








pr&e ductility and no tch  impact s t r e n g t h .  The r e s t r i c t e d  
carbos range of O.3; to 0.%$ ;vaa ~ e l s c t e d  because the minfm7m 
s t r e n g t h  of 268,008 psi C O U ~ U  be o b t a f l ~ e d  a f t e r  tempering at . 
400 P ,  It Mas f e l t  t h a t  0.32% carbon would not uniformly give 
a minimum tensi le  s t r eng th  of 2b0,UCO p s i  af te r  plotting ti large 
number of t e a t  data po in t s .  The rn~ximum carbon content of 
0.38$ was s e l e c t e d  because i t  was bel ieved  t ha t  a t e n s i h  s t rength  
sf 280,000 p s i  or less could be c o n s i s t e n t l y  obtained a f t e r  tem- 
per ing  a t  450 F, The molybdenum content  was increased to in- 
sure a deep hardening s t e e l  and the  vanadium was addad f o ~  
grab refinement. Tempering sernpcratures in the range 400 to 
500 F were investigated to detera ine  whether the required  
260,000 - 280,060 p s i  t e n s i l c  s t r e n g t h  range could be  sb tahned .  
In the invest igat ion Scr a s u i t z b l c  heat  t rea tnen t  to deve lop  



optimum mechanical p r o p e r t i e s  for SAE 4335 (~od.), no one 
p a r t i c u l ~ r  properf y, other  than the d e s i r e d  260,000 p s i  t e n s i l e  
a t r eng th  ~ s s  emghmized at a l o a a  to another.  A t  t h i s  high haat 
t rea t  Level iZ was a n t i c i p a t e d  t h a t  notch impact a t r e n g t h  end 
transverse ductility would be a problem, On t h i s  basis, i t  
was dec ided  t o  analyze the h e a t  treating var lebies  from t e a t  
resu l t s  obtained f o r  t ens i l e ,  notch t en s i l e ,  and impoc t tests, 



i4ATERIAIs - SAE 4335 -- (MODIFIED) STEEL - 260,CCQ TC 2 2 0 ~ ~ 0 0  PSI 

HEAT "rTEATMEMT - - - DWELQPKENT OF PROCESS COSTSOL AS2 

MECHRN ICAL f ROFERTIES FOR 

PLrnPOSE: - 
purpose sf t h i s  invcstlgatlon waa to duyre%sp t h e  best  h e a t  

t r e a t  processing metnod f o r  3kE 4335 (modif ied)  s t e e l  hea t  t r ea ted  
t c  t h e  260,000 - zGQ,OQO psi range, and 50 detesmlne the mechanical 
prcperSle5 of t h e  a l x c l  in t h i s  condition. 

In arCer to e s t a b l l u h  t h e  r c l i a b i X l t y  of SAE 8335 moBIfied f o r  
appliastfons In t h z  2b0-280 k s i  heat  treat rawge t h i s  i n v e s t l -  
g h t i ~ n  was i n i t i a t e d  t o  (I) develop n heat  treating procedure 
t h a t  would provlde optimum mechanical p r o p r t i e s  and (2) obtain 
data for es tab lLshing  design allowables using t h i s  heat  t rea t  
proce3-ure, 

Phase I o f  t h i s  p r ~ j e c t  was therefore  concerned prlnarily with  
tha evaluation o? a u s t a - s i z i n g  ternperztures, quenching cycles, 
tempering temperature s , and durations of these cycles ,  An 
i n t e g r a t e d  ser ies  of t e s t s  i nd ica t ed  t h a t  the heat treatment 
t o  ploduse the best conbincltion of proper t ie3  was as follows: 

1. A u g t 2 n i t i ~ c  a t  1525 P for one hour per inch of 
s e c t i o ~  s i z e .  

2 ,  Quench in a g i t x t z d  011 t o  room tcmpcrafure, 
3. Temper a t  4h5 F f o r  two hours,  

Air cool t o  roam temperature. 

