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' Abstract 

In order to determine Uto Mini- . 

mum hardness variation attainable in the 

quenching:  treatment for stool to bo used 

in the screw-thread research program, a 

hardness anQ..lysis :ai  been. carried  out  on 

a number of quenched bars of Atlas steel 

S.P.S. 245. This steel is comparable, as 

regards hardenability, to steel S.A.E. 

6150, the type which Is to be usod in the 

scrow-thread rosoarch. 	 . 

Two quenching methods have boon 

comparod3 in the firet e  bars of 1-incb 

dlam. x 26 inches length wore quenched In 

a vertical position without a shield in 

the second, bars of identical sizo wore 

quenched with a thin cylindrical shield 

In order to obtain uniform cooling effect 

In  transferring specimens from the fur-

nace to qu6nching tank. 
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Origin  and Purffle  of Investigation: 

At a  Screw Thread Research Committee Conference 

held in  the Physical Metallurgy Research Laboratories, 

Ottawa,  on August 22-23, 1946, it was agreed that  for  com-

parison  tests of different thread forms in fatigue a  homo

-geneous  steel is required in order to eliminate the effect 

of  undesirable variables. In order to obtain the requisite 

heat-treated homogeneous steel, it was decided that a  series 

of experiments would be performed at the  P.M.R.L. to establish 



(Origin and Iurpose of Lwvestifetion„ cont'd) - 

the)  conditions of.siAtisfactory laboratory heat treatment., 

Dua to the fact that a supply oe tho high-tensile 

material (steel Sr,A.E, 6150) which Is to be usod :Co: 

 Canadian studs was not readily available at the time thoo 

experiments were initiated, it was decided to proceed with 

this work »  using. an alternate material. A steel favourably 

comparable with stool S.A.E. 6150 am regrds hardenability, 

Atlae stool s„ -Ps. 245, was selected for this purpose. Bar•  

stock of this Atlas oteel was received in  the  annealed condi-

tion,›  

PROOEDURE 

Pre.ca 	l- raion of Bars 

The 1-inch-diameter bar stook was  eut  Into 26-inch 

lengths, so as to allow adequate material for the fixing of 

bars in  the  quenching fixture and for the cutting of 24-inch 

test specimens from  the  heat-treated bar. To facilitate the 

fastonine, of bars ln the Quenching fixture p  two  4-inch 

ieter holri were  drilled approximately 3/8 inch from 

either end of each bar. Prior to heat treatmen, the bars 

were  cleaned by means of sand blasting, also chocked for 

alignment. A total of thirty-two bars were prepared :In this 

manner and numbered. 

2. 'float Treating Experiments. 

(a) Quenching Treatments - 

Using these bars, two quenching methods were com-

pared in the first, twenty-two of the bars were hold 

securely in a vertical position by moans of a fixture during 

the heat treating operation (Figure 1); in the second, 

fourteen of the bars were hold in a similar manner during 

the heat treating operation, in addition to which specimens 
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(Hat  Treating Experiments, cont/d) - 

were enclosed in a thin cylindrical shield (Figure 2) in 

order to obtain a uniform cooling effect in transferring 

specimens from the heating furnace to the quenching oil. 

In both experiments, the bars were arranged in the fixture 

as illustrated in Figure 1, with a space of enproximately 

2 inches between each bar. In the second experiment, a 

space of about 2 inches was also left between the bars  and 

the cylindrical shield. 

Figure 1. 

35 K.W. VAPOCARB-HUMr FURNACE, SHOWING FIXTURE 
USED TO HOLD SPECIMENS IN POSITION DURING 

HEAT TREATMENT OPERATION. 

Oa  • 

(Figure 2 follows, 
(  .on Page  4.  



(Page 4) 

(iiaat Trea -Un Experiments, contia) - 

Figure 2. 

SHIELD USED TO ENCLOSE VERTICALLY HELD BAR 
SPECIMENSDURING HEAT TREATING OPERATION. 

1:111. 

In Figure 3 is illustrated the positioning of  the 

bars Quenched without a shield, while Figure 4 illustrates 

the positions occupied by  th a bars quenched with the 

protective shield. 

(Figures 3 and 4 follow» 
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(Heat Treating Ewperiments, contid) - 

In both experiments, the bars were austenitft;od 

at 1550° P. for 1-à-  hours in a Vapocarb furnace, then 

quenched in oil at approximately 120 °  F. 

"Po determine the minimum hardness variation obtair, 

as well as to check the relative uniformity .  of those two 

quenching treatments and to ascertain whether or not the 

quenching treatments had afforded sufficiently rapid cooling 

rates to result in the production of completely martensitic 

structures, a nme)or of quenched bars were subjected to hard-

ness analysis. Procedures followed In and results of hardness 

testing are dealt with below. 

(b) Telpering - 

After all necessary hardness tests had been made 

on test specimens cut from the quenched  bars e  the on. ire  

lot was drawn in a Leeds & Northrup Homo furnace at 1200' F. 

for a period of two hours, then cooled in still air. 

Hardness tests were then carried out on specimns 

cut from the drawn bars. Procedures followed in hardness 

testing, as well as the results obtained, ara presenad 

below. 

