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Brinell hardnec-s Impressions were mai.~e on
s ampl e s of 12 mm., 10 m;^ ., 7 mm., 6 mm.,. 5 mn . a
4 mm., and 3 mm. bu:l;.et-proof plate. Two sets
of sampl.es of each thicliness of plata were pre-
pared, one set to damonstrai: the offec:t of re-
moving insufficient rr,atsrial fro:n the face of the
plate before making the Brinell impression and
the other set to show the influence. of uneven
surfaces on the accuracy of Brinell rea.dings.

Two Brinell impressions we::-e made on each
specimen with an elcctx î.cal.ly powered q.utoma.tiz:
Brinell machineo The 4amrles were thtan ,rouped
in such a m.anner that prejudice could not affect
the results and the diameters of the ircpressions
were measured ait:r_ a standard B.°ine 11 m:-rc^secpe
by seven differ^ent i..ndivl.cluais.

An analyais of the data obtained in this
manner resulted in the :Co].lov► ing conclusions:

1. It is necessary to remove at least 0.02
inch of metal from the surface of plate-s
whose previous hi.sto^q is similar to the
history of those plates, to be sure that
deca.rbtiriza.t:ori Is no : affecting the
result>

2. When the portion of the plate on which
the test Is being made is not flat, the
accuracy of the determination decr9ases.

3 ',nzi'_e according to theory, a plate having
a hardness less than 250 B.H.N. should not
be empected to give accurate Brinell values
when tested with a3,000- kilo gram loeid and
a 10-m.m, ball if it Is less than 5 .8 mn.
thick, the results of these tests showed
no sex•ious discrepa;.3r.-a or no loss of accuracy
in the hardnt ^; s de t9r;i.nation of the 3 mm.
plates by VLI^3 standard. Brinell teat.

4 ^ The s tatemenr in (5`, is tvue only as long
as the anvil supportinQ the sample is harder
than the sa.mple, ^Yr.c n the suppcrtio.g anvil
is softer than the s a.rapZe the hardness value
daton-nined on a -^ample 3 mm. thick by the
st^n3a.^d Fri^Fal:. h^d.:aes test is not corvect.
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The present investigation was undertaken at the 

request of Dro C. W. Drury, Director of Metallurgy,  Army 

Engineering  Design Branch, Department  of Munitions  and 

Supply, Toronto, Ontario° This request was made on 

August  25th, 1943, in Requisltion  No  /01 9  Report No 12, 

Test  3. 

The material, Identified as AEDB Lot No. 646 9  was 

forwarded to these Laboratories by the International :erves-

ter Company of Canada Limited, Hamilton., Ontario, and con-

sisted of one sample each of 3, 4, :5 0  6, 7, 10; and 12-mm. 

bullet-proof plate taken from standard production. Each 

plate was approximately one foot square. 

The  object  of this investigation, as  outlined in 

the requisition, was ne follows: 

uTo determine hardness readings on bullet-proof 
plate of various thicknesses, with the object of  , 
preparing a memorandum outlining the deficiencies 
of standard methods of determining hardness readingen 
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Outline of Procedure: 

There were four factors entering into the standard 

methode of hardness testing that it was thought might be a 

source of error. These are: 

1. The possibility that all decarburized metal is 
not removed from the surface before making a 
hardnese test. 

2. Tho i:ossibility that failure to obtain a perfectly 
flat surface might be a souroe of error in MOR8- 
uring the diameter of the impression in Brinell 
hardness testing. 

3. The effect of using the Brinell hardness test to 
determine the hardness of bullet-proof plate 
less than 4 mn. thick. 

4. The effect of the hardness of the supporting anvil 
on the correctness of the Brinell test on vory 
thin  steel  plate. 

Ton samples, 2 inches square, were obtained from 

each thickness of plate. Theee samples were divided into 

two groups of five each. 