FWP 1072-8-54 



Froperties detemined In  t h i s  phase of t h e  p r o j e c t ,  not in-  
cluded in the  mechanical t e s t i ng  section, w r z :  

1. Ho-Lct: strength/ultimate s t rength  .88 - 1.02 
2, lzod impact s t r e n g t h ,  f t - l b s ,  i 6  - 17 

Phase 91 consis ted  sf the determination of mechanical p r o p e r t i e s  
obtainable from modified SAE 4335, heat  t r e s t c d  by 'ill3 process 
eatcsbllshed in P h e m  J. The average mechanical p r o p e r t i c  s e r e  : 

Tensile Proper t  - Lez Longitudinal Transverse 

I l l t ina te  s tress,  p s i  
Yisls s t r e s s ,  p s i  

265, ooa 
228, ooo 

a, Yle ld  stress, p s i  227 000 
b, Elsstic modulus, p s i  31,~(30,000 

B, 

Double Shear P r o p e r t  ietl 

Bearing Proper t ies  - Ultimate S t r e u s  

R. . R .  Moore Rotating E c m  Fatigue P r o p e r t i e s  - 
(Smooth ground finish) 

Fatigue strength at endurance limit (107 c y c l e s )  - 
118,080 p s i .  



A series of t eszs  were performed @n rstating Seam fa t igue  specf- 
mens whl.ch wer? processed w i t h  a v a r i e t y  of susfsce treatments. 
In general ,  L %  can be said t h a t  shot peening improved the 
f a t z g u e  cha rac t e r i s t i c s  of modified S4E k335 while a chromium 
plating t;rentnertt over  a f h i ~ k  ground surface  was extemely 
de t r inen ta i .  how eve^, specimens sho t  peened, chromium p l a t e d ,  
and finish ground a f t e ?  plating showed p r a c t i c a l l y  nc mductfsn 
In fa t igue  s t r e n g t h .  

Sustained Lgad psoper tbes  to eva lua te  hydrogen embrittiement 
were determined us ing  a t e s t  apecimsn which was dsveloped during 
an inwest2gation of f a i l u r e s  which occurred in s t a t i c  loaded 
13-36 Panding gears .  T e s t  r eauLt8  i n d i c a t e d  t h a t  mod-Kked SAE 
4335 was s u s e e p t l b l e  tc t h e  hydrogen e rnb r i t t hmen t  resulting 
frog c ~ i h i u r n  plating. 9rittZe failures were obzalned in s p ~ c i -  
m n s  is.aded as low ;as 7- i ~ f  the ult2ma"i; e t r e r , g k .  However, 
i i m l t e d  t e s t  r e s u l t s  SwdicaCa t h a t  s h o t  peening before plating 
x 5 ~ s e s  e m b ~ i t f  iemenf i n  cadmium pkatsd specimens, When using 
shot peening prior to chromium plating, no spezhmens f a i l e d  
a f t z r  50 days of t e s t i n g  at 9% of ultimate t e n s i l e  s t r eng th .  

Mechanical properties of a r c  veldad nad i f l ed  ,343 4335 were sPss 
d e k n t i n e d  to be:  

TJpe Electrodes 

UPtirnate a t r e s s ,  p s i  202,000 206,000 
Y i e l d  s tsesu ,  p a i  182,000 187,900 
Elongation, $ 5 8  4.4 
Reducsion of area, $ 28-8 15.4 
Weld s trength/parent metal 76 78 
s t rength ,  $ 

Of these two welding e l e c t r o d e s ,  Arcos 5M ( ~ p e c i a l  High carbon) 
has the most degirable p r o p e r t i c s  from a viewpoint o f  ductility 
and w~ldabillty. 

To t e s t  a fabrication process used by a landing gee2 manufacturer, 
hollow t ens i le  specimens were Slash welded at Plenasco Mfg, Co. 
The specimens f a i l e d ,  when loaded in tens ion ,  at an average 
ultimate stress of 205,000 p s i  w i t h  no measurable elongatisn. 



CBJECT : --- 
Phase I: 
*.-- 

Tk tf33f; s $ ~ w ~ R ~ ~ ? E J  used In  Fhsse ZI, were ss fofl~ws: 

w n ~ i l e  q m x h e n  
Compreasi~n t e s t  spccfncn 
Solld daubln shear  spec1:ncn 
Kollcw double shear spzcfmon 
Boaring specimen 
Sustained load specinen 
Flash welded t ens i l e  spccincn 
Uniweli', t en s i l e  spp,cirnen 
Round a x i a l  fatigue specimen 
Round a x i a l  no tch  fatigue specimen 
R .  R ,  Moure fatigue apecimen 



Tie an~d%fPeG SAE a335 steel- #as purchased from the E w l  M e  
Jorgansen Company of La3 Angelea, t o  the requirements or 

