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Tnvasstvigation No, 1417,

Examinetion of Four Stesl Axle S*nxuua

Sourcs of Materisl and Ublect of Ilovestlgation:

O Apeil 21at, 1943, D, €, W, Drury, Dipsctor of

v

Mstallurgy, Army Enginesring Design Branch, Departwmant of

& V¢

Munitiona and Supply, Toroanto, mbtarlo, gsubmittsd four steel axle
snafta for determinavion of their cheﬁical compoaitions,

physiecal properties; and microstructure, Two of thsse, ths
smellar in diameter, were sald to0 be representative of

presont productiong the two la ﬁgafmuiﬁmmbwv ghaits werds

suggestad as replacemonts, ag Uhe sgmaller shafts were said

&

te be falling in service approtimately nelf an inch ouhalde

the side goar, An opinica on the rolative propsviies of |

the larvger sod smeller shefts was rveguested (Hequleition
No. 820, A, BE.D. B, Lot Nosg, 307 to 310), .
The ssuples et tted were all new shalbs and were

tagged as Lollows:

W, DL aa

0LOZR 4886 - “;“vh ® 477 Liomg,
CLOYR 4834 - 1s5"0D x 20" long.
CLESR 4234 = 1’”Qh ® 27" long.
' CIO8R 40535 « 170D » 42" Tong

for purpozez of fderdiflication the shove shaitg

‘I'

will e referred te hereln as Wog, 1, 2, & and 4 respechively,
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Hent Treatmont and Physicel Properiios:
Aocording te published charts of the Climsx Molybdenum

Compeny, the following physical proportises can be reasonably

>

ans

expscted for SAR

u
."J

4540 gtesl whon quonched ih'011 gt 1800 to

1560° @, and dpu'n 8% the indicated tempu°abup 3

1
_BOOP W, 90g° ®,  1000° F,
L]

Ultimabe abress, D.s.il, = 218,000 200,000 180,000
Yield W DeS.l. o~ 198,000 180,000 160,000
Reduetion in aran, : -

par cent e 49 19 be
LlOHngiOHS per ceny ' ‘ o

in 2 inches - 16 ' 18 19
Brinell hardnesgs " 420 BEE - H60
Tuwoed fapact, ft,lb, - 20 58 : 4%

Phe ghafts eoxamined had the following physical
properiles in the "as recolved" condlitlons

No, L No, 2  No, &  No, 4

o asieres

Ultimate gbress, p.s.kl. = 189,500 210,500 214,800 211,800 .
Yield B posiel, = 174,000 170,000, 199,300 175,300
Reduabion ia erea, :

par cenv - 54,5 47,5 52,0 54,0 :
Alongation, por cenb o ! - . v
T in 2 inches - B,0Y 12,0 13,5 A, OF
Brinell herdness . = 3562 388 415 415
Ig0d impacht, £t,1b, = 42, 45  B0,17,16 13,14,14 15,177,106

a1 3 1 aTeea LRM e fa0 " = 18 At e sy 2 24 g et £ az 2> przzains

Bwoka outsido middle third,

all 3@etioms of the shafits were heatod up Lo L6280 P,
and after baing ae]d at tewmperaturs Tor ovne hour per inch of

crod 1w 00500 they ware quenched Ia oll, drawn at 1000° F,, .and




{(Heat Trestment and Physical FProperties, cont'd) -

egaln guenchad in oll Trom the draw temperabture,
Afber this heat btreabwent the steels had the
following phyalcal propertiss:

No, 1 o, 2 No, & No,

P

Ultimate stress, p.s.id. -~ 163,000 185,000 189, 500 169,750
Vield point, p.s.i, « 155,750 172, 600 180, 000 161,000

Reduction ln area,
: par cenb - 58,5 6
Elongatlion, per cent

23

¢

in 2 inchoy - 17.56 16,0 20,0 18,5

Brinell hardneass e 541 S7H 341 SH2

v EENCAL IR AT R D

8 58,0 58,0

Taod impech, It,lo, = BY,60,50 37,35,38 51, 856 42,43, 4%

. 4 aarT vy waan

Microgcopie Bxaminabions

%

ware polished sod then were axamined under the microscope in
the unetcehed condition, The steels wore all found to be falrly
clean, The steels were then abchod in 8 soluﬁion of 4 per cent
pleric acld in aloochol and re-sxamined, PFlgures 1, 2, 3 and 4
are pnotomiecrogrephs, at X1000 maguilication, showing réSpecm
tively the etehed structures o Stﬂﬁlﬂhﬁi%ﬁ Hog, 1, &, 2 snd 4,

