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Abstraat

Universal Carrier pins znanu.i'actured by

r^:.liec, i^roc^uc4s ^;crpc:.-^ti,3n^ C-;nadian A.c^n© i^©:v

and Gear 1.i:m3.toU' and 8 c3ri.tish proczucors

represantr-:tivv of pins used In ',;nivorsal Cs.rribr

Field Test 11,,), 1.Cio- were oxa.minado Band tests$

ir.vfict t.^ivts at .•(:)om tenperatura and -5011 ?'o,

hardnea : ,".e: ts9 and ri croscop i^, axr :ci ^^ f:^ o.a r^t'

the aOr,) and case mater3 were wrrAed outo

When the _f"inal rec-ulta of the f'i©].d trial have

been obt-A'.ner', tbw. rfl^aul.ts of thase tests should

be correlated .vi.tn

s^r^r ^mrer
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Orieein of  laterial an10121291_91.4121LILLiselm: 

On  October  21t,  1943, Dr. C. W. Drury, Director' 

of Metallurgy,  •Lrmy 1,:nsineering Design Branch, Department 

of Munitions and . -11:)p1y, Toronto, Ontario, submitted Requi- 

sition No,  '7'4;7, 	Lots  !os.  810, 811,  812, Report No. 20, 

Section A, Test 26, covcring the  examination of the following 

material, all of which had been received: 

Lot  No.  810 - 12 Univeraal Carrier pins of ME 3115 
--iteef,-;Ith normal core hardness, from Allied Products 

Corporation, Detroit, Michisan. 

Lot 	 - 12  Universal  Carrier pins of SAE 2115 
7-incl, with low  COTO  hardness, from Canadian Acme 

Screw rnd Gear Company Lilted, Weston, Ontario ,  

Lot  No. 812  - 12 Urivereal  Carrier pins of BnS.S, 
beirrarrsteel l  with low core hardness, of British 

•manufacture, 

It va5 requested that the  physical properties of the 

pins be determineC to see how they comply with the requirements 



2age 2 - 

(Orien of Material and Object of Investietion, cont ,d) - 

of  Specification e.A. 214. It emu reperted  that these pine 

are representative  rf thoso used  in  No. 16 Universal Carrier 

Field Test, It  hee been reported that this  test  has gone 

2,575 miles but no  further information hae  been given. 

,epecification  C.A. 214: 

Case  HarGnese - 

The case  hardnees  shall be of a minimum hardness 

of 650 V.P.N.,  or ao Rockwell 'A'. 

Depth  of  Case - 

The depth of case cf pins ono-half  inch in diameter 

or  less shall be between  0 0012 and 0.e inch  in thickness. 

It should b3  move-Aired from tho surface of  the pin to the first  

21mI_91_221211mhana  after  the pin has been etched and should 

not include the  transition zone. 

Coro  Hardness - 

The core hardfiese  shall be within  the limits of 

24-32 Rockwell  eCI,  or 250-315.  V0P.X0 

Pins of 7/16-inch diameter shall give a minimum 

(leflection of C,25  inch without the case  cracking, when freely 

supported between  8,-inch  centres and centrally loaded through 

a bending block with  l2-inch-raOlue cylindrical face. 

Impact Reeistance 

Pins  of 7/16-inch Oiameter, when freek supported 

between 8-inch centres, should withstand a blow of 45 foot-  - 

retinae,  The  case  ma y crack  but  the pin nhould nct break. 
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110 

0 017 
0„52 
0,68 
1027 

'Carbon 
Manganeee 
Chromium 
Nickel 

0.10-0.20 
0.30-0,60 
0,45-0,75 
1.00-1.50 

Pe4 3 - 

Chemical Analyz ..is: 

Drillings  taken from the eore of  one  at each type 

c..:0  pin  -Jere aniaysed  chemically p  ,;y1th tha - following reaulte: 

AIL:Led PrjcdUctf  Pins   

ite 
Found 

.'-7-. -rer 

Specification 
SAE 	3115 

à. 

anadian Aore 3crew  and Gear Pins  - 

As 	Specification 
Found 	SA:a;  2115  

- Per ceie-7.7 
■•••10111111• 

- Carbon 
UarLanese 
•Mickal 

- 0.10 
- 0,41 
- 	1.58 

0.10-0.20 
oor50-mc 
1.25-1.75 

.111•1111111■41•1•MMIll■ 

.•3rit1sh Pe,n 
As 
Found B.S.S. 5005Lel 

Specification 

Carbon 
Manganese 
Nickel 
Chromium 

11111.1.11... 	  

