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Abstract 

This report describes results obtained by 

calibrating in static tens ion the 20- ton Avery

Schenck fatigue testing machine install d i n the -

Physical Metallurgy Research Laboratories , Ottawa. 

The calibration was carried up to 10 tons, the static 

load capacity of the springs of the machine. It vra.s 

expected that t he mean loads for speciM.ens to be u sed 

for the Hesenrch on Optimum rfhread l''orm v1ould be l ess 

than 10 tonn. 

It is shown that the error introduced by 

hysteresis of the elastic loop is C<•,np ·.rabl. to 

the error introduced by the diff _culty of reading 

the microscope to within less than !0 ~ 25 divisiono 

The stiffness coefficient of tho loop 

dynamometer, measured with objective of X600 ma~ni-

£ication, was 335 pounds per .division of deflection. 
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Fatigue Testing Machine. 

----------------------

Ori gin and Purpose of Investigatio~: 

As the machine is to be used for a joint resear ch of 

these Laboratories in conjunction with the National Phys i cal 

Laboratory (England ) , the National Bur au of Standards (U.S ~ Ao ) 

and the National Hof.lea.r·ch Council (Canada), !'or the determina-

tion of the Optimum Screw Thread Form, and because of expe ~ ienc e . 

of other users of this type of mac!-iine, cal i bration was c ons1-

dered necessary in order that pesults obtained at the diff e r ent 

labora t ories might be directly comparable . 

As tension tests only are required f or th:ts r esearch, 

t he re s ults of tensi l e calibration only are given i n this rep ort . 
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Description of t h ; rtiachine: 

Mean Load = 
Load Hunr;e -· 

0-10 tons tension or compression. 
2 0 tons maxi.mum. 

'fhe machine is used to determine the number of c ycles 

of load, within the aboV-e limits, which can b e imposed on a 

sample or machine part before fracture. By means of attach-

ments available, tensi le$ c·ompressive and f l exural loads 

can be imposed. 

f'igure _l. 

VIEW OP 20-TON a VERY-SCHENCK PULSATOR 'N ITH 
LOOP DYNAMO.METER AND CHl~NKS!IAFT FIXED IN 

A SPECIAL BENUING F'IXTUHE. 

(Continued on next paee) 
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(Description of t he Mach i ne , c ont 'd ) -

The ~ulsator is a r e uonance- type machine . A s t eel 

beam, wi t h a. f undamental natura l frequency in f lexural vibra-

tion of about 45 C. P . S ., is connected , a t it s mid point, to 

the main base of the machine by the specimen. An eccentric 

mass, ro t at i ng in a bearing attached to one end of the beam, 

excites it to f lexural oscillation. The frequency of rotation 

of the eccentric is less than the Q,ewn's natural 

frequency; by varying this rotation f requency the amplitude 

of oscillation is controlled, smaller amplit~des being . . 

obtained as the frequency becomes farther .from r esonance. 

A steel loop is interposed between the specimen and 

the base of the machine. 'fo the side of th1.s loop remote from 

the spec i men is attached a mic r oscope with a s cale in the focal 

plane of its eye-piece; to the other side, a bracket supporting 

a piece of silvered glass. A narrow scratch in the silver per-

mits a band of light to be seen in the microscope. Distortion 

o.f the loop causes the position of the light-band to shift 

along the scale. •rhe readings on the scale of the edges of 

the band are taken when the specimen is placed in the machine, 

before loading . From calibration charts giving the microscope 

deflection against the load, the microscope can be used to 

measure whatever mean load is applied. 

The loop dynamomete1• and microscope are shown in 

Figure l where, between the oscillating beam and the loop 

dyn~ometer , in a special bending fixture, a cranl{shaft is 

fixed o 

~ihen the eccentric exciting the beam is rotating, . 

the fluctuating load on the dynamometer causes it to distort 

in unison with the load o This rapidly shifts the band of 

light seen in the microscope back and forth and a broad band 

1a aeen, The width of this band, leas the w1 dth of 

the light-band itself, indicates the range of load 
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(Descript ion of the Machine, cont•d) -

applied to the specimen. 

Two objectives are suppl ied, giving magnifications 

of X300 and X600. The scale has 200 divis i ons. rJith the 

X600 eyepiece oach scale division represents 335 pounds of 

load. This objec tive was used during t he present calibration . 

It was found by prel iminary tests that t lghtening the bolts 

of the crosshea.d o f the dyna mometer had no effect , and they 

were left - l ooseo 

Procedure 

GENERAL VIEW OF 20-TON AVERY~SCHh"'NCK 
PULSATOR WITH CALIBRATION RING . 