<3

The shructure consists of drawn martenslie,

Disguasion of Resulta:e

-~

The composition of tus Tour gtesl shelts was faliri;
clone to the range specified Dor SAR 4340 stesldl with the

sreephion of the carbon contents of two of the stesl shaftis,

which were Jjust under the specified Timit, ALY shalts examined

had high tengile snd falrly low lmpact properties excapt Shaft
No, 1 which was felriy tough bubt wesker, The lupact strength,

of eourse, could he incressed ab the expense of the tensilse

strengbth by drawing ot & higher teomperaturve,

&zvAn e £ mEET T

Spacimens of sach shaft in the "as received™ condition

ey




4

Page

CONCLUS T
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ﬂxparimantal hent

showad thaet the in pact stesngih of

incrw&ged by & sultable heat

tnnﬁlln ﬂnx y?win cam, ba tOlOﬁdiOGn

v

impacl straungth cen be'affmct@d5

Torgion properties

tonglle peopsriles, In the absenes

as to thae type of f&ilup@9 Iv la 4d
any o6t rocommendations, Howmvwrg

£y

ghovld give good service 1.F tho des

the fallure L3 of the lmpuct bype,

ds nmnmduplex and shows

be drawm ab a hirB tomperature en

toughser form, If the Iracture ig d

there is marks

vrestment

[ag=173 'D(slf nt, °

1ittis dlmVQf&lOﬁ

uplex

cosths on the shafts
these steels could he
ife Lownwxpg of

@ mavk@d in@rw&ﬁ@ of

ara 4 ngc]y wolﬂcﬂVV To

of definite an@zma K3)8)

f”ﬁcu!u no»mﬂ

tb@ SAE 4u40 uocL uaed

ign is Sﬂti&f@&t&?y; xe

Lhat. Lw 11 the fracturs
the steel should
4 vaed In the soltsy,
,.’\

mndtepulﬂp tigue

wh

failur@}g op LE d evidence of distortvion:
(indicatiﬂg,3ﬁyaight;failurm in teas Aou)d 2 hig&@fmﬁtr@ngth
materinl is regqulred, This can be ﬁTPQCL&d by jnaway ging
the shalt section or by using a high er strength 3ta81;

in g0 far ag the suggestod alternstive ashaft is

concarned, thore are, of course, al

large 3hafbingp 18 tkhe frocture ind:
OCGuP“uO in torsiong if Follure la

thlq chvug@ of doslgn mey not be ef

't
A.

1.
2

n ot@m pﬂODUﬂLiQﬂ or al

ventages In wsing o

icmuas that fallure
in febigue or in Impact,
fective and ml Awprovemant:

by ibution (mueh BE CHD

be elfooted b shob wlastls g) mey He nocessary, The teats
shawad that thafhigh&r‘c&wbmﬁ shea’l in~$4aféﬂﬁogzﬁ trad.
higher tensils end yiald “*zon thg whan dw&wﬁ éﬁ‘th@'aam@
tamparaturﬁuas ﬂha 6ther shaftsﬁ although the impact'pfoﬁer«
ties wars MOMLMQQL léw&rb’ | ‘

Howavﬂrp by hﬂat treabment

gimiler physicﬁl‘properti@s cen be

boadlustmentts, practleally

mbtainad in the foup
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(Conclusions, contid)

steels sxamined, The guestion of the desirebility of the

fuvcrsage in shaft sige 1s, therafore, one of design only,
8 & A > t

Ag has besn mentioned above, the impovrbtant pelint, Irom the

metallurglical standpolint, is whsther tsneile strength or

wnsther ranistance e shoek is required, The nabure oi ths

optimom bheat treabtment,

Lodlure shouvld indicate tThe
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