0,10 
0,52 
1.91 
0.09 

0,15 max0 
0.6C max. 
1.50-2.25 
0.30 max. 

fluzpical properties: 

- 

•-•Tensile specimens 0,252  in in diameter were machined 

from the corc r. of each type  of  pin and tested  in a )aldwin-

Southwark testing machine. 

10 on Page 4, lists the tensile properties of 

the core material: 

(Continued on next  page) 
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Test  Ear 

62 

• 

0.22 
7:r1 

•  

:0.020 : 
;0 0022 : 
:murr 

204 0.31 
0.39 
0,26 

rue 

; 
• 
0.016  : 
:0.018 : 
:O.C16 

; British  - 
1 	:  79-80.5 : 	(746)* 
2 	: 77-70 	: 	(017)* 

: 	 772) 0  
1••••■••••••■••■•■•11*.■•••■••......e. 	  ■••••••••••••,..• ••••■••••••••••■•1. 

NOT„  Uterlinod fiLures indicate results outside tac 
specified Iinits, 

s•  Brackete  figurt)s are averages of actual readings taken  on 
the surce  with the Vickers machine and the 10-kg  load 
andlec not  1.1z,utlezari1y  equivalent to the Rockwell  'A' 
reaaingq. 

YEL(30 

(Physical Preprties, contld) - 
'Pencils Tests, contfd 

TALE 1.  

=I—per tonsat=,--  
:  cent 	: per Cent 	:Reduction 

:strength,: procf 	:  for 	-auge 	:  of  area, 
: p.s.i. : strefcs, :74,44fr_s .  • • pc-i. 

nc  	 nc os:  	cent 

	

Allied  Products : 136,000 : 04,000 	: 	20 	; 13 

	

: 137,600 : 98,000 	:  broke outside of: 
: gauge marks, 	• 	64 

Canadian Acme 

British 

• • • • 
4 	 • 	 • 	 • • 

: 122,900 : 	e 	: 	15 	: 7.5 	: 	70.7 
: 124,100 : 6i3,600 	: 	20 	: 11 	: 	61.2 

: . 	 . 	 . 	 . 
: 01,200 : 63,000 	: 	30 	: 21 	: 	70 

Aot determined. 

Bend Tests - 

Bend tests were carried out on  three pins of each 

type, using the  standard inspoction machine which supports 

the pins on 8-inch centres while the load ID  applied centrally 

through  a loaCirg block with  a  12-inahradiuu  cylindrical  face.  . 

Table II, following, lists the  results obtained  as 

well as the eur2tice anc core hardnessos  and the case depths: 

TABLE II. 

Surfaql_MILlem: Core hardness,: Case  :  Deflection at 
Pin : 	 V.P.N., with 	deth$ :  first case 

:etuivalent  : 50-ke. load 	:  inches;  crack, inches 
• 
: 	Allied Prouucte 

1 	: 79-81  
2 	: 80-62.5 : 	710 
3 	:  7 .5-81Z: 	6no 

: 	. : 	 . 
. 	26 5 	:0,016 ; 	0.32 • 
• . 	310 	:0.034 ; 	0 037 
• . 	264 	:0.016 : 	0.50 
.  	. 	1 

: 	Canadian ,lcuo - 	• 
: 	 . 

1 	:84.5-05,5: 	90 	252 
2 	: 64-85 	: 	060 	' . 	266 
3 	:84.5-85 : 	(r;70)* 	: 	ggâ. 

• . 	 : •  e•••••■ 
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: 	Canadian Acme Pins  - 

•••••••••••■•1•••11•.••••■••rnmer••• 	
• ....•■••••••■•••.......... 
• 

• • • • 

318 
f.r1 

InT 

	

7 	:60-62 	: 	697 • 

	

8 	:70-75 	: 	(696) 6 	: 

	

9 	;84-65.5  : 	840 

	

10 	;62-65 	: 	800 

0.012  :  Passed. 
:  0.010 :  Passed. 
:  00018 :  Failed, 
:  0 0016 : Passed.  ' 

(Physical Prcportlea„  corttd) 

Impnct Tè)sts - 

Drop impact teste were carried out on pins of eaéh 

type at room  tamcerature and at ..60. °  F. by subjecting the pin, 

which is freely supported on 8-inch  centres, to a blow of  46 

	

foot-pounds. 	the low-temparature tests  the pins were kept 

at -50 °  F.  fcr ZDO minutes prior to testing, to ensure that they 

reached that temperature throughout. The following  table, 

Table 111,  1ists.(1) the results of the  tests at room tempera- 

ture,.and (2) tilt: results at -50° ?..,,as  well as the surface 

and co7:-e hardness and came depth of all pins  tested. 