82.1 specimen% wrs ~ ~ u g i i  rn~chined ,820" o v e r a i m  fssn  the bar 
sizea shcm $.A Table LY, heat treated and final machined Qr 
ground depending an to lerances  required, Wen the specimens 
were f inish graund, t h y  were atmas s"ellte7rod for 4 hours at 
375 F bolfow%rg the gr inding oyeratisns, For sll specimens 
tempsad at temperatures l e s s  than 400 F, the streas r e l i ev ing  
tempesat'we was 250 S a s s  t h a n  the indicated tempering temperabur@ 

Sfandwd Jominy hardenabllity specimens, shohm in Figure 4, 
wen machinad from 6" and 1 1/4" dia. bars t o  detenninc 
whether be th size B had equivalent hardenability re aponse . 
A Sunbeam atrnoaphere furnace was used for t h e m  and a11 
subaaquent austenitizing t reatments,  A low temperatws 
sa l t  bath was used fos tempering. The specimens were f fnal 
p e w d  afser b e i n ~  heat treated at four austenitizing tem- 
peratures, 1550, 1600, 1650, end 1700 F. 

To determine the optLmurn austenitizing temperature and 
holding time, one t ens i l e  specimen, Figure 1, was treatec 
by heating to each of the following temperatures, o i l  
quenched and tempered at $50 F f o r  2 hours: 



@AGE 4 
REPORT b16m&~ 
MCDEl 
DAY b 1-ss-58 

After hea t  t rea tment  and find. machiriirng cach  of the  
specinens were t e s t e d  in accordance with  a tandard 
t e n s i l e  testing procedures.  

Temperins - tamperature, OF Time at  each temp., hours 

Because se$aincd aua ten i t e  is an undesirable can%t i tuen% 
in s t e e l s  ~ZHI W e e t e d  to a high s t reng th  Xevol, this 
isec t lon  of' t h e  t e a t i n g  was originated to de t c m i n e  tne 
quenching and tempering cyc le  which would produce the 
least amount c~f re ta ined austeni ta .  Empl~ying a theory 
of Professor M, Cohen of MIT, a high t e n s i l e  : ~ i e l d  
s t rength  to ulk imatc  strength ratio waer consiaered a6 
indicative of low r e t a i n e d  auatenite, In addition %o 
t h i s  criteria for e!valuating the kea% quenching and 
tampering cyc l e ,  impact and notch tensile t e g t s  were 
a l s o  used i n  the determination. 

Qne t ens i l e ,  two notch tens i le  and three Impact speci-  
aens Here t reatsd at each of the  following candifiona 
a f t e r  austcnitizing at 1525 F f o r  one h o w :  



FAG€ f 
Rtto~r  NO^ QT-1659 

A DIYISON OF QENFRAL bYNA%tCf CORP(3RAif3N MODEL B-58 
(FORT WORTH) O A F  1-29-58 

Tempering 1 
Quenching tenp,OF Holding time,hrs. Coollnq cycle cysie OF- 

Eiis coal to I 
room,! temp. 550 (2$rs) 

500 

Tempering 
Quenching t e m p , O  - Holding tinc,hra. - Cooling cyc l e  Cycle,O~ 

- i 
-120 (2 t r a  . ) 550 (2$rs. J 

500 I 

Holding 
t;l?me, hrrs - 

2 
4 
2 
2 

Tempe ring 
Cvstle OF 
2r-- 
(2  hrs. ) 
500 
450 '" 
400 I' 

Standard mechanical testing followed heat t r e h t m n t  and 
final machining, A 1 1  t ens i le  tests were performed on a 
Baldwfn, 120,000 bb, ?~pacity, universal test machine, 
equipped with a Tate--cry load ind ica to r  and mtcrmetic 
load-atpain recorder ,  A 1 1  impact t e s t a  were performed 
on a Riehle impact test machine, 

Part D: 

The susceptibility o f  the final prooass, determined fron 
an analysis of the three prceeding sect ions ,  to quench 
cracking was determined by tne use of quench crack spec¶.- 
mns as ahawn in Figure 5. Ten s p e c 4 ~ n s  were heated to 
the austenitizing temperature of 1525 F, held  for one 
hour, and quencfmsd i n  agitated 011. Aa soon a3 the sgecl- 
mens had cooXsd to the temperature of the oil, 82 Fo they 
were given a rough metallographic polish across the flat 
faces. The specimens were then examined f o r  cracks w i t h  
the a id  sf a bXnocuXar microscope. 



Specimens i n  t h i s  phase o f  tes t ing,  as de temfned  from 
F h ~ s e  I, were t r ea ted  as fo l lows:  

1, Austenitize a t  1525 F f o r  one hour, 
2 ,  Quench i n  a g i t a t e d  o i l  a3 roorri temperature. 
3 .  Temper for kwo hours a t  465 F. 
4. Air coo l  t o  room temperature. 