One sot of samples was used to determine the 

effect of incomplete removal of the decarburized metal from 

the surface being tested. This set of eamples consisted of 

five samples of each thickness of plate. 0,01 inch was 

removed from one of the rolled eurfaces of one sample of 

each thickness, 0,02 inch removed from another, 0,03 inch 

removed frem another, 0004 inch removed from another, and 

0,05 inch removed from another. This set  of samples is 

designated as  T1FC.  A sample in this group is identified 

by the following code, FTt, in which 

T is thickness of.plate, and 
is amount removed from surface; 

for example, 

F-6-3 is the 6-mm. sample in Iroup "F" that 

has had 0 903 inch removed from one of itn rolled surfaces. 

The ether  et of àamples was used to determine 

the amount  of error introduced by not obtaining a perfectly 

flat  surface for Brinell  hardness determinatione. The 
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surface might be .prepared by grinding a "gougen  in lt e  as 

Illustrated in  the sketch below; 

Brinell 
microscope 

If this in done, the base of tha Brinell microacope is not 

on the  same plane as tho 3xth11  impression but is raised 

some distance above it. This increames the distance between 

the objective lane of  the miorescope and the Brinell  imprea-

aj.on,  thereby throwin it out  of  footla. 

nith  the standard Brinell  microscope the objective 

cannet be adjusted,  the focue of the microscope being fixed, 

Therefore,  if the abolie condition exists It is not possible 

to compensate for it by adjusting the focus of the micrescope. 

If the image  or the Brinell improasion <>smelt be breught into 

sharp focue,then it wIre not be possible to measure its diam- . 

 eter with accuracy. 

This  condition  was eimalated ln this inventigasian 

by grinding grooves in one of the relied surfaces or the 

ramalning set  of  samples. These grooves were inch wide smd 

varied in depth from 0,01 to OO5 inch for each thicknees  of 

plate. This sot of samples was deeignated as grouo ne.  A 
eample identified (Is G-10-4 e  for example, is a sample of 

10-nm. plate having a Groove 0,04  inch  deep ground in.  one 
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Lacet  

Two Brinell impressions were made in each sample 

with the electrically powered Brinell machine using a  300C

kilogram load and a 10-em0 ball. 

All samples were then arranged in random groups of 

five in such a manner as to reduce to a minimum the chances 

of prejudice affecting the measurements and were distributed 

among memberc of the staff to measure the Brinell diameters, 

Seven individuals measured the impressions on each sample. 

Yhe results are recorded in Table I. 

TABLE I. ======= 

	

F-12-1 	388 	369 	361 	19 	6.7 

	

F-12-2 	394 	375 	384 	19 	6.2 

	

F-12-3 	415 	363 	389 	52 	12,9 

	

F-12-4 	368 	369 	361 	19 	5,9 

	

F-12-5 	388 	341 	377 	47 	14,4 

	

F-10-1 	352 	321 	342 	31 	7 0 5 

	

F-10-2 	394 	358 	377 	36 	11.7 

	

F-10-3 	338 	363 	373  , 	25 	9,3 

	

F-10-4 	388 	381 	387 	7 	2,5 

	

F-10-5 	366 	375 	385 	13 	4.7 

F-7-1 	285 	269 	274 	16 	5,4 
F-7-2 	285 	269 	280 	16 	6,1 
F-7-3 	285 	269 	279 	16 	5 0 4 
F-7-4 	285 	266 	278 	19 	6,2 
F-7-5 	285 	266 	274 	19 	5,1 

F-6-1 	341 	321 	328 	20 	7.1 
F-6-2 	363 	341 	355 	22 	9.0 
F-6-3 	363 	341 	359 	22 	7.7 
F-6-4 	363 	347 	357 	16 	6,3 
F-6-5 	363 	326 	345 	.z.r. 