TABLie III. 

11::,'ULf3 	0?  TESTS  AT  RCOM  TMP.EUATURE. 
-aeFFEÎ-rdness,:  Case 

Pin  :-rumFerri----777N7.""': V.P.N., with :  depth,: 
• load  : inches: Remarks 

Allied  Products Pins - 

4 	:81-8105  : 	(745)! 	: 	318 	:  0.016  : 
:74-77 	: 	(685) w 	:1.5r94 	;  0.012 : 

6 :WM:  • • 
• 4 • • • 

1.4•14m.momummwm4.........44■ 

Pas  sed.  
Passed. 

266 	:  0.018 : Passed. 

4 	:84-85.5  : 	860 
5 	:83-85 	: 	(024) 6  
6 	:84.5-8 5  : 	870 

.  • 	236 	:  0.016 : rassed, 
IMU 	:  0.014 :  Passed. 

. 	231 	:  0.020  :  Passed. 

: 	British   Pins - 

4 	:81-81.5 	(796 ) , 	: 
5 	;81-62 	(61e)w 	: 
6 	:81-U 	: 	(758)6 	:  

• 

2D4 	: 0.020  :  Passed. 
Mr4 	:  0.018 	Passed. 
re2-8 	: 0,016 :  Passed. 

R2SU:23 DF 	AT  -,50°   F. 

: 	Allied  1-'roducts  Pins - 

(Continued on next  page) 
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(:hysicl PropertiGs,)  cent gd) 
J,npact 	cont gd, - . 

YAbLE Ili (Continued) 

. 	Suri t..ite:3 Hard n ,.2.!ss 	COP Ii 11 ji  
P Y1 , ODIs/pIn01. 4 	

Û 	 -V0P.Nop with • 	C) )1.}  
Non • ?Al ecp.:t -.1.valent 	04î,  load C ei 2 Remarks 

Canadian Acmo Pins 
0 	 ) 

	

7 	82 	'5  '; 	. 780 	• - 	' . . 	2;.")/1. 	; • 0*018 j. 	Passed. 

	

.8 	. . 82. 	: 	7; ..., 8 	. 	?, 	"e(S 	. 	0‘,018 	Passàd. 
0. .0,020 '.. 	Iussed. 

	

10 	825 ,5 	-  , 	204 	2 9.020 ',. Passd. 

" 	• • • 'mritish 
0• 

. . 	

‘̀ ■ 	. ., y 	; 81Q2 	( 85'i-2. ) ''' 	,. 0 	20r/ 	00010 r, Passod. 
8 ' 	? 77 -78 , 	::, 	( 8:1;5 ) '''• 	.„‘‘ 	Te..-; - 	• 	r 0,014 : 	Passed 0 
(,7' 	;UPU4 	n 	fpr.7.Ay;) „ 	„ ....if- 	fj: 	 0.020 	paneled, 

,,i,...),:,) 	r. 0„ al) '2, ' P a t-J El 0 a 0 

N(' 1' 	Bracketed f 11 1] 	are ave'raëios of actual read:Ingo 
taken on the curfaee with the Vickers machinc t, 
using the 10-kg 1 cad. 

Averao Value,s- 

The fonevdng table,(Tahl fV) lists average values 

for the surface and core barCnesses and casedi,oPel 	eae. 

of the three t.,:fpeà of fyIns 

TABI, 1V, 

	

. 	 ?, 	‘h7,-•-, f`JI.c e ff a 'r, c'l no fi rt . 1 ( ,̀ 0:1 -q.  hardn cin% ',' . 3 C i`ï16 -----  • ,., :- - -- ' ?...,..„,,.....-e;„:.,„:„_:: .;.f,..„.. 	' - 	— 	' ''' '!' "e 	— 
V.P.g. 	',.>,V032.N. e  50- 	,',> - depti). 9  

	

of' Pin , 	, 	gà. g 	,,,eqtvs...lent 	kg0 -.Load .  

	

0 	 0 	 . 

