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Fâetallurgical Examination of Steering
End Bail Socckete from Arr?oured Truck.

Inv© z^i.Zet3 on;^ G:^itfiia of RjatEr i a^ and_..^^.i'^? of

On April 20, 1946, the Division. of Me tallurgyA

of the Army Engineering Design Branch, Department of

Munitions and Supply, Ottawa, Ontario, subml.tted for

metallurgical ex:am:lnation thres (3) steering ,;nd ba:.l

sockets which. had failed in service, These three failed

ball soci?:ets were submitted under Requisition Nao 695 and

designated as follows:

No,

1 AoE,Dj3o Let No, 5,bll^1p Ford Mot;,)rs.
2 tr r: tt 388 F M
3 It 11 n 389D General Motors supplxo

On May 19 1945, two additional bail sockets which

:iad given satisfactory service for over 19,,000 :miles were

submitt9d. The two s^--.t-isfactory sockets were subm'.tted

under Requisition No, 696 and designa.ted as #

4 A,E,D,Bo Lot Nop 590a
5

it it it 5 9 0 e

(Conti_nued or., next paga)
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;Origin of  Material  and Obiect  of  Invoattle.eion cont'd)  - 

EILM.4.12-10 

THE THREE FAILED STURING END  BALL SOCKETS 
AS RECEIVED. 

?ire  2. 

CRACK  IN BâLL SOCKET NO.  2  (se, 
arrow, Figure  1) 4  ENLARGED, 

«Mae 

Hardness: 

Brinell  hardness readings were taken  on the nec 

of each casting. 

(Continued on next page) 
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(iiardnesa, corit ' d 

TABU, 

39.11 	3rthoU Bardnes s t  
Socket  

load ) 

1 	. 	220-229 
2 	. 	200-201 
3 	- 	197-201 
4 	- 	179-183 
5 	- 	192-197 

••■••■••••••••••••••••••■•••■■•••...........mememme 	 •••••••-.1. 

CLemica: 

TABLE: 1 , - Chemical Ana.17s1. s 

,3ockut Socket Socket Stroke t  Socket 
No  2-  yo, 3 	No,, 4 No. 5 

Carbon 	C),38 	0,41 	0,52 	0,34 	0 0 34 
Mansenetie  - 0,80 	O'77 	0,93  
silicon 	- 0,30 	0„27 	0,35 	0,33  
. }.1osphorue  -  O,0-4 	0 „ 056 	0,032 	0.029 	Q,0-4  
dulph-,ut 	- 0 „ C4 	0„  050 	0O60 	0..042 	0 „ 0,t1 

0„ 11 	0.34 	0.09 	0.06 

tie clumicca Fr  ojI 

2' lO t en silo specimens, 0.202-3.nch in .  diameter, 

wort* propt.rod !Yam (81. R eh  casting,  Tho re chanicel properties 

d.cterminer.1 ao‘e nhown in  Table 1110 

'.1V›.!4;le 	-  Mechanical  rrokert .:tes. ., 

'4 ex :7.1.ratm 
Socket stra Pie, 

1. 	93e 2(j0 
84000 

2 	1 3 300 
8Z 900 

99,40C 

41. 	el' )  4°0 
a5.e.  ef00 

200 

Elongation, 
per cent in 

1 inch 

82,300 
77., 800 

5,0 

	

62., 200 	40  

	

75e. 500 	20,0 
77„ 1;è0 

k 84 1,200 

70 r :: ,̀ .)C 
71 r  600 

Yield 
strength., 

„ 
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:rats.iAce a.auGu m4rke, 



Figure  4. 

Ball Socket  No,  2, ==e=  =:==: 
Drawn  martensite and 
spherolltIzed  carbides. 

X1000 0  etched in 
2 per  cent nital. 

Xr;00 i  etcheel in 
2  per cent nital„ 

Ball Socket  No  3. 
•  - 	_ 

Note spheroidized 
carbides. 

.111118• •••■• 

- 	 4 

Microeco lc Examine- ion° 

'1,1e.eouteepic exemitaui.lua  u£ 8pecinerel cut from  eacil 

ball socket disclosed that the three castings submitted because 

of  failure had a similar microstructure coneisting of epherol-

dized carbides in a spheroldiz•d matrix,  produced, no doubt,  by 

drawinr, at  a temperature just under the lower critical,' These 

microstructures are illustrated  in  Figures 3 and 4 $  photomicro-

graph» at 1000 and 1500  diameters of Sockets Nos.  2 and 3 

respectively, 

There was no decarburization at the surface  of  the 

unsatisfactory  casting.. 