	

‘,/ 	8,6 

F-5-1 	285 	277 	284 	8 	2,2 
F-5-2 	297 	277 	287 	20 	4,7 
F-5-3 	302 	273 	286 	29 	7,9 
F-5-4 	293 	281 	266 	12 	2.7 
F-5-5 	285 	269 	276 	16 	6.0 

* 5.4 
* 5.0 
*10.4 
* 4.7 
t11,6 

t 6.0 
t 9.4 
±  7.5 
t  2.0 
t  3,8 

±  4.3 
t 4,9 
t 4.3 
t 5.0 
t 4,1 

t  5,7 
t 7,2 
t 6„2 
+ ç1  
±  7,1 
-± 
t  3,8 
I  6.3 
t 2,2 
t  4.8 

(Continued  on  next page) 
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........»...,ea.....m..«.a.m. 	 ,......... ■••.. ........e.......... 	 ...«........ ........ 

■..o. 	 Ans...evenvem...m...... 	
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F-4-1 	321 	293 	311 	28 	10.3 	+ 8,3 
F-4-2 	321 	302 	309 	 .  19 	6,9 - 5.6 
P-4-3 

 

	

306 	273 	269 	33 	9.0 	t  7 2 
P-4-4 	306 	265 	294 	21 	9.3 	+ 7.5 
F-4,.5 	321 	289 	306 	32 	9.1 	. 	t  7.3 

F-3-1 	248 	232 	241 	16 	4.4 	:"7. 3,5 
F-3-2 	273 	244 	261 	29 	7.9 	2-  6.4 
F-3-3 	269 	251 	261 	18 	5.0 	l' 4.6 
F-3-4 	269 	248 	.253 	19 	5.7 	t 5,4 
F-3-5 	285 	262 	273 	23 	8.2  

F-X-1 	363 	347 	360 	16 	60 	''' e.8 
F-M-2 	306 	347 	385 	41 	12.6 	110.1 
F=x-3 	see 	357 	371 	31 	11.6 	.1"  93  
F=:.X.=-4 	369 	363 	36z 	6 	1.6 	-.'7 1.5 

	

6 	--  '.g;   
.,•...7 	 .........e.» .....■ 

0-12-1 	386 	363 	383 	25 	7.8 	+ 602 
G-12.2 	415 	363 	387 	52 	16.2  ;.130v 
G-I2.3 	408 	369 	398 	59 	11,6  
G-12-4 	415 	375 	397 	40 	11.9 	t 9.5 
G-12.5 	415 	375 	395 	40 	1 3.5  

G-10-1 	•304 	352 	372 	. 	42 	12.1 ,.1.  9.8 
G-10-2 	e01 	363 	390 	48 	9.4 	''. 7,6 . - 
G-10-3 	422 	388 	403 	34 	11.0  

G-10-4 	415 	368 	328 	27 	11.3 	t 9 0 1 
G-10-5 	44,4 	363 	..7. 

	

......s., 	Cl 	18,2 	Z14,6 

G-7-1 	209 	269 	279 	20 	6.0 	t14 03 
G-7-2 	297 	261 	285  . 	16 	3.5 	2,8 . 	.° 
G-7-3 	302 	285. 	293 	17 	7.3  
G-7.4 	302 	281 	291 	21 	 7 	- 5ri 
G-7-5 	311 	277 	2:70 	34 	10.9 	-i. - 8.8 

G-6.1 	363 	•  321 	345 	42 	18.8 	2'15.1 
G-6-2 	38e 	347 	365 	41 	11.7 	t 9.4 
G-6-3 	382 	341 	361 	41 	9.0  ,..-. 
G-6-4 	401 	365 	•  376 	33 	14,0 	; -11,3 
G-6-5 	388 	363 	373 	25 	10.1  

G-5-1 	302 	261 	266 	,-, 

	

e..J. 	Î.,3 	 .1..  4 03 
G-5-2 	302 	285 	280 	17 	4,4  • 	t 3.5  . 
G-5-3 	302 	281 	294 	21 	i3,7 	t 6.5 
G-5-4 	311 	265 	299 	26 	701 	 2-  5,7 
(>5.--5 	3i21 	289 	306 'Pv.) 