3. Hardness Tests. 

(a) Bars Quenched Without Shield - 
ce.lea.,...,,,,,,...,,,,,,,,e3alar.....,>,,,,E5raeb.u... ■r”onneewet..,a,...atv.a,,e,11...u.....m.r,,,,.,...serream.*,eenn 

Three of the bars Which had been Quenched without 

the shield, Bars Nos. 13, 14 and 15 0  were selected for 

hardness testing. As seen from Figure 3, these three bars, 

because . of the relative positions which they occupied during 

heat treatment, are representative of the quenched lot. 

Hardness tests were made on each bar at both ends, that Is 

at both top and bottom, using both the Rockwell and Brinell 

Instruments. It should be noted that, prior to hardness 
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1 1:' ,1 -00 -1c, qs TtDsts, contd) 

tosting„ about 1 inch of maton al  was  out off each end of 

of each bar, thus removing the drilled portions which of 

course coolod differently than the central portions of the 

bars, Rosults of those hardness tests are recorded ln 

Table I. 

Discs, 	Inch In thickness, wore  th,an cut from the 

centres of oach of those three bars for transverse hardness 

tests., The hardness of these discs was checked by means of 

Rockwell u C el  and Vickers msasuroments taken ln two direct:Ions 

across the face of: the disc, an indicated in Figure 5. 

Results are tabulated in Table II. 

Figure 5, 

SKETCH INDICATIN •  RELATIVE POSITIONS OF HARDNESS 
TESTS MADE ON FLAT SURFACE OF 4  INCH DISCS. 
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(Hardness Tests, contgd) - 

(b) Bars Quenched Without Shield and Tempered 

Using the same three bars, hardness tests were 

carried out on each after tempering, a procedure somewhat 

similar to that employed on the  quenched bars being followed. 

That is hardness tests  were  performed on the outside sur- 

faces of the bars as wal1 as , on inch  discs cut from the 

top, centre and bottom of each bar . The results of these 

. tests are recorded in Tablas III and IV, 

(c) Bars Quenched With Shield 

Eight of the bars which had been quenched with the 

shield, Bars Nos. 2, 3, 9, 10, 22, 23, 51 and 32, were 

 selected for hardness testing. As illustrated in Figure 4, 

.these eight bars, because of the relative positions occupied 

by them during the heat treating operation, constitute a 

representative cross-section of the quenched lot. Three 

discs„ similar to those previously doScribed„ were 

cut from  each bar, one  frein  each of the top, bottom and 

centre positions, then subjected to hardness tests. Results 

are given in Table V. 

(d) Bars Quenched M.th Shield and Tempered 

The 1-4nch. discs referred to above were tested for 

hardness after tempering, readings being taken by means of 

both. Vickers and Rockwell instruments. Hardness test results 

are  tabulated in Table VI. 

CONCLUSIONS 

L. 	In quenching without a shield, the muzlimmu overall 

variation in surface hardness of the bars after quenching 

was determined to be Rockwell C-15 (Brine1 . 87), while  the  

maximum overall  variation  in hardness of discs cut from the 

contres of these bars was found to be Rockwell C-5 (Vickers 41), 
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.(Uardness Tot  sp cont i d) - 

Tho same bars, after tempering, eXhibited an overall maxi-

mum surface hardness variation. of Rockwell C-7.,5 (Brinell 40), 

and an overall maximum hardness variation between centres 

and both ends of Rockwell C-505 (Vickers il). 

In quenching with a shield, the maximum overall 

hardness variation between the centres  and ends of quenched 

bars  was  found to  be Rockwell C-8 (Vickers 115). After 

drawing, the maximum overall hardness variationbetween the 

contre, top and bottom portions was determined to be 

Rockwell C-2 (Vickers 10). From results obtained in hard-

ness testing the quenched specimens, It is apparent that the 

coolinG rate in quenching by 1:bis method was sufficiently 

rapid to result in a satisfactory martensitic structure. 

5. 	 It 18 concluded  that  using the quenching trpat- 

ment in which the shield is employed, the minimum hardness 

variation consistently attainable with 1-inch-diameter bars 

of Atlas steel S.P.S. 2e15 is Rockwell 0-2. Inasmuch as 

stool S.A.E. 6150 Is favourably comparable as regards 

hardanability to.Atias steel S.P.S. 245 9  It should be 

possible to obtain a similarly small hardness deviation with 

the former steel using the heat treating equipment and 

technique described in the foregoing. 

000000000000 

00000000 

00 

T.q. Wledek, 

Head, Mechanical Soction, 
P.M.R.L, 

o 
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TABLE II. - Hardness  of  e DIscs froril Quenched Bars  (A.thout Shield), 

BAR 	NO 	15 	 BAR 	O. 	14 	 BAR 	NO. 	15 
Position on 	 HARDNESS 	 HARDNESS 	 HARDNESS  

	

Disc 	 ""îctrei-s 	..0c.rwe1 	"ne-- 	Vickers 	Rockwell ‘fFe— 	Vickers 	4 	Rockwell  •1C 
10-1zLzload 	150-k , ,  load 	-C- 1.0-kr. load  	.1.50-ki;. load 	1 -k_. 	oat 	50-k4. load 

	

1 	 599 	 55,5 	 606 	 056 	 579 	 . 0054 

	

2 	 592 	 55,5 	 606 	 56 	 572 	 545 

	

3 	 592 	 55,5 	 606 	 57 	 585 	 56.5 

	

4 	 585 	 55 	 585 	 56 	 00572 	 56 

	

585 	 55 	 585 	 *57 	 606 	 56,5 

	

