .W -.._/ i 337 35N L2 .
; C T - -
° 83 1 gt SR t { - —— é _ :
A =
1 15" Ll}v-‘ S ’aDMTHPU / N
1 06D fx roR DOWEL eR
4 I OPLACES
~ - - TH— ——
. LMEDIUA KNURL €
20002 < RF APPLLSX 34 N G
c ) G/lo,z 5
MATL: AL ALY 35576l — -
‘ @@“m\ wol 19]20,1021103]1C4 zS,
~— 7 ] 7
I THS‘A Sﬁ;—‘l-‘? 93| 10 1L
. AIDIATHRU >4 DiA— FH— - L
28K~ 82° (2) HOLES ; =
TOC FROMPT 7 THRUPT &) ~FC—FB a5
, Lo e 23
% 45‘m\ : | L .
e Q)PLAC'ES RN “ ' y
- R - s
A
(2IPLATES all sl LFE
5 R - 8 185 . R
4 PUACES OPLACES R
. 141 DIA THRU COK -4 DIA
L 82° HHOLES
A TN VAR -
H ‘:"5 ‘E' RU iﬁ"\
‘ SZ/N‘; F‘HO%%HG? BR
5PRI
5% GRADE A SPRiNG TEMPER
°k (2031 THK s*:cc'f, .
- EE T e, T BT R 1z R |

DIA 2% e
‘im THRU(FT M TR Pas) ]
DGhT —ARD 2
34 THRY, 39) e ~4v\/‘
e oa HACHE 72 BE FAT wTiiN .00
>4 HE ¢ TCBE TAR A Tm N LIS
FART n ) !
NlHA T HB | -




. ’ REvd mae ‘ :
- somem an | v
. r\’.g Bt i 1A PRI e A el
! g‘l _raé)‘ Taks N ; e ;
! M
‘ 5 - - ; LR ELACES
i , . e . R
345 - Lo APYATES 4 L L gen
CHANPER Y - - -1 - i©*
AS SHOWN 5o DE ‘\
v - . EREE ] A !
Yo ¢
. : N U o d
, P ""9 ! [
EEN - i | DA b Lok TR b
3 P a ¢ o . BT OTLE L ekl
| ! T e -4 031 =315 DB"‘J - . . )
o A | BoTM s ‘\so'cs - B DIA THR U OBORE.
—~ s S 1P s alBATRR
. j Ve )I [ ¢ PLALE S .
‘
: - — ' . r ‘ S
i - TB - '
o 5 . l - - .20
< o | DA ! ; iy
! ]*3' ;'% T & T écm ﬂi’ ,?& L 45° peAM [
N 1) DTHERWISE SAME AS i ol | , ig2ds S
I3) e ¢ < N { ) q B Li / VIPLACZES
7 oPT 7T ALK - 4 . 0 Tty '© [ 4o DA THRY X
PO B ] [ 6’ o SANTTG (ZYHOLES CINTERELD ¢ .00 !
e -y és;:z i 4| <@ ‘;:?_.5_1%4 FROM(PTT THRu FT 1A .
LA . J o] 80 [37) T
. J':‘:) ¥ l"- -3 0 .795].595 N TB .€> ?_| MATE 80(3'(:&20")4 |
gar=otNE SN ot e SR =R RN l‘\ 1% 126 STOCK Thx) ;
- ’(a(Dr( i ")/v T '\,“z(\f‘ A_ BT g Dhel 1 : I Ol r; ' G'(;-;H l O{ :
- * ’ REDPE ey ’= = Iy =3
Uy ) —:}‘J (OEE TABULATION > E 8 < 1921.5925! ¢ 4
- A — CER PT 3 THRULSS)
- a8 - 58] WELDED ASSEMBLY |*
ST TYR 30C %RIES TUBG 1t sl -
- T T et g ) {3‘3‘ @ pOATHRUPF
> t END UP AT ASSY
: — ~E9 s o ‘ ‘
Tt N RAD
! ‘ | EB —Jr &R & ' §$§ / (2PLACES
! 3 \ : :
| | / . N\ [ .0001-,0005 SF DIA "
P N\ FOR 3 DIA DOWEL
| o _ _ EA N\ : \ \\
e i & ,-1 0, N !
- R P
N ‘ \ & CASTA ®) 1
Y ? \’/ MATL. STN STEEL b
e e T,‘Ri TYPE 300 SERIES
EB EC EF f (.250 STK THK )
_ el -\ R «
MM N | M l:m‘[.,' @woo 028 WALL TH
! 13 1 os) 134 TS c.2¢ 5 - > R
. N =T T F A o6 | 224 A TuRU T . AR - DK = ,~-No-oclso\ 24NC- I THRU
X M 7 - 00 226 u%;g(:a: PYUSEN TO HAE @IPLACES ¥
' o e rd 220, NO. ¢ DNLY N\
c2 Teg7'96 - rait 3¢ : fo[.38
. LB 271 442 132 34l 3 a ewy To /7«[
2 “R7? 70 T ner 363 BT
_ | 18 270 §32.0 1267, 3@l aoed Al am)\ )
.7 LG .Y 3004 3.CH 1.00S
_— | &0 _.2BY 757 (702 3.@i | .95
& 2.7 1.5 813 32017 3@} ‘t
™ L2183 rm7 3092 360 NOA(112F 4ONC-2 v 3 0P
; . S FROM g
e 4@ HRY SI/ MATE - ri s BPLAES LOC 7RO 230 LA TR
Al ncte: e ED e s s wTet s ot e . PIATHRU PIIYC s shoe
30 ]
NO.2(.086) 56N , [
o5 R TFHQ I.D(AY ASSY g \/ n 45.(:
@IPLACES i ' ~ 5 1457 CHAM.
R~ f " S 277 DIA* 45 DEEP (BIPLACES
zwuc:s -2 © COBORE .30 DIA +.05 DP .
. - T__l % L :mwfﬂ THRU PT12) o
- = .25 ! PRT] A T N
SR n.] DK | DL
=5 Dangmee| T NG Sl e
R 1 26 Asx‘Prom Ao ’ B RILITOUTE % E%
kes ":‘355 25 PTIakLPT TYPE GRADE No.15 41 il, ! .Be !
"RAD (SEAL GROOVE
R0l ) HE 240
Ji-.02 R (REF)
BOTH SIDES 4 !
{ l ' _/ \ / ;C
HC W <
L HD NS e ~
t 1 W
< LT TaR l‘i' !
ABER 2-30T5 O APRRT @THRU@ z :
LEFT HAND-OT-HERWISE MW
(A5 SAME AS PT3a “-RLI9T “THERWSE SAME AS PT40 THRU S
“ul85) ReF- YieDia Lok T D145 KESPECTFULLY e
MAKES LEFT HA 2-EACH REQD s
"B
f s
bt
[z
(23
"DLTAILS- § n}mcmc i
BRAZING i Ly b A
FIXTURE, VENDAYE PLANT |
TUBE JOINTS e
- o e FTQ[W 40/1/80 31
1 ‘v-‘l &
T Ta *, zt'—t/w

'2/



SEE WO =R

E
—
Q
-]
N
o [
—— - Lo
[ ———— -
P ,
i
e i
. -
—— © -
‘-‘v‘c S SN A T ]
[ PN - . .
[ N - - .
) - — A ~ -
w y ‘:: 5 b e
o  — BN B | i
! > 7
. : -
. By REE £ 4 7
-
"7),,,-,.»». aset . oA e
. Tl W -
A
[ -
s 14 IV - 13 tn 10 l 9 E)




= 2
? L hd I s l 2 L 2 [ REVISION®
[sre] oM oCcrenon
“ N Sag o AESEL :

S Lim, TR - -
oY R
TRWELEY ~ FAY 3tk

b - ”/ A LA

) z 'l!1 T WS ArBISTOL
f D L8 OF /5D

I ANT. - N

L
~-MED NP LA APYY R s

N —

L ARy
W : » WAL WC FY AT A

o NI SR
B
J};: B ’ 1
\
] | 3
t
—vald)
- \
NV A L St
et ’ e
o
- BB DA 5§ uRy
it~ LRRURW )
WTE ol FR g ne TWRL 6 A DB '
- /G RN YR ACTS TAR 50T
o= MR , & ]
o ’ AeR 2
_ / pos
{ PR . .
t AR 1 %
H T 3 > = - 1 1 p—
{ N
- e ow , .
- -2 e - '
. Qg P -
. ~ .
URSTENVR N 'Y S 1 =B WAL W) ]
AB0~ 198 DA~ M P VRS W LmE
S AL dmaws L BCTW 7SR i o

QD TALT L~ AL MY WES Tl

L _ NOTES: —
=800k w2y Fr’-X IV Y '*i-l—\ , | BARAL AL SWMAP LDGEG O0% LMO W OGN Lo .
{w' el BB L e DA RBL” € WNT ~ . BAINL L~ WD i INSPELT S0 T2 WA Vitwie. Lw @y RO
["/e [SEVEELY T woks : W AdLs LG FE KT e l 2. VIOME ATEA 18 SR COMTIVER FOW W) PUNGE  INKET
Tt i SETS (CETRON. MR COMTA, R wY (Ta "BRATE 0L
- ) ' FOR 290 TUEL « BLIOW $T0E FITTWGS .
-1 /TR S . 3308 P TMENT O3 VS 1 AT LMNESOW RSN . |G
’ N 4. 000 WIS ITZ9 1M PUACH ' Th ‘e SILLOM % 48 al0h
i - - TR CANGS GO FOR BOMDING WYY TRARS.
| QICEN" DoLINE RURRE# QAR SEAL SENERAL
s ¥ CALTRL WEET TR O™

