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REPORT 

of the 

ORE DRESSINF1 AND METALLURGIqAL LABORATORIES. 

Investigation No  0  16920 

The Measurement of Stresses In  a New Design 
of  Steel Belleville Spring for 9 02-Inch 

Coast Defense  clan, 

Xnurie_of  Investif.fation: 

On June 27th e  1944„ the  Division  of  Metallurgy 

of the  Army Engineering Design Branch, Department  of Munitions 

and Supply, Ottawa, Ontario, submitted F.quisition  No  6 61 

(A.E.D.B. Lot No. 544 e  Report No. 13, Test No,  64) requesting 

these Laboratories to make and test a Belleville  spring designed 

by mr. Carleton Craig of the Army Engineering Design Branch. 

On June 6the  P.M. Lab Report No, e7l97 •9  covering  a 

test  of  a Belleville pring taken from service had been issued. 

It was found that  the service spring  gave an  unequal stress. 

distribution on fne top surface and it was desired to design 

a spring with an equal strees distA.bution on both  the  top and 

bottom. The drawing of the old spring specifies that under  a 



- Page 2 - 

(Purpose of Investigation 9  cone0d) 

proof load of 37 9 600 pounds the spring shall deflect 0.08 inch. 

Although the calculations were made for a spring 

tapered equally at both top and bottom 9  the springs tested were 

made with a flat top and the bottom only was tapered, Figure I 

(see Page 5) ls a sketch of  the  new spring and the positions of 

the 

 

3R-4 electrical strain gauges are shown thereon. 

1-pwerimental Worke 

Two springs were machined from gi-inch armour plate 

(a deep-hardening steel), The springs were oil-quenched and 

drawn to 40 Rockwell gC, A yield strength of about 170 9 000 

p0s01,. would be expected with this hardness. The bottom sur-

face of each spring was lapped in order to provide perfectly 

flat mating surfaces, 

1, - DeflectIon Measurements - 

Two plugs were machined so that they would fit into 

the hole to about inch and overlap about the came emount o 

 One spring rested flat side down on this plug, The other 

sPring was placed on this spring and the other plug wae placed 

in the hole, The unit was now placed in a 100-ton Amsier unl. 

versai testing machine and loaded in the sequence shown in 

Table 12, The deflections wore noted by means of a. dial gauge 9 

 for each increment of load, The reason for the dial gauge not 

returning to Its zero reading was that there was some pemanent 

deformation of the plugs, 

2, - Strece  Measurements . 

3RÇ.4 electrical strain gauges were then cemented tQ 

one of the springs in the positions shown In Figure 1, The 

marner in which the gauges were affixed is described ln Appen-

. dix  I  (see Page 18)0 

(Continued on next page) 
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(Experimental Work e  contud) 

The springs wore positioned as In the deflection test, 

The unit was thon  placed In the Amsler tensile machine and 

loaded in the sequence shown in Tables 1 to 10 Inclusive. 

The strain value for each gauge was recorded for 

every load by means of an SR-4 strain indicator° Values of 

train and stress are given in Tables 1 to 10 inclusive° 

No correction for gauge factor was necessary since 

It was sot on the recording Instrument° Howeverp the refer. 

ence switch. values for the Instrument were corrected by multi- '  

plying them by 	2oop 	which in this case was 2.00 = 1,04, 
gauge  factor 	 roilg 

Table 11 lists the corrected reference switch values° 

No correction for gauge resistance was made since 

the value was considered to be negligible° 

In calculating values of stressp the strain was 

multiplied by 30,9 000 0 000 (the modulus of elasticity of steel). 

The true value is not known but the one used le approximately 

correct. 

CONCLUSIONS: 

10 •On the flat. surface the tangential stresses are 

compressive, increasing from the outside to the centre for a 

given load, flleiradial etressea are tensile and fairly low° 

2. On the tapered surface  the -tangential  stresses 

are tensile and are fairly uniform all over, Tho radial 

stresses are compressive  but relatively low. 