6 	 585 	 55 	 606 	 56 	 592 	 55,5 

	

7 	 592 	 054 	 585 	 56 	 606 	 56 

	

a 	 *599 	 55 	 585 	 56 	 592 	 56 

	

9 	 592 	 4;55,5 	 592 	 56 	 585 	 56 

	

10 	 0579 	 55 	 0572 	 56,5 	 599 	 0057 

	

11 	 585 	 55.5 	 592 	 57 	 00613 	 56 

	

12 	 585 	 55,5 	 599 	 56 	 613 	 56 

	

13   	590 	 54 	 . 	•606 	 56 	606    55   
e Maximum Hardness, 

 	VariationI  	20 	 1,5 	 54 	 1 	I 	41  	3 
ee Overall Maximum 	1 	Rockwell C-3 

Hardness  Variation 	) 	Vickers 41 



TABLE III. - Surface Hardness of Quenched and Drawn  Bars (Athout Shield). 

107171111.1M1111:11 

BAR  NO.  13 

HARDNESS 	 
Top  	03ottom  	Top 

R"C n tBrinelli  R."O n tBrinelli R."0"prinell 

04)269 

241 

22 

21, 

r.,26 
1 23  
I 23 

BAR  NO. 15 

Bottom 

21 	*248 *020 

20.5 te229 	21 

22.5 	 24 

'020 	 '23.5 

22.5 	 20.5 

21 	 •  21.5 

22.5 	 22,5 

23 	 23.5 

21 

24 

21.5 

22 

1p269 	19 	0269 

''248 	21.51 '248 

19 

"018 5' 	 25 0 9  

18.5 	 '22 

26 	 22.5 	 23 

23.5 	 18 0 5.  

023 

22 

20 

25 

25.5 

25 

BAR  NO. 14 
HARDNESS 

*0269 

•269 

21 

21.5 

HARDNESS 
Top _j   Botta m   

R,"Cn:Brinell 

*21 	•262 

22.5  •4,241 

22.5 

dee25 

21.5 '  

22 

3 	19 4.5  21 
'Maximum Hardness 

Variation 
"Overall Maximum 

Hardness  Variation 

45 21  

Brinell 21 
Rockwell C-7.5 

4 	28 

Brinell 40 
Rockwell C-6 

3.5   ! 	4 	21 

Brinell 28 
Rockwell 0-5 

**Maximum overall hardness variation for all bars) Brinell 40. 
• ) Rockwell C-7.5. 



1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

• / 

TABLE IV. - Hardness of e Discs from quenched and Drawn Bars (Without Shield) 

BAR N 0. 13 T  OP BAR NO. 13 CENTREIBAR NO. 13 BOTTOM 

Position on 
Disc 

HARDNESS 	 j 	HARDNESS 	 HARDNESS 
Vickers 	f 	 Vickers 	I 	 Vickers 

10  kg. load;  Rockwell  "C" 	10 kg. loadj  Rockwell  "C" 	10-kg. load [   Rockwell  "C" 

272 

272 

270 

272 

270 

272 

272 

•11)270 

*6279 

272 

274 

274 

274 

26 

26.5 

26 

26 

26 

27 

26.5 

*25 

**27 

26,5 

26 

26.5 

27 

274 

274 

270 

*270 

272 

*276 

272 

270 

272 

272 

272 

270 

274 

25.5 

25 

25 

25 

25,5 

26 

26 

*024 

*26 

26 

25 

25 

24 

274 

274 

274 

274 

•270 

*274 

274 

274 

274 

274 

274 

274 

274 

•*24 

24,5 

26 

25,5 

26 

*26,5 

25,5 

25 

26,5 

26 

26 

25.5 

25 

* Maximum Hardness 
Variation 

et Overall Max mum 
Hardness Variation 

9 2 6 2 4 2,5 
Rockwel 
Vickers 



HARDNESS 
ckers 

10 kg, load Rockwell "C" 

TABLE IV (conttd)  - Hardness of -C Discs from Quenched and Drawn Bars (Without Shield). 

BAR N 0. 14 T  OP  BAR NO.  14  CENTRE BAR NO. 14  BOTTO  M 

iosition on 
Disc 

HARDNESS 
; ---Vickers r 	 Vickers 
10 	load Rockwell "C  " 10-ku. loacq  Rockwell "C" ,  

HARDNESS 

1 

2 

3 

4 

5 

6 

7  

8 

9 

10 

11 

12 

13 

272 

272 

274 

*272 

274 

276 

274 

272 

e2 79  

276 

272 

272 

279 

26 

26.5 

27 

26 

**27,5 

27 

26,5 

4,24 

26,5' 

•  27 

25 

25 

24,5 

274 

274 

*270 

270 

272 

*276 

272 

270 

272 

272 

272 

270 

274 

25.5 

25 

25 

25 

25,5 

26 

26 

oe24 

*26 

26 

25 

25 

24 

274 

-274 

274 

274 

*276 

270 

270 

270 

**268 

- 274 

274 

274 

274  

25.5 

25,5 

26 

26 

25,5 

*24,5 

25 

26,5 

26 

26 

*26.5 

25.5 

24.5 

*Maximum Hardness 
Variation  

toOverall  Maximum 
Hardness Variation 

7 3.5 6 8 

Rockwell  C-3.5 
Vickers  11 



TABLE  IV  (contid)  - Hardness  of  I." Discs  from Quenched and Drawn Bars (ethout Shield). 