	

,  ,,,.., 	9.,4 	t 7,6 

',7;'-4•.'1 	321 	302 	313 	19 	6 5 	1-  ,5.8 
G-4-2 	341 	305 	321 	35 	0.9 	t 7.1 
G..443 	346 	311 	327 	37  

G-4-4 	321 	209 	306 	39 	9.2 	t 7 04 
G-4-5 	341 	302 	319 	39 	14,0 	711133 

‘ 	- G-3.1 	277 	948 	257 	29  • 	7.9 	t  6.4 
 . 

G-3-2 	269 	241 	254 	20 	6,5 	t 5.1 
G-3-3 	.uy-.) .-„4„ 	282 	287 	20 	4,9 	:;  : -.,9 
G-3-4 	277 	251 	285 	26 	7 .3 	1" 5.3 
0-3-à 	302 	273 	291 	29 	11.7 	t 0.4 

monignaMe......erern,••••••■■••■••■••Webovu.aat....•••• ■•••rm,ewn.,...M.••• ••••••■■ •••■•••■•••••••••1111a.M..-....,..A...1.....»..en,/,..•••  

Average ce, Group F, 	7.,31 
V 	e , Group  G. - 9,60 

••■■•••n**•■••-•■••••••■•••*••••••••■•...WY..Ime.....e■■•■••Ne 

(Gontine0.pil  next page) 
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5 
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0.016 
0.025 
0,02 
0,024 
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0,04 
0.03 
C.03 
0 1035 
0.03 
0.03 
0,025 
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(Outline of Procedure &  conted 

A hardness survey, using the Vickers hardnese 

teeter, was eonducted on a cross-eection of a sample  from each 

thickness of plate, to determine the actual depth of decarbur-

ization. The  results are proaented in the the chart in 

Figure 1 (see Page 13) and in Table II below; 

TABLE II. - DEPTH OF DECARBURIZATION CALCULATED 
FROM VICKERS EARDNESS 

Plate 
thicknese, 
millimetres 

en0.1.0.1310■1•110171,  

Depth of total 
decarburization„ 
in inches 

Depth at which 
hardnees ie 95 % 
of true hardnese, 

in inches 
+ranee 

•••■••ocIMInoldfflu .■■••••■ ••■•••••••■• 

There are two metheds el' determining the accuracy of 

the Brinell values obtained. The more obvioue, though less 

exact, method is to caloulate the range betreen  the  M6XIMUU 

value and minimum value of each set of valuee. Thie is dene 

•  in the column headed "Range" in Table  I The dietribution 

frequency of the ranges is given in rEilble III (below) and 

shown graphically in the chart in Figure 2 (eee Page 14), 

TMLE III. FREMENCY DISTUBUTION  OF  RAW=E. 

Flat Plate 	 Grooved
- 

 Plate 
MSc 	Range 

Group 	values, 	Group 	values, 
ier zen submeeereee 	iters:miewit  

	

0-5 	 0 	 0-15 	0 

	

6-15 	 15 	 16-20 	17.1 

	

16-30 	 60 	 21-40 	63 

	

31-45 	 20 	 41-60 	17.1 

	

46-60 	 2 	 61-60 	2.6 

WOOMUMM 	 111117areas 

A more exact method to determine the accuracy ef 

these Brinell values is to calculate the standard deviatien 
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(Outline of Procedure e  cent 9 1)  - 

for each set of values., Th im atannard deviation 1$ represented 

by-  the Greek symbol for "sigela" er). The "sigma" valuee  fer 

each  set of readings have been calculated and recorded in the 

column headed "standard Devietion" .t Table I (on ragef 4  and t›) 

By using the "sigma" value in the formula,3 	where  "n" - ie 
ed'ee 

the  number of readinga  taken e  the limits of  accuracy of  the 

average  Brinell value for each set of readirezs  mf:71 'bc determinone 

It  13 therefore .  evident that the limits of accuracy  of these 

averages vary directly as the value of the standard deviation 

of each group represented by each average, The  valuee  for 

are given  in the laet column in Table  1. 
ie 

A ncontrol chart" for the standard deviation valuee e  

for both the flat und the grooved samples e  is presented in 

Figure 3 (see  Page L) 	'ehe limite  shown on this control chart 

are obtained by uaing the data on Page 50 of the American 

L;oclet7  for Testing Materials ,  Eanual on Freeentation of 

Data. 