3 0  This spring was originally designed to taper at 

both the top and bottom. Such a design should give a uniform 

stress at the top and bottom of the spring. It may be seen 9 

 however, that the flat top causes extremelj high stresses near 
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(Conclusions ei  peel; ud) .  
, 

the centre hole w1:1° no doubt  the  elastic :Omit  ha  s been 

exceeded when loaded with 40 e 0b0 pounds. 

4. In view of the pwt that the tapered portion of 

the  pring slums uniform strooe3,9  It Is thought  th ât if both 

toD and 1pottom were tapered the stresses would bo tdeform all 

• over the spring° 

5. This spring was too stiff and did not give  the 

desired defleetion o  as nia  y be seem fram Table 12 9  

000000000000 

000000 

00 

(ngure 1, Tables 1 to 12 2  
(«and Appendix  I  now follow, ) 
( on Pag,es 5 to 18 inclusive.) 
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.5train gaugeS 
to measare . 

Tan jeniisi Stres.se.s 

eci 	" 

FIGURE 1.  - 	.12E5/6/V OF  
iTEEL BELLEViLLE SPRING  

FOR CoAsr DEFENsE 4 UN tIOUNr/Na  

(Note: This drawing should be used in conjunction with 
Tables 1 to 10, inclusive.) 
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TABLE NO.  I 	GAUG-E NO. 1. 

e TL 	 rocu s s 
Switch  f  Dial e Ref. Switch Dial 	micro ifl e 	lated Strain&  

Loadg
of  

-ounds 	Position 	 P Readings fL, per_ Jone L0  

	

_ 	 

(-1 

1 

4

1i 

"44 

040  
e 

-4.7 . 250 

0 

7 

i" 

i 

Loadp 
Secmence e 	p Reference 	 ro-nrected 

Loadp 

0 

2 	5&000 

3 	10&000 

15 & 000 

5 

6 	25&000 

7 	3n 000 _& 

8 	35,000 
e 

9 	4O 0O0  
ï 

10 0 

3A 5000 & 

5A 	5O00 

7A 	5,9 000 

8A 	5000  

9A 	5,000 

7 

7 	î 

7 

r.7  

7 

6 

6 

0 

d 
675 
.. 

1553 -1040 
1 

	

1351 	u 	- 

# 

	

1161 	i! 

961 ., 

	

762 	 -,-, 

	

1600 	-1045 

	

1392 	 -

1185 ï 
d , 

675 
b 

1553 

1553 

1553 

1550 

1550  = 

o  

+878 

-1 92 

-200 

-199 

+838 

-208 

-207 

■d? 

C0> 

f 

0 

•-162 

-192 

-200 

-200 

-1.99 

e 

208 

r, 

0 

-554 

 -754  

•-953 

-3 1 60 

-1368 

-1575 

-16,620 

22,9 620 

1 e2r,  



1 	lo  
2 	1 59000 

3 
- 	

I 10 9000 

I 15 9 000 

20 9 000 

2• 000 I 

7 	- 	30 9 0r-20 

8 	' 35 9 000 

9 	409000 

10 	. 0 

3A 5  00O 9 

5A 	59000 

7A 	59000 

8A 	59000 

9A 	59000 

1 

g 
1136 i 	,r, 	i .320 	1 	.320 I 	.1624 5 	

; 

! 	 , e 	
. 	 1 

: 	
1 

1 
a i 	

1845 	I 	•.---103.1 ! 	 ÷709 	i 	.322 ,=1946 

1ï 	 i 
4 	i 	1518 	. 	 .327 	e 	..327 	I 	,,2273 I 	 t e 	 1 

1 	 i 
i 	1 -' <-".‘rz, 	

1 	=' 

	

-1-2-Uv 	 1 	,333 4 	e 	 .333 

1 

7 	1 

! r, 
d 

; 
7 	1 - 

. 	: 

elno.  6 , . • • ' t . / 	 = 	1 1 
-372    

1 	
= 	! i 

I 

C 

380 	I . c,  

380 . 	
1 
i 
I 	

. 	
I 
i 
1 

385 	i 1 	
i e 	= 

I 	 i 	 I 391 	I e 	. 	 - 
ï 	 1 	 I e 

a 

a 

e 
1 

1 
1 i 
I 

/ 	
a 

a 1 	. 
i a 	 e.,..-■ 

e, 

=,6P 9 1 90 

789180 

TABLE NO. 2 - GAUGE NO. 2. 

