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the tract. 

Three sections from each of two C.D.P. 
track sprocket steel ;  - UND 1345 and ',ND 4140) were 
examined microscopically, tested for physical prop-
erties, notc:1 sensitivity at cold temperature, and 
end quench hardenability. In addition, non-
metallic inclusions and Mcquaid-Eh rain sise  
were rated according to A.S.T.M.. standards. 

chemical analysis showed that the 'MD 1345 
steel did not conform to the compositions specified, 
but the divergence was not regarded as too serious. 
The WD 4140 nassed the chemlcal specification. 

In view of the fact that poor physicals, as 
well as extreme brittleness at cold tumperaturee, 
were exhlbited by both ateals in the "as received" 
condition, they were heat treated in order to determine 
whether improvement cc'eld be effected. Mechanical tests 
made on the sectionc showed that a marked increase in 
properties was conferred by a quench-and-draw heat 
treatment.  •  However, the iD 4140 steel had a greater 
drop in notched-bar toughness when the testing tempera-
ture was reduced to -50' F. ,411 improvement could be 
effected by eying this ,w1) 4140  steel a normalizing 
at 1700' F. before the quench-and-draw treatment. 

' 

•■■• 
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0rigi r f,Raauest and OIZieçt of Investigation.

C:si November 16th8 19439 six sections from CoD.Yo

trar;k sprockets were received f.rozn the Division of t,getallurgy,

Army Engineering Design. Branch, Department of Munitions and

Supply, Ottawa, Ontario, together with Requisition No, 609

(ALIDII Lot No. 396: Report No,. 23, SCe D3.va 2D Test No. 27)

ohich requested that the 9amplev be given a metalZurgical

exFr-11ns.t i on .

The ^.aterial was obtained *from the Montreal Loco-

motive '.: oj^ks s Ltontre aJ. nQuebe c, through Mr. A o11.'a Bain,

three pieces being listed as WD 134,5 steel and three as

4'!D 41/10 steo:,

Mr o Bain te ]. otyped (Nov. 20th, 1943) that the heat

treatment given the steel had been as follows: "Tank sproa-

k.ets9 dravrri at 1050° to 1150° Fc, a° ter f'Ia*1.e cutting and

before flame Yu{rdElrlirig, e.nd drawn in oi7, at 350° F. after

f'lszne kaardenod af°



Carbon 
ranganese 
Phorpherus 
Sulphur 

0.46 
1.09 
0.021 
0.024 
0,33 

0.40-0.50 
1.60-1090 

0,040 
0.050 

0,15-0030 

0.37 
0 0036 
0.0_9 
0.80 
0087 
001E1 

;TD,  4140  Steal  - 

Carbon 
Phosphorus 
Sulphur 
Manganese 
Chromium 
Molybdenum 

0,38-0043 
0.040 
0.040 

0,75-1.00 
0.80-1.10 
0.15-0025 

7.-aGe 2 

• 

RLSULTS  CF siPE1 •i')P le • "41. • 

:Jhemical  AnalzAM:  

WD 1345 Steel  - 

r)teel Received 	 ncation 

galbanIelleereall 

	 ■•■••••••••••••••••••••••••••••••r••• 

Inclusions: 

Samples wero taken from each steel, hardened by 

water quench, polianed, and  exunined  at 100 diameters for 

inclusions, 

Steel VD 1345 showed both globular oxide and 

stringy sulphide  inelusionc.  The steel was comparatively 

clean  and  when applying;  A,S.T.M.  Standard  Inclusion Ratin& 

Chart  il;  would be classed with a No  2 rating. 

Steel WE 4140  was  a  clean steel  (A0S.T0M0 Rating 

No.  1) and again both t7pes of inclusions were found, 

Grain  Gize: 

Specimens of both steels were given  a standard 

McO,uaid-hn  hoat  treatment, 

When etched. with boiling  potassium ferricyanide, 

both steels Shared a homogeneous No, 6 grain BIZO (A0S0T,Y0 

rating). 
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119£229.221p  Examination: 

Specimens from each steel were prepared  for exami-

nation,  and  examined at 500 diameters after receiving  a 

picral  eteh. 

Figure 1  Shows  the "as received" structure  of  the 

WD 1345  sample. It is to be noted that In  the greater part 

of the  sample the carbides are rather coarsely distributed in  a 

ferrite  matrix with small fine pearlitic areas present through:- 

out. Figure 2 indicates that the WD 4140 steel was given a 

spheroidizing  heat treatment. 

