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cul~l swaging, cold upsetting, or cold bending. 
Pliysical Lieguireme~zts—The tubing, in tfie dead soft annealed condi- 

tion, shall conform to the physical properties listed in the following 
tabulation and shall have a minimum tensile strength of 45,000 psi. 

~TUBING SIZES 	 REQUIREMENTS 

Outside Diameter, in, Incide Diameter, in. Elongafion in 2 in, 
~}0.005, —0.000 t0.0025 % Min 

~1/4 0.063 	, 30.0 
1 /4 0.093 30.0 
1 /4 0.125 	" 30A 
5/16 0.093 38.0 
5/16 0.125 38.0 
5/16 0.146 38.0 
3/8 0.125 40.0 
3 /8 0.135 40.0 
3/8 0.155 40.0 

/'inish—The tubing surfaces, both outside and inside, shall be free 
from scalc, rust, seams, laps, laminations, deep pits, or other serious 
defects. The inside surface of the tubing shall be finished to ensure a 
smooth bore oE accurate size with no fissures, crevices, or.other imper- 
fecCions deeper than 0.005 in. or 5°~0  of the wall thickness, whichever 
is Icss. 

liending Tests—The tubing shall withstand cold bending, through an 
an~;lc of 180 deg over a rod equal to the outside diameter of the tubing, 
without showing other than superficial outside surface ruptures. 

U~~settin~ Tests—The tubing shall withstand cold upsetting, from a 
Icngth equal to twice its outside diameter to a length equal to its outside 
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diameter, without showing other than superficial outside surface ruptures. 
S~ecimens for Tests—Standard sampling tecliniques are available but 

if these are not used, it is recommended that a minimum of three tubes 
be picked at random from each lot of 100 mill lengths of tuUes or less 
and preferably from tubes annealed in the same furnace at the same 
time. The failure of any specimen to pass any of the above chemical or 
physical test specifications should be cause for the rejection of the entire 
lot represented. 

Corrosion Protection oj Tubes—The inside and outside of the tubing 
shall be protected by a coating of clean oil so as to protect the exterior 
and interior of the tube against corrosion during shipment and normal 
storage periods. 

The corrosion preventive oil used shall be such that after extenclecl 
storage periods it can readily be removed with an alkali~ie cleaning 
solution or with benzine (stoddard solvent). 

ibfininium Bend Rndii—In forming tubing the bend radii as measured 
at the centerline of the tubing shall conform to the following specifi- 
cations: 

Tubing Sizes, in. (OD) 	 Min Bend Radii 

1/4 	 4 times the OD 
5/16 	 5 fimes fhe OD 
3/8 	 6 times the OD 

i 

~Vith proper tools and care, smaller radii are possiblc. Flowevcr, 
these mcommendations ensure good bends undcr average conditions. 

SAE Standard 

Rcp~~rt of 'I'ube, Pipe, H~~se and Lubricatiun Fittings Committee appruved June 1963. 	~ 

Sco(~e—"I'he I'ollo~vinfi specilica~ions co~~er minimum rec~uiremen[s for 
lubing or pipe uscd in automo~ive air brake s~~s~ems. It covers corrosion 
prccaul.ions, install.Uion, ancl roatcrial specifica~ions. 

Corrosio~i /'recrn~tions—Adec~uatc pro~~ision shall be mactc to control 
corrosion duc to galvanic coupling of H~idely dissimilar metals and 
all~~ya when diasiniilar malerials used [or tubing, ~>ipe, ftt.ings, and 
ai.laching parts are in intimate concacC wiUi cach othcr. Adequate pro- 
~~isiun shall be made to protcct Uie Cubing, pipe. and fittings from 
oc~~gen conceu~ratiun cell ~.~~pe of corrosion. A~Vhen sofC uonmetallic 
cnsliious are usect to prevent: inetal-co-metal contact. bet~t~een support 
clainps and the Iubing', pipe, or fittings, the cushion shall be made of 
urucri:il which will uo[ absorb and retain signi(icant amounts o[ ~~~ater. 

/n.ctnllnlion—Tubin~; or pipe shall be supported in sach a manner as 
Io minimir.c fatiguc. MetaLLO-metal contact should be avoided in order 
tu cunU'ol chafing and freuing. Soft nonmetallic cushions shall be used 
iu prulccc ihc lubing or pipc from supporr clamps. Tubing or pipe 
shall bc protcc[ed afiainsc road haz~uds either by inscalling in a pro- 
Iecled lucalion or by pro~~iding adeyuate shielding to protect ~~ulnerable 
:u •c,is. I'rucecting loom, ti~~hen used, shall be ~vater aud acicl resistant. 