B A R 	T 0 -P 	BAR 	NO. 15 	CENTRE 	BAR 	NO. 15 	BOTTOM 

	

position on - - 	 HARDNESS 	 HARDNESS 	 HARDNESS 

	

Disc 	 Vickers 	 V 	 Vickers 
10  k,,  load 	Rockwell  "C" 	10 k , . load 	Rockwell "C" 	10-1r... load 	Rockwell "G n  

	

274 	te24 	 ++268. 	t24 	 274 	 25.5 

	

2 	 274 	 26.5 	 270 	 25.5 	 274 	 25,5 

	

3- 	 274 	 26.5 	 272 	 25 	 274 	•26,5 

	

4 	 274 	 25 	 272 	 25 	 272 	 25,5 

Z 

	

5 	 272 	 26.5 	 272 	 25 	 274 	 26 
- 

	

6 	 272 	 26 	 e274 	•25.5 	 274 	 26 

	

7 	 e276 	25.5 	 270 	 24 	 0272 	*25 

	

8' 	... 	 0270 	 26 	 272 	 25 	 272 	 25 

	

9 	 272 	 25 	 274 	 24 	 272 	 25 

	

10 	 276 	 26 	 274 	 25 	 274 	 25 

	

11 	 276 	 26.5 	 272 	 24,5 	•276 	 26 

	

12 	 276 	 26,5 	 272 	 25 	 274 	 25,5 

	

13 	_  - 	 270 	e27 	 274 	 25 	 276 	26 
0Maximum  Hardness 

	

Variation 	 6 	 3 	 6 	 1,5 	 4 	 1,5 

etOverall  Maximum 	Rockwell C-3 
Hardness Variation 	Vickers 8 	

- — 



TABLE V. - Hardness of -^" Discs from quor_ched Bars (with Shïe? d) .

Position on
Disc

1

3

g

9

10

il

BAR N 0. 2 TOP

HARDNESS

Vickers
10-k;^. load Rockvrell "

592

585

592

572

579

Ib592

579

5- 72

554

585

554

554-

,0542

50

,

B A R N 0. 2 CE N T R E JB A R N O0 2 B 0 T T 0 M

HARDNESS
Vickers.

10 k. , load^ Rockwell "C"

HARDNESS

585 54

585 55

579 e53

566

554

566

t530

,0606

599

599

572

i2

13
®I.aximum ar ness

Variation
btoverall Maximum

Hardness Variation

55

55

56

55.5

56

55.5

56

,b54

2.5
Rockwell C-5:5
Vickers 83

572

592



*53 

55 

54 

54 

55 

*56 

56 

53 

53 

53 

56 

56 

56 13 
*Maximum Hardness 

Variation 

TABLE  V  (Contld) - Hardness  of  e Discs from  iuenched  Lars (With Shield). 

Position  on 
Disc 

BAR NO.  3 TOP 
HARDNESS 

Vickers 1 
:  10-kg, loadi Rockwell "C" 

BAR  NO.  3  CENTRE   
HARDNESS 

Vlckers  
10-ki,. loadi Rockwell "C"  

BAR  NO. 3 BOTTOM 

HARDNESS 
Vickers 1 

10-km. load' Rockwell "C" 

3 

1 

2 

3 

4 

5 

6 

7 

8 

- p 
lo 

11 

12  

572 

579 

592 

*566 

579 

572 

**606 

579 

592 

572 

579 

579 

566 

40 

*53 

53 

53 

53.5 

55 

55.5 

56 

56 

55 

0059 

53 

53 

53.5  

6  

43.498 

572 

.579 

528 

572 

572 

572 

572 

572 

579 

579 

572 

566 

81 

585 

579 

566 

560 

*548 

579 

585 

0606 

572 

579 

566 

585 

585 

58 

53 

545 

 52 

52.5 

4)052 

52 

52 

48 

49 

49 

54 

55 

•56 

**Overall Maximum 
Hardness Variation 

Rockwell C-7 
Vickers 108 



BAR NO. 9 TOP 	IBAR NO. 9 CENTRE IBAR NO. 9 BOTTO M 
Position  on 

Disc 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 
•Maximum Hardness 

Variation  
**Overall Maximum 

Hardness Variation 

Vickers 
10-kg. load 

585 

*572 

599 

E85 

*606 

572 

592 

606 

572 

585 

606 

599 

579 

34 
Rockwell C-3 
Vickers 77 

Rockwell ne 

*5305 

54 

55 

54 

55 

•56 

54 

54 

54 

54,5 

55 

56 

55.5   

2.5 

Vickers 
10-kg. load 

**613 

606 

585 

572 

579 

585 

*1)536 

572 

572 

579 

585 

579 

585 

77 

Rockwell  nC" 

56 

56 

**56 

55 

54 

54 

54 

54 

*1553 

54 

55,5 

55.5 

54 

Vickers 
10-kg.  load' Rockwell  "C" 

572 

579 

585 

*606 

572 

585 

606 

Soft 
spot. 

*562 

572 

579 

599 

44 

HARDNESS HARDNESS 	 HARDNESS 

55 

55 

543 

54 

55 

56 

55 

*53 

53 

53 

54 

•56 

56 

3 

TABLE V (Contld)  - Hardness of e Discs from quenched Bars (77ith Shield). 



TABLE V (CONT'd)  - Hardness of -ai" Discs from quenched Bars (With Shield). 