Standard Jominy bars  were prepared from each section 

and after a normalize at 1650° F. were water end-quenched by 

standard methods trom heat-treat temperatures of 1525° and 

1560 °  F. 

Figures 3 and 4 show the results of these tests 

under the usual hardnees survey. It may be noted that WD 1345 

gave a better result after  the  lower heating temperature, while 

Steel WD  4140 improved under the higher heating temperature. 

A high  hardenability„ however s  was obtained in both 

cases. 

MOM 

rinremnrrunmalow, ) 
( on Pages 4  and 5. 
(Text continues on flül.11.) 
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Figure 1. 

X500, picral etch. 

WI) 1345 ST,OEL. 

Note small fine pearlitic areas present 
In coarse distribution of carbides4 

••••• 

X500, oicral etch, 

WD 4140 STEEL. 
?INALY SPHEROIDIZED :ITRUCTURE0 
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Type  of 
Notes 
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SAE HARDENABILITY CHARTS 
END-QUENCH TEST 

	

SOCIETY OF AUTOMOTIVE ENGINEERS 	 Test No.., Inr. 

	

29 WEST 39  ST, NEW YORK CITY 	 Sheet No 	 

COOLING RATE, deg. f. per second at 1300 deg. 

IV* 	 20,03 n 	 wfl .•«! 

- -Mel; -tr "eft  teocittigu. sec, 

6.134s 

ovim noon/cu. SOC. 

OVER itockkIELL 46C. 

Town I 

8888 8 8, 8 	8g$,93 ? 9, 
70 

651-7 

	

: 

„ 	1  

55 

	

1 	 2 	3 	4  5 E 7 8 9 10 12 14 16 18 26 24 32 

DISTANCE FROM WATER COOLED END OF STANDARD BAR  SIxteenthc  cf  In 

	

Type of Steel 	 Source 
Notes 

Signed 

STEEL ANALYSES AND QUENCHES 

	

Steel 	C 	Mn 	P 	S 	Si 	Ni 	Cr 	Mo 	Quenchmg 	Gren 	Heat 
Temperature Sue 	Number  

	

A.I345. 	 aszt•i  

	

5.1,4f. 	Oil_ 414_°:  	 

.00 

SOCIETY OF AUTOMOTIVE  ENGINEERS 	
Test No,  

et 
29 WEST 39  ST  , NEW  YORK CITY 	 She No  

• 	 Dote 

COOLING  RATE,  deg f.  per  second  at 1300 deg 

8 	,8 	
—-

?  .9 	.9 
70 

 

A4140 II «ON R•cinrcti. roc. 

B4i4o 
eovrm nanny. Soc. 

eoveft rteettweu. «C. 

1-FEL 	 A• 

SAE  HARDENABILITY CHARTS 
END-QUENCH TEST Pot..,  I 

IS"60 •F 
àSli•F 

amen owl  WM  en0 Se«  C.....  ;or' •e• 



-  Page 6 - 

Heat Treatment: 

A  standard commercial  heat trectment  was  given 

samples of both  steels,  to determine to  what oxtent  the 

physical properties  could be  improved. 

As it  is difficult  to maintain heating temperatures 

within t 25 0  P0 in  industrial practice, both  steels  were  heated 
• 

to 1550° F, before  oil  quenching, this temperature being within 

limits of the optimum  quenching  temperature of either steel. 

Three sections  from each of  the two steels were  then 

drawn at  1000 0  P.,  1100°  F., and  1200°  F0,  respectively. 

.212.ze_ge.L. 
Standard 0 0 505-inch  bars  cut from each steel  in the 

t'as  receiveeand heat-treated conditions gave the following 

results: 

tall■•••■••••■••••• 

IND'  1545 Steal 
: 	AS 	. ' 	HUAT 	TREATWENT 
: RECEIVED (1517Zeren : Drawn at : Drawn  a _ 

: 1000° Fo : 1100°  F o  :1200v  Fo 

Tensile stress, o.s.i, : 
0.2  per cent proof 	• 

stress, p.s.i. 
Per cent  elongation on : 

2  inches 	 • 
Reduction  of area, 
.per  cent 	 • 

Brinell  Hardness Number: 
••••■•■••••■••101110011■101•11•1••10M. 