LMUANTE SIARD ML OF (DM TEY 22 WwiTw
WINVEALSTA Wi N S IABLEACTUR VG (L
AW CLECIRL “RTR w1

& AMORE Al AudM PRRTS PERL AMS 20 (REW)

7. OM U OM TR SR 4,11, 012 T BE A\ LE AT AYLY
WITWN OO R

, 08 N . :‘3{
~20 i Ao DRGEL MavA- UA\J(\U Vet [ eRES
: 12 P U X S X C—AMRDW SF Twa
7 F BN BaLs AF aTS TLARR T Tes FeWES W OnE
f\\f! Q " E\M-‘ o AL BL/ASSYV .. wTened Te
! R R -
Qv. 21T = T - h
Tx 202 | g T WL LMWL ¢ Vel v SO0 SET scl
e S V& ZAMAN PARKER (O (R, 291 C Wik KD RIS MERS (O DL
VNIl BORE $AR weE 2] cOm ~ cwang L bW L=
AS SHOWR Tl B, '5
~ 335
‘ B RN T TARTY ATTER-WNIN 75 (DA TR [ of
i R ars D LT RVDN PRECRRE DI, B S £ 5
v jcamw 3
3| o 33
ATw st Ao 3ee . (el WTVAY ~Ase b
L - el e Ty 2211 -.n.uu.s.h_;, LMD PAC - ALl
evp— 4 [ LOMTY PR T A
. [ [ B ™ 8- ‘!‘\.t.r.-*a.\
[T 0]
2 2 oL N "o re
) [ Sl eenacoiae win
L34 ) : \ W Ew 7 LT w3
‘ . r RS TR IS v T
.-‘;__ A B (IS waemz VL] SRt COTANER (Mo ™
3 S . - Bl ST IS [T I VT
7 %3 ; B 3] Puret Gt - -
. S i [ 3 e e -
. o i 2 < T 81 =EF wise s
- M -
- . | o RN .
; DECOB AN
B “len T wsTe T T
3] fo < savw B x
- v
v L aflfo . AsL -
. ASurR.Y
A TN,

olawe { E
SCMET - AT

2




o0t o5
: | | s v | 5 ° | . ) | S ——
T AT T lams | T3S M| 30 —- - coee - e
. = ST L S LD IER At v INRAOL O 312 S5V BIC 19 R |
oW ol 0T T 01 Wit s y AN IO 33 LSS~ TN BZONO0 A | W
“on owo ['on 1n301 3000 | s Aown oMy ol ARWASSH QT2wEa (<]
S I e
e |
SIUF IWTRAT JBUL S pin R
3 SATRIZ SRLL 9% 2 7| pemra® /N v
A0 YL IR TrF | o= < 7S .
— £ b i STONG A -
YO OIHO "LVNNIONI 1430 NG O 3N | gy 51 Ty [ A Cinar
SIHONI NI 3V SNOISNIP O
v u_c.—uu._u®._<=mzuo - va-om SIS PR g -]
e om1NOL i3
e SIS _
_ VI M Xazwz '™
of
~ ~40€.
2 -
. . —
4 H
WY NGOG —ar i *
€ = (L Ny P
YN e
xR
oY) _ i)
L ¥Sle 1N 40 Tm T
° EERGTNTET =18 —
SEENC
. -
2GI10N (WAL~ NN.
7 GaosTS > SIS X9 WoUTS
! [PR407 00 MITI~ QW 3400 NW" L e u] 3] VLI L LSTW LD SLY AT ©UMR WD WATL 30TIOWTT W) AR TL N
3 TAmA 010 ) WOt a5 TP T ML 3N LWTM § 0L dhld 39 U1NZe130 2
¥ 2T SO ST NN W3aa03] @ T2 L17) 1430% 5 WA A00- SO0 1A HIAT R -
Y WM SO TS SLQT~TNRT ., 433a07| ¥ LS L AT LSI D S8 AT LS AIMO? # IR O
- ABWISSY Q3 vad 2179 I AU
- et e As o NI~ ).rci@ AL TIND L D
SIKMAR - Wyrr 43 0O A A S FY
W A
s . L e MO KW Y. W30 e WZ Nl sers wa
2304045 NVARID I2¥BATADN WAL M ol M/MJ" el B
Y3 SIKL LU N 1R TAOAR - - — ,UN T bd o.v _.’ g
SN ke > W - /( L\ NMMIEV STWN4 D % *
. uv ™~ WL TGS
H/HWN N N sun e ! "
SA o= w . N QA BLO~ N f} &
s ona % -k ' / M wzi/ l Y B BV SION D i p
/ A % | wume f\«l t 2 =120 W3 ATWG ~ 3G | H- -
o rﬁb st / ,. ! f "y vaU" IATR ) SLE ~ Manl A osy— - %2 [WM ) ~ v
I A e N sasw *e H1 ©
— INieTa B3lar JF./[ on ™ lmm:]/ i
= LI
O S \,x é.nqm:m,q/ . vlf \
2R L PR R 1} . ¥
_... ' a «\/\‘
e
T TN I OaazéeEza v
e MMM S NTOA Y W awns AR ~ NQAVA
e BV
a _w,\
v -Lz/ v\
. T3 2T STON %)
L . —
R o - uy - e &S50~ IR v
_. - QST UL -
. - - 4 YL
— €2 — ESTRETA
Toudey | uva | NOVLIOE0 it | avaz
SNOISIAZY
1 z | < s 9 A _ °
.
.
- - - — e —— J— - —




Toane

Agt

ze
: 29¢
! !
S0 b '
[} {
.25

-1 sex7 L s,
. 2 3’

@] X[, . Thl h 2T T 7 s §
A<

B2

&6 AR = -
o
S
(3
Car - :
¥ 2w A o
3 Aaces ey |
5+ !
L. "z
977 Toa %
357 '
P y

{ . ° ]
AT E ¢ V q:_)

2K i -

S L.EI0, N AT T LI
\ ( cxsh

t x

: L

~,

\ L

e B ois W W TD A O
P >N iy A DD A
LS Y !

[7is - < I R - -

Bros 522 o
x} S

=5 3 Ej 4;& < |

———)EH 7 !

¥ = ‘o%6 secT AA S 25 oe Ty

100 w Z O 148 DIR +.08 Deep |

BO7A L,

18 asE gy 7
LAPECT 20 S 2SL7L b

TV ]

13 l 12 l I ill

’ /56 & TesT \ ~ y
7o w2 ES g
= LSO R A ] \
LAE L0 § e .
P Y E ~ )
.t ~\
VO 7 IS AT e = Q
T, TO AIAEE v / r\
S AL 7T SHOMY 2 PLS oy !
v RS N 0
i ~ o .
i LA T TE ¥ < .
&7 20 ~s
g\
. 188 /¥ T4
P - /?;_ - - P LON B
Swas , S | s o
' S Vo5t | 25 Fae's
/ ! . 2 MALS 2
3875 [ WITAN .00
6585 S 252
| K7
= "o
’ HOA? TUEY, P2 [}_‘
}.0/4 4 ‘ { L
7)) WILL A _
o 3
.23
sbs K 79 > sy 003 <8 74
—r- : myL




|
!

i .
. ; l
1 . . ‘ .
! (. ~ ' i =
_Z l _..] K \./\ ' i ~ N \
| 1 - =
| [§ =/ 4 a
‘ , L= 4. “
I - ]
' | . T ‘
) . -
v |
l e ! - B
! "y i
T |
, 1 ’ J
. ’ .
. /. i H
e it g i
EAGETIRS | !
[ CE s v‘/a P Tx
i e ’ ks
. T g S -ia
{ Y S.304 € TEE + T Tng ST —
- i o e s B AL L P Di0 ol
) | < S50 w5 TS,
- i DO M N IS T T & Strron
: SIS RLEEPL T D AT § RO
}»*‘//Ztﬁ 95serter %, ; S ol s i Z R U
N ; ZAERSL S S - Sl s ~
~ M - 4
J e 7 ! £ IYEE PAS IECMENT SIF GO ACTION
1 | lovia Fo T e vE L e cspars g

CETEST o7

- ok ST LAl A GF (O PET 2D
I e ELETTA L TR s LT
VG AIA VG & AT D

3 AVOLIZET AT D F S A RAIS IGO0 (REL, L4

L S IRATS RS TEE T BE o S
EELY A TN D07

§ s e -———-———W P EAERS M THOEP LD5TS

.
A 25 preo
6 ok Tty S s
: D2 - OO SF e »
PR R FOr A5 N .