'fhe calibration was d one by a. 50, OOO-pound Morehouse 

proving ring obtained from the N.H.C., Ottawa, and calibrated 

by the National Bureau of Standards in Washington. This ring 

was connected to the oscillating beam and to the dynamometer 

of the machine by attachments suited to both the N.P.L. adap

t ors Bl03/l ~ and t he threaded ends of the ring. The N .1' .L . 

adaptors mentioned are to be used for gripping thread studs 

under test; using them during calibration ensur ed that any 

The N. PoL. adaptors were made in accordance with Drawing 
BlU3/l, Bnr;ineering Division of' the National Physical 
Laboratory. This drawing is shown in Figure ? of the 
present report. 



ki 

(Procedure )  conttd) 

clamping effects introduced by dintortien  cf  parts of the 

dynamometer during tightening of the  grips  in  preparation 

for testing would be present. The  Pulsator with the Moretouse 

proving ring is shown  in Figure 2. 

Readings were. ..taken by an Sh-4 strain indicator on 

a  pair of strain gauges attached to either side of the dyna-

mometer loop in the  hope that these might supplant  the Micro- 

scope as a  means of  reading  the load on the dynamometer.  Little 

importance  is attached to these results because they  do not 

permit  finer calculation of load than that obtainable from the 

microscope. 

Thus it is felt that the microscope can be read with 

certainty to ±0,25  division at any point  on its  scale, while 

the strain indicator readings cem be estimated to  fl, or even 

more, micro inch per  inch of strain. A load which caused  a 

microscope deflection  of  71  divisions was found to deflect one 

strain gauge by 211 micro inches,  the  other by  206. As the 

microscope deflection can be estimated to  i=0.25 division it 

can be read to an accuracy  of 1 In 284, while the strain gauge 

can be read to one in 211.  1.2here is no  reduction in relative 

error obtainable with  ntrain  sauges.  SR-4, A-3 sauges,  fur-

nished by Baldwin-Southwark were  used  type A being choeen for 

stability. 

Further discussion will be confindd to results 

obtained with the Morehouse ring because with it the  tension 

on the  dynamometer could  be estimated to about 7  pounds. As 

one  division of the dynamometer represented, in tension, a load 

increment  of about 335 pounds, considering that the  dynamometer 

can be read  with certainty to -0.25 division, load measurements 

with the  ring are  about  10 times finer than those with the 

dynamometer. 

Immediately before calibration on the  machine  was 



reccdurn, eolebtd) - 

mu  for  1  hours ut a load-range of 15 tons 	teneze. 

'ehie dynamometer was ';hen  five titres leaded to ten  tene teneiee 

und released. The microscope  vus  road at zero lead ceeeL  LÎt  

the  load was released and only when the readinï, for  zere leee 

appeared to have reached an equilibrium value- was the  call-

bration started. 

Previous tests had indicated that a load of ten 

10112; tors tension would change the microscope reading by  aboet 

▪ divisions. 'therefore, it was felt that a satisfactory 

ceerve would be obt.ained by taking ten readings  of  both micre- 

e eepe and  ring. Lead was applied until  the microscupe  had 

deflected seven divisions; readinG, s were taken  and  the loae 

applied for a  further seven divisions of deflection,  und so 

ea until  the 70 divisions had been covered. The same  precedure 

ee.s fellowed  in reducing the load. Five runs were taken  in 

this way.  The last four only  are  used in the calculations .  

bucaueo it was found that after  the first cycle of  load  the 

microscope reading for  zero load had changed. Numereus cycloe 

of calibration had been taken previously° but as the  dynamometer 

bolts had been heavily tightened prior to  the  calibration 

described in  this report,  the previous results  are not  coneldered. 

The total  shift in  the zero load reeding, between shut-down  frein 

 running without static load and the zero-load microscope read-

in,; vouching equilibri_um, was 2 divisions. 

Results or four calibration  runs are shown dia,;ram-

atleally in Figure .5, a  difference curve being Given  in 

ii,ure 6, curve B. ilxaminatien of the difference curve  eeve....e 

a  well-defined hysteresis loop with  a maximum  width or  aeeut 

e  - Numeroue calibrations have been taken previously, by 
Re li.  Field  ana  Dr.  L. U. Turnbull of the National 

iieseurch Council, uttasa; by t,ir. R. C. a. Thurston,  or 
the Lutional  Physical Laboratory, flé,land;  and  Ir.; 
i.exier of the f.  u.  R. L., Cureau of 	uttuwa.. 
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(Procedure, conttd) 

Ï; microscope division along the horizontal axis ane Dr 

about 240 pounde aloni; the load exis. The manner of plcttin 

the difference curve by taking the centroids of selected 

croups of points which lie fairly close together may be 

longed, and  a  more rigourous analysis could certainly be 

'  if care had been taken to make  proving-ring readings  aleay 

with the same  croup of readings on  the dynamometer  microsee. 