B A R 	N O. 10 	T 0 P 	BAR 	NO. 10 	CENTRE 	BAR 	NO. 10 	BOTTOM  

Position on 	HARDNESS 	I  	 HARDNESS 	 HARDNLSS 

	

Disc 	 Vickers 	1 	 Vickers 	 , 	Vickers 
10-kg. load; Rockwell  "C" 	10-kg.  load 	Rockwell  "C" 	 , 	10-k.  load 	Rockwell "C"  

	

585 	54 	 *548 	 53 	 554 	 55 

	

2 	 •*536 	54 	 585 	 53.5 	 ' 	572 	 54 

	

3 	 548 	 54.5 	 572 	*4,52.5 	 579 	 55 

	

4 	 572 	 54.5 	 579 	 55.5 	 579 	 54.5 

	

5 	 579 	 55.5 	 585 	 54.5 	 566 	 54.5 

	

6 	 585 	*55.5 	 *606 	 55 	 585 	53,5 

	

7 	 572 	 55 	 606 	 55,5 	 548 	*53 

	

8 	 548 	*53.5 	 606 	*656 	 •548 	53,5 

	

9 	 566 	 55.5 	 579 	 55 	 572 	 É5 

	

10 	 599 	 54,5 	 572 	 56 	 566 	*55.5 

	

11 	 **606 	55,5 	 548 	 53 	 579 	54,5 

	

12 	 599 	54 	 585 	 53 	 585 	 53 

	

13 	 572 	 54 	 585 	 54 	 •606 	 53 
*Max mum Har.ness 

Variation 	 70 	 2 	 58  	 3,5 	 58 	 2,5 
•*Overall Maximum 	Rockwell  C-3 C 5 

Hardness Variation 	Vickers 70 



TABLE  V  (Cont 7 d)  -  Hardness of e Discs from quenched  Bars  (M_th  Shield). 

B  A  R N  O. 22 T 0 P BAR NO. 22 CENTRilBAR NO. 22  BOTTOM 
HARDNESS 

Vickerp I 	 Vickers 
10-kg. loadj Rockwell "C" 	10-1ç;. load' Rockwell  "C I'  

HARDNESS :osition on 
Disc 

1 

2 

3 

5 

6 

7 

a 

9 

10 

11 

12 

13 
*Maximum Hardness 

Variation  
•bOverall Maximum 

Hardness Variation 

585 

579 

*45566 

599 

585 

579 

572 

1).606 

592 

572 

585 

579 

599 

40 

HARDNnSS 

Rockwell "C" 

54,5 

55,5 

55.5 

54,5 

55 

55 

55 

*1,53 

54 

54,5 

55 

*55.5 

54.3 

2.5 

579 

585 

599 

606 

585 

*572 

579 

579 

*606 

585 

579 

579 

34 

*56 

56 

55.5 

*55 

56 

56 

55,5 

56 

56 

56 

55 

56 

55.5 

1 

585 

*606 

579 

*572 

606 

599 

599 

592 

592 

572 

5'79 

585 

579 

34 

55 

55 5 

55,5 

*54 

56 

•4)56.5 

56 

56 

56.5 

55 

54 

54 

54 

2,5 

Vickers I 
1U-kg. load  

Rockwell C-3,5 
Vickers 40 



TABLE V (Contld)  - Hardness of 	Discs from Quenched Bars (With Shield). 

BAR 	NO. 23 	TOP 	BAR 	NO. 23 	CENTRE 	BAR 	NO, 23 	BOTTOM 
Position on 	HARDNESS 	 HARDNESS 	 HARDNESS 

	

Disc 	 Vickers 	 Vickers 	1 	 VICKERS 
10-kg. load: 	Rockwell "C", 10-kg. load;  Rockwell "C". 	10-k:. .  load 	Rockwell  "C" 

	

1 	 572 	«52 	 579 	54 	 599 	 55 

	

2 	 579 	 53 	•536 	53 	 599 	55.5 

	

3 	 ef536 	53 	 542 	•52.5 	 585 	 55.5 

	

4 	 566 	 54.5 	 529 	54,5 	 572 	 55 

	

5 542 	11,55 	 585 	53,5 	 e536 	 56 

	

6 	 585 	 54.5 	 6606 	54 	 548 	 54 

	

7 	 579 	 54 	 536 	54,5 	 542 	 54 

	

8 	 566 	 53 	 579 	54 	 572 	 54 

	

9 	 585 	 52 	 572 	53.5 	 579 	.535 

	

10 	 599 	 55 	 579 	54,5 	 le606 	 15.56 

	

11 	 •e606 	 55 	 606 	o55,5 	 585 	 54 0 5 

	

12 	 572 	 55 	 585 	55.5 	 606 	 54 

	

13 	 579 	 55 	 5) 	55 	b921 	 54 ..... 
eMaximum  Hardness 

Variation 	 70 	 3 	 70 	3 	 70 	.2,5 
..._ 	 

**Overall Maximum 	Rockwell C-4 
Hardness Variation 	Vickers 70 	 - 



TABLE V (Cont , d) - Hardness  of e Discs from Ceenched Bars (With Shield). 