The Sunbeam atmosphere furnace wcza used f o r  t h e  austenItPzing 
tseegment 2nd tensesing was performed in a Hevi  Duty Temperhte 
furnace, The femperite furnace was used sa the r  thaw the  
la3sratary s a l t  bath ftrmace because i ~ p r i a ~ c d  l;ensperat.are 
cmntr@l could  be obta ined,  

'T'-en~ile t e s t s  were p e s f c x e d  an seven longitudinal and 
six %raarsverse specimens s f  the type shown in Figwe 5,  
All t e s t s  were performed in ;~cosdance with aCan2ard 
t e a t  procedures,  Ultimata s t re s s ,  y i e l d  s t r e s s ,  percent  
elongation, percent  reduetton in srea,  aadulua sf elss5i- 
c i t y ,  and Rackxe3.3. C hwd;~ess  *saluea were dctermlned for 
each specimen. A load ra te  of i r ) ,OCO ib/min wao naintilinai: 
throughout a13 testing, 

Part  B: -- 
Gompression y i e l d  s t r e n g t h  f e a t s  were p e r f o r m ~ d  on f i v e  
specimens of tf-e type shown in Figwe 5 ,  Thsee P1B-7 
atrain gages w r e  mounted on each specimen at 32Q0 
in te rva l s  on the  circumferense a t  the center  and para l l e l  
to the longitudinal axis. The strain gages on each ageci- 
men wera wired in pa ra l l e l  to o b t a h  an average strain 
reading, A modified Brown Recorder provided a continuous 
record of load v e ~ s u s  s t r a i n ,  

Four solid shear epecimens, Figure 7 ,  were loaded and 
t e s t e d  to failure In the jig shown fn P i g w e  46. Shear 
f'acea of the jig were one diameter from eaeh end af the 
specimen. The j l g  and spechens  were deahgnad with 
tolerances s p e c i f i e d  t o  obtain a press flt. A dial gage 
was uaad to measure the load deflection c u r v e  f o r  each 
specimen. A i l  tests were performed an a 600,000 Pb, 
Baldwin un ive r sa l  t e v  t machine. 



PAGE g 

A t  l e a s t  zvo hollow ahea r  specln,ena of each type (~igure 
8), h~:?ing d ime  t e r  to wall  thickness ratios of 3, 5, 7 ,  
9, and If, were tested to failure in -eke same j i g  used 
f o r  solid ahes r  specimens, The Cestirrg procedure was 
iCenLica1 to t h a t  used f o r  s o l i d  shear specimens wlth the 
exception thaC p a r t  o f  the t e s c a  were canducted in a 
120,000 Pb. Eald>tin un ive r sa l  t e a t  machine, 

P a r t  E: 

E i g h t  sus t s ined iond specimens were cadmium pla ted  
and baked p e r  P. S. 73.0lWand t e s t e d  at 60,  70, 60 
and 3G$ of the ult imate s t rength stress Levels .  
Testing fol lowed the same procedure as o u t l i n e d  
above f o r  bare specimens, 

Eight  sustained load specimens were ahot peened by 
the Metal Liprovencnt Company sf Lsa Angelss, in 
accordmca w l t h  the rolhowing s p e c i f i c a t i m s :  

A .  Shot peen a l l  surfaces except the Inside of The 
holes per ~ i l - ~ - 1 3 1 6 5  wlth ,019" nominal d ia .  
shot;. 

b .  Alwen " A "  intensify of ,8& to . O I O n ,  
c, The method of dc tcrrnining i n t ens i t y  and t h e  Al.men 

"A"  test specimen s h a l l  C Q ~ ~ O I T I I  to Mil-S-13265, 
d .  The shot  used shsll conform to ~11-23-851~~ t y p e  

I A  or lB, C l m u  1, 



e .  $arts shall not be aubjeeted to p~oeessing tern- 
persturea in excess cZ $00 F. 