	

0 	 „ 	 0 	 g • 

	

A 11 I 0 d .1.) :1' o du. (.:1 -i.', ;,.:', r, 	800 .0 	.661 	0 0 	29:5, 	g Q 00148 
Canadit?.n. Acm(;) 	r, 	84 	. „ 	228 246 	g 000190 si'  

. British 	- ' 

	

!, 	,-:.>0 „ 5 	''' 	 '...ï..i.eî'-5 	,'; 000174 . 	 0 

(i› 	• - 	Bracketed value is an averaW) of actual readings 
tai n on the . surface of 'pin% usinG the W. ckoro 
machine with a 10-kg. ioad. 

- 
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Dopth-11rd11e.  

Transverse nections  were cu l;  from two pins pf each 

typo  and harmcsu readings takon ac: - .)as the faco of the  section, 

tho Vickers machine with the 10-kilogram load.  Table V 

shows  the hardness at various distances fron the surface. 

DiBLe2 V. 

liUME311-11t (10-kiloerarrroi7d)--  
--i   

Allied Product 

Canadian Acme 

• • 	• 
• • 	 • • 	 • 	• • • 

	

RritisE  No  c  4 	: 76 : 709 :6'1)0 :,553 :217 :210 :215  :215 

	

NO 5 	: 758 : 085 :613 :353 :282  :271  :264 ;258 
• • • 	 • 	 • 	• 	 • 	 • • • 	 • 	 • 	 • 	• 	• ...11•••• 

el11:111:PMen"i°n: 

iransvrse ctiens were cut from two  of each  type of 

pin and preparod  for -inetallographic examination.  On  examining 

the unetched spectimens with  the rlcroscope, the steel was seen 

to be clean.  The canples were  thon etc1-4d  in  2  per cort  nitaln 

Figures 1 and 2 nh.oll typical core and case structures„ respec-

tively,  of the  11ied 1. roducbs pins, 71L:ures 3 	d 4  those of 

Canadian  Acne ïirs, and 2igures :5  and  6  those cf  the 3ritis 

pins.  All photortcroraphe  are  at 500 magnification** 

Mnce  the  presence of free  cardes  was suspected in 

the  case cf  the anadian Acme pins,  two  noro samples wore 

prepared  for :rletllloraphic eyaminatiOn and  then etched  in 

Murtikamils reagent.  The presence of  rA feu fre carbides in the 

case wus,  confirul. 

(Fife,ures 1 to 6 follow s ) 
(°n 

Fin  No  : +t 	:At depths, In inches,  frou the surface 
-::urf=e: G.005:0.01:0.02:0.04:0‹.06:0.08:0,10 --i,,-- 	..„._ -.-----, • . 	. 	. 	. 	. 	. 

s  No. •: 713 : 660 :575 :377 :335 :330  : 324 :519 
No. 5: 585 : 507 :443 :322 :312 :300  :287 :253 

: 	. 	. 	: 	. 	. 	. 	. . 	. 
No. 3 : 870 : ,„'..7 :725 :312 :225 :210  :1,2010 :209 

'  Ne. 5 : 824 : 737 :703 :475 :3e3 :370 :346 :Z27 

..............M.J.■•■•••••■••■■■■-••■••"..■1■1/01■■•••■•■•••■••••■•■■• 
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' 

X500, nital etch, 

TYPICAL CORE STRUCTURE OF 
ALLIED PRODUCTS PIN, 

Low-carbon martensito 
■•■■•• 

Figure 2, 

X500, nital eLch. 

TYPICAL CASE STRUCTUE OF 
ALLIED PRODUCTS PIN, 

'  Tempered martenelte, 



(Page 9)  

Figure 

•  :ti.à()0 0  nital etch, 

TYPICAL  CORS STRUCTURE 
OF CANADIAN ACME PIN. 

White constituent - ferrite. 
Grey ccmstituent - low carbon martcnsite. 

•••11 

Is'ip.Ire 4 e 

X500, nital etch, 

TIPICAL CAS STRUCTURE 
OF  CANADIAN ACME PIN, 
Tempered martensite, 

Small white spheroids - free carbides. 



7 -7 	5 0  

X500, nital etch, 

TYPICAL COR 2 STRUCWuRE 
OF BRITISH PIN. 

Uhlte constituent - massive ferrite. 
Grey constituent - low carbon martensite, 

.11110 

Figure  6. 

X500, nital etch, 

TYPICAL CAS2 STRUCTURE 
OF BRITISH PIN. 