DOWEL (7S ENO
IF B s AELF)
P

\\ \ —
,
. /
0 ; t g R ]
e TN - E RO S H
# '3 2 %f}"mdfmf}___ -
A . : : o g“
.\\ / :
\\ / L4
B 7L ¢
. N
/ . N
¢ IRE Lk A

LT LML

< kI
s
N STORAGE _CNTAINE EIro S.J/Y)'
S e
I3

o Fud JU—
ASSEAIBLY

e e AL 1//1/4/4%[

ST o lllllll§
A e d LA oY
f*[‘; TR BRAZE 7?)31.
744 750 TUBE ELBOW r TEE
F TTIN;S




LT P

14 1 13 1 12 ” | L |

. - 2 l
- n’ -
8¢ DA ThRu - X
I5K .6 TiA A" ez
K 2 omsies
N
"'lé - _‘/% - 4= .
é LAM - PLS
aCs M-S , I oed - . . -— -
—1 425 S 10507 VED LS wNuRL “
' i T 3 AREA 2P.s
AN
‘ f B ' f&e 1 < \‘%
f o . ;
R ,} Al ]’ '
2315 35 Las 2PLS i / I ;
] ¥ ! 1
' ' -« : '
1 Ao 28
— [}
25 - 7
35 - D 22 "3
R 5 277 DIA THRY-
NS 2.8 THR BECEE y
B eSSy U 2eis TOHOE 2S5 o
4 —T5 DA TmRy
2 mCLET INUINE
-4 GO0 DA TRl — WTHIN QIR T
185 194 DIA ~ DF
DHDAN 2 PLACES
[ 3.00
b | -
¢ PLAleS ! 4
i / 1o
H - ; LA R
N e~
\ &J ! h o 9% 4 Fo oz
NN v !
' 4 e :‘. . IS é_ 4 { } I “
1.00 . . T - < [ i
40 | \{ o P
- Lo . o | o
147t 319 DVA - Ay P 2 I T
Sge nOTE ¢, Smtety 1+ lge] VAR 1 8 Eies IR S
P8 37k , PN 813 |86
3 o -3
G 9.
e <
oL 2PLS .
— S4
\ CIONMATLT AL ALy
.85 UBI DIA ‘,Z) 155761
THRU, 2 HOLWES )
— IN UINE wWiTHiN
.001 FIR : t
S . J
£ :
— ‘ |
i
~--—- GROOQOVES To BE |
MADE ON TwE BADIS i !
- LF .3:25 oTC- TuD : |
~ 312 0T e
. L PLALES
£ . aap M LI56 !
] : i
b |
= ! 3 311 i
2.315 1.p7S s -
| 1.00 , i
i S
1 t ooa o
o t v <
B ey
T 30 DIA THRU
CoK .26 DIA ~ 82"
— 4 HOLES
- | - 030
vg -2 - : ;
785-T90 R~ - . .005-.020R ;
AN “#ER L TYPICAL | S
¢ byl
1T
o5 |
{
- i SHOW
: CLOS
~=20 (TP} {
u
[
L-.G93 OIA THRY L BIRE y
472 DA «TF SHOWN B
CENT (N GROOWES
_4 4 PLACES
ar
1 MATL. RYBESTOS ik
RPD-{10 OR RPD-1S0O .
A
IIE. g ] 13 I 2



7 | 6 3 i « { s 1 2 1
REVISIONS
el e T oatr T oreiais |
B D A S S TR VS r/yff
L S h e s j"umx
—
: N -~ 3.
L K 2K N ) 2% ace- J
N e
’ U -
b4 ; e N
Y
[ FAR 0 i
]
138 189 DIA THRU !
188 DIA TmRy 2 HOLES INLINE
PF FOR DCWEL LW TN 001 FIR - B1o _.‘se_
; . 805 a3
: p—
1
] U
e &
L s
L
Y R [ ™
i N
Ty
7 i o]
: 7?% -t
L— 3.0 -
REF,
OTHERWIZE JAME
AS PART 2, .
T ANTTING RO N SE ) ) a
i88-196 LG x -
- B0-96 DEEP
1]
P
(iR | L
b
7‘\ =
T> AR S F
) & e | T
1 13 <]
2
U S ] —
L. )
Ce
- 1%
119
8 O N
DiA i <6 LA
' ) l\\ Tl .
SEE DETAIL —. : ~—<P3 PEF TS——.12% DIA TMRU To MOt fom’
. I I N
S AT T"t’ /8o ewos 2 PLACES LOC FROM BT
A TeR ) OINE AA N R ﬁ Rl é’fo‘é(é’r"rf.‘éls)
5,89 2 PLAZES ﬁ»‘t\' ; < secnl-L
B © HOLES / a\ oy e line g::;i
: ; BCTH ENDS o
v "
—tP T W ; L. serome BRAZING
j / : ZOAT Tu1 g ARE =
/ Lsczedne —ar sy “‘;',“ mctcaaue :
; | AUTER ARALL DNLY LEN LTOPIFF
[ It B ~OLEE Lot TROM
P ( =M
"BAR
- d_a ,muu-u (oREQ)
h - 772
! { 27 el
| 4oy . -
.y - e )
f :|0¢ o oy T ‘ \ i. COIL Yo HAVE TWO (2) COMPLETL TURNS
[ _‘_;_ A5 \ WITH A 3128 PITCH (MUST MATCH PTI)
H 425 2F 0 (Rey 2. BART 6E wItT BE 3@ To ¢ P
> PoSITIN T ! LN 3. HILVERPLATE ,003-.004 THK EXCEPT PYOD
: N - ~,06 R (TRUE) A LIRS LOWER POPTION OF cow ST .
e U \ 4 PLACES ARG AT ASSLAI
) . \} L8 = .
- “ -
. 26 G
~. .
N L.
DETAIL K <p2 . e -
SHOWN N OPEN PASITION _ DETAL T
SCALE: 4 /) Dot o —g ;"‘"“ oa f nunn@uun‘u
TYPICAL 3 PLACES St § 210 7.9 ’,z 4ED oo CHCINRETL,
ry \padaand N mr BRAZE TOO o
o ars WY ap =i me TUBE ELBOW ¢ TEE - 4=
prew FITTINGS - -
1 Bews L masa I
DANT RG] B2t O
14821 € 140!’2&30—7“1




{',‘,‘\
e, PLE

— NSRRI

ey

de. L4 TO &

L5

S
. c40,
lcis

- - .5 .
[27] - ML
4.1 ) 4O NC TH
- 035 () HUES
Lo |
ocran B L
TYe (€} ZLATES -7
SCALE 4/1 -

o 6\ AME A5 PT 5 EXCEPT
PR 78 N CPECSITE NAND

_ WeTHIN  OO2 FIR.
o058 . _ C o h
056 o ™ © (21 mACES

1
2L =3 g
- 104 -~ =" 5 (Z)MLACLS
[ ) i :

sect. CC -, %
TyP BOT™ SIOES L eC i

/a CTHERWISE SAME A4S ©T5

™~
(a | SAME AS ST 7 FXCEPT
ot CRPOSITE HAND

EO/A x g OP

P Crws doaPT
RPN R SR -

(46 secT DD F

W o oty nas.




r i
AR DR
t
i
. .
<
T
~:
Lol
1O
7
: L
e
]
—_ . J 4
5
-J
2T o\NE” i
: ?
. v
2
21T OME 45 0P 259 O x4 OP (PLve ’
TRV X Oy END WITH 400 STRONG
S e - L5 OP 12) HOUES 4 AOWES I7E)
¥ Fl4

iner
59 IR
P72 BN
~ A
2
xe

-28C O 22f OP [ALuG — -
END wWiTH l}us*tawo
A1 ADHESIVE )

—~ .
:SJA'IH TEXTOL TE

S FIRER TLEE 45.C s
A D 5 O D MM VA el

R R s L R )
WITH REMTRPONG 4
AOWE ZvE )

250 o Ty
275 O/ a fOP

| FARSIDE (2} WOLES

L2850 O« G OP -
(PLUG END Wr7W
A STRONG 4/
AOKESHE )

CECyIDE AREA N STORASE CONTAINER FDR IX
_PARE R 3L ACKET SETS (AEPT )

MiFk TONTAINER wiTH 5‘747[ TACL FOR .250
TUBE - S A oA f TEE FOTTIA

CEl b L e e, SEST LS 000,09
T ST e T T L7 AL

L 2 ﬂxy& Iy RECE WK GE& SHICom
md T H00G FasresE D F v L GAROOVE Fok
/V&//Yu WITH T L TERNI_YCENT Si/CONE
PYBEEF TLLRS LAY CENERPAL £LECTANC

IS T DL AT

RS A a
70 T ///Afn

T DT IE2D5 SETTAY L EMETN
VR ASEEEP £ GRAZAET O

VY L RTE s S NSO S5 Ok ROPT /O

N TH SO w L SLTRK TR D 27 PIMMESOTA
MINVG o AIEG .

WYICITE PRCT 2,34 & PERS IS0 (RED)

A LeET S &I TIEE N LNE A7 RS5EATAY
STEY £AL e,

PR i 5902 L£O LS

47 ’d

3
a_glw:a.w - $2AC
<0}

o) O l/& 070414 CACSS &

—r

: \;\1\ N

¥ AR ETHIENE

i
Fxr TTHENE |7 7w/w Yya0.

Ve| 7z pad. o gll..’fl EZA( T
Y P2V ETHVENE TS TIEING Y s D6 wildd L TF ST (A

BRIV 24

V-7 18
23 R/% & IR LT A
7 & B ICA

701 2o/

3] BiocE
B | S G M -7 2
A

BTSN AT ]
LS AT

SEE NOTEL 7 z
e cud 3¢ d/7) ¥
331 7 2 e —
b 7 L Z P4
I
OEBRER A
2/
. 137]
bl £
/ 8 AQ._
z Il ascer M ¢
2 el er My Sl &) aZ
=3 V724 - -
7z 2T\ KD D <L 7 664
&
3
4
4

Lot ﬁq _%u%" T W7 [—

IS G 7HG WA

B2 2. I

kX7
™ ASSY & DETAH i

S @ rrerne

5)?42[ Too¢
1250 TUBE-FLBOWS L TEES
NAsA

.

