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iOClt7'Y OF AUTOMOTIVB FNGINEERS. ,~~. 	AERONAUTICAL 	
ARP ~7 3 A 4B5 LEXINGTON AVENUE 	

RECOMMENDED PRACTICE NEW VORK 17, N.V. 

I 	 I h.~ 2-1-59 	I 
SILVER AND COPPER ALLOY BRAZSD TOINTS FOR AIRCRAFT POi1FRPLANT3 	

~ 11-15-60 

1. PURPOSE: This ARP is intended to contain all data lmown to be pertinent to good deslgn for eilver 
an~ copper alloy brazed ~ointe, based on sound engineering princlplea currently uaed throughout 
the aircraft powerplant induetry, and providea a recommenfled practice for appropriate desigi 
configurations, engine and propeller standard utility parte, ae applicable, and other powerplant 
components. 

1.1 It further establiahes a common atandard practice Por eraged tubing and a common standard for the 
inaide diameter oP the mating part of fittings for either silver or copper brazed ~ointe. The 
purpoae of establiehing a common inside diameter for both brazing applicationa ia to facilitate 
manufacturing and to reduce the coat of related parts. 

2. SCOPE: Thia recommended practice covera the desi~ requirements neceesary to attain silver and 
copper brazed ~ointa of aircrafE quality, ae primarily applied to tube connectione, for aircraft 
poMerplants. The environmental conditiona stated herein, and those given in the applicable A~' 
specificationa, provide the limitationa of thie ARP. 

3• (fENERAL REQUIREMENTS: 

3.1 Applicable Specifications: The AM3 speciPicatione mentioned herein should be complied rith in 
all reapects, 

3•2 Material and Workmanahio: 

3•2•1 Materials: Materiale should be oP a quality Nhich experience and tests have demonatrated to be 
BUl~and dependable.for aircraPt powerplants. 

3.2.2 iforkmanahip: Yorkmanship ahould be consistent rrith high-grade aircraPt powerplant eanuPacturing 
practice. 

3•3 Envlronmental Conditiona: 7tie envlronmental condltions and temperatures etat~d herein and in the 
app ca e 	speci icatione cover theee requiremente. 

3.4 Consideratione: The following eeta forth aome of the considerations rhlch ehould be given to all 
raze ~o n e and the selection oP brazing alloys. Certain fundamental dee1~ xvlea uuet be 

;ollowed if good brazing ~ointa are to be obtained. Some cases eay occur rhich are not covered by 
this recommended practice. Such cases ehould be referred to a materiala engineer. 

3.4,1 Material combination comprieing the ~oint. 

3.4.1.1 Hrazeability (wetting or flaw characteristica). 

3.4.2 Deaign of the ~oint and method or procesa of brazing Por uniPoro heating during brazing ao that 
all parts of the ~oint can be brought up to brazing temperature evenly. 

3.4.3 IifPect of the braze temperature on any uork hardening galned during Pabric8tion end hardneee 
obtained 6y heat treatment. 

3.4.4 EfYect of hardnesa on the bonding aurPacea of the parts before brazing. 71 ►ie can reeult in a 
poor bond and ~oint failure. 

3•4•5 IIffect of heat treatment of asaembTy after brazing. 

3.4.6 Effect on plating bePore and after brazing. 

3.4.7 Areas in the deaign in which brazing is not permitted. 

3• 4 • 8  Joirit clearance, gaps and tolerances. 

3.4..9 Venting of the ~oint bonding area or clearence apace. 