;Il~~~erinl S~Necificalio~rs 
Copper Tubing 

Sco~~e— . I . his ma~terial specilica~ion covers ihe ~ninin~um a~eyuirc~nenLc 
fur xeaniless anuealed copper tubing manulactured fur autou~ulive .iir 
I~rakc lincs. 

Uimensions—'1'he ~ubing shall conforni to fhC dimcnsions and toler- 
:inces lisled belotv fur the nominal dia~ncier specified b}~ the purchaser. 

Nominal Size, in. OD, in. OD Tolerance, in. Wall Thickness, min, in, 

1;4 0.250 t0.002 0.0295 
5/16 0.312 f0.002 0.0295 
3 /8 0.375 f0.002 0.0295 
7/16 0.437 t0.002 0.0455 
1 /2 0.500 f0.002 0.0455 
5/8 0.625 f0.002 0.0455 
3/4 OJ50 f0.0025 0.0455 

, 	t i.000 to.00z5 O.oa55 

~9anufaclure—'1'he rube shall be cul~l dr:m~n ro size and ~right an- 
nealed as a final opeea~ion. The tinislied tube stiall be clea~i ancl 
suiooth, f'ree from internal ancl external mechanical imperfec~ions, cor- 
rosion, scale, seams, and cracks. 

Chemical Rec~uiremen~—"I~lic inaierial shall confurin lo Ihe fnlloming 
ami~~~~sili~m: 'I'ypc I)FII' C:o~~~~cr—Co~~~~er. 9 y .90, min, °o 

Phos~~horus, 0.015, min. `~, 
0.040, viax, Pfo 

NO"1'L:: Reference—r\S'C~I 13 GS-G0, Spccificacion for Sc~unless Copper 
Tube, 13righC Annealed. 

Mechanical Requircinent-7'he tube shalL conform to Che follomin~ 
minimum mechanical properties: 	 , 

7~ensile Strength, psi, min— 	 {p,ppp 
Yield Screng~h, psi, min (at O.Ci°~~ esl:ension under lu.ul) — 	9,000 
Flongation in 2 in., min, `~,—a/a  dia and undcr— 	 30 

u~~cr '.~,~ dia— 	 40 
'I'est specimens must be caken from tubiug which has noC becn sub- 

jected to cold ~vorking. 	 ' 

Thc tubing shall bc capablc of bcing cxpandcd, teithoul visiblc crack- 
ing or ruptin~e, on a h<u~dened and ground st.ecl mandrd ha~~ing a GO 
deg included angle until che outsiilc diameecr has becn incrcasccl 40°~0 
over its original diamcl.cr. 

"1'hc ~ubing shall be capablc ei[ ~~~ithstandin~ a h~~drostatic presstn•c 
eyuivalcnt to a yield s~.rengt.h of 9000 psi sCress ~ai~h n~'~ e~~idcncc oE 
failure. 'I~he rest pressure shall bc deCerniined b~~ Lhc follu~ving~ [ormula: 

p- 2 t s 	\Vhere p- Hydrostatic tcsc pressin~c, psi 
d 	 t— 1~inimwn ~vall thickness, in. 

s — 9000 psi sl.ress 
d - OuCSidc <tiametcr, in. 

'1'hc pressurc a[ a~~ield suenglh of 9000 ~~si for niininium wall I.hick- 
nesses allo~~~ed is as follot~~s: 

Nominal Hydrosfalic Tesf Nominal Hydroslalic Tesl 
Size Pressure, psi , 	Size P~essure, psi 	~ 

1/4 2100 1/2 1600 	— 
5/16 1700 5/8 1300 
3/8 1400 3/4 1000 
7(16 1800 1 800 

Each len~th o[ tubing shall bc tested ac the ma~imum o~mraciug air 
pressin~e, as speci(ied by~ t.he pin'chaser. 'I"he tubin~; shall sho~v no leak- 
.ig'e al: Ihe lest pressine. rin edely- cturcnl Icsc ma~~ hc sul~slilwed f~~r thc 
air ~~ressiue ~csl, if tlic rcjcctiou Iiinits :u~c such ~h:u the li~~~lroslalic :ind 
air pressure require~ueu~s can be guarautced. 

Craiu Size-7'he tubing shall be furnishe~l in either ul' I~eo annealed 
~empers, as f'ollo~vs: 

Temper 	 Grain Size, mm 

Lighf Annealed 	 0.015-0.040 
Soff Annealed 	 0.040 min 
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