E onn 40/2/&0-743 o

8 | € [FLLTARD - K

lu]n'l“&

. e S el wa




ia | 13 | 12 1 " | 10 i 9 ! =
-
X
I -
T & & .
3 -
; ve - —_ -—
, .
‘ E
s
_— I
Y
s
Sre
! !
' &
1
- { .
—
“
i
,: [~ 334
2) F1z
I~
4" <
G
!
- t
1942 - S4d A b /
EE NI e A & 2 S oy WBEL N NS .
V2 L TR I L 3 e - 5 N WOTRN D0 AR 0
445 - - ‘ o R 4
— - i - - .. 305 2rrs
725 LA A9 LsA TWR.,
- 4 50 -— e - L NIES N inE
. ATHN DD AR
F -
—'ﬁ,— - \ ) LEZ AN VA N SR )
I LOTE Ml Twil . T
B ™ INS AL R .
A 1
.093 pia TwRy \_( 3 .
—{(6) muLE s ear T 5
v

N SFOORLS

DXL S
TORE MADE ow

g7 K455 or
BRI RV AR ) SR ENT
Cret AXE
. /
i
nes |
- '
€20 -
(2)PLS /7
! P 50
D - 25C L4
2Pt 1 TRy Yﬁm/i
A |
. i
PP !
I.A/« 45° i
b (2,Pts
oy
o -
N {
- . ; — - 20
c - s— . |
SRS LATIROL FlLn
—ay - END WiTH APMSTEING H
4 ADHESE ) I
— 34 -—
‘e
— ER ;
Ze i
L ML #YBESTOS |
MBS o R ORFD 5T
L.
[}
—1 h
A

75 Luk DeFu

o ons, faNC . A
AL IHE WAL
WO e oM £ g

A (1T F A e T
w T o e
VYRSV SV VN 4

LEE sEra K




; RS
|
.
o it
A " i =L

N

L Fm A THEY

. LR CT

oy s NN

A oy FeE

—_ e
-
P .

- ron ;
‘ | |

LJ
. 3 -
<z -
758 4 el
—-
¥Z,
- ?‘: By Y
. < 45 e o
s
— -
“f

e s e,
-
) T T
4 - P PN A4
TaiL INE
p‘j L7 ;
wer. LoL
N D OALE Ly
nd }o :
1R D AT
[Ty PR i

T (e T
O MHE O
XM P73

00
/
A
i 4
~ N 226 va
N HETER Y AIING
~ 7
W
i i
2, 7 <%l 3Y w4
~-  atrad YATING
- - / 4
- /
— P B
‘2, PLS

. e L AN SRS
g T ENEOS

ELFCPE BRAZING COAT "wrs
ARLA W/TwW NiCPAREAZF
N STCRPopF

SR 25 WEHES

S 7 S

2 &
J ‘\E
_—
o

L300

A7 Lo THY
S R - )

I ERNER 3¥ eTR #2
ioa L ACre)
COREL TTH D
R A ERS-S)

id, MBIL- SSE e
JOO SCRIES
250 T~

R R Y s §
w2 oo

- REMOVE THFFADELD
t AREA.

AR

;_D FEF PMONER  FiE EaNG

WO 5 4~ 30182 4 (ALTERED)

T

R oS YT AT
i wON TN
ol
Smage-tem— {
T LR
ANGeEE g
N miaes oY
A

» r,‘ Fiows 14




14 1 12 | 12 1 Ln I 10 e | 8
Tanp
X .
» T 3y
S - )
4
—
]
H
- //\‘ . R .
Z ‘2
— ~
i 5
i}} st
",
e 7 )
,_V’T,u .’;7\
77 7 oL’
SE WTEL
— oY e
o) .
/2 ‘ﬁo\
F *7) z/
—= ~
1) N _
- 2192 _ l T o = =
] ZD'?AO ' ~C3R {4 PLACES)
it | ’
! oA I/
e |/ |
€ ) i ?‘A i
-t - — i
50 4 B ===
L Tpn
| azs T i15i8
1516, !
oia H
(sE€ NOTE 2) }
312
SEe DETAIL B — T80z =
o A
— '157 AR el ; E
se ) TR | oA
- .03 Q! LI ‘nc;'/ )
o) . . | S, X E
A 5 PLACES }l'**"}’ ANPT | 2500 A «xoeEp /\\|1 S RAES
=1 %0 . / | ! 174 PLAsES N 8 ‘/ h
-850 s ol o B
S i - : PR
¢ betae B .50
TYPICAL @ PLACES L NO.4-40 NC THR U
SoaEl 4/t 2 HOLES @
’ 300 SE4LS
— ALL DIA TO B& CONC 'y AME ADS PTS EXCEPT
WITHIN 002 FIR e pr:,sn’( HANED“
58 - 9% R (2 PLACES
. .35 —l[r‘ |06 r.C N >)
iy | : AR (7 PALES)
N S R
g .xMj . 3
094
—
SECT. C‘C S:DES
TYP 80TH S10ES K
NN OTHERWISE SAME
A “t.l AS PART 5
v SAME AS PART 7
ACEPT OPPONTE HAND
g’ﬁ ™ T T) T 2 30 LN RSP Y




i<

5

3

~—.277 DIA ~ .45 DEEP

“30 DIA +.05 DEEP ZBORE .250 DIA *1 3 DEEP—

2 HOLES (PLUG END WiTh
ARMOSTRONG A |
g 098 DIA« 2 CEEP ADHESIVE )
7 7 (PLUG END wWiTH
/ / ARMSTRONG Al
ADMHESIVE )

/ 7 (250 DIA THR U
A 3715 DIA o 144
7 ‘ FAR 5105%
\2 HO_ES

2 / h
~ VA N
Y / -.150 DIA »2 2 OREP
X
~¥6 / (PLUG END wiTh
-/ ARMSTRONG Al
~/ ADHESIVE )

250 DA s I CRER——

Pt END wiTH
RASTRON § A
ATHERIVE )

sect F-F

Te: TEXTOLTE

R

7 PROV.DE AREA N %TORAL:E LONTAINER FOR SIX SPARE
P\JQ».C ACKET SEYS (PARTI2) MARK CONTAINER wﬂu
"BRAZE TOOL FOR 1.%00 TUBE ELBOW ¢ TEE Fh‘!NGS

o. C-RG. vnon A om B seRies 2-050 .070 DiA CROSS
SECTION LENGTH TO SUIT PARKER SEAL L0 BOND
IN PLACE WiTH GE SIL1CON NO. S834004, PREPARE

O-RING ¢ GROOVE FOR BONDING WITH G-€ TRANSLUCENT ]

SILICOMNE RUBBER “LEAR SEAL GINERAL ELECTRIC
PRODUCT DEPT'

5 GUAD RING SESMENT. 103 @R25S SECTION, LENGTH
TO SUIT "MINNESOTA RUBBER ¢ GASKET 0.7

4 INDULATE EXPOSED AREA OF COWL PART IO, WITHW
'SCOTCH T ELECTRIC TAPE NO 27 “MINNECTA
MINING £ MFG. QO

3 ANCD.ZE PART 2 344 PER AMS 2470 (RED)

2 DiaH PARTS 5§ & 748 TO BE IN U NE AT ASSIMB.A
W THIN .tC2 FIR

i. BREAK ALL SHARP EDGES

3
| [ 5% NoTE 7 7] SToRAGe CONTANER (70 7/ )] ]
2 Ko €] SET SCREW (FLAT PANT) Ma10-24MC <

(2] 1 -GROOV-AN(REQAYITSTINSERT no}iso& ]
] QOWEL  Yig DA ¥ Ye LG
3 I DOWEL  Vie OIA » |z L&
e $ST TYPE 300 5 SPACER agéo-gm}.o T
2 - TUBE-TuRM L (oR Y3/ TWALF UNION (PVC) %9 0.0 Tus T0Ye u‘ﬂ‘
[N : v)l ;4
O t—xmg——
ERECET)
PARKER 5 2R
e e ]
. %
S T RAT uD LR KO 832N Y Y. .
(MU NOTE 6 " 1-/10 - Riug , 070 DIA CROSS SK(T.