WD 4140 Steel 

Tensile stress, p.s.10 
0,2  per  cent proof 	• 

stress,  p.s.i. 
Per  cent elongation on : 

2  inches 	 • 
Reduction or  area, 	• 
per cent 	 • 

Brinell Hardness  Number: 

140,215 : 166,250 : 165,100 :  125,700  
0 

104,830  : 151,600 : 149,200 : 106,500 

1408 : 	16 	1505 	17.5 
•• 

38.3 : 	47 	: 	49 	: 	42 
285 	: 	345 	: 	305 	:  250 

• 

HEAT TREATMENT 
Drawtre 

1200°  F ====== 
Î  120,600 

102,400  :  990 800 

23 :  29 

	

56 	: 	63.3 

	

255 	: 229 

.  • 	 • 01 

: RECEIVED : 

• 0 AS 

1000 °  F.  :  1100 0  F 
Urefi 

90,000 : 146,500 : 125 0 5U. •  

47,470 : 126,800 

26 06 ; 	16 	: 

5407 	51 	: 
179 	: 	311 	: 

56 



the top 

HC1 for 

1345 Steel  	 
• HEA-12REATED 

:: Drawn : Drawn 
: at 	: at 
:1000 °  F.:1100 °  F.: 

Drawn : Drawr 
at 	: at 

t1200°  F..:1200° F. 

4.7 
2 90 
2.0 
2,0 

• 

• 
• • 

• 

A • 

• 

21 	:  59 
• • 
a CO 
• t)e•• 21 

• 

• 

• 
a 

• 

• 
O 

• 
• 

• 

ROOM 

-40 
-50 
-60 

13,3 
305 
2.0 
3.0 

33.5  : 

13.5  : 

57.5: 

20.0: 

76.0 

35.5 

13.0 
3,0 
1.5 
2,0 
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.Iact  Te: 

In order to confirm the inclusion rating of the 

steels, impact toot  bars  were cut, both along and across the 

direction of rolling, from the "as received" sprockets, while 

bars from the heat-treated sections were cut only from  the 

direction. 

To determine  the rolling direction,  a portion of 

face of  each  plate  was given a  macro-etch In hot 1:1 

-fr  hour.  This was sufficient to reveal the rolling 

lino  of the section. 

The inoact  bars were cut as V-notched Charpy 2 s in 

order that cold-temperreture teste could be performed rapidly. 

WD 
Temper-:-----n7=97107-----  
ature„  :Rolling :Acrose roll 
degrees:direction,: direction, 

F. 	: ft-lb. : 	ft-lb. 
----arigiran—ceamr• 	 ? 

Roam 	: 	5,8 
-40 	: 	3,G 
-50 	: 	3,5 
-60 	; 	3,0 

45 	• 48.5 

23,5 : 36,0 

;(1b ,...1 ■J01;\.1.1.1io 

■•••••••■••■■ 

*Since there was an unusual drop of impact strength 
In the heat-treated sample which was drawn ta 1200°  F o , 
a second section from the same steel  was similarly treated 
und its renults are shown in the right-hand column of  the 
above teble. 

We) /2z140  Steel. 
eM-707  Tezp%77...  : 

ature, 
degrees : 

F. 

---WUnrig 	 : 	Across roll. : Drawn : Drawn : 

	

direction,  : 	direction, : at 	: at 	• 
ft-lb, 	: 	ft-lb, 	:1000 °  F.:1100 °  F.:  

L...12.1.112£U1 
Drawn 
at 

1200°  F, A • 	========"4..........================ 

Figure 5 shows the  eroken  section of four of the 

Chanpy  test  bars. 

on  jTh)  
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—1 

SECTIONS FROM BROKEN CHARM' BARS. 

(1) WD 1345.  Quenched from 1550° F., drawn at  12000  P. 
Section from bar which had remarkably low impact. 
Note banded fracture duo to slag stringers. 

(2) WD 1345.  Quenched from 1550° P., drawn at  1200° F. 
---nuwild test piece which gave improved impact proper-

ties; no slag stringers present. Note fine structure 
present. 

(3) WD 4140. "As  Received." Note very coarse crystalline 
—fracture, indicating  a  heterogeneous structure, 
probably  due to free ferrite at the grain  boundary. 

(4) WD 1345. "As Received."  i4ote fairly coarse fracture, 
---nso  indicating lack of hom%eneity. Againe  this ma' 

be attributed to  the free.  ferrite areas. 



Fire 6, 
..»■•••••• 2t1-£11.:1_re 7.0 

Pa&c: 	 - 

Microscopic Examinatiort  of cat-Troutad Section. 

Figure 6 shows WD 1345 e  alter  being drawn to 1100 °  F. 

as a typical tempered martensitic structure. 