TEAspered martensite0 
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• DISCUSSION: 	 •  

Allied FrodUcts Pins - 

Tht chemical analysis of the pin steel shows that 

it conforms to the epecification for SAE 3115 :steel° 

?he physical proeerties of the core material, as 

determined 	tensile tests, appear to . be  normal for the type 

of steel and the hàat treatment given it. 

Tha case depth of the pins Is on the low side of the 

specification and that cf one pin is below the lower limit° 

The effect of the thin case would be to wear through to the 

soft core ut an earlier mileage than would pins having the 

specified case depth. 

The surface .  hardnees as determined by using the 

Rockwell tester On the U. ,  scale is satisfactory on eight out 

of.ten 	On the two pins with surface hardness below speci- 

fication, the value was checktd using the Vickere machine with 

the 10-ki/ograM load. One of the pins was found to be satin-

factory, the low Rockwell lAt• reading being due to a thin case 

ehich was penetrated by the diamond under the 60-kilogram load 

used with the 'Aockwell eA ,  solo. The  low•surface hardness of 

the other pin was confirmed by the Vickers machine. This might 

be due to a deureased cooling rate on quenching the  pin. 

The core hardness of one of  ten pine was below the 

250 •.P.H. minimum of Specification 0.A. 214.  Four were above 

the maximum specified core hardness of 315  V.P.N. However, two 

of these  four  vere only very slightly  above this limit The  

remaining tive pins had satisfactory core hardnesses. 

All pins passed the tend and impact test requirements 

at room temperature satisfactorily. At -50° F.,  one  of four pine 

(332 V.P.N. core hardnese, 00018-inch case dopth) tested failed 

the impact toe. This would tend to indicate that the pine  of 

high core hardness with case - depth toward the upper specified 
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(Discussion, cont , d) 

limit have  marginal impact resistance at this temperature. 

The absence of ferrite in the ocre  of the pine, 

which is  normal for SAE 3115 steel containing 0.68 per cent 

chromium,  indicaees that ttey have received a proper  quench 

from  above  the eritioal temPerature. 

The martensitic cease structure was probably tempered 

during the cutting of the tample. 
00 

Canadian Acmo_Pins  - 

The chemical analysis  of the pin steel shows that 

it  conforme  to the specification  for  sAE 2115 eteel. 

The physical properties of the  core material,  as 

determined by tensile.tests, appear to be normal for the type 

of steel. 

The case Cepthe of  the pins  are on  the high side of 

the specification and those cf two pins are above the upper 

limits of the specification. This would tend to lower the 

impact resistance of the  pine. 

Setisfactory surface bareness has been  obtaleA on 

all , pins. 

The eore hardneeses of  the pis  vary from 204 to 

309 V.P.N. Five pins are below the  250 V0P.N.  minimum required 

by Specification  00A0  '1.4 0  The average of the  core hardneesee 

of ten pins is 246, which is slightly below the specified mini-

Mum. Thus it appaars that pins of this analysis tend to  have 

lcw core hardnesees. It has been recommended that the steelcadem 

0.13-0.18 per cent carbon and 0 025-0.45 per cent chromium in 

order to obtain the specifieC core  hurdnese. 

All of the three  pins  tested failed to take the speci- 

fied 0 025-inch  deflection tofore the case  cracked. The case 

depthn  of these three  pins  varied  frow 0.020 to 0.022 Inch, 

which is above  the specification limita,  end the surface 
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(Discussion, couttd) 

hardais  s from  84  to 05e5 eockwell trtt. 'This high hardnoes 

on  the thick case  probably cauped  th s  brittleness. 

All tbrae pine tested passed satisfactorily the 

drop impact teata at room temperature and at -5U° F.  The 

case depths of these pine ware within the specified limits. 

•The core structere indleatat that the pine have 

probably been quenched ln oil from just above the upper 

critical.  The marteneite in the  case mes probably tempered 

during cuttine; cf the eample.  The presenee of nodular free 

carbides haelpin ceehor applieations„ lowered the fatigue  strengtt 

of the material. It is therefore felt that their presence  is 

not  un optiriuc condition 
0 0 

British fins - 

. 

 

•he chemical analYsis of the  pin steel anaws  ic 

to conform to the specification for n.s.s. 5005/102 steel. 

Tho physical properties of the core material as 

determined  t  a  tensile test concur with the low core hard-

ness usually obtainedo 

Satisfactory caee depth has bean obtained. 