b—

8D, 1.062 WL TG T S0T

0.0 +.062 WAL 2 4,6 TO ST

UBIG Y900 1062 WAL 1 G TOIAT

qzoucmv_ NE JZF TUBING Y40.0 r.002 WALL 11a O
3

ARE NOTE $1 Lo RiNe ORIA chOSs SteT
{SEE NOTR 3 *% AUAD RING 103 CROSS =

Y [

BACTION !/‘J Vil
%_' 7ol S0y é\ez
A L e Etgow

AT Y 1 oaTE

SEDERAL teEsTss
Atd o \-efq.uqvm @

ﬁez




14 | .13 | 2. o
re —-—
C_._ ¢ - e
[ % Lt ' ) - il —
L PLACES =l . viz 2T AN
' [ R - 20 i = i
. )3 e i
— . IS? "j ' B s | < £ PRCIEN
! i I- ; ‘ K
1 e }‘ CREY 1!-«# i ' !
£t | s@ionnt SNy p, T, :
: Ol ver P [l
IR s L ¢ ¢ ' |
) ias b E°05 g ot 1 ,
215 733 o - z = - I e <
: ) TP.s | ShodasaaT| Q }\ e l ' 3 '
| t -5 - ! e PR
; e R h
+® Qs > . AN he |
» Lopgro b » \. |
— L Ao
b i LPLS ‘
|
BINS TeR - . LTT A TRRY |
LES, 2 PLAlL D w3 2 PLATES
! : — IO DNA TuR L 12
LSK (o DA e 82°
4 ueeS 138-194 DIA « 0% DHA T
<o DEPTH SHOWN, 126 DIA L LSR.42Da .mct
. THRU 2 HOLES 2 MES
. - 3 e
-4 2P0
foHAM  — t
2 PLACES | £~ 3 |
| VK °2 '
H ‘ \" S ‘ \("v “~ ' |
1455 BRI ot o 1
1.440 . v XX 132 L J {
! - — .
} Yizs. y ‘ ZEPRS‘ 3
T 5. \ 1 -
] ! * Ia\én: 1 - . 250 DXA THRY
— © R - SHOALES INLINE s
2192-2194 DA e ,i — P IS N LN
FERTE? 272 188-180A THR U - -
SHee 2 HOLES 1N LINE
WITHIN .00t FIR.
G ~ 450
S RSSO S — .
BB DIA THRU -y ]— 2 -~ iw
PF F AR DOWE - | ] K
] L e = 24 \15 7j 2P
085 ) ST v
= oe0 - 3% - %5 ]
352 L MEDIUM KNURL ;
i {347 7 R TH1S AREA R |
—f .. s
A A n
e 4 G- - — B
00 b e B3 1
‘% i ‘H e Y \\ (e
e sl
— ag " "l B g7
: S 13 . 2P MATL: AL ALY
- ;433 kR~ f | - .1B8DIA THRy PF 3557el
: FOR DOWEL. 2 HOLES
IN LINE WiTHiN
001 FiR
el . S ———
.o P 125 R
093 DIA THRU —_. . ZAS r ‘\./ ARS e
& HOLES CENT S . /\;{25 .
N AROOVESD -] . NI T / 'M :Ro&t
GROOVES TOBE - 1-—p 2538 LENT.
o~ MADE ON THE BASIS \} : 9 N ( CVER = E ;
OF 3125 PITCH THe | o P 7 : ;\—Seiwm EACH Con
-2 L ON THIS ¢ (5 PLA.LS)
- € & TA
o wew J (st oeTan K
TYP 3 PLAZES | .
c. 250 DIA x| § OtER ‘
(P UG END WITH !
ARMITRONG Al ADnESME)
—
72 g
®
c t
T MATLI RYBESTOS ' 25 ‘ ‘a‘o ?‘:‘EDT:?:Z'
e - - ISR 4 -“OLES
RPD-110 CR RPD- 30
8 -
} ¢i0
195 -] surr R- r ‘goio* ’L
Tt
v ~ i
Lo - - | WL i b
— 3 I
N
A b
cR - : AT
sure R < mecar aran MATLI DYREX (S10 MM NOM DIA TuBE
QI3 F.R f
L0003 F. 12 MAKE TRSM TUBRING
D MM NOM DIA .
N L M0




4 [ | s ] 4 | |
- 2 - B
14 'ei -
- i -
/g‘.S i ‘
. . . “
. . N N [T
(1 fyt { booT \‘\\ SRs
Vo !
I"f T !
RIEE !
/A |
e 4y N el \’ i 3
N - i
i HAN TAR L DE i
- 3 DIA TR Y S —
CNOLINE
L83 DA TuRG -
o ri% .
<20 :
2 = R P23 Sl att
T HAM s 8o .95 N .8 -
| o _1-305 [oe? A8 DA TeR L ; 14
Rl i > (oK DOWEL .12 ™S -
. ! ; S - 1 I | [ﬁ‘ N5
cen . R , - ;302
! ! vk &/3%7 ‘ I ! I 1 0oc. coos 3F  — | | 838
[ 1v X Y] ' FOR 878 O A& B AV 1
Y f T t T" [*j DCNEL TS ENT
' - o YR { A . ZE AT ABe ) RAD L
! - 2o
P e 752 o3 -
i J o st l"”J"‘oso Q4 YA eaT
i 37 -, r 315 TERES
= 2 e
- f’ftgs 283 Th IK -
Lo
1735 3 OTHEMW DL SAME
AS PART 2
G
.082 DIA THRU
\ONE WALL
23 , 3 \ _
2 .
I e
i B
k] secT. L-L !
1_; — . ~ SCALE: 2/ 1D |8tioen coemicaso e, orea) !
s — }’ 30, 3 saunuowuwmu& 6303 5
D i Lo N Jae Ay 0
! 'z (100} A7 AESEMA
[ mr N DE LN ~.062 DIA THRU -
(Y] ot JLQPLS / TO HOLE. LOC
i - A / FROM P19
&1 ' SN i C2iL TO HAVE 3 LOMALETE TURNS
' < o WITH A 3425 PITIH MUST MATIH PTH)
S~ e 2. PART 10E To Bt Sa Yo ¢ P ]
~2 3 S.VERPLATE ,003-.004 THK EXCEPT PT0D ;
L SPFER [ Lo FOETION  OF Sl -
. PIUST RICN £ RSSEAIELYr s
2. .00 3 TR
R (TR -+ .250-.260 DIA «
’ 2 PLs / N\ 08-.12 DEEP
¥ N -
--.03 T, N
(0 am f
,(’.‘360 0
.l. 13 == -‘ ZZQD‘A‘ N OIA T
Ioae. y MTRRATG ARG
3
iy B <9
IS TS 2 Auaces

VWoTH N

GREEN $TIPFF

278 1A 2 HOLES

© PLACLS TOTAL

12 HOLES _OC FROM
SBLOT N PT 1) (THRy
OUTER w\u_om.v)

LHAM

UL L08R (TRUEL)
- 4 PLACES

BC » ENDS

BEFORE BRAZING
COAT TS AREA

—.02 R {ON CUT ENDY
F TLBES)
A¢ BRAZE

CROBRATE

REF - PARKER FITTING
NO - §- 30i82-4
(L}uw)
5. T-T
’

13]BRAZED ASSEMBLY
A 1451 TVPE 300 TuBING
18715 DIA ».020 WALL
fs_? TV NG
250 DtA " ozl wWRLL

|

lllllll@l.l"lll -
CRMCMNATY,

LJED ar OHO 452,

[ BRAZE TOOL
L5000 TUBE ELBOW ¢ TEE
FITTINGS  asa




el B S A R S

TMH ST T L da 30N TN
Lo Er ;.vr;d

! /N -
P ELTEY 3NN TN ITHL D w , i

_— DA B
’ - e, 1 95s
sF7/5 MiIO@ X - o
Svamon)lT Cy e &5
S e
-, -— ,
117 i
. 99"
‘s npoms sy Tior TR U
KRR v S s st
i . el L Tk R ) 1 s s
’ " e - 3 . MALE,
' ~ L FLIIMAL LT e T Lo \\ g
S . } FrISE FAVE t?// v .
) e / : Vepp7s Lo ’ / \‘D i
' SPAT L (- b )
N o v : £S5 ruwm @ t ‘ \
. / R 2
- . £ ! )
N ~ 29 iy 5l -
- £
- ., ~ EX M
-7 ‘ A9 E/1 A (AN
Z L vg
| ¢ - .
by v ARCE
]
‘ g IT-—-‘@
! . o5/ I

P ;
V CORiONBIS N W |
; ‘ o

i e “@ed
bl el
i 201 C i
— vig 2l E -—
I
o S
Y7 O
;o L
et tg7)
~ -
» ‘)
= oo
<< 17
’ ¢
»5 '
-4, .
s
n A AT S I e
.
¢ ] r




LT L&
2 P

“ SIS LEEL
i LEER o8ckE

I

Ny

P

N '/VP.,

3 3 ‘Lm/ A.CE-
/f \ S DELHC £

, LS A xcFoErs
B PRLGS B8O AT
APM o
~ 4 NIEES oE )

. DA 4 LEEF
{(PLLG END W:TH
APMSTRONG 41
ADHESIVE )

ar o~

ZSG D/A x /:DEE,D

WiTh ARAdS O]

2 | 1
L)
2ot 10 SERCrTn
e B hoe 2.7
i s . - -~
v [ -
- T . .
-
-
AN LE S Gy SOOI I TS L .
VAL SRS gCAl T SET AT

At s 4'4 2w TH O REY T
2000 TURL Flfon 8 TEL T 3

DN wvov DB SERLS 0 05T 200 e
3

PN BT 24 /T/“ DY AR XY S )
LA Ve AT WITH oS T O MO LSOOG
FHERR=" O ANG & POV A // B IVELNG W SN

G L TN LUECENT SprONE AUELLF LS
LR GENERGL LLETHIS AH00SCT P o

GIRD BIVG SEGAIENT W03 CRASS 5207708 ([46»’1
IO ST AUANESOTR FUBEER £ AL

/‘lf’c" EARULL PO 26 Zn AT D
L ATCH EL AT TR 42
"a, ‘. VEEDTH  AINNG F A D

AVOL. L OS2 3 AT A RIS 2SO [ HED)
DR AOETS 55748 To S5 Niose g7
BSSENIEY W TN D07 A
BMEHS ALl SAMEP LLGES

1 | 34T i ATuBE T ]

{128 WOTTZ) | [T STORREE ZOWTH AT T .

" S6| SET SCAIN 7797 PAANT) 0.