----- 
fieleel 	: 'rred. 	° Change In 1 	Strain 9  • 	frn•Le1 -4 -ann-yri,  

of 
 Sequence r 	 ernc 	 oeot g 	, .,,,, 

1 	̀' 	 ° J.,g,...,., 	,..„,,,..,4- 	i  
Loade 	-g 

i g 	Switch 	Dial 	eRef. Switch I 	Dial .-  i 	 1 micro in,1 

	

i 	lated Straine 	lb./ 
Loading 1 pounds 	Pcsitionl Readingl Values 	1 Readings  _i_per ino_Letcm?  inc_per  in.  

	

- ------, --------- , --°------ - ----- 	- 	- . 	
1 Q1 

V 
n 	 I 	0 	1 	 0 	 i . 	 ! 	. 	 ; 	 . 

• 

0 

- 9, 420 

o rr 

-299 ',40 

399 120 

..48 9 720 

,,,,58 e 380 



7A 

SA 

9A 

8 	 648 

8 	 645 a 

8 630 

8 	 2,, 

625 8 

z 

• 

•,) 4" 

=7. 

TABLE NO. 3 - GAUGE NO. 3. 

	

--Seq—u-enCe---v --- 
	

cu 
------- 

i 	Cor-re
.4_  

ed e Change In p 	,t-ra.,ne i  e. 	. ---- . Toza.,. Accumu- 
________. 

9  StreSSe 
— - — 

	

I-L,, 	R 

	

of 	t Lead. 5,} Switch 	e lial 

	

,-, - 	4 Ref, SIVÎtell 0 	Dia].e micro  in .i 	Iated Straine 	e 	_..., -e-n/ ./ 
Poition s 	it Reaap_7yalues .,....-- 	 _ 	 Rea din's l_.....,21P.LIEJL_Ijniero  in0..ig..-4... _ 

. 	, 	 I 	1259 	 „„„ 	 0 	1 	,,...e 
,--. 	 0 	 î 	0 0 	 7 	 I 

e 

, 	 1 

	

 2 	5 9 000 	
I 	

. 
1 ; 

, 	8 	 64E-. 	+1040 	 -614 	i 	+426 	1 	
+426 	, i +12 2 780 

1 
1 

	

 
, 	• . /0 	

.:-.01 1 

	

cti...— 	
i 

9 000 	8 	I 	1 1 30 	 - 	i 	+485 	1 	+485 	e 

	

, 	 1  +27330 
1 	P ,z 

I 
1 ! 

	

, q---.-. 	1  +41  970 

	

4 	Ue 000 	-c,' 

	

+488 	+488 
1 	

1618 	 .T., 	 ; e 	 -,,,,,,,,::: 	t 	- -e 

i 	 1 	
i t , 	

s 
$ 

	

5 	209000 	9 	! 1105 
1 	 , 	

+1008 	1 	
„,e513 	i 	+495 

	

1 	

+1894 	e +56 9 820   
i  

	

e 	 1 	'- 	 1 	 1 

	

, 	252 000 	' 10 	1 	6u0 , 	 +1014 	; 	-505 	; 	+509 	1 	
+2403 	! +72 9 090 

e 

	

°0 000 	10 	I 1101 	 +501 - 	, 
-1 i 

	

+,.),".1 	
I 

	

i 	+4,-.2v.,-7. 	, 	,,,,,,-, 

	

. 	 , 	 1,-..em 12n 
g - 

! 	(--,-y 	 -r)C,r3A 

	

P 	a.., 	,9 	- 	 1 
1 

	

1 	 1 	 a 	 ! 