To determine the effect of the thickness of the plate 

on the accuracy of the Brinell value obtained,  the  average Brinell 

value of the flat samples of the seven thicknensea of plate are 

compared with the Brinell equivalent of the maximum Vickers 

hardness value obtalnetee from the cross-seetional survem 

shown in Figure  l This comparison is made in Table  itr0 

TABLE IV, 

elickness of 	Average Brinell 
plate 	 hardness value 

in millimetres 	obtained on 
flat eamples 
TeM=5=====r-MW===Mdin 

	

12 	 382 	 3J3 

	

10 	 379 	 375 

	

7 	 277 	 281 

	

6 	 ' 	 352 	 350 

	

5 	 284 	 295 

	

4 	 302 	 316 

	

3 	 256 	 259 
Ile.elealermemeal..= 

7e -MA,UMIkaMeemeiMMMUter 

Brinell equivalent 
of average  maximum 
Vickers hardness 
value un  crone- 

section° 
==mmmimmmememmumerimme 

(centineei  on per;  page) 
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(Outline of  Procedure, cont , d)  - 

To determine the effect of a very soft anvil on the 

correctness of the Brinell hardnoss value obtained on very 

thin plate when using the standard 3 o 000-kg load and 10-mm.- 

diameter ball o  the following experiment was conducted: 

1. The hardness of the standard anvil supplied with 
the Brinell hardness testing machine was deter-
mined as being Re  40 (B.H. No. 375). 

2, An anvil was prepared from cold rolled steel. This 
was found to have a Brinell hardness number of 1110 

3. Using the "F-3" series of samples e  two impressions 
were made on each sanple using the standard 3,000-kg. 
load and 10-mm0-diameter ball and supporting the 
sample on the cold rolled steel anvil. The diameters 
of each  of  these  impressions  was measured by only one 
person. The resulting Brinell hardness numbers are 
tabulated in Teble V o  together with an analysis cf 
their variance. 

TABLE y.  -  BRINELL HARDMS MEA.SUREMENTS OF  3-ymn0 
SALES  ON SOFT ANVIL 

SAMPLE 	BRINELL 	AVERAGE 	 LIMIT OF 
NO, 	HARDNESS BRINELL 	 STANDARD 	ERROR 

NUMBER 	HARDNESS RANGE DEVIATION 	OF 
NUMBER -  AVERAGE  

F-3-1 	197 
201 

212 
207 

F-3-3 	207 	200 	25 	8,4 	6.5 
192 

F-3-4 	 167 
192 

F-3.5 	 212 
197 

A comparon  between Brinell hardnesses obtained  on 

3-mm, plate using a  soft anvil and a hard anvil is made in 

Tablc VI below: 

TABLE VI, 	COMPARISCN OF EFFECT  OF HARD AND SOFT 
ANVII,' 	ON  HARDNESS MEASUREMENT OF -- 
3-mm0  PLAT2. 

AVERAGE BRINELL HARDNESS 
OBTAINED USING A SOFT 
ANVIL (ANVIL HARDNESS, 

111 B.H. 4:22 )_ 
258 	 200 

elialiMIMI.M1111=11IM 

AVERAGE BRINELL HARDNESS 
OBTAINED USING A HARD ANVIL 

(ANVIL HARDNESS,375 B.H. No.) 