BAR 	NO. 31 	TOP 	BAR 	NO , 	31 	CENTRE 	BAR 	NO. 31 	BOTTOM 
Position on  	HARDNESS 	 HARDNESS 	 HARDNESS 

	

Disc 	 Vickers 	4 	 Vickers 	 Vickers 
10-k . load« 	Rockwell  "C e' 	10-k . load 	Rockwell "C" 	10-kG'. loadl 	Rockwell  "C"  

	

1 	 572 	ee52 	 *572 	*53 	 572 	*53 

	

2 	 585 	 52 	 585 	53.5 	 585 	 53,5 

	

3 579 	 53,5 	 599 	53,5 	 579 	 54 

	

' 4 	 585 	 53,5 	 585 	54 	 566 	 53,5 

	

5 	 572 	 55 	 572 	55 	 572 	 *56 

	

6 	 *606 	•55,5 	•606 	*1)56 	 **606 	 56 

	

7 	 579 	 55 	 585 	55 	 592 	 55 

	

8 	 572 	 55.5 	 579 	55.5 	**566 	 53 

	

9 	 606 	 53 	 572 	55.5 	 579 	 54 

	

10 	 585 	 55 	 606 	56 	 585 	 55 

	

11 	 572 	 54 	 572 	55 	 572 	 54.5 

	

12 	 579 	 54 	 579 	55 	 579 	 55 

	

13 	 *566 	 53 	 572 	54 	 599. 	56  
*Maximum Hardness 

Variation  	 40 	 3„5 	 34 	 3 	 40 	3  
**Overall -Maximum 	Rockwell 	C-4 

Hardness Variation 	Vickers  40   



TABLE  V (Contid) - Hardness of 	Discs  from Quenched Bars (With  Shield). 

BAR 	NO. 32 	TOP 	'BAR 	NO.  32 	CENTRE 	BAR 	NO. 32 	BOTTOM  
Position on  	

HARDNESS 	. 	HARDNESS 	 HARDNESS  

	

Disc 	 Vickers 	 • 	Vickers 	4 	 Vickers 
 	10-kge_ load 	Rockwell "C":  10-kg.  load 	Rockwell  "C" 	10-k.  load 	Rockwell "C" 

	

1 	 585 	*4)54 	 585 	*54 	 599 	55.5 

	

2 	•572 	 54.5 	 579 	56 	 572 	 56 

	

3 	 579 	 56 	•572 	*57 	 566 	 57 

	

4 	 599 	 56 	 *606 	55,5 	e*606 	. 	55 

	

5 	 572 	55 	 599 	56 	 572 	057 	 , 

	

6 	 *606 	 54 	 599 	56 	 579, 	56.5 

	

7 	 599 	 54 	 .592 	54 	 585 	•54 

	

8 	 579 	 55,5 	 585 	56 	 572 	 56 

	

9 	 576 	 56 	 572 	56.5 	 599 	 56 

	

10 	 606 	o*57 	 579 	57 	 572 	 57 

	

11 	 585 	55 	 599 	56.5 	**566 	55,5 

	

12 	 599 	 54 	 606 	56.5 	 572 	54.5 

	

13 	 572 	 54 	 572 	56  	579 	54  
•Maximum Hardness 

Variation  	34 	3 	 34 	 3 	 40  	 • 	3 
etOverreenum ocv—R—rine=-3 

Hardness  Variation 	Vickers 40 
**kaximum  overall hardness  variation for all  bars) Vickers 115. 

)  Rockwell C-8. 



TABLE  VI  -  Hardness  of e  Discs  from Quenched  and Drawn Bars 	_th  Shield), 
_ 

BAR 	NO, 2 	TOP 	BAR 	NO, 2 	CENTR  E 	BAR 	NO. 2 	BOTTOM 
Position on 	 HARDNESS 	 HARDNESS 	 HARDNESS 

Disc 	 Vickers 	 Vfekers 	 Vickers 
10k.  load 	Rowckell  "C" 10-1.-.  load 	Rockwell  "C" 	10-1%.  load 	Rockwell "C" 

	

1 	 262 	 27 	 0266 	26,5 	 264 	 26,5 

	

2 	 262 	 26.5 	 264 	25.5 	 262 	 027 

	

3 	 260 	 27 	 264 	027 	 260 	 27 

	

4 	 264 	 26.5 	 264 	026 	 1,266 	 t26 

	

5 	 262 	 27,5 	 262 	26,5 	 264 	'  27 

	

6 	 260 	 27.5 	 0258 	 27 	 264 	 27.5 

	

7 	 e)0258 	,13e26 	 260 	 26.5 	 262 	 27,5 

	

e 	 262 	 27 	 264 	26 	 264 	 26,5 
• 

	

9 	 oe266 	 27 	 262 	27 	•258 	 275 

	

10 	 262 	 27,5 	 262 	 27 	 262 	 27,5 

	

11 	 266 	oe28 	 264 	 27 	 262 	 27 

	

12 	 262 	 27,5 	 266 	 27 	 266 	 27,5 

	

13 	 262 	 26,5 	 258 	26 	 264 	 27.5 
0Maximum Hardness 

Variation 	 . 	8 	 A 
  	8  	1 	t 	8  

4egu-gFFirrimmarr---- -7R-Waérr77:7- 	
. 

Hardness  Variation 	Vickers  8 	 -------,--- 	 ---.1.... 



TABLE VI (Contld)  - Hardness of e Discs from Quenched and Drawn Bars (With Shield). 

