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OTTAWA 	April 16p 194. 

RE 2 CRT.  

of the 

OR B DRESSING  AND METALLURGICAL LA3OUATORIES. 

Inveatigation Noo 1837. 

Metallurgical Examination of Broken Bogie 
Pin from 20-Ton Transporter. 

••■••••• 

Source of Yaterial and Ob ect of Investi ation: 

On April 6, 1945 0  ono broken boee pin from a 

20-ton transporte: (Dwg. A.30733c was received,for metal-

lurgical examination, from the 'Division of letallurgy, Army 

Engineering Design Brancn, Department of Munitions and 3upply 0  

Ottawa, Ontario. Ule covering Requibition No, 691 (A.E.D.B, 

Lot No. 584, Report 13, Test Voo 72) 0  dated April 7, 1946, 

requested that the cause of failure be determined and that 

an appropriate grade of steel be specified to prevent futuro 

falluree of this part. Figures 1 and 2 show tho broken pin 

as received. 

(Continued on not  page) 



Figure 1. ingum  .2. 
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(Source of Material and Object of investigation„ conttd) 

Mite fracture 
at oil hole, 

BROKEN BOGIE PIN FROM 20-TON TRANSPORTER. 

(Approximately  t  full size). 

0111.■ 

Visual Examination: 

Visual examination revealed that the fracturcà had 

ocCurred at right angles to the longitudinal axis at the 

horizontal portion of the oil hole. (See Figure 2). 

A longitudinal section we..s made of the  pin (voe 

Figure 3), consisting of a nut threaded on to a bolt 0  ful  oil 

hole, which was subsequently plugged, was drilled axially 

through  the centre of the bolt and out at one  aide,  at right 

angles to the axis .  

On etching the section in 2 per cent nital, verj 

thick case  (approximately 50 thousandths of an inch) 'yz£L-

revealed, extending along both the inner and outer walla e 

the bolt. 

(Continued on next  page) 
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(Visual Examination,  contfe - 

Fiure 3. 

m U  

LONGITUDINAL SECTION (Nital Etch). 

Note decarburization  adjacent  to  oil  hole. 

(APproximately  full eize). 
••••■ 

Hardness  Tests:  

Hardness tests made on the core  and  case gave  the  

following readings: 
HARDNESS 

Case 60 to 63.5,Rockwell  "C". 

Core 	- 	90 to 92, Rockwell "B n . 
abremeambaertele mmegymemeeeranrumwelerrbae....remeu 

Chemical   Anal; 

The results of the chemical analysis made on the 

bolt  are as follows: 
Per Cent 

Or. 

• 

alb 

Carbon 
Yangamese 
Silicon 
Sulphur 
Ihospborus 
Nickel, chro- 

-  mium, 
denum,and 
vanadium 

0,31 
0.55 
0.09 
0.035 
0.025 

Nil, 
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Uicrosculc Examination: 

Figure 4 is a photomicrograph, taken at X50C magni-

fication, showing the structure of the core, consisting or fine 

pearlite and ferrite. 

Fieire, 5 shows the microstructure of the case, at 

X1000 magnification, consisting of  fine  martensite and carbides, 

Figure 6, taken at X300 magnification, shows the 

typical microstructure of the zone intermediate between the 

case and the core. The structure consists of ferrite, marten-

site and troostite, 

Figure 7 (X500 magnification) shows the extent of 

decarburization of the case adjacent to the oil hole. The 

thickness of the decarburized area is approximately 2/1000 

inch. 

Discussion:  

The chemical analysis, macro-examination and hardness 

teste show that the bolt portion of the pin was made from SAE 

1030 steel and had been case-carburized. Previous to carburi-

zing, an oil hole had been drilled for purposes of lubrication. 

When it was decided that this lubrication was unnecesnary the 

oil hole was plugged. 

The position of the fracture at the horizontal 

case-hardened oil hole lends itself to the opinion that failure 

haa occurred because of faulty design, since a hole drilled  at 

right angles to the body of the pin and then carburized  would 

act as a source of very high 'stress Concentration and wouM 

render the part extremely susceptible to fatigue failure. 