$. Magnaf 3*w Inspect  parW before and a f t e r  peening, 

Following shot peening, six af the p u t s  were ~ h ~ o r n i u n ~  
pla ted a t  Convafr per P, S, 73,C4"with the exception 
that t h e  baiting temperature wau l imi ted  to 450 P 
maximum, Two of khe sgecixena .were cadmium pla ted  
and baked p e r  F, 5* 73.01. The caatnitrm plated  ~ p e c i -  
mens were loaded at 80 and 9% o f  the  ultimate strength 
stress levels and the chsomim plated s p e c h e n s  were 
t s a t e d  et 70,  80 and g(rd of the ultinate strength 
$Area% l a v e l s ,  

4, THO addl  tisnaP sua t s i n e d  laad specimns were chrmium 
pf ated and a.&g:d at 450 F w i t h  no p r i o r  surfsee 
cgvatit.senc an9 t e s  z e d  n t  ~9+$ of' ;rl+uLmte sa;rmgtk, 

P a ~ t  Q; --- 
This p o r t i o n  of  the "E;euting was concerned with the weld- 
ability ar modified SAE 4 9 3  and t enz i2s  proper t ies  s f t e ~  
heat t reatment.  

1, Ten tens2le  8pc:irnens, Figure X, were asc weidzd 
. ( .~air.g.~tr.ni inrd i n c r e  ~ P B  weld ing  nrcoedures) .. m LECi; th2 en; 7 ;-5 * +  

,,#,,, i4" ,,.3 i 3 h ? i ? % ~ ~ c x i t a ~  ~ n b  ;nechhzte 
s e t   tin^;^. 

a. Arcos SM { ~ p e ~ i n l  High ~ s r b u n )  - 25 v o l t s ,  125 mps, 
eleozro  p ~ s i t i v e ,  

b, P dc H 2L - 25 v o l t s ,  P25 amps, e l ec tza  poakt; lve,  

The material  w'm preheated t o  4OO - 600 F and pasf-  
heated to 1350 F. Hest  treatment was the same a8 
t h a t  used for the o t h e r  type specimens. Standa~d 
tenslle t e s t s  were performed on tho apec2mns a f t e r  
final machining, 

2. Seven s e t s  QT f lash  weld t e s t  apecispens, Figuse fl, 
were prepared at Convalr end sent to Menesco M%g, Co. 
st Burbank for welding, Deta iha  of the welding pro- 
cess are unknown, Due t o  the s i z e  of the specimen 
and the nature af the failure, Baldwin extensometera 
could not be used to measure atrain during the tenai le  
t e s t a .  A dial gage waa clamped to the specimen to 
measure deformation over one inch gage length  in- 
cluding the weld, 

NOTE: P.S. 73.04 is a GD/FIV Process dtaxmdard based  on, a n d  c o n t a i n i n g ,  
t h e  r eq~ i r emen t s  sf Spec, ;&J-:,'-32:'i, 

PWP i O 7 2 - l t - ~ 1  



1, S m o t h  machined to a 250 ,ma surfzcs f iniah. 
2 ,  Smoctc ndch lned  ts a ISO m s  finish and 

cad-mhtra p h t e d  gslz d ,  5 .  73.01, 
3. Smooth rnacnined to a PO0 m a  f i n i s h  and shot 

peened accsrding t a  the prccedure o u t l i n e d  
under %us tained load t e s t s ,  

4, Smooth rn:~chined to a 140 rms f inlsh, sho t  
peened, chmmiurn p la ted  pep P. S .  73.0&, 
baked ~t a temperature not  aver 450 P, smooth 
gramd t o  a 16 m a  f in i sh  and a final plating 
thickness of ,002 in . ,  and baked ac 375 F for 
4 hours.  

5. Sane as (4 )  above, except the shot peening 
was eUrninated, 

6 ,  Smooth ground to a 16 rms surrace f i n i s h  and 
baked a t  375 F f o r  4 hours. 

7. Finished per  A I A - A R T c - ' ~ J ~ ~  which e~sentially was: 

a. F i n i s h  ground to a 16 rms f i n i s h .  
b, Bake at 375 F f o r  4 hours. 
c .  Pol i shed  longitudinally in f au r  stages with 

0, 00, 080, and 0008 grade emery paper until 
no c i rcumferen+~ia l  tool marks were visible 
a t  20X magnification. 



Phase I: 

Jominy hardenablli5y r e s u l t s  for h* dl&.  end 1 i/iCi' Z ia .  bars 
are *sizo7m in Table 1 and ,Ripre 16. 

T%e effec'cs o f  vrrrlsus austenitizing tanperaturea rrpon tho 
taaa i l e  p r c p e r t i z s  are shorn in Table II and Pigurea 1: 8 18. 

A recheck an the Szod L q m c t  t e s t s  was made ts ascertain She 
effsc', cr 450 P and kTs F tempering tempersr;urrt since th is  
rango seemed t k e  probable choice for &he heat treatment of 
SAE 4335 (~od,). The results  are shown in Table X I .  