11•■••••••• 

BAR 	NO. 3 	TOP 	BAR 	NO. 3 	CENTRE 	BAR 	NO. 3 	BOTTOM 

Position on 	 HARDNESS 	. 	 HARDNESS 	 HARDNESS 
Discs 	 Vickers 	 Vickers 	 Vickers 

 	 10-kg.  load 	Rockwell "C" 	10-14,.  load 	Rockwell "C" 	10-4, load 	Rockwell "O"  

	

1 	 264 	*27,5 	 262 	t27 	 262 	 27 

	

2 	 264 	 27.5 	 260 	27,5 	 *268 	 27 

	

3 	 266 	•26.5 	ee268 	27.5 	 262 	 27 

	

4 	 *268 	 26,5 	 264 	ee28 	 264 	ee26 

	

5 	 262 	27.5 	et258 	28 	 e260 	 26.5 

	

6 	 t260 	 27.5 	 260 	27.5 	 264 	 27 

	

7 	 264 	 26,5 	 262 	27 	 262 	 27 

	

8 	 260 	27.5 	 262 	27 	 262 	 27 

	

9 	 262 	27.5 	 264 	28 	 264  

	

10 	 262 	 27 	 268 	28 	 260 	 27,5 

	

11 	 266 	 27 	 262 	28 	 264 	 27 

	

12 	 264 	 27,5 	 260 	27.5 	 262 	 27 

	

13 	 262 	 27 	 264 	27,5 	262 	27  

*Maximum Hardness 
Variation 	 8 	 1 	 10 	 1 	 8 	 1.5  

	

etOvera 	Maximum 	oc 	e 
Hardness Variation 	Vickers 10 



iBAR NO. 9 TuP 
HARDNESS 

1 

2 

5 

4 

5 

6 

7 

a 

9 

10 

11 

12 

*27 

27 

27-.5  

27 

27.5 

27 

27 

27 

27.5 

27.5 

27.5 

27 

27 

TABLE  VI (Cont , d)  - Hardness of  ,21  Discs from quenched and Drawn  Bars (With Shield). 

BAR NO.  9 CENTRErBAR  NO.  9  BOTTOM 
HARDNESS 

E Rockwell "C" 
Vickers 1 

10-kg. loadl Rockwell "C"' 

HARDNESS 
Vickers 

10-ki_. load 
V ckers 

10-kg. load Rockwell IC" 

Position on 
Disc 

264 

262 

262 

•260 

262 

260 

*1)268 

260 

262 

262 

264 

264 

13 	 268 	 26 

•Maximum Hardness 
Variation 	 8 	 2 

**Overall Maximum 	Rockwin  drâ" 
Hardness Variation 	Vickers  10 

264 

262 

264 

262 

262 

*260 

262 

260 

264 

.268 

264 

26;1 

264 

8 

	

262 	 t26 

	

262 	 27 

	

*264 	 27,5 

•41)258 	 27 

	

262 	•28 

	

262 	 275 

	

262 	 27,5 

	

260 	 26.5 

	

264 	 27.5 

	

262 	 27.5 

	

262 	 28 

	

260 	 27,5 

262 27  

	

6 	 2 0,5 

**26 

27 

26,5 

26.5 

27 

27,5 

27 

26,5 

e28 

27.5 

27 

27.5 



TABLE VI (Cont , d)  - Hardness of e Discs from Quenched and Drawn Bars (dith Shield). 

B A R 	N O. 10 	T 0 P 	BAR 	N . O. 10 	CENTRE 	BAR 	NO. 10 	BOTTOM 

Position on 	 HARDNESS 	 HARDNESS 	 HARDNESS 

	

Disc 	 Vickers ..-- .--VIZ—cers 	 —Tickers 
10 -kg.  load: Rockwell  "C" 	10-4) . load  	Rockwell "C n 	l0-k.  loadt-Rockwell "C"  

	

1 	 260 	 26.5 	 *262 	*26,5 	 *262 	•26 	 . 

	

2 	 262 	 27 	 264 	27 	 264 	 26.5 

	

3 	 .1,268 	 27 	 262 	27 	 266 	 27 

	

4 	 ee258 	 26,5 	 262 	26.5 	 o268 	 26.5 

	

5 	 264 	 27 	 *268 	27 	 266 	 26.5 

	

6 	 268 	*27,5 	 262 	27 	 268 	 - 	27,5 

	

7 	 262 	 27 	 262 	27 	 260 	 26,5 

	

8 	 260 	 26.5 	 264 	26,5 	 262 	 26.5 

	

9 	
264 	 27 	 262 	27 	 262 	 27,5 

	

10 	 266 	 27.5 	 262 	*27,5 	 262 	4).28 

	

11 	 264 	 27 	 264 	27 	 264 	 27 

	

12 	 262 	 27 	 264 	27.5 	 264 	 27 

	

13 	264 	ist26 	 264 	27 	263 	 27  
*Maximum Hardness 

Variation  	10 	 1.5 	6 	 1 	6 	 2  
**erail Maximum 	Roaviêi=r--------------  

Hardness Variation 	Vickers 10 



iABLE VI (Cont 'd) - Hardness of --;41," Discs from ^Zuenched and Drawn Bars (With 5hi.eld).