3.4.10 Lap or engaged lepgth (or depth) oP ~oint. 

3.4.11 Positioning or centering of parta to be ~olned. 

3.4.12 Ratio of tube diameter and wall thiclmess to engaged length of ~oint. 

3.4.13 Strength of ~oint. 

3.4.14 Temperature of the ~oint under operating conditiona. 

3.4.15 Natural frequency and vibration charactcriatics under operating conditions. 

3.4.16 Type and degree of etrees to be applied to the Joint at the brazing heat and under operating 
conditions. 

~ ~ 
~~~ 
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3•4 .17 Effect of creep on the ~oint when it Ss sub~ected to a continuous load. 

3.4.19 Coefficients of expansion of the materials to be ~oined together. 

3.4.18.1 Use of the member having the larger coefficient af expansion as the inaide part of a aleeve 
~oint where adequate ~oint clearance and tolerancea permit. 

3.4.19 Difficulty and methoda of cleaning surfaces and type of finiah. 

3.4.20 Surface roughness (RMS or AA) of the Joint surfaces. 

3.5 ffeneral Design Featurea: 

3•5•1 En ed Len th of Joints: The ~oint should be calculated to be 1-1/4 times as etrong as the 
u e or componen w en igh strength ~ointa are requlred, but not less than 6t in length (where 
"t" is thlcimess of thinner component part). Ylhere no other appreciable force is acting on the 
~oint but a straight tension load, this value may be reduced to 3t. Minimum length ~oints 
should be used wherever practicable to obtain maximum brazing penetration. Brazing material 
should not be expected to penetrate a ~oint length in excesa oY 0.450 inch from a aingle 
source of braze material. If the Joint is overlapped greater than 0.450 inch Por eome design 
reason, then penetration beyond the 0.450 inch point Nill not be assured and should oe waived 
by a drawing note. 

3•5.2 Jolnt Clearance: For flat, butt, and diametral ~oint design ciearances, aee detail requirements 
or app ca e razing. 

3•5•3 Jolnt Ga or Shouider: Joints may have a gap or ehoulder at one of the edges of the part to 
a ow p acemen o raze materials (see Figur,e 1). 

HOLE 
FZTTING 

HOLE 
TUBE 	~~{ ~GAP 	 E 

~ 

/ 
/ 

- 	 - 	 -- 	 ~ ~-GAP 

PI6URE 1 

3•5• 4  Joint Vent Holea: In order to improve the penetration at the braze by permltting entrapped 
gases and luz to escape, it ia permiasible to employ vent holea (see Figure 1). 

3•5•5 ~Sign of Joints to provide Por the advantage of using the effect of gravity on the flow of 
the braze material at the tlme of brazing, such that the braze materlal w111 flow downward, 
may be found beneficial. 

3•5. 6  Stren th of Joints: The Joint atrengths of various brazing materials may be determined frnm 
the curves Fiven or various temperatures in Figurea 3, 4, and 5 as a guide. These values are 
based on 80~ effective braze area and have been modiPied by slightly reducing the ultimate 
atrength of the brazed ~oint in order to facilitate manufacturing and reduce the cost of the 
related parts. The ultimate shear atrength valuee in pounds per square Snch of area (PSI) are 
based on the maximum diametral clesrance of the brazed ~oint as atated on the applicable 
strength curves. The Joint is stronger when the minimum clearance value .  ia approached. 

3.5.7 Surface Rou hness of Joint Surfacea: In order to develop strong Jointa, the eurface roughness 
o 	e sur aces to be braze shoul be between 40 and 100 pe,r AS291. Smooth surfaces do not 
"wet" evenly. Surfaces may be vapor or shot blasted, if required, but not sand blasted or 
tumbled. 

3•5• 8  Plating: If Joints am to be plated_after brazing, all braze and flux should be cleaned from 
surfacea. 

i ~ 

~~ 

. 1 

~% 

SAENORM.C
OM : C

lick
 to

 vi
ew

 th
e f

ull
 PDF of

 ar
p5

73
a

https://saenorm.com/api/?name=b65cd05a3388e280fac566ae3dfc5fcd


