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Abstract. 

Six Universal Carrier pins which failed 
the standard  inspection impact test  iere 
examined to determine the cause of failure. 
All pins  were  of large grain size, Which 
condition would lower the impact strength. 
The tmproper  heat treatment of  four  of the 

. pins  would further aggravate this condition. 

Origin,of Matidàleand_Object  of_Lamelsetion: 

On July  4th, 1944, fragments  of  six (6) Universal 

Carrier cased pins were submitted by Dr. C.  W. Drury, Director 

of Metallurgy, Army Engineering Design Branch, Department of 

Munitions and Supply, Toronto, Ontario. The requisition  order 

and pins were identified as follows: 

Requisition_No. 830,  amorljo. 9, Section A, Test 27: 

A.E.D.B.  Lot  Ne. 

1100, 	Canadian Acme. -  Broken on impact. 
1101 0 	do 	 do 
1102, 	do 	-  Variations in 

surface hardness 
1103, 	Allied Producta -  Broken  len impact. 
1104, 	do 
1105, 	do 	 do 

It was requested that the structure and properties 

of the pins be examined to determine  the calla° of  failure. 

do 
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(.:1hemicaI An421;als,: 

Drillings for chemical analy sis were taken from 

the  core  of each pin. Results of  these analyses are  shown 

in  Table  1. 

TABLE  1. 
Re=mmended 

A.E.D.B.  Lot No. :SAE 3115  Purchasing 
; 1100  ; 1101 :   1102 	1103   : 1104  e  1105: _212slefication 

- 	Per  cent 
Carton 
Manganese 
Silicon 
Phosphorus 
Sulphur 
Nickel 
Chromium 

: 0.16 :  0.16  :  0.19 : 0.20  :  0.16  .C.21  : 
: 

 
0 .47 : 0,46  :  0.47  :  0.51  :  0.46  e 0 .51 : 

:  0.28  0.2E 0.28  r  0.28  :  0,28 :0.26 : 
: 0.011: 0.011: 0.013: 0.007: 0.007: 0 .001.: 
:  0.022:  0.022: 0.022: 0,027: 0.024:0.020: 
:  1.55  :  1.57  :  1.59 1 1.32  :  1.25  :1.27  r 
0.26  : 0.27  :  0.26  :  0.37  :  0.34  :0.20  : 

e 	• 	 at I • 
In 	 a 	• a a 

,......*....„.........„..........„......„...„.......„...............„„„,........., 

«MOB 

0,13-0.18 
0.4C-0.60 
0.g2G-0.35 
0.040 max. 
0.050 max. 
1.10-1.40 
0.25-0.45 

Yardness: 

Rockwell hardness values for  case  and  core  are  shown 

In  Table 11. 

TAPLE  11. 
• ■•••••••••••IMIMMn•••••■• 

: 	Surface  Hardness, 	 - . 	Core  Hardness, 
A,E.D.B.  : 	Rclekwell nAn  	 * .  	Rockwell  "C" 

 . ----____ 
Lot No 	•  As  Found  quec'fied  - An  Found  Speciried 

: 

free 

Cast De.oth: . - 	 . 

Transverse  specimens  of  each  pin  were  deeply  etched 

with  2 per  cent nital and the case  depths  were  measured  with 

a Brinell inicroscope  The results are shown in Table III. 

(Continued  cn next page) 
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1100 	: 	4 
1101 	: 	41 
1102 	: 	4 
1103 	; 	3 
1104  
1105 	: 	7 

: 

3  and 7 
4 

3  and  7 
3 
3 

3 and 7 

- Face  3 - 

r 

(Case Depth, contld) - 

TABLE III. 
J.12.1.22211  J 11 ' 

Lot No. 	:  As Found 

1100 	 ;  0.01B 	0.012-0  020 
1101 	: 	0.012 
1102 	 : 	0.012 
1103 	 : 	0.018 
1104 	: 	0,016 	 TI  

1105 	: 	0.016 

A.E.D.B. 

Grain  Size: 

Pieces  or  each pin were broken  on the Isod  impact 

machine and  the grain size of each fracture obtained  was 

estimated by comparison with standard Shepherd bars (see  Table 

IV). The McQuaid-Ehn  size  was also determined.  The  specimens 

were etched with Murakamiva  reagent for microscopic  examination, 

to outline  the  grain boundaries more  definitely (see Figure  1), 

TAU!:  IV. 
A.E.D.B.  :  Fracture 	McQuaid-Man 
Lot No. ; Grain  Sise 	Grain  Sise  

01«1 

119.122/.1522.1£—EeelatI12n: 

Transverse sections or all pins, examined  micro-  " 

scopically, showed considerable variation in  microstructure. 

Pins Nor. 1100 and 1105  had homogeneous martenmitic 

core and case microstructures which are typical  for  suitably 

heat-tre a Led 	3115 pins (see Figures  2 and  3,  photo- 

micrographs at 500 and  200  diameters respectively). 