.11111,11••••■• 



Placeeliton  e Renultel 

(l, - Effect of Decarburization - ----  • 

An examination of the column of average  Brinell 

values in Table I will  show  that in almost every caae the 

Brinell value of the samp1es 9  with only 0,01 inch of meeal 

ramoved from the surface  is  slightly lower than the Brinell 

value cf the other samples, Eowevor 9  a mathematical enely-

els of these value  shows that only in the case of the 10-mm, 

plate is  the  difference greet snough to be significant, It 

would appear that in all caecs e  if 0,02 inch of mete.  lb 

removed the decarburleed netal left is not enough to affect 

the eorrectnese  of  the  Brinell hardneee test, 

Effeet  of Uneven Surface on Accurac£ 

Ar analysis of the  range between meeimum and minLmum 

HL obta!ned  on the flat eamples and the grcoved  samples 

Indicates that there  is  a  tendency for the  range to be greaeee 

when the sample is groeved, This tendeecy le confirmed when 

the aecuracy is analysed by means  of the stanCard deviatien 

metbed. 

A  general rule fer ascertaining the accuracy of a 

eingleemeasurement from the average standard deviatJeen of a 

euriber of croups of•measuremens is that the expected aocuracy 

will be  t 	where 	ia  the averaile standard  deeletIono 

According to this rule 9  tharefore 9  the accuracy of a single 

brinell determination made under the • ame conditions as those 

which existed for  the  flat aamples wculd be 

» tlmns 7,3 — e 	 ee.. 9  

hile the aecuracy for a single Brinell d•terminatio  made 

under the same conditions us those which  exizteel  for the 

grceved sampleb  (i0e0 4  Nr'nen tho surface is not flat) would be 

t 3 timee 0,9  e  '2130 

This eccuraey 9  eexpreesed !In units'of diameter of 

the  BrInell  Impression, would be roughly t  0,10 17;11,> for a 
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(Discusnion  of Results, contid) - 

flat  surface and 0.15 mm0 for the uneven surface. 

(3). -  Effect  of Too  Thin  a Sample  - 

A chart is shown in  Figure 4  (see Page  16)  to 

illustrate the relationship existing between the Brinell 

hardness number and minimum olete thickness allowable when 

the hardness  is  to be measured by the standard Brinell method. 

This chart was constructed on a purely theoretical basis from 

information contained on Page  253  of "The Hardness of Metals 

and  Its Measuremento", by otNeill. 

From this chart  it  would appear that the thinnest 

plate, having a hardness of 250  Brinell,  whose hardness could 

bs measured by means of the  standard  Brinell hardness test is 

about 308 mm. However, it  is  evident from Table IV that the 

hardness value obtained on  oven  the 3-m0 plate by the stan-

dard Brinell test is  in  good  agreement  with the hardness 

value obtained by the Vickers pyramid hardness test on the  

cross-section cf  the  plate. 

(4). - 2ffect  of  Soft  Anvil  - 

It is evident  trou a study of Tables V and VI that 

a soft eupporting anvil has a  very great effect  on the uor-

rectness of the hardness  measurement of 3-mm.-thick steel 

plate by the standarC Brinell hardness test. It is also 

indicated that  as long  as the  anvil  is harder than the 

sample whoee hardneus in  being determined,  the  error  Intro-

duced by a thin sample  is, to all intents and purposes, 

negligible. However,  if a soft supporting anvil is to be 

used,  the hardness-thicknese relationship shown in Figure 4 

could  be  expected  to hold good in  practice, 
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CONCLUSIONS: 

1. Decarburization has not affected the correct-

ness of the Brinell hardness determination when .0,02-inch 

minimum of metal has been removed from the surface. 

2. An uneven surface lowers the aocuracy of 

hardness measurements by the standard Brinell hardness test. 

3. An accuracy in Brinell hardness values of ± 20 

may be expect.ed from single determinations on a perfectly 

flat, well-prepared surface.  ' 

4. An accuracy in Brinell hardness values of 

30 may be expected from single determinations on an uneven 

surface. 

5. The correotnees 'of the hardness value as deter-

mined by the standard Brinell test is not adversely affected 

by plates down to 3 millimetree in thickness when their 

hardness is 250 Brinell cr greater. 

6. Conclusion No, 5 is valid only When the support-

ing anvil is harder than the sample being tested. When the 

anvil is much softer than the sample, the hardness value 

measured by the standard Brinell hardness test is not correct 

on samples thinner than the minimum thiokness shown in Figure 4 
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