~ 

~4 ~ ~i 

~.. 2-~-59 	~RP 5Z 3A 3ILVER AND COPPER ALLOY BRAZED JOINTS FOR AIRCRAFT POWERPLANT3 ~MM 11-15-60 

-3- 

4. DETAIL REQUIREI+➢:NTS: 

4.1 Brazing Process: 

4.1..1 Silver Brazin A lications: Brazing should be in accordance rith AIq3 2665 or AMS 2666 as 
app ca e. 

4.1.1.1 AMS 266 (Low Temperature Silver Brazing2: Jointa brazed Mith AM3 4770 braze material ahould 
~ m~te to opera ing emperatares ~a than 400°F Por high strength Joints, and lees than 
500°F for low strength Jointa. 

4.1.1.2 AMS 2666 (High'Temperature Silver Brazing): Joints brazed rith AM3 4772 braze material 
sho~ e~ imite3 to operating temperaturea less than 800'F. 

4.1.1.3 Stren th: When AM3 2665 brazing process is used, an extension (or creep) of material occura 
un er oad when the operating temperature exceeds 400°P. Strength curvea in Figure 3(for 
auatenitic stainleas steels) and Flgure 4(Por carbon and martenaitic stainless steels) 
indicate that greater ultlmate ahear strength is available with AMS 2666 brazing (curve B) 
than with AMS 2665 brazing (curve A). 

4.1.2 Co er Brazin A lications: Brazing should be in accordance with AMLS 2670 or AMS 2671 ae 
app ica e. 

4.1.2.1 AMS 2670 (Copper Furnace Brazing - Carbon and Low ~Allo Steels): Joints brazed with 
AMS 500 or AMS 701 braze material ahould be limi~ed ~o operating temperatures lesa than 
500°P for high strength Joints, and leas than 1000°F for low strength ~ointa. 

4.1.2.2 at+~s 267i (Copper Furnace Brazing - Corrosion and Heat Reaistant Steela and Alloys): Joints 
~razea with Afi~S 5 or AMS 0.braze materia~s ou d be limited to opera ing emperaturea 
less th3n 700°F for high strength Joints, and lesa than 1000°F for low atrength ~ointa. 
Copper brazing of titanium-bearing corrosion and heat resistant ateels, such as Type 321 
stalnlesa steels, is not generally recommended but some succesa has been reported using a 
carefully controlled pure dry hydrogerr atmosphere. 

4.1.2.3 Str~: Strength curves in Figure 5(for carbon and low alloy ateels and corrosion and 
heat resistant steels and alloYs) indicate that greater ultimate shear atrength ia available 
with AMS 2670 brazing Ycurve C) betreen room temperature and 700°F than with AMS 2671 brazing 
(curve D). However, AMS 2671 has greater etrength than AMS 2670 at temperatures above 700°F. 

4.2 Desi n of Jointa: See Figure 1 and recommendations atated in the "General Design Peatures" 
section a ove. 

4.2.1 Joint Clearance: Zhe strongest and soundest ~oints are obtained when brazed rlth the minimum 
c earance va ue. 

4.2.1.1 Flat and Butt Joints: 

4.2.1.1.1 Silver Braze AMS 2665 or ANS 2666: A clearance gap of 0.001-0.004 inch ahould be 
ma n~sine . 

4.2.1.1.2 Copper Braze AMS 2671: A clearance gap of 0.0000-0.0015 inch ahould be maintained. 

4.2.1.2 Diametral Joints: Table I providea for the fo11o011ng Pita as applicable to silver and 
copper raze ~oints. 

4.2.1.2.1 311ver Braze AMS 2665 or AMS 2666: Jointa Por tubes and fittings ahould have a diametral 
c ea~nce~i~a.a6'~-b~inch to permit economical fabrication and ensure adequate 
atrength. A minlmum radial clearance oP 0.0005 inch should be maintained to preclude 
metal-to-metal contact. 

4.2.1.2.2 Co er Braze AMS 2670 or AMS 2671: Joints for tubes and fittings should have a diametral 
fit of 0.0005 to 0.00 inch loose. Complicated assemblies may require greater looseness ~ 
for ease of assembly, such as up to 0.005 inch loose. This may adversely affect ,joint 
strength. 

4.2.2 Standard Dimenaiona: Table I providea the atandard diametral valuea Por araged tubing to 
o a n e recommended fit for either silver or copper •brazing of tubes into a co~on atandard 
hole size for all fittinga when the materials to be ~oined have the same coefficient of 