Z INSERT MO S 7908 12

’ e &< AV‘ s lyw

3 N _ 133 oomee /(;/4,/

47 7T VA M0 RS (32 - .a/p -,

H 7 REAVZ 24 z/wo/ rr) F‘ w

[ o | STRITT 4420w 735 G P7 (Rl

F4 » SLT SCPw _cava»rr]‘ a0 Y

1 ‘A0 CONNEETHR WE l?{al

2 AN N INSERT AT 79804 -

2 B F4AT HO SCH M0 2 A/

P2 K 7o | 777706 ¥ Ty 3ome 4

PRERENTY Y

EININN

R B

/';v 2R

A TE AT ENE
‘erfﬂn e
P2 em

sensnat @ riectaic

LRI BT SRR e CHCEm—, Bl ass
BT 7597

V2777 f///"[ [11-’ 7»;/ £ TS

1

o g |#/2/80 -7 L




———
+ N
¢
— -
f
.
~
~
-— —-

[ 4
g
| S
T ,—i_w-i A
eres
420 DA YHEY
CSK. 6D n 82T ="
O MATL AL LA oA
35T/
TN . I
e 3 L, oo e
-2 e c e e
’ 8 B , - :
4p - 24 ! <4 [ ;‘p epLs i .
| ; b= cé -— ,
.70, \ / MED DiAMIADEAR! |
= 7307 ML e 3 - e = i e
.83 . L /RO A FF 3 ‘4 i .
> S edc 1 Y-l Py . i ™
- Rl S - e |
i —_— t—~q .
< . - AN
P e s . -
. :
c e3P -4 186 L4 re £OR ~
LowEl G €5 IA g ) MATE
(AE W TN D0 F R ALaMir e M
35576/
b
[ o = — ! .
Ll ‘ e B8 |
o FLi lomea 5
;. .&0¢
\ e - o i
L90. E7 T o wses
b 1 o / i
P
| DA & | / WENE S ,
o - T i
AL L Fa - - 5 . -
[ ] -\ o :”" M 1
sOey  frr IF < # 3 )
FCA /475 0.4 . /7 30¢ :
LGwel - Tr SEVE \
P AT ATy S . ! ! "
! fois B TOEE FLAT 1t
W T CCEE | t
— H
(14 ) Ma ¢ . \
- P EMuar Lon
o Tob: Lo
! S MM NEM, l
i
A i : l
‘ l
: ;
i |
i
- — . T— AL )
. |



- 4 - 2 l '
| REVISIONS
"o o 11 PRI
J
- .
I _ _
T e .
- - . =
fr e
Y y
—=
[ b 1 | e
i . ! N
l L
. . )
ses
“< R L et
% -
Tiir
i
Ve ESN
o £ CHAM
B s
- ’4,5<'5 [
. r‘\_‘ 15
a (' .éos 8B 89 LA [
T £9s THEL b
t i ‘ ! N CHOLES A
= ae - \ LINE WiTr A
$oTe . A0 k2
/ \ 1w
rond / ; T i \
- - Lf) Yo coe
' 1 3
BB L 4 oy
Twpey &c p e i — !
‘ b ;42‘._ eve b ~ 752 i i PR ST St [ S
; 05 750 T 7 ERE VR Y -
I 27
S
C) STeERW S E SAME
FEW
-
o5 <
— .
] % , x
1t o
—r ? | i
LI é x4
475 { e E S B
I ' : =
5 Cec i :
1 i i
1 i .
! ; Cseo I ¥ .

Tr NE MIZE TN
Tt TaE heT.
OF 3188 £ 7 om0 e

LOCED & Tmi
AP )
HZE B NPT

-

coavif
LEE .

DA IWEL
RESEET 2]

LIRS e -3

‘ES T
AT KN

D

P .
Fe ey @y @ @
AR e ! e A (485
; , .
N
I SPPOTITE NAA L
OTNEL W/ TE SAMANS P73

sécTon €€

-




z _ € v z | 2
L] vy 2 oC s | o TR - iy ot iaes 3
< I P A Al T2 L dAL
| ] vy S MEAT N T 3G Ve el 3T
» y e r B s2vge v
B soryz g - = TR, FRYL ez |
] I7L & M2T 77 .MQS e P A
= HCA WAL PR N
Dwd F2VIG c.:( Vi V] . { 6 g
VEN OO LN 130 PHTG 137 308V lfw.fwj . . 1 1 v
) \
v 1019311 @) TYuINIS v o S s g 3 by
)
_ YAZEL 4 ; 9o \ o] m ]
,\ AN
— ) 57 L
FIvrS o/’ F A " 9 Dt £
i NOIHLOTS \/ n 405 MYS EG
o e - [-X-24 1
. g I .
N R \W nLS NI LO7S clo -
wo, or S7d8 ___
N f \ TS vasis TN s7Is) Teiol
N o577 _ F7M ING
% - g
 — / nNIHL VIT BLO
i * -y _ e TSI IS VIIYLD N
N ( - F2YIR0IIIN HLIm ~
W . VIFY SIHL LWOD /
] Lmebag 30138 T\ R
- \
S T Hiog
a EXTET) 3«\3le JqNL Jo sanvF
A’\; TInoNO & 20" -
7T¥oS on - —
adaq ~o1123s
Tl —— ¥ b 7@
— L S V4 o
o — /m/o.tJ\f o33@ 68"~ w%%\x v umwwk.wq w\ww
2 oY - S L Sikd NO
i . SNILY TS pa N IRNG/AN ©S 56/- O HNT L1 MYE
i — \ FILAY VT o5 T
] 20F-— _l
T\Q. ONILY 7d O9E"
gto UL s OLE"
2
2
|
m P
@Ot dt LSF KT R R
VUL ADDC9DT T U s AFATS E .
p Fr oL Cn 39 T4 F00 Ly P - —= -
UL ey LS ) S ig S8 kgt aA » ﬂ
- SNV B T s Sl 218D Emoxs 207 370k o4 —SHe-d 9/
Y hd b1 d 290! - W\
FOS oN rﬁ ‘
(SS& Ly NE/ T LS T DD NOILOFE a
TOD I NIL YIS A TMOT § AT . il
L ronanl T 7] Y
< 6L Ot 217
=~ xe &.M\\
. I \. £
El N Yra 7
a . Z “on //\ , » N "id WoFS 207 | g
: T ~. % o ﬁl vor — e
3 ATIWISSY nun._ms» 4 ’ £ PIKL ST 0K 9/
. ON 9§ -2 0N
i
| N N S
g | NOULIOK0 s 3w
SNOISIATY
1 2 _ € s )




FIGURE 7 l/b" BRAZE TCOL FCR ELBCW & TEE FITTINGS ——




FIGURE 8

3/L" BRAZE TOOL FR EIBOW & TES FITTINGS
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" BRAZE TOOL FCR ELBCW & TEE FITTINGS
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FIGURE 10

1 1/2" BRAZE TOOL FCR ELBOW & TEE FITTINGS
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FIGURE 11 2" BRAZE TCOL FOR ELBOW & TEEL FITTINGS
MOl 761




FIGURE 12
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GENERAL ELECTRIC COMPANY
TECHNICAL INFORMATION SERIES
NO. R66FPD47

e
TABLE III. Split Coil Data For Straight
Connectors
Tube Size Coil I.D. Coil Turns Coil Pitch
.250 .60 3 .286
.59
| .750 1.19 4 .286
i 1.18
' 1.250 1.88 5 .375
| 1.87
| 1.500 2.12 6 .375
| 2,11
2.000 3.07 8 .312
3.06
2.500 3,27 8 .375
3.26 |
L
PageNo. 10

Property of General Electric Company.
Maintain one inch side margins,



GENERAL ELECTRIC COMPANY
TECHNICAL INFORMATION SERIES
NO. R66FPD47

TABLE IV, Split Coil Data For Elbow And
Tee Type Fittings

Tube Size Coil I,D, Coil Turns Coil Pitch
.250 .60 1 375

.59

.750 1.19 2  «3125
1.18

1.250 1,88 3 .3125
1.87

1.500 2.12 3 .3125
2,11

2,000 2,88 4 .3125
2.87

Page No. 11

Property of General Electric Company
Maintain one inch side margins.



GENERAL ELECTRIC COMPANY
TECHNICAL INFORMATION SERIES
NO. R66FPD47
- I Debraze Tool _ 1

The fitting must first be cut in half, then the debrazing tool
is used to remove the remaining half coupling, elbow or tee type
fitting. The removal of fittings are necessary when lines must
be disconnected to replace a braze fitting, filters, or replace
sections of tubing.

The debrazing fixture, Figure 13 is a semi-automatic tool which
works in conjunction with its corresponding heating coil, Fig=-
ure 14 and 14A., The coil itself is housed in a containing block
which has guide sleeves for centering the coil to the fitting,

an argon gas outlet that inserts into the tube and acts to catch
the hot parted fitting when removed. The continuous wound heat-
ing coil for the debrazing fixture is used to remelt the braze
alloy. This coil is made from soft copper tubing .187 x 030 wall
with sufficient turns to overlap the brazed area by .070 minimum
and the I.D. of the coil is at least .120 greater than the 0.D.
of the fitting. ‘

The other half of the debrazing fixture is air operated. An ad-
justable hardener split block sets next to the fitting to be re-
moved. The extension to this block has tefelon sleeves to pre-
vent binding when this is moved forward by the striking arm.

The tool itself is held to the tubing by an adjustable split
brass sleeve. Prints 4012180-728 detail all heating units and
prints, 4012180-731 thru 736 detail the debrazing fixture.