	

8 	359000  160Q 
e 	- 	- 	 ,., 	; 

	

+507 	i , , 	+507 	*1 	
+3421 	1+102 9 630 

e 

1i 
; 

	

' 	
-, 	î • n 1 ev ..-+ e n e 

	

9 	40 9 000 	 1 . 	- 	1 	- 	 - 	 - 	 +507 	 +3928 ,,  

1 
, +.4..... c 9 0 ,,,,,, 

	

--, 	 n 	 , 	
s 
s 	,,,,.,-,  

	

.1,..) 	 . a 	 d 	 ...1,4-.1.-c. 	 - 	,,p 	
î 	

,=>  
.- 

3A 	5.000 

5A 	59000 

5 9 000 

5 9 000 

5 9 000 

É 

Estimated. 



TABLE NO. 1 - GAUGE NO. 4. 

—  _ 
Sequence ;1 	 Reference 4 	 Corrected ; Change in ï Lead° 	h SWitch • à Dia].  . 	Ref, Switch g 	Dial 

Strain 	;- Total Accumu-; 	str--s • 9 	î 

micro  1n0 	la ted •trainp 1b./ 
in,  4licrper  in, 	E 	 sn„in, 

1 

1191 

595 

1050 

1522 

990 

1465 

1951 

0 

• ÷4, 2 

4-867 

+JS21 

+2296 

J-'.)  

1 1 I 	0 	 8 1 I i 
2 	1 	5,000 .• i 	.9 

1 
3 	1 10„000 	1 	9 

1 
4 	I  le' 000 

- 	; 
i 	'''. 	1 	

P 

5 	1 20,000 1 	10 
1 	 1 A 

6 	..i 25,000 	1 
; 

7 	1  30 ("r 	! I 	, ..a.,,i 	. 
; 

(--. 	1'35,000 	I 
5 

9 	1 40,000 

+12,360 

+26,010 

+40;j70 

+54,530 

-67 e 880  

+83 460  

+98,10e  '7Cte.,14, 

geb 	 C.■ +3762°  ±112 D 
o ef.,7ffi 

1178 

600 

595 

580 

Cre. 

i 	. 0 	1 	n 
1 	. 	1 	

,.: 
i 

. +1008 	1 	-596 	1 +412 

+455 	I +455 
. 	! 	 ! 

- 	i 	+472 	
i 
1 +A72 

1 i 
+1014 	 ,,,532 1 +482 

z 

I 	+475 	! +475 . 	 i 
- I 	+486 	I +486 

1 	
- u 	+490 ... 	. 

I î . 	 -  

., 
a a 

a 	 a 

0 

9 

9 

9 17-7, 

574 
F î en 

1 10 

3A - 	5e000 

I 5,000 

7A 	5,000 

8A 	5e000 
- 

; 
9A 	I 5„000 

re.A 

9 	I  580 
szydraces.entme...... 

Cce 

Art. 
%.* 

Estimated °  



4 

6 

9 

10 

5A ' 

7A 

SA 

9A 

I .  

1 

- 

+1008 

+1014  

+2999 	 -e-Q9 g70 ,..., 	9 ,, 
1 

÷,546Pej 	. 1+104 e 07r° 
î 

, 	 e 
- 	 - 

0 

+338 

+749 

. +1182 

+1617 

+2072 

+2F',32 

1 +10 0 140 

; +22 9 470 

+34-9 460 

+48 9 510 

t 	-zen 

g 	r, 
î 	a 	ce  

0 

Sequence 
' 3  LCade  

Loading rounds 

TABLE NO.  5 . GAUGE NOe 5. 

Reference 	 Corrected 	Change ini 	Strain9  î Total Accumu=. p 	Stress e  
Switch 	Dial i Ref. Switch 	Dial ' 	micro în0j lated Strain 1,  1 	 9 e  
Position g Reading 	Valj 	ading Per ino 'e=alcr°  in  o Per'inog 	sgoin° 	_ 

î 

i .  

0 

5 9 000.  

10 9 000 

15 0 000 

20 9 000 

25 9000 

309 000 

35 9 000 

40 , 
 000 

0 

'100 

5 0 000 

59 000 

r; 000 v9 

5 0 000 

8 	921 
î 

8 	1259 

	

8 	I 1670 

	

9 	1095 

	

9 	1 1530 

	

/0 	 -/J. 