Satisfactory 'surface hardaens has been obtained, 

as is seen by  the readings taken with  the Viokers  machine. 

1À3ing  the)  10-kilogram load0 

•he  core he_aelnessee ef all pine are  below the 250 

V.P.N. mirlrum required by Specification  0.A.  214,, It has 

been shoen 'chat  95  2ar cent  of pin failurea are  due to 

fatigue, ï'he theory hae been put forward that fatigue cracks 

begin in the zone between the hard cuee and  the soft core. 

If this theory is correet, a very soft core s  such as  occurs 

in the 7er1tish pine,  would be expected to lower  the  fatigue 

strength  of the pin and therefere shorten its service life. 

kll pins tested  nassed the  bend  tant requirements 
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(Discussion, contld) - 

eatiafactorily. 

Al].  pine tested paesed the drop  impact tests at room 

temperature and  at -500  F0 This  shows the pins are not suscep-

tible to brittleness at low temperatures. 

2he core structure of the pins is coareer than that 

of  either  of the other two types of pins, This indicates a 

quench freie a  fairly high temperature. Tho case structure Is 

also  eomewbet coarser. Here again the tempering of the marten-

site probably occurred during cutting. 

0 0 

General 

Comparing the three types of pins, it ie seen that 

the core hardnesses have the greateat differences of any of 

the propertieu. The Allied Products pins have the hardest 

cores, the hardness tending to be in the upper range and even 

somewhat above the upper limdt of the specification, The 

Canadian Acme pins have lower core hardneeses„ tending to be 

In the lower range and elightly below the specification llmits e 

 while these of the 'British pins are below the specified Canadian 

minimum. 

The case depths of ail pins except thoste of Canadian 

Acme ere setisfactery, The case depths of those pins tend to 

be in the upper range and above tha upper  lit of the specifi-

cation. In the bond tests the three Canadian Acme pins failed 

to meet the specified requiremente while  ail  other pins wtre 

satisfactory °  

The cores of the Allied Preducts Pins contained no 

massive ferrite, while those of  the  other two types of pins 

did so. The British pins had  coarse core structures, indicating 

a quench from a fairly high temperature. Cie case structures of 

the  Canadian Acme and the Allied Producte pine were very similar. 

The  Canadian ACPe pins, hovevar e. had some free carbides  in the 
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case. Thla might have been partially responsible for the 

brittleneàe observed in the bond  teats. The case structure 

of the British pins was corser than that of the other two 

types. 

The latest report to date (January 20th, 1944) on 

Univereal Carrier Field Test Yo. 16 is that it has gone  2,576  

miles. le) further information as regardà breakages is avail-

able. %hen this information is obtained it will be interestine 

to see how it correlates with the results of the tests desoribt 

in this report. 

it should be noted that, in reporting the results of 

the tensile tests on the core material,  the  elangation per cent 

for gauge lengths of one  ana two inches Is given. From these 

results it Is seen that, when using srell-diameter (0.252 inch) 

test bars, t7cto elongation per cent on a one-inch gauep length 

should be reported as It correlates with the elongation obtained 

using larger-diameter test bars (0,505 inch) and a two-inch 

gaugo length. 

•• ■■11.••••• 

CONCM.iIONS: 

1. The AllIdluglui pins passed the requiremente 

of the bena tests and _1-:.vact testa at room temperature satis-

factorily. ehe pins of core hardness above specification 

have narginal 1nm:et properties at -50 0  F. Ito  corn  hardness 

of one pin veee:celow the specified minimum and that of four pins 

ebeve the upeciZied maximum. The case depth and surface 

hardness wore eatiefactory, with the exception of two pins, one 

of wnich  ha.c;  a case depth below specification while the other 
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had  surface hardness below the specified minimum. 

2, The Carndian Acmo 21....n.s.  all passed the drop impact 
= 

tests, both at room tempereture and at -50 °  F., but all pins 

tested failed to take the specified 0,25-inch deflection before 

the case cracked. The case depth is on the high side of the 

specification limits and that of twe pins is above the specified 

maximum.  The  surfaco har(ànoss is satisfactory but the core 

hardness is variable, tending to be slightly below specification. 

3. The British .p.L.ri.s.  were satisfactory with regard to 

case  depth and surface hardness .  They all passed  the  bend tests 

at  roam temperature and at ..50 0  1,',  satisfactorily. However, the 

core  hardness of all pins is below specification, This may 

shorten their service lifc. 
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