Sizing Tools

There are two methods of sizing tubing - expansion and reduction.
Both methods were investigated during the initial braze program
and reduction was chosen because closer tolerances could be ach-
ieved and it was a much simpler operation. Also, a more pract-
ical and compact tool could be designed for the reduction method.
The tools designed, Figure 15, attach to a two-directional motor
mounted on a table. Each sizing tool is interchangeable with the
two-directional motor. Every sizing tool has a matching clamping
block which slides on parallel bars and holds the tubing stat-
ionary during the sizing operation. Figures 16, 16A and 16B show
three different sizing housings and matching clamping blocks.
For details see print 4012180-729,

The design of the sizing tools for 1/4", 3/4", 1 1/4", 1 1/2"
are all the same. Problems were encountered with the 2" and the
2 1/2" sizing tool, mainly a flaring condition on the end of the
tube sized. Design of 2'" and 2 1/2" sizing tool was altered to
correct this, _

Page No. 12
Property of General Electric Company
Maintain one inch side margins.
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FIGURE 15 TOP & SIDE VIEW OF SIZING TCOL
(A-Lever Arm B-Air Reversing Switch)
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FIGURE 16 1/ SIZING HOUSING & CLAMPING BLOCK MOLT61




FIGURE 16A 3/L" SIZING HOUSING & CLAMPING BLCCK
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FIGURE 16B 1 1/4" SIZING HOUSING & CLAMPING BLOCK mOL 761




GENERAL ELECTRIC COMPANY
TECHNICAL INFORMATION SERIES
NO. R66FPD47
r | .
Sizing Tools (Cont'd) '

The sizing of all tubing is accomplished by roll forgings

(or forming). When the sizing tools are rotated at relatively
high speeds, precision ground and hardened rolls bear on a cam~
med arbor; the rolls spin, rise and fall rapidly compressing
the tube surface. These tools are adjustable in .0001 incre-

ments with a range from a nominal tube size dimension to ¥ 005
inches.

The sizing operation procedure is as follows: Place a tube in
the proper holder and tighten the clamp. Activate the motor.
Turn to the forward position, which operates the sizing tool in
a clockwise motion. The sizing tool is brought forward by means
of the handle attached, while it is revolving. After initial
engagement the tube will feed itself into the sizing tool. : Upon
completion of sizing, reverse the sizing tool rotation direction
by reversing the air valve. The motor will turn the sizing tool
counter clockwise immediately freeing the tubing from the hard-

ened rolls. To disengage, pull the sizing tool back to its
original position. .

Coupling Elbow And Tee Designs

The design of the coupling, elbow, and tee fittings has evolved
primarily from the fitting design used on the J93 Engine which
powers the XB-70 aircraft. Sketch I and II are initial designs
of a coupling first developed for the J93 fluid system, Drawing
871C234, illustrates the present coupling design for the J93
fluid system, Drawing 4012180-638 is the design of couplings usec
for NASA applications. The latter drawing is exactly the same as
drawing 871C234 except for larger size fittings.

+,0010
The I.D. of the coupling has a critical dimension of -.0000 to
control dimensional gaps with sized tubing. This controlled I.D.
dimension is maintained on all fitting designs. Sketch I has
spacers at each end of the coupling with a crown dimension of
020 x 030. these spacers are used for alignment, Sketch II shows
the same basic design, only the spacers have been replaced with
projections thru 120° apart. These projections were also used
for alignment, Drawings 871C234 and 4012180-638 show the absence
of spacers or projections. Later, it was found that with con-
trolled I.D. dimensions on the coupling and controlled tubing,
the brazing alloy acted as the alignment means during braze alloy -
flow. The recessed groove in each half of the coupling allows for

L -
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SKETCH 1
, SEE DETAIL "A"
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v/ 7 VOO, /S \I/\
\ 7
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.0005
.0015
3 PROJECTIONS THRU
120° APART .040 - .080 WIDE
DETATL "A"
__l
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SKETCH 2

ALLOY GROOVES

CENTERING GROOVE
SEE DETAIL "A"

TTIT TS
\

N L7 Tloois
.0005

A7 7 7T

3 PROJECTIONS
SPACED 120° DETAIL "A"

.020

TR
SN
' -

Page No. 15
Property of General Electric Company
ety Maintain one inch side margins.



. GENERAL ELECTRIC COMPANY
TECHNICAL INFORMATION SERIES

NO. R66FPD47
r
Coupling Elbow And Tee Designs (Cont'd)

rectangular snap rings of braze alloy (primt 4012180-639). Pre-
placing the alloy insures soundly brazed coupling, when the alloy
has flowed out and formed a continuous fillet around the per-
iphery of the coupling. If the alloy is preplaced externally"
there is no assurance that the alloy has flowed into the coupling
joint. The shallow centering trough on the outside of the coup-
ling is for parting purposes when it becomes desirable to dis-
assemble, This coupling design is reliable and ecomomical to
manmufacture compared to the other designs. Print 4012180-638
details production couplings.

1

Elbow and tee fittings were also evolved from the basic design
of the J93 fluid system coupling. Both the elbow and the tee
fittings have a internal shoulder to control imsertion depth,
shown as dimension "L" on print 4012180-671. The area aft of
the internal shoulder on the O0,D., of the fitting is used as a
sealing surface for the braze tool. There is also a shallow
trough on these fittings for parting purposes.

Page No. 16
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FEASIBILITY STUDY TO DETERMINE THE EFFECTS OF BRAZ-
ING HEAVY WALL TUBING UTILIZING A HIGH FRE-
QUENCY SOURCE INDUCTION GENERATOR

The purpose of this study was to determine if the induction braze
tools, the high frequency induction source and related equipment
specified for brazing the tubing of the NASA low pressure system
(Table V) can be utilized for brazing tubing of wall thicknesses
required for the NASA high pressure system (Table VI).

Conditions Of Test

Materials
Tubing Wall Designation
A, Size Thickness _AMS SAE
.250 0.026 5570G and 5571B 30321 and 50347
.750 0.075 5570G and 5571B 30321 and 30347
1.250 0.122 5570G and 5571B 30321 and 30347
1.500 0.113 5570G and 5571B 30321 and 30347
2,000 0.151 5570G and 5571B 30321 and 30347
2.500 0.188 5570G and 5571B 30321 and 30347

B. Braze Alloy = Gold 82% - Nickel 18% in roind ringsof rectang-
ular wire.

C. Purge Gas - High Purity Argon.

D, Fittings - 347 Stainless Steel straight couplings - elbow and
tees provided with an internal braze alloy groove. Drawings
4012180-638 and 4012180-629.

Page No. 17
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TABLE V
Low And High Pressure Systems

Pressure System Wall Thickness
Tube 0.D. Low High
+250 .020 .026
.750 .049 .075
1.250 .083 .122
1,500 .095 .113
2,000 .095 .151
2.500 .120 .188
PagoNo. 18
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.006
.026
.039
.018
.056
.068
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~
TABLE V1
POWER TIME CYCLES
Low Pressure Tubing High Pressure Tubigg'
Size Power Time Size Power Time
Setting Seconds Setting Seconds
.250 12 20 «250 12 24
. 750 i3 35 .750 A 60
1.250 15 60 1.250 18 120
1.500 15 60 1.500 20 120
(. |
Page No. 19
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Fixturing

A lab, rig fixture, Figure No. 17-17A & 17B, was used for
testing all sizes of tubing. This fixture is designed to pro-
vide argon protection during the brazing and cooling operations.

Tests

Sample joints of heavier wall thickness tubing were induction
heated in the lab. rig fixture, using the power settings and
time cycles previously established for brazing the low pressure
system tubing. Two chromel-alumel therocouples were used to
determine the temperature of the joint being brazed. Each ther-
mocouple was tweezer weld tacked in place on the 1.D, of the tube
being brazed. One thermocouple was located at the center of the
coupling, the other thermocouple was located at the end of the
coupling. Samples were inspected visually for brazing alloy flow.
In the event, the joint did not reach braze temperature or braze
alloy flow did not occur, the power setting and/or the time was
increased in small increments, until a sound braze joint was ob=-
tained.

Test Results

The 1/4", 3/4". 1 1/4" and 1 1/2" braze joints exhibited good
flow of braze alloy around the periphery of the fittings. The
power time cycles used for obtaining these results were somewhat
greater than those established for the low pressure system
Table V. X-ray examination of these brazed samples revealed 80
‘to 100% coverage. Peel testing of these same samples verified
the x~-ray findings. Figure 18 is a 1 1/2" peeled joint. The

2" and 2 1/2" samples exhibited poor alloy flow for all power
time cycles attempted. No-acceptable couplings were obtained.
X~-ray and peel testing indicated 40 to 50% coverage. The power=-
time cycle required to obtain 40-507% braze coverage for the
larger samples caused over heating of the power transmission
cable. One to two hours was required to cool the cable before
it could be used again.

Distortion of the 2" and 2 1/2" couplings occurred during the
heating cycles, Figure 19 shows a typical example. The distor-
tion was located near the end of the coupling where the wall is
tapered. It was not found at the same point on the periphery of
the coupling of all the samples prepared indicating that it was
not due to a hot spot during the heating cycle.