Pin  No.  1101  id  acme-microstructure  composed  of 

some martensite and a large  proportion of ferrite, as  shown 

in Figure  4  (e  photomicroGraph  at  X500).  The case  microstruc-

ture was martensitic, similar to the  example already  shown  in 
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Microscopic  Ixaminatior, contîd) 

ilgure 2. 

The microstructure of both case and corc er  Pin No, 

1102 was heterogeneous. The core contained ferrite ae.d  fine 

pearlite (see Figure 5, a photomicrograph at X500).  At tha 

oxtreme surface of the case, the microstructure (sec ligure 

at X500) consists of  cementite  and martensite  Backing this 

microstructure ie an area cf varying amounts of martensite, 

pearlite and troostite. 

Pins Nos. 1103 and 1104 had  a normal  case micro-

structure, typical of  that  shown in Figure 3. The core micre-

strueture was  uniformly  martensitia but of unusual cearaenese 

(see  Figure 7, a photomicrograph at X500). 

Discuseion: 

The chemical composition of each  pin  Is n.lost 

te  the SAT 3115 recommended purchasing specificatien. 

Hardnese values and microscopic examination eubstan-

tiate  each  other in indica•ing  that  Pins 1101  and 1102 have 

not been  properly  heat-treated„  The  core hardnese of 17 te 

Rockwell "0" and  the  large proportion of ferrite in uhe core 

of Pin No. 1102 indicate that it was quenched from a temPera-

ture  below  the Critical. 	in  No. 1102, on the other hand, 

appears to have had a  slow cooling rate; possibly it has not 

been quenched at all. The presence of fine pearllte  and  fer-

rite in the-core is in  agreement with  a  hardness value of 80 

to 81 Rockwell "B". In  the oase,  precipitated carbides  and  a' 

heterogeneous  structure  of pearlite and Martensite  explan the 

variation in surface  hardness.  As a  result of thlz b,set 

treatment, both  pine  would have relatively low im-„-;aet  etrength 

2ins Nos, 1100, 1103, 1104 amd 1105, with a uniform  martensitie 

microstructure of case and  core, appear.to have been properly 

heat-treated. However, the ccerse core etructure  of 1103 and 
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(Discussion. contld) 

1104 indicate that tha quenching temperature was high. 

The main cause for low :.mpact strength appears to  . 

be large grain  size.  As  shown in Table :V.  the grain  size, 

both McQuaid-Elul  and in  the heat-treated pin, is 3 to  4  for 

Nos. 1101, 1103, 1104  and a mix ed grain size of 3  awl 7 for 

Nos. 1100, 1102 and 1105.  The specification require .J that the 

bar stock have a fine grain size, of 6 to 8 McQuaid-bn. 

0CNCLUSIONS: 

1. The chemical analysis of each of tbe ps ia 

close to the recommended purchasing relerements for 3.11E 3115 

steel. 

2. All  pins but Lots Nos. 1101 and 1102 ncet  the , 

 he.rdness specification for both cast end core. 

5.  Ail pins are  within the case Camth rc•quirements 

of 0.012-0.020 inch. 

The pins ere oZ coarse grain size. Th...e la Ulcs 

prcbable Gauss for failure to meet the 45 foot-pound 

inipact test. 

3.  Pln  No. 1101 has  ber  quenched from  bricie  tne 

upper critical of  the  core. since  a lare properticn 

massive ferrite is present in  the  microstructure. 

6. pin No. 1102 has  a hotorogensous  ctse  and  core 

structure. Tho free carbide env3lopos in 	cass  anc:. the 

pearlite in the core are indlcatrye of a  aLow  eco1nj  rate, 

It is quf.te pzasible that this pin has not been quenGbad. 

7, Mns  Nos.  1103  and 1104 have  an unusually 'coarse 

nurtensite core structure, This suggests that  th s 1):,nr were 

qmenched from  a  high temperature. 

8.  Pins Nos.  1100 and 1105  nave been prc ,piy 

at treated, 
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X100, etched in 
Murakamiqs reagent. 

X500 , etched in 
2  per cent nIta1. 

Cage t;) 

Elfaure± 	 Pi 	2. 

MCQUAID-EHN  GRAIN  SIZE, 	 CORE STRUCTURE, PIN NO. 1100. 
PIN NO. 1100. 

4. Figure  3› . 

X250 etched in 
2 per cent  nita1. 

CASE STRUCTURE, PIN  NC,  1100,  

X500, etched in 
2 per cent nital. 

CORE STRUCTURE, PIN NO.  1107— 
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X500 ;  etched  in 
2 per cent  nital. 

CORE STRUCTURE,PIN NO. 1102 ., 
MOM  

el2Y11.3  paecerrecwouss, 

X250 1  etcher2 In 
2 per cent rital. 

CASE STRUC7.1UltE OP PIN NO. 1102, 
SHOWING CLEENTITE AT SURFACE. 

ElfillU 

X5(0 etched in 
2  per cent nital. 

CORE STRUCTURE OF PIN  NO  .103 . 

IHM:LB. 