	

10 	1431 

	

10 	1898 

8. 	1 	911 

P 
! 1 258 

	

P 	I- 1259 

	

8 	1245 

	

8 	1245 

	

8 	1245  

5 

O 	0 

+338 	. +338 
; +411 	; +411 
1 .575 	• +453 I+435 	+435 
1 

.559 	1 +455 
i 

+460 	I +460 

1 +467 	• +467 

1 +470e 

CM.  

= 

U 

Estîmated e  



lb./ 
Change in î  Strain, F To 	uriu 	r Stress, 
Dial 	rîcro  in  .$ 	lated Strae ,-1 _ 	 ? 	

„ 8 Corrected 
Dial ',Ref. Switch 

Sequence pRPference Î. - 
of 	Load, p Swîtch g 

Loading _t  -Dcurds ç position 5 

Î 

Readirie 4 	Values  Der in 0 gmicro  in per in. t6 	 
_ 

1=> 

+703 

7.7,Q*Z 

.307 

-317 

.323 

-332 

0 0 

5,000 

10 0000 

15,000 

20,000 

25,000 

30,000 

35,000 

40,000 

-1539 

-1871 

-221 6 

.2564  

859 

575 

1312 

1005 

.1708 

1385 

1053 

712 

1 395 

870 

572 

575 

58P 

581 

582 

9 4- 

-332 

-345 

+683 

10 	0 

era nnr. 

5,000 

5,000 

5,000 

5,000 

TABLE NO. - GAUGE NO. 6. 6 

0 

7284 

-no 

.0 

..284 

-592 

-892 

,›1216 

0 

=284 

-g4737 

307  

-852o 

.„17,760 

-26 0 970 

-36„480 

46 e 170 

55 430 

.=66 a 480 

.=7Sp920 

5 

5 

3 

4. 

5 

6 

7 

1 

1 -345 

-346 

î 	- 
g 

.1045 

-1020 

-1033  

1 
3A 

5A 

1 

re 
d 

7 

7  

7 

7 

7A 

sa 

9A 



, - LE NO. 7 © GAUGE NO,, 7O

Sequenc e
or

L£7af7Âx-na t -amanGS

Referonce crrecteChange zml S^ra-Ins Total ^ccumu-
cJG^i t crd la Dial k 2Le.S. o SwZ Lcl.d 7Fi D7 al. mici O .L-no .â.a^i{aid ^>lÛra^^v ^ 36? OJ^""

Position ^padixn^ V^.ues Pi@clS pg' ?Y? in. s!oi^.s.a
- - a ^ - - ^- ^^



î 

1 
",--4;tv 

+267 

sar4 

177 . 33O 
î 

TABLE NO. 8 - GAUGE NO. 8. 

àequci.nc's 	 k Ref oren.ce 
of 	 Loadi, 'F Switch 

Loading k pounds k Position 

	

CW=ecC —5=taraee 	 Ao-dim.",... g --» 

	

Ref0 SWitch 	Dial* 	zrticfo  in 	lated Straine rl• 
Values 	2, Reading  s 	.0 ex' LI 	:-Tero in,. per in. g 

	

_ 	_ 

2 

3 

4 

5 

6 

8 

9 

10 

3A 

5A 

7A 

8A 

925„ 

1 
1 

8 

8 	
1 

0 

5 9 000 

109000 

15 9000 

209 000 

25 9 000 

30 9 000 

35 9 000 

40 9 000 

0 

59 000 

59000 

5 9 000 

.5 9.doo 

5 9 000 

î 

a 

8 

7 

6 

6 

5 

4 
3 

8 
u 

8 
1 

,) P 1 

Dial 
R.ead.in  

r'•-•5:1> 

955 

/252 

1548 

801 

1081 

345 

882 

1725 

955 

985 

1020 

10.°2 

1042 

Co 

.1040 

-1045 

-1020 

-1031 

-1022 

Co  

Co 

= 

■=1,  

Co 

. 0 

-680 

+297 

+296 

-747 

+280 

-736 

. 0 

-680 

-743 

-749 

-747 

.740 

7736 

=7761 

-755 

GZ,  

Co 

Co 

0 

-6a0 

.1423 

.2172 
4 

.2919 

.3659 

.4395 

.5911 

Co 

Co 

Co 

==20 9 400 

.42 9 690 

.65 0 160 

-87 e  570 

.1099'770 

! 