The hmgitudin:z;a and f,ransverae tenrsf la tea t  results are 
shown In Table X I 1  arid Figures 28 and 29.  

The compression test ~ e s u l t s  are shown in Table X I I I  and 
Figure 30, 

The shew t e a t  results f o r  aolid and hollow specimens a r e  
shown in Table X N  and Figures 31 and 33, Figure 32 shows 
the a f f e c t  of wall t h i c h e s s  upon the ultLmite ehear s t reng th  
of h~llow tubes, A t y p i c a l  f a i l e d  speohmn l a  shown i n  
~igure 46. 



DISCUSSION : 

Phase I: 

Xnit ia l ly ,  the austenitizing tempex'atme and time at tern- 
pekature were studiod,  Varying ths  temperature fn 500 i n c r e -  
ments from 15GO to 1650 P and v m y i n g  holding time between 
one to four hours had very l i t t l e  e f f e c t  on the ductility. 
Hswe ver, the y i e l d  s t rsngth decreased with  increasing aus- 
. " ,mi t i z ing  zernparature and holdfng 'time tss shorn in izigure 17, 



The vaz"iat3.cn af t e n p c r f n , ~  t ; e ~ p ~ r z i ; : ~ s e  %tx drxcr?t'.3nt~ C& 
250 between 4QO and 500 F y ie ldad  ?Jcry 11% c l a  c i s fcc t  u g m  
elbongation ?nd r.=ductPon caf %ma. Spclt f2jx* Llij d %he u l t l -  
=ate t e n s i l e  st;res,g.,tsh re sul", was se*scbrc, with  no a&pzzacn"s 
treizd bs i ng  e s  teb3isin~ ti. ClnXv one tcr:a l2.s er?clz-:zn :sz 3 
fe8tsd. a t  b2ch st:% ~f cunditiora3, ThUss 37ig:?,t vc?L;5ions 
in h~xrrsgt?nPeZy vrZ;;ht. s$,fp2ifica~,%l;. effec"r,thta t ~ s t  ?GI- 
5u1;i3 * . v i p  , , ;.$e;k,! tstx+en;r,t.h iaacrcc~sd  zpprc;r-irr!:;tzly 1:2,Qf314 
ps f tru.i~p';'pT~s rat?;&-f g @f;$.di.~d f 02 9;;;-"-~m? * *' + -  4 *- 

I ,  3% :)!75 -c - 'r- <S z i ~ ~ ~ s  < : X Z ~ V C ~ ;  2!i h ~ ~ z  x : ~ r F ~ b  ' ~ ~ ~ ~ ~ Q ~ ~  -. 1 -  
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Increasing the ratio of the  diistance from the een ta r  of ths 
Role t o  She edge of the specimen to the hole d i m e  t e r  
saused practically a l i n e a r  incraaae in ultimaks b e a ~ i n g  
atnength, From Figlre  34 it may be seen t h a t  considckable 
raaistmce to d e f  ornation was gained by increaai-ng the 
e/d ratio from 1.0 to 1.5, while very l i t t l e  increase was 
attained In the 1.5 to 2.0 fnerament, H~wevek,  the ulti- 
mate bearing strength was increased frsa an average of 
213,GCQ p s i  f o r  e/d s 1.0 to 460,000 psi f o r  the e,/d a 
2.0 spec hmens , 

me sustained load tests were devised f o r  a previous t e a t  
program to study t h e  embrittling ePfect of hydaroogen a$- 
sorption during c a d n i ~  and chromium plating %n the presence 

- 
of a stress raiser.  The t e s t  specimen was designed to 
simulate the walking beam of the B-36 landing gear, which 
had f a i l e d  due to hydrogen embrittlement. Cadmium p l a t i n g  
applied per  Procejs Standard 73.01 embrittled 4335 d % ~ p t t e  
the baking treatment of 3 hours a t  375 F. Sustained 