A section, fron 'the. thirci impact test specimen drawn 

ut 1200° F,, which gave what appeared to bo unusually low results 

(21 ft-lb0) was examined after a picral etch at 500 diameters 

(Figure 7)0  The etching oroduCed dark parallel banded areae 

within which long slag stringers wero foundc 

Figure e is WD 4140 steel after a picral etch 0  o13- 

quenched x  and drawn to 1100 0  P 0  Note that  soie  of the spher-

oidal carbides  are  still present in a  tempered  martensitio 

structure. 

X503 9  pieral  etch, 
OIL-QUENCHED AND DRAWN 

TO 1100 °  Po 

etla.7  

X500 0  picral  etch. 
OIL-QUENCHED AND DRAWN 

TO  1200 °  F. 
Note large slag stringers and 
dark bandin3 in structure, 

elere 

Fizare  3. 

;100p  picral  etch., 
0IL-IML.0-OHED  AND  DRAWN TO  1100° Fo 

Note carbides still presento 
Sea. 
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DISCUSSION OF RESULTS _ 

Chemical  Analysis  - 

The WD 1345 sample, although lower in manganese than 

required, still has a good hardenability. However, as mangan-

ese is a very effective alloying element its deficiency would 

probably prevent this steel from obtaining the required pro-

perties of a WD 1345 steel. 

The WD 4140 sample, apart frombeing slightly low 

In carbon, conforms with specification. 

Inclusions  - 

One might question the observed results for inclu-

sions when a section is recorded as having poor impact pro-

perties due to the presence of long slag stringers. It is 

thought that this apparent discrepancy can be accounted for by 

the assumption that the samples that show slag stringers were 

taken from the and portion of the bloom which was unrepresenta-

tively high in inclusions. 

Grain Size und Hardenabilit  - 

The grain size and hardenability are considered 

satisfactory l'ox the service. 

Microacopic Examination  - 

The cooling received in the heat treatment of the 

viD 1345 steel could possibly cause  the formation of the  fine 

pearlite  areas,  due to  a  cutting into the nose of  the "S" 

curve.  The  coalescence of the  carbides  may be attributed to 

the high-temperature draw given after flame cutting. There 

is also  a  possibility that  the  so-called tpearlitic ,  areas 

may  have  been of a martensitic nature after cooling,  due  to 

segregated portions of the alloying element, and after drawing 

have become a sorbitic structure. 

The grain boundaries of the ND 4140 steel are made 

visible because of the rarity of carbides in this area. One 

could hardly expect good properties to be emadinsuch a structure. 

(Continued on next page) 
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(Discussion of Resu:Lto, cont'd) -

HeE.t TroB.tmeat -.._.^ _.....^..^........^

The ' ,,-_:^ 1345 steel is apparently sufficiently improved

in strength, toughness and low-temperature impact to cause the

given heat treatment to be considered suitab].ev Howevera in

the case of the WD 4140 steel the sample's heat treLq.tment does

not afford sufficient time for the solution of all the carbides,

and thoir presence would probably aocount for the high drop in

impact on cold-temperature testsQ A normalizing before heat

treatment riould undoubtedly improve the quality of this steel

.still furthero

PUsicalTests -

The reauZLa shown are not a fair comparison for

these two steels an under a straight quench and draw heat

treatment o Due to the nature of LYD 4140 steel In the "as

received" conditIon, it wor.icz require a no r., 3.izing beïore

its optir.wra pr•operties could be developed.

Impact Tests -..... ^...._.

Thave tests on the "as received" samples prove the

cleanliness of the steel. However, their extreme brittleness

at low t empere.ture indicates how poorly this steel would serve

in such a condition.

The cold-temperature i,pact s(after heat treatment)

drop off considevabZy more in the WD 4140 steel. This is

probably due to the presence of undissolv ed carbides, and

the siag;,eated furt'..er boat trcatment should improve eold notch

toug.hne:;s coneiderably,

The poor physicals and ir:pact of the third test from

l'1D 1345 (drawn at 1200° F,) are due to the prevencs of slag

strïngars, As mer.tioned, this is not characteristic of the

^'M 1345 steel received.

I



-  Page 12 - 

CONCLUSIONS:  

1. The properties of both "WD 1345" and "WD 4140" 

steels pas received" are not considered to be sufficiently good 

(in the absence of subsequent heat treatment other than tooth 

flame-hardening) to warrant their use in track sprockets. 

2. 011 quenchlng from 1525° F. and drawing to 

1150° F., with a fairly rapid cool from the draw, put the 

3145" material into satisfactory condition for track 

sprocket service. 

3. Normalizing at 1700° F., oil quenching from 

1560°  F., and drawing at 1150° F. with a fairly fast cool from 

draw put the "wb 4140" into satisfactory condition for track 
sprocket service. 
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