Position on
Disc

1

BAR N0. 22 TOP

HARDNESS
Vickers

266

2 I 264

3

4

5

7

266

2 62

264

o260

264

a

a

10

11

12

264

262

262

Rockviell "C"

27

^,026,5

27.5

27

o*2,8

28

27,5

27^5

27.5

28

266 ! 28

ee268 27.5

13 i 262 27
emax mun ar ness

BAR N0. 22 C ENTREr BAR N0. 22 B0TT0M

HARDNESS

Vi ckers
10-k8. load Rockwell

264 i 27

•264 27

262 27

262 ®26,5

264 27

262 -t27v5

®266 26,5

264 27

264 27.5

264 27.5

266

266

-eq258

Variation 8 f 1.5
O®Overall Maximum Roekwe fC-1.5

27

27,5

27

1

,&268 aa 27

264 4)27,5

,6262 27s5

262 27,5

262 27,5

264 27,5

262 27.5

262 27

264

264

262

262

27

27.5

27,5

27,5

262 27

0,5

Hardness Variation Vickers 10



0266 

262 

262 

264 

266 

260 

00258 

260 

266 

264 

264 

964 27 

26,5 

264 

264 

TABLE VI(Contld) - hardness of 	Discs from quenched and Drawn Bars  (With  Shield). 

unmeamere........•••••■■■••••••••■••■••••••••••■••■■•••••■•••■•■■■■••••••••• • 

■   
•■■••■■•■••11 

Position on 
Disc 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 
-mmurairnefuniug---  

Variation  
ie-verill Maximum 

Hardness Variation 

BAR NO. 23 TOP 

HARDNESS 
Vickers i 

10-kg.  load 

0.2C 

27 

27 

27 

27 

27 

27 

27 

27 

027.5 

27,5 

27,5 

262 

1,5 
hockweil  u 
Vickers 10 

Rockwell "C" 

*268 

264 

264 

266 

262 

e262 

262 

262 27 

264 262 

266 264 

262 264 

266 

268 26 

2 6 8 8 

e26,5 

27 

27 

26.5 

27 

27.5 

27 

BAR NO.  23 CENTRE/BAR NO. 23  BOTTOM 

Vickers 
10-'kg,  load/ Rockwell "C" 

HARDNESS 

262 

262 

4,260 

266 

264 

00268 

260 

262 

27 

27 

27 

0028 

27 

1„5 

Vickers 
10-kk. loadi Rockwell "C" 

4,26 

27,5 

t28 

27 

28 

275 

27 

27 

27 

27,5 

27,5 

HARDNESS 



TABLE  VI (Conttd)  - Hardness of ù"  Discs from  Quenched and Drawn Bars (With Shield). 

BAR 	NO. 31 	TOP 	BiR 	NO. 31 	CENTRE 	BAH 	NO. 31 	BOTTOM 

Position on 	HARDNESS 	 HARDNESS 	 HARDNESS 

	

Disc 	 Vickers 	• 	 Vickers 	 e  ers  
10-k, load 	Rockwell "C" 	10-kg. load 	Rockwell "C" 	10-1(6.  load 	Rockwell  "C"  

	

 

1 	 262 	27 	 264 	 • 	27 	 *260 	 *27 

	

2 	 •t266 	•26,5 	•266 	 27 	 *266 	 27 

	

3 	 264 	 27 	 *260 	 27 	 266 	45028 

	

4 	 266 	 27 	 266 	 27 	 260 	27.5  

	

5 	 264 	 *27.5 	 264 	 27 	 262 	 27.5 

	

6 	 266 	 27.5 	 262 	*27,5 	 262 	 28 

	

7 	 **260 	27 	 262 	26.5 	 260 	 27 

	

8 	 262 	 27 	 262 	 26.5 	 262 	 26,5 

	

9 	 264 	 27.5 	 260 	 27.5 	 262 	 27.5 

	

10 	 266 	 27,5 	 264 	 27.5 	 266 	 27.5 

	

11 	 260 	 27.5 	 264 	**26 	 260 	 27 

	

12 	 262 	 27.5 	 264 	 27.5 	 264 	 27.5 

	

13 	 262 	 27.5 	 262 	, 	26.5 	264 	27 
*Maximum Hianess 

Variation 	 6 	 1 	6 	 1.5 	6 	1  

**Overall Maximum 	Rockwell  C-2 
Hardness  Variation 	Vickers 6 	 --- 	 .-- -------- 



TABLE VI ( Cont ' ô) - .iardness of 2T' Discs from ^,uenched and Drawn Bars ( ^'Jith Shiel.d).

û A R i 1 0. 32 T 0 D B H R NO. 32 C E N T R E B A R NO, 32 B 0 T T 0 M;

Position on HARDNESS HARDNESS HARDNESS

iDisc Vickers Vickers icRers
10--kg. load Rockwell "C" 10-kU. load Rockwell "C" 10-k6. load Rockwell "tC"

1 264 a3a26.-5 264 27.5 264 ®27

2 iae266 27 lb262 27.5 b266 27

3 266 27.5 264 628 o262 b28

4 264 27 262 ti27 266 27

5 o2262 27.5 262 27,5 262 28

6 262 oo28 262 27,5 262 28

7 262 27.5 264 27 264 27

8 262 27a5 262 27.5 262 27

9 262 27 o266 27.,5 262 27.5

10 262 27 266 28 262 28

11 264 27 264 28 264 28

12 262 27.5 264 27,5 264 27,5

13 262 27 266 27.5 264 27

®Maxicuûm Harc^iess {
Variation 4 1.5

oôverafl Maximum-u ôc TWe c= .5
Hardness Variation Vickers 4

T*i.vv ,C:T-iri :