The inadequacies of the ~irustalned load test nit3thoc.i should 
be noted hem, m e  t o  l;hrs proceas of load  app l ica t ion  
via turnbuckfss, and thc technique of load calculatisn by 
ca l ibra ted  s train  gage links, conaidereble e r r o r  was 
introduced into  the test r e su l t s .  The loads were checked 
once a week and g a n 3 r a l l y  it was found t ha t  the load had 
decreased either by y l z  Jd of the specirnan or the fixtum 
or by c reep  Ir: She ~ 1 %  used to a t t a c h  the  s t r a i n  gages. 
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arc ;mlding o f  Q335 with Arcos 5H (~pecial High carbon) 
and p & if 21 elec t rodes  produc&'jlrePclrnenc3 having tensi le  
s t rengths  cf and 785% of parent zeta1 t ens i l e  s t rength  
r e spec t ive ly .  These results  were somewhat lower than the 
8M w?ld e f f i c i ency  determked f o r  43W in Convair Fcrt 
Worth Report No, HB 54-3. F i f t r  percent  of the fSai?=iarea 
in the 4335 test occurped a t  the weld J u c t k c n ,  Ftgure 53. 
shows t,w,ica2 photomicrographs of w e l d  junctions f o r  both 
type elect rodes ,  A camblnathon of wsfd junction failures 
( raecl t f r .  ~ o s s l b l e  f r a m  base r n e z t ~ l  to veld deposit aarbon 

norssity and slag incPusfcns prsCwed tens i le  diffis:snT,-, 
~ r u ~ e s t i e ~  whl=h were n c t  $n1:r m p r e s m ~ a t i v e  of the 
mocnmifcai s trengths paaa ib le  A r c ~ 3  5R m@ ? % l! 2% 
e 2 e c t r x k s ,  Zxmplzu of these defec2s can be men in the 
pr~atcsgr-zph o f  fracl;urad s-cxcfaeea in Figure 52, Weld2ng 
operalor zechnique is f s 3 t  to h? the strongeac contribuGbng 
factor %a these 1 0 w  ~ " e t m l t ~ .  Of the ~ W O  electroders, A~-coa 
5% had bet te r  properties from She viewoint  ~f ductiPi$y 
~ n d  w e l d a b i i i a  y. 

Qgneraily speaking, 4335 compared favorably to 4340 in 
rotating beam type fatlgue t es ts  for spechens having no 
notch. T h h  can be seen by referring to F i g ~ e  38 snd 
~ontparing the curve f o r  smooth ground 4335 specimens to 
the curve for smooth ground 4340 spaahens.  &n improvement 
w a r  4340 can be noted at the lamer a t r e a s  Zevela. mot 
peening fmproved tna Fatigue characteristics of 4435, Pn- 
creasing the enduranca l L m l t  f ~ ~ a  118,mo p s i  to 125,G00 p s i .  



The largest b e n e f i t  from sho t  peening was impamxd to 
the chrornlibsf p l a t e d  s p e c i ~ e n s .  Figwe 53  shows the 
surface of H sho t  peened speclmcn wi th  i t s  t yp i ca l  b- 
pressions r e s x l t i n g  Prom Lhc peening a c t f o n ,  For spec&- 
mens shot peened prior t o  chromim g i a t i ng  and f h f s n  
grinding, only  a slight reduction in f abi iy~e s t rength r e -  
sulted at t h e  h lgher  stress as compared sa uaglatad, shat 
peened spec h e n s .  However, f o r  chroaiui @fated spec%msns 
hav ing  30 peenizg, a drastfc reduct ion  i n  fatigue s w e n q t h  
was obteined,  This was due probably to the residual stres2cs 
lnducsd by the plating and grf nciing operations, 

CONCLUSIONS : 

Phase I: 

- - - - - - - - - -  

a, Aulsrtenitize a t  P5TF P foF u~%e-hCbtaF - - - - - - - - - - 
b, Quencn in agi ta ted oil to room tempuratw2 
c. Temper at 465 F f c s  t xo  hours 
6. Air @a01 to r u m  $emperatwe 

M~rrnal elf quenching from the austeniti~ing Vmperature 
to roam temperstwe fo l loxed  by a tempering 
operatlon was suf F i c i e n t  to p~oduce rnaximm ausesnltka 
transformation. Neither mmquenching, subzaro quench- 
ing, or double tempering treatments improved the 
mechanical proper t ies  of 11335 s u f f i c i e n t l y  t i b  wmmt 
t h e i r  uae in the heat treating, cycle.  

Oil quenching w i l . 1  no% produce quench cracks Pn heaS 
treated parts of 5335; nowever, tempering should 
follow quencnlng #PYA as l i t t l e  delay as p o s s i b l e ,  

Phase XI: 

The r e s u l t s  of t e a t s  t o  betemlna the  mec~lanical prcpert les  
of SPE 4335 hest treated to the t e n s i l e  strength level of 
260 - 280 k s i  in accordmce w i Z h  m e  procedure cutlined. 
in Phaae I above indicate the ZaPLovLrlg: 



, Chl * ,,- . F b *  
y*: 

* *. * ." 
?-> ' 'z* 2 ,: j. ::" "S " -; ""r -7 f " " "s" t * 7 - * " d  % - *  

- * S & . & a  A > % " 2 * -. : - - 
% A r "% i i-" 

\ ,  + " " %  
6 a d * 

is; Z , k 3  x!-3.>&~-~ U I L .  % r - 2 u * +  L!.:L- '" I ; ' :  h?:J - , A ,  : - - : .'-&. . - . 