The decarburized  surface  extending along th oil  hole, 

shown in  Figure  7 and also evident in the macrophotograph  in 

Figure 3,*was probably caused by faulty carburizing 
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(Discussion, cont , d) 

procedure. Such a condition In most undesirable e  since the 

fatigue  property of the oteel la ecriously redUcede 

lience, failure may be direet;y $..',trnuted to faulty de-

ellualwas 'feobably bastenod by improper carburizing conditions. 

It is therefore thought that a eolid yin made of the seme  steel, 

that le, SA:: 1030 0  and eorrectly carburized to give  a case hard-

ness of  approxivately 60 Roclrw1 "C", would probably  eatiefy 

the requirementa0 

Another alternative would be to employ homogeneous 

pins, hardened throughout, made of either Wee;  9255 or NE 8650 

steels. The  chemical limite of these ateels aro as  follows: 
• 

Carton  
Yanganese 
Silicon 
‘.ulphur 
Phosphorus 
Nickel 
Chromium 

SA.0 9255 	 NE C650 
Tre r  C  e=t-nr- 

- 0.50-0060 	 0.48-0053 
0,7b-lo00 
0„20-0.35 
0.,04 max. 
0 004  max. 
0640-0,70 
0.40-0860 
0.15-0,25 

• 0.60-090 
- 1.80-2.20 
di  0 005 max. 
- 0.04  max. 

Molybdenum - 
moeme-ommae,meabalmee«.«.011111.111 ■1. 

The SA.  J  9255  steel  can be boat treated to 42-48 

Reekwell "C",  by quenching in oil from  1650 0  Fo followed by 

a draw at 950' Fo 

The NE  8650 steel can be given  the  same  hardnees  bsy 

quenching in oil from  15o0c  9„followed by drawing at 8 0 e F. 

The complete physical properties resubing from this heat 

treatment  are as follows: 

Yield 	Tensile 
point, 	otrensth, 

2D6,500 	228,000  

laongation, 
per cent 

in 2  inches 

1 0 00  

Reduction 
in area;  

pe- cant 

37,3  

3rinell 	Izee 
hardnees e  impac e  
number 

444 	10-12 
.1.01«.••■•• ••••• 1MR.■••■■■••■ ••.••■•■••■r•......rewea  e*.  +■IM•lerM  ame...•..ae..■•• ■•■■+e.vere.» 
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CONCLUSIONS: 

1. The bogie pin wan made by threading a nut onto 

a case-hardened bolt through which an oil hole had been prew 

viously drilled, 

- 2. The bori was made from sAE 1030 steel. 

3, Failure was t'acught tO  have  resulted from poor 

design and improper case..hardeninG. 

em• aim* am 

Recommendations; 

1. It Is recommended that a solid pin be made of 

the eame material (SAE 1030) but be correctly case-hardened i 

 to 60 Rockwell " C", so as to prevent deoarburization, 

2. An alternative to the above case-bardoned pin 

would be a homogeneous pin made of either SA1J 0255 or NE 8650 

steel, hardened throughout to a hardness of approxihateli 445 

Brinell. 

000000000000 

ooa000 
Q0 

AF:GHB. 
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xL00 e  nital otch. 

RICROSTRUCTUIte; OF CORE. 

Fine pearlito and ferrite. 
••••• 

Elueo f-5 Ç 

X1000 e  nital ct;ch 

MICRCSTRUCTUIL  02 UW.U1;. 

Fine martensite and  carbidesv 
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X500g n1ta1 ei:.Cii.

,p^ ^-.m r!^ ,
i l..iür'.l.U.^.it1i.:. ûC..','.,.o

IY►ar}erasito,o ti°orstites and ferrite.

,

;t'1;00 n a ILtal etoh.

DwCPûiBU°I.^..::7: CAS:: AIVA,.3,'L5'TiT Tc;"JTL Ht)L:'^.,

TYZ3 -6v.dtH canatituent is ferri,';e .

AF,: GHM.