 

17,.”) 

Co 

Co 

cr, 

Co  



0> 

1 

2 

3 

4 

5 

6 

7  

8 

9 

10 

5A 

7A 

8A 

8 

0 

8 

9 

9 

8 

8 

8 

8 

8 

8 

+1008 

C 

GO 

r 

d 

+P-1 

+951  

+90 

GO 

GO  

- - p 

TABLÉ NO. 9 - GAUGE NO. 9. 

Sequence 	 peference 
of 	Load 9 	8wItch 

Loadîng 	tourde  LPosition 

	

Corrected q Change in ; Strain »  1 Total Accumu- 	Stress 9  
Dial 	Ref. Switch z Dial 	î micro ina 	lated Strain9 	lb/ 

din 	Va t_z2 oro injnj sç,  in. 

1 

- 	 0 	1 	0 
! 

1 	
+75 

1 	'01 "rç,..., 
g 

GO  

2 

0 

5 0000 

10 9 000 

159 000 

20 9 000 

25 9 000 

309 000 

35 9 000 

400 000 

59 000 

59000 

5 9 000 

5.9 000 

5 9 000 

1 2 25 

1300 

1381 

1462 

553 

643 

735 

836 

940 

1215 

1298 

1300 

i295 

1295 

1293 

+75. 

 +81 

+81 

-909 

• 90 

+ 92 

+101 

 4-104 

7.• 

GO 

G.  I 

0 

+156 

+237 

4336 

+426 

	

+92 	î 	+518 

	

+101 	 +619 

	

+104 	 +723 

GO 

GO 

+ 2e 250 

+ 4,680  

• 7 e 110 

+10,080 

+12 e 780 

+15,9 540 

+71 8 e 570 

+21 e 390 

• 

GO  

C 



TABU'. NO. 10 - GAUGE NO. 

Sc-nuence 
_  

Of 	 Loati e 	Swite.,h 	Dîal Reza 
LcadinE_ounds :42.poition Readingt Values 

nlinr.s.F., 
Di al 

Reading 

StraIne  g 
micro 
ner  ii. i 

6 

6 

6 

7 

6 

7 

v9 a 

7  

6 

6 

6 

6 

6 

6 

+1045 

4r, 

S.> 

(-7 

+160 

+17A 

+189 

.,852 

+180 

+190 

+204 

+214  

C.72, 

c.D 

+160 . 

+174 

+189 

+1 93 

+180 

+1 90 

+204 

+214 

CI 

1 	 0 

5 e 000 

- 

aD 	 10 .e 000 

4 	 15 e 000 

5 	15O00  

6 	252 000 

7 	30e000 

35 e 000 

9 	409000 

10 

3A 	5e000 

5A 	5,9000 

7A 	5e000 

8A 	59000 

0‘ 	 o  

111 , 

 1271 

1445 

1634 

782 

962 

1152 

1356 

1570 

1100 

1272 

1272 

1262 

1 260 

1261 

Fetal - à-fr=, bum:7-1—s e 

lat ,r)0, strzainp • ‘• 

micro in. mer in 	so in Ao...,.■eris.—.G.G=24.Ge=A= 

4  Qnn 

+15 e 690 

480 

OQs  
nr,P,  

9 

+32 9 5P-0 

+38 9700 

÷45»120 

+160 

+334 

+523 

+716 

+896 

+1 086 

+1290 

+1504 

0:11 



1015 

1030 

1031 

1022 

1031 

1020 

1045 

1040 . 

1006 

1014  

(Page 16) 

TABLE NO. 11. 