- - .  * - . L A  

3 2 2 ~ C Y E  13 b-7p ri ur *;.id. 7 0% A'$ j t:i;j ~2 f, , s ( ~ ~ - & <  -aA&& *-? & ,**** >-$ 

I z u p l  thrr. i s  xii;Gslc ~ j ~ f f ; s ~ ; ~ + ; ~  ??c-:~ t i t i  

Chpp~;L;;q li?i - af-:lwz ?\g,t!;-g Zi*;.--r; i 75. '  f6:i: 72.2 #:'+ ; 

02% 4335, c::r-;:i.f-q qg--",~-z . - -* - , -$ ~b - a 4 -  ' , 3 $ : . - '  

H ~ w , - v e p ,  +--12 p j - ~ p c ~ ~ ~ ~ ; ~ - j  4h Y ~ - J - " - ( *  rub _i., 3, fl*> 7dg;;mc* a %a < x - 5 - . W r z s % r - %  s ++ *z +.+ . . -A A i%-:s * 1 
-,*CZ:"gq;l" 3 grinding i;kie r l ~ t l n g  ~3 .C>l" T.Z.ie;::>. ." 2 ,  "" 

the p ~ n u c - ~ ~ l  zd5tj.gy- yr~yi$pr;L.,r c;,1:.;;1 &. h e  '$9 XCA!.:: 
s tpgases  L z d - ~ p , r : < i  f~38 (;hr{a3&-~3 ~ a ~ ; ~ 3 ; ~ y : ;  "Y;d ~ : 9 ~ ~ + d j ~ ~ : ~ - : -  

Shot pa-ntr.: 7 f?t:c;23 - *%;-:; ;scta 9 3 :  :+2sc = 

p a l .  ffic,; T~ caq=j,::g "32 ze-y .,iz.~.lz-l;. :j,::ef i$j.rl j,il 
ir,;?p~yil?c ~ 2 -  ;A'arl;-~< -::.:p~tr.C,I:- cf ~:'%AC?,, ~ : ~ ~ C : ~ I > ~ : ~ ,  

I.::-;: ; :E3 P;lc,-zase;z. ~ ; ~ ~ ; ~  pf;;ced 4355; :ifL: 3-t 
~ f j , ~ ~ a  cycle.; t a  1,72?,C(:3 c y ~ i l ;  bgs .;kz; ~ ~ ~ n i ~ : ; .  



ja , 
PAGE X-- 

T#-,-v- 3 !: $Z Q 
REPOiQT F;~LL'~'L-~' 

Tkie cencPusion of t h i s  e v ~ l u a t i a h  of SAE 4335, hea$ t rea tz3  %a 
260 - 280 k a f ,  ;$houlb not he cansidered as zhe f:nal m a w e s  
to airframe ~equirernents f o r  u l t r a  high strength s:eals, The 
eontinuin5 demands for higher performance, pa~tisu1ar;g in the 
missile f i e l d ,  necessitates f u r t h e r  Investi;z&ions ~f new 
and improved a l l a y  Y cee Is, 

Many s t e a l  compsn:es recognize %he need f w  impso-led a l l o y  
s t e e l s  and ars cooper3tffig with the airczzfk i n d u s t r ~  to pro- 
v i d e  s%e9 9 ~ k i c h  wi?-Z m e  $ the hig:~es  m q ~ ~ r e n e n t s  sf %he 
fud;ure, &t f 3 reczmerrded "vat; C u n v a % ~  i ?%Wi~~i@ 9QmC af tke 
new 3IBag.s w h i c h  S%s:m oeen ~ r o d u c e d  sira.za ",he bc@nai::g 5s ?he 
3 3  i Awng cheze ars: 
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A DlVtSiOPl QF GENERAL DYMAMiCS 'iQBdsRAT~ON 

(FORT WORTH) 

Shot pwned su~face 4f 4335 go<. f zt2gi;;s spec i - xn ,  
HoCa corntpressed impressions re~gltlng kom inngac t 
af s r m . ~ t ,  Nita l  ECLeh 5f-)(;ZX Hag, 


























