-
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Conclusions

This investigation revealed that sound, high quality braze
joints can be obtained in the 1/4", 3/4", 1 1/4" and 1 1/2"
high pressure systems utilizing the present induction braze
tools and related equipment. The 2" and 2 1/2" joints cannot
be produced with our present braze tools and related equipment.
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STEEL SEALING JAWS

The RPD 150 sealing jaws in the 1 1/2", 2" and 2 1/2" straight
couplings were replaced with a stainless steel jaw. The braze
tools for brazing the elbow and tee type fittings were also
modified in like manner. Enough heat reached the RPD 150 mat-
erial to produce outgassing during continued use. The outgass-
ing contaminated the atmosphere inside the chamber resulting in
undesireable oxidation. The contamination problem was eliminated
by the change to steel. It was felt that with the shorter width
of tools for brazing elbow and tee fittings, it would be advis-
able to replace the plastic sealing jaws with stainless steel
also. Replacements of these tools were completed and all tools
tested. All braze tools tested satisfactory.
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RECOMMENDED OR SUGGESTED BRAZE PROCEDURE

Tubing Fit Up

1.1 Purpcse: To cut, trim and align tube ends before the braze
operation,

1.2 Set-up and Parts Protection: Using a blue print accumlati~n
list and (if possible) a photo book check for ‘outing, clamp-
ing and bracketing of the tubing before fuit-up. Keep the tube
ends capped at all times, except during brazing. Handle tub-
ing carefully. Avoid unnecessary contact with other piping
structural material and tooling.

1.3 When tube fitter has marked the tube or tubes for cut off,
remove it if necessary to facilitate cutting. Be sure to plug
the tube before cutting.

1.4 Om final fit tube ends should mate in free state, or maxirmum
gap of ,030.

1.5 To determine proper alignment, lay a six inch scale (or straight
edge).

SKETCH I

Tube 6'" Scale

e
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T SKETCH II , A
6'"'" Scale

90°

Tube End View Show-
ing Two Planes.

SKETCH III

Warning - Do not assemble joint as shown in Sketch III.

ﬁy//'6” Scale
HI‘HIW\Hlle Ul]pn\lul| I lHIlUH I

Tube

SKETCH IV

misalignment must not exceed .060. See Sketch 1IV.

Z \

1.6 After completion of step 1.5 and Wi]?tube ends in free state,

.060 Max.

Page No. 24
Property of General Electric Company
Maintain one inch side margins.



GENERAL ELECTRIC COMPANY
TECHNICAL INFORMATION SERIES

NO. R66FPD47
o

1.7 Realign end tube which is removed or disturbed after final
alignment.

Tube Preparatibn

2.1 Purpose: Sizing is required to control the clearance
between the coupling and the tube,

Masking is required to center the coupling on the joint and
to assure control of the gap between tube ends.

A cleaning process is required to prepare the tube and tube
ends for braze.

2.2 sizing: The proper roll-a-finish size tool and split holding
clamp should be set up on the sizing equipment. Secure tube
in clamp and size tube ends. (A. sample piece of tubing
should be run first to see if the roll-a-finish tool is set
correctly to give the required diameter; this is especially
true when sizing tubing of the same diameter, but of differ-
ent wall thickness.)

2.3 Tube end should be wiped clean of all oil.

2.4 Tube end to be brazed should be roughened using 180 emery
cloth., Tube end after sizing has too smooth a finish for
brazing.

2.5 Some means of marking the tube end prior to final clean
should be done now. A suggested method for use is an electric
etch similar to that used for putting an identifying number on
a tube.

2.6 Tube and tube end should now be cleaned to your specification;
capped and bagged for brazing,

Inspection - Visual and Dimensional

3.1 Purpose: To provide the assembly inspector with an instruce
tion by which to interpret and perform the various inspection
functions necessary to assure successful processing of high
integrity leak proof braze joints.

.
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Preassembly Tnspactions -« Tubing Only: Visual, inspect
the tubing for dents. No dents allowed over a 2'" length
measured from tube end. No radius within the dent or
between the dent and its adjacent tube surface shall be less
than three times the nominal tube wall-thickness. Depth of
dents not to exceed 10% of outside tube diameter. No dents
allowed in bend radii or within one tube diameter of tangent
points. More than two dents in any given axial inch of tube
length is not allowed except on high pressure tubing. On
high pressure tubing more than two dents in any given three
consecutive axial inches of tube length is not allowed.

Visual: TInspect the tube ends and tubing for nicks and
scratches, Depth of 10% of wall thickness on all but high
pressure tubing. On hydraulic tubing, use 5% of wall thick-
ness or ,002 whichever is smaller.

Visual: Out of roundness shall not exceed 10% of the tube
diameter over 1.75" length measured from the tube end.

Page No. 26
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3.5 Visual: Tube End - Inspect the trimmed tube end for

squareness of the face, freedom of burrs in the I.D. and

a maximum of .005 chamfer on the 0.D. of the face. See
Sketch V.

SKETCH V

0.D. of Tube Max. .005 Chamfer

W&

gnified Tube Wall N\ Tube Face of Tube Ends
Burr - Not Acceptable

Note: A) Not Acceptable
B) Acceptable

Use a brass scribe on the I.D. of tube ends if necessary to
pick up the burr.

3.6 Visual: Corrosion - Inspect for rust or any form of dirty
scale on tube 0.D. - not allowed.

3.7 Visual: Centering Marks -~ Inspect the tube 0.D. for presence
of the coupling and tool centering marks. The marks (one per
tube end) must be clear and distinct.

Page No. 27
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1
3.8 Final Braze Inspection: Visual - Inspect the brazed joint
for tube misalignment and cocked coupling. See Sketch VI.
SKETCH VI
Tube misalignment - condition not
= — — — allowable.
s coupling not allowable.
Visual: Using a localized light and a plain or magnifying
mirror as needed, inspect the joint for evidence of a braze
alloy fillet around the external tube/coupling entrance per-
iphery; no gaps, voids or pinholes allowed. See Sketch VII,
SKETCH VI1
]
~S5 sz v
LSS L
M Y.
Fillet Inspection Criteria
L .|
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A. Braze alloy extends beyond edge of coupling.

is palinly visible. This is acceptable.

B. Braze alloy extends to the edge of coupling.

Fillet

Fillet is

acceptable, if visible through a light and/or 10X glass.

C. Braze alloy extends to the edge of coupling.

Fillet re-

quires light and 10X glass to see it. This is accept-

able. Under cut must not exceed .03125.

D. Braze alloy is not visible with light and 10X glass.

Braze joint is nct acceptable.

3.9 Dimensional: On coupling centering and tube gap. Using a
fixture as shown in Sketch VIII inspect brazed tube joint.

SKETCH VIII

cage Foint | ‘ ///////////////

Gage Point

- =

|

Butted tubes
{? acceptable.

ed acceptable.

Center-
ing marks on
tubes. ™ I -

c a
|

;e -

oth marks visz~
ible between

|
|
|
;

gage points &
onec gage point
over marked

and - accept=
gable. :

(=

|
|
|
l

- -t
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4.1 Repair Procedure: This suggested repair procedure is for

4.2

4,3

4.4

the repair of braze joints which after the first induction
cycle with internally preplaced braze rings do not exhibit
the presence of braze alloy completely around the tube/coup-
ling interstice.

By visual inspection and measurements the sum total length
of all voids at one coupling tube intersection must be less
than the following lengths as measured circumferentially
around the tube.

Joint Size Max., Limit Inches
1/4" 5/32"
3/4" 15/32"
11/4" 5/8"
11/2" 3/4"
2" 1"
2 1/2" | 1"

Locally clean the voided area - flush with distilled water.
Flush with suitable solvent and let dry.

Wearing clean lint free gloves place a braze ring on the tube
adjacent to the coupling side which is voided. No more than
one braze ring per coupling side allowed.
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Purge joint in question sufficient time to achieve

a good argon atmosphere - being sure all of solvent
has evaporated. Repeat the brazing procedure assur-
ing flow of external ring. No more than one reheat
per joint allowed.

Visual Inspection: Visual inspect each joint using a
localized light and a magnifying mirror. Joint must
show evidence of a braze alloy fillet 360° around the
external tube coupling entrance periphery; with no
gaps, voids or pinholes. Examine questionable areas
with a 10X magnifying glass. See Sketch VIT of an
acceptable joint.

X-ray the joint in two planes 90° apart. Inspect for

voids in length L shown in Sketch IX. X-ray accept~
able limits are defined in Table I.

SKETCH IX
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, 1
X-ray inspection in plane A-A and B-B. The cumulative length
of voids in one length "L'" shall be considered one indication
in Table I. Joints subjected to repair which do not meet this
criteria after repair will be cut out and rebrazed.

TABLE I
Tubing Size Allowable Limits
1/4" Dia, One (1) .035" and three (3) .018
indications allowed per coupling
end.
3/4" Dia, One (1) .077" and three (3) .038

indications allowed per coupling end.

1 1/4" Dia. One (1) .107" and three (3) .053
indications allowed per coupling end,

1 1/2" Dia. One (1) .137" and three (3) .063
indications allowed per coupling end.

2" Dia. One (1) .154" and three (3) .080
indications allowed per coupling end.

2 1/2" Dia. One (1) .171" and three (3) .098
indications allowed per coupling end.

No voids allowed within .015" of outboard ends of coupling,
5.0 Debraze

5.1 Purpose: To facilitate disassembly, repair or replacement of
the brazed tubing. '

5.2 Cut coupling in half and deburr tube ends.

Note: A nylon brush may be used to prevent entry of chips
during the deburring operation.

5.3 Be sure tube is free of all fuel, oil or contaminants, Purge
inside of tubing with argon until a good atmosphere is ach-
ieved.

5.4 Clamp on debrazing tool and heat coupling until it is hot
enough to be removed. After removal of half coupling the |

Page No. 32
Property of General Electric Company
Maintain one inch side margins.




GENERAL ELECTRIC COMPANY
. TECHNICAL. INFORMATION SERIES
‘1 NO. R66FPD47

tube end must be cleaned prior to brazing,
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