Switch 	Micro in 0 	Moro ln, per ln. 
Position per in, 0_ correction factor  (2O9.  104) , 

(1.92 	
à 

0-1 	976 

1-2 	989 

2-3 	990 

3-4 	 962 

4-5 	990 

5-6 	980 

6-7 - 	1002 

7-8 	1000 

8-9 	969 

9-10 	975 

.° Correction factor le obtained by dividing 	00 
actual gauge 

factor 

aser■re.. 



Load s  
poundq 

.500 

5 9 500 

500 

10 9 500 

500 

15 9 500 

500 

20 9 500 

500 

25 9 500 

500 

30 9 500 

500 

35 9 500 

500 

37 9 600 

40 9 500 

500 

45 9 500 

40 9 500 

35 0 500 

30,9 500 

25 9 500 

20 9 500 

• ( P°'.e19 ' 173 
q 

TABLE NO. 12. 

DEFLECTION 
two springs) 9  

0.0000 

000200 . 

. 0.0007 

0.0385 

0.0009 

000559 

0.0010 

0.0740 

0.0012 

- 0.0926 

0.0016 

0.1117 

.. 	0.0020 

- • 	0.1307 

000030 

0.1394 

0.1510 

0.0048 

0.1749 

0.1580 

0.1395 

0.1209 

0.1025 

0.0840 

DEFLECTION 

	

Loa1 9 	(two springo) 9 .  
12e2.124 	in lychee 

159 500 	- 	0.0656 

10 9 500 	- 	000475 

	

5 9 500 	• 	0,0292 

	

500 	0.0078 

	

5 9 500 	- 	0.0276 

109 500 	0.0451 

15 9 500 - 	0.0627 

20 9 500 	0.0804 

25 9 500 • 	0 00909 

30 9500 - 	0.1172 

35 9 500 	0.1355 

40 9 500 - 	0.1543 

45 9 500 	0.1753 

40 9 500 	0.1585 

35 9 500 - 	0.1400 

$0 9500 - 	0.1213 

25 9 500 - 	0.1028 

20 9500 - 	0.0844 

15 9 500 - 	0 00660 

10 9 500 7 	0.0481 

	

5 9 500 7 	0.0298 

	

500 - 	0.0002 

45 9 500 	- 	0.1758 

	

500 - 	000084 

.0,,...ym.saat....merom*n*.ece*asv-m-..e • 

HLL:GITB. 
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APPENDIX 

PREPARATION OF SPRING FOR STRŒS MIMUREMENT, 

Two spriffl were machined from *inch armour plate 

and heat-treatod to an'approximate yield strength of 170 9 000 

Posolo 

The  bottom surface of each swing waa lapped ln order 

to provide perfectly flat matin urfaces, 

SR4 electrical strain gaugos Typo A-7 were uzea, 

Each gauge had a rosiEtance of :Î.21 5 ohms »  a gauge facto 

of 1,92  Z 2 per cent »  and a gauge length of inch, 

Tho surface of One spring was roughened with mory 

cloth to ensure good adhesion of the gauges, A thin coat of 

SR-4 Precoat Cement 15-3 was applied and allowed to dry for 

20 minutes, SR-4 Cement3Z-41 was then applied in liberal 

amounts and the gauges were fixed in position, covered with 

thin  cellophane  paper and a sponge rubber pad e  and weightad, 

raw gauges we pia -emitted to dry for 24 houra. 

A compensating gauge was cmmentod e  as described 

above e  to a piece of steel 6 In0 x e 	in, This gauge 

was used as a temperature compensating gauge, 

Lead wires 5 feet long wore soldered to all gauges 

and firmly fined so that there would be no pull on the  gauges, 

. Spring and compensating gauges were placed ln am 

oven and he/d at 75 C. for one hour. Upon removal »  all gaugeo 

were covered with a liberal coat of melted Petroane waw to 

protoe them frommoisturoo 

Tho lead wires from the spring were connected to a 

Leeds & Northrup 10-point rotary switch whIch e  in turn e  was 

connected by a 12-foot lead wire to a Baldwin-Southwark  3R-4 

portable strain recorder, All load wires were single-atranà 

wlre OO  I nh in  diameter° 

IILLfflUB, 