The  microetructures  of  the  eatisfactcry secketa 

*Ws. 4 and 5)  were different  in  two respects: (a) they 

consisted  of  ferrite  and tempered martenslte, as shown in 

Figure 5  (a  photomicrograph, at X1000,  of Socket No, 4); and 

(b)  both sockets were decarburized to  a  depth of  0,040 inch 

(Continued on next  page) 
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Tago  5  - 

Wicroscopic E;›ari:Ination, cont 4 d) 

1 

X7(.0(;0 et,c.tloC 
2 per cunt nital, 

F!all Socket blo, 4 , 

2;50.  etched  in 
2 pe -i.  :lent aital c  

J'arfacet  er 2:111 7;cciee no 5, 

Èerrito  and drwn 	 Partlit) .2.ccurburizatizu, 

Discusecn: •••••••■■•••■■■•■••• 

I •  ebould 	Zirst peinted out thai.. the sockstv 

submitted Il•v been r.ibitrarily 1asti'î 	st;e1.1 .,e ett4er  . 

goGd  or bnd ;  tu-td that  whi'ie  differences 71n rti1e4.1/at 

be  responsible for the e:ocket'3  classification tt Is  also 

possible  that sockets rated as  go  c<à  were anly so  classified 

bscause they were  1.1. ,)t,  80 severely tested, 'llere three out  . 

of  rive articles are .rated defective the epe)le  production 

muet  be suspect. 

ayka4,sen and hardnees an tenzie testing 

natre nct 	ee.y eif .taat difference betwen sockets 

rate,  satilfactory end tl...ose classed an usà.satiefactory„ 

Deforamtion or the xarmcr c'iaed in  terve-e,  however, 

deftte.!tty 	 ^•ztlm:ez 

Irfthstw.e, 7..oade Impo,we n 	tee° ox. tonsUe 
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(Discussion, centld) 

test oars cut from the casting do not show any significant 

difference between the yields of the "satisfactory" and 

unsatisfactory castings. This may be due to the known feet 

that reaults obtained from tensile test bare cut from castings 

may not be dependable. As pointed out above, it may also 

indicate that the so-cslled eatisfactory castings might have 

proved uneatisfactory under somewhat more severe service. 

The only discoverable eignificant difference in the 

two classes of socketa ie in their microstructure,  the 

"satisfactory" caatings certainly showing less spheroidiza-

tion or  the carbide phase and poesibly a  somewhat higher 

ferrite  content. Definitely, teen, the "satisfactory" 

castings were drawn at a lower temperature. In mass  pro-

duction heat treatment one would expect that the  drawing 

temperature would be held constant. The structural differ-

ence, then, might be due to the fact that the temperature 

of the  furnace varies from point to point despite  the tem-

perature control arrangements provided. This is very likely 

in a large  box type electric furnace not provided with air 

circulation.  The fact thut Caeting No. 3 has approximately 

the same hardnees as castings elich have et least  0.15 lower 

percentage  of carbon, however, definitely indicates that the 

draw temperature has bean adjueted to control the  effects of 

composition  variations. 

Castings N08. 4 and 5 definitely contain  free 

ferrite  and the other castings probably do, the  ferrite 

areas in  these latter cases being masked by the apheroidal 

matrix. The preaence of this ferrite definitely indicates 

either too low a hardenability or a poor quench. Previous 

work  in these Laboratories hae shown that a  casting of the 

• II 
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(Discussion, contsd) 

same type and approximate composition can be properly quen-

ched, 23 long as sufficient volume tuld agitation of water &re 

provided. If conditions ars uuch that thle latter cannot 

be guaranteed the compoeition of the eteel should be adjusted 

to provide for higher hardenabllity. If this should be 

necessary a  manganese-molybdenum oomposition is ouggested. 

Surfe,ce decarburization is reeponeible fcr the 

differences in the hardnesees reported for Socketa Uos, 4 and 

5 in Tables I end III respectiTrely as the 0.040 partial 

deoarburization show  in Figure 6 had not been eompletely 

removed before hardness testing. Brinell surface hardness 

tests  taken on the neek of the sccketo (Table I) have been 

recorded  in thie report as  this is the mode or inspection 

testing. This surface decarburization would lower  the fatigue 

strength of the casting but ln tleis particular case  thie  le  

not of importance as failure la not produced by the  action or 

alternating strese. 

If Improved service ie to be obtained  front  ball 

socket joints of 'teie design the yield strength must be 

Increased despite all consideration of the effect of  higher 

hardness  on machinability. This can only be obtained by 

making  the quench miore +severe or changing to a  composition 

Which would prGduce Meer hardenability. If maohinability 

of  the casting cannot be altered, a design change will  have 

to be  made. 

Incidentally, the practice of apeolfying only 

the Brinell hardness for a part in which the yield strength 

is  the criterion of quality is not considered sound,  as 

materials of the same hardness can have wholly different 

yield strengths. 
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