expanaion. 

~ 
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TAHLE I 

Dimenslons of hole and ewaged tubing for materials 
having same coefficient of expansion 

11ibe swaged diameter 

Nominal Fitting Silver braze Copper braze 
tube OD hole diameter diametral fit diametral ~it 

.002L-.008L .0005L-.004L 

.125 .115- .117 .109- 	.113 .1130- 	.1145 

.188 .178- .180 .172- .176 .1760- 	.1775 

.250 .240- .242 .234- .238 .2380- 	.2395 

.312 .302- .304 .296- •300 .3000- 	.3015 

.375 .365- •367 .359- •363 .3630- 	.3645 

.433 .428- .430 .422- .426 .~a26o- 	.4275 

.500 .489- .491 .483- 	• u8'T .4870- 	.4885 

.562 .551- •553 •545- .549 .5490- 	.5505 

.625 .614- .616 .608- .612 .6120- 	.6135 

.688 .677- .679 .671- .675 .6750- 	.6765 

.750 .739- .741 .T33- •737 .7370- 	.'7385 

.875 .864- .866 .858- .862 .8620- 	.8635 

l.000 .989- -991 .9$3- •987 .9870- 	.9885 
1.125 1.114-1.116 1.108-1.112 1.1120-1.1135 
1.250 1.239-1.241 1'.233-1.237 1.2370-1.2385 

1.500 1.484-1.486 1.478-1.482 1.4820-1.4835 

4.2.2.1 Tube Ends: A tube end which must be aized to flt with mating part will normally be swaged 
an~ t~ie~raMing should specify "wall thicknesa must not be reduced". If grinding is 
permitted, the following minimum wall thicknesaes ahould be maintained at the affected tube 
ends, it being permissible to grind stralght ~umper tubes for their entlre length: 

	

Basic wall 	Minimum wall 

	

(inches) 	(inchea) 

	

.028 	 .020 

	

.035 	 .022 

	

.049 	 .030 

	

.058 	 .035 

	

.065 	 .040 

4.2.2.2 Strai ht Len th at End of Bent Tube: Design should provide as much atraight length of tube as 
poas e eyon the end o the itting. The following minimum atraight length B of tube 
(Pigure 2) ahould be maintained. 

(a) Minimum swaged length A of tube plua 0.250 inch for tubes 0.500 inch OD and under. 

(b) Minlmum awaged length A of tube plus half tbe OD for tubes over 0.500 inch OD. 

-1J 

PI(}URE 2 

4.2.3 Recommended Materlal Combinationa: Table II showe the recommended combinations of material for 
esign and the mazimum operating limits for the ap plicable brazed Joint. Refer to paragraph 3.5.6 

Strength of Jointa, for data on ultimate shear atrength characteristice. 

,~ 

ti/ 
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5• UALITY: 1Yie quality of the bra2ing should conPorm to the requirements glven in the appllcable 
razing epecificatione. 

6. INSPECTION: Inepection ehould be consistent with high-grade aircraft powerplant manufacturing 
prac ce. 

TABLE I1 

~ 

Recommended materlal cambinatlons 

Fittinge 

T~b~g AISI 316 FM AISZ 321 AISI 347 AISI 410 INCONEL AISI 1006-1022 AISI 4130 ASSI 8630 
AMS 5649 AMS 5645 AMS 5646 AMS 5613 AMS 5665~~ AMS 5062 AMS 6370 AMS 6280 

AISI 321 
AhiS 5570 A, H A~ B A~ H A, B 
A ►+~  5576 

AISI 347 A, B, D A, B A, B, D A, B, D 
AMS 5571 
AMS 55T5 

AZSI 410 
AMS 5591 p~ $* ~D+  p ~  $~~D~ 

INCONEL 
AhLS 558or' A, B, D A, B A, B, D A, S,D~ A, 8, D 

AISI 1010 
AMS 505o A, B, C A, B'~C~ p ,  B~,C~ 
AMS 5053 

aisi 4130 
AI+LS 6360 A~ B~~C~ A~ B~~C~ As B~~G,w 

AISI Sb30 
AMS 653o A, B' ,C" A, Br ,C•  A, B•,C• 
AMS 6550 

A. 311ver braze AML4 2665• Maximum operating temperature 400°F high streea 
500°F lor atreee 

B. Silver braze ANL4 2666. Maxlmum operating temperature 800°F. 

C. Copper braze ANLS 2670. Maximum operating temperature 	500aF high strese 1000 F low etrese 

D. Coppe~ braze AM3 2671. Maxlmum operating temperature 	
700°F high etnes 
1000 F loN atreae 

" Stress relief requlred in zone affecte~ by brazing tEmperature. 

•~ LimiLing aluminum Lo 0.15~ maximum and aluminum plus titanium to 0.5~ maximum may facilitate 
copper brazing thie material. 

~~1 
~/ 
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