The fault is not serious because the  curve,  while not  a 

straight line, displays no pronounced discontinuities  e;ece;-.t 

at  the points correspondinL to maximum and zero leads,  file 

mean values of  load as  measured by lorehouse ring and  delleeti, 

as read on the microscope are given in Tables I to IV in  trie  

Appendix hereto, and in a graph in Figure 

Previous results had indicated that the calibratien 

would yield  a curve which would be within a small distance  of 

a straight line  passing through the origin. Further,  it 

appeared that the  curve would not depart from the straight 

lino by  more  than half a  division of the microscope scale, 

while . I0.25  division had been  decided upon as the lowest  11:TO_t 

of  error  one could  hope to maintain. For these reasons it waz, 

anticipated that a  representation of the behaviour of the 

dynamometer, sufficiently accurate for the teak in hand, could 

be obtained by drawing through the origin a straibht  line  of 

the correct  slope. This would permit the deflection  of the 

dynamometer for a  biven load to be eirectly calculated,  anJ 'the .  

use  of a graph for  this purpose would be unnecessary.  It  there-

fore remained to determine the slope of such a straieht  line 

For a graph expressing the load in pounds on tho  dynamometer 

uairist the.deflection in divisions of the microscope,  such  a 

slope will be expressed in pounds per division and  may  oe 

re,,;arded  as a stiffneas coefficient  of  the dynamometer. 
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(Procedure, -.1onted) 

If the  loads on the dynamometer are divided by the 

corresponding microecope deflections, each quotient so obtained 

is a possible value of the slope. Calculated values  of  the 

stiffness coefficient, found in  this  way,  are plotted  against 

the  dynamometer  deflection  in  Figure 5. It will be seen  that 

there  is a  pronounced scatter, especially for lower values  of 

tne  deflection where absolute  error of the reading o:r the  dyna-

mometer  microscope 7,aused  increasing relative errors for  smaller 

deflections. Therefore, in determining the averac value  cf  

the  stiffness coefficient, only those values determined frem 

a microscope deflection greater than ;50 divielons were used. 

This figure was fixed because, the absolue  errer ef *Lee reade 

ings being t0.25 division, if the readings are accurate to  0.5 

division  the deflections are known  to one per cent  or better. 

A mean of  the remaining results was  taken as the  stiffness 

coefficient of the dynamometer.  This was done because the 

dynamometer was known to  have elastic hysteresis and, although 

no stra4;ht line can  accurately represent its behavieur, it 

waz desired to find which  line  'would most closely  do  so along 

its entire length. This  method gave a value of ,;35 pounds  per 

division for the stiffness  coefficient of the dynamometer. 

Thin could also be expressed in terris  of the compliance, the 

.reciprocal of the stiffness which  i  tiu  approximately 3 

divisions  per 1,000  pounds  load. 

A calibration up to  :-z:2.5  tons was performed by 

dismounting the dynamometer and placing it in a 50,000  iald-

win-outhwark Universal testing machine at the  ationaI 

eeeearch Council laboratories, Ottawa.* The results obtained 

o The calibration  of the dismounted loop dynamometer in the 
50,000.  lb. Southwark teeting  machine was performed 
joint/y  by Mr. It. h. Field and Dr. furnbull, of the 
National Research Council; Mr. d. C. A.  Thurston,  of 
E.P.L.; and Mr. H. L. Lexier, of .e.in.R.L. 
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(Procedure, contld) 

there are in substantial agreement with thoee given in t1.12 

report. 

Figure 3 shows the complote observations, and 

}:igure 6 the difference curves plotted after calculeting te-

4ïtiffness coefficient as stated above. Figure 4 shows  tht 

end results without individual observation, It will be netee' 

from the difference curve B that  the microscope 'deflection  clai 

be calculated within one-half  division for any given load.  ;.e 

feel that much more accurate readings cannot be connistently 

maintained. The curve  A in  Figure 6 shows that the  error in  e 

load calculation from a microscope reading will not be  grater 

than t120 pounds. 

It is therefore considered that the stiffness  coef-

ficient of the Avery-Schenck machine dynamometer has been 

proved to be 335 pounds per division and that loads calculated 

on this basis from microsoope deflections will not be in errer 

by more than 1:120 pounds. 

kccuracy of the Calibration: 

For the present purpose, the tiesearch on Optimum 

A.B.C. Thread Form, it is desirable that one should be able 

to accurately place a given load on the dynamometer by stressing 

the  springs. To evaluate the error incurred in usina the 

straight line of Figures 3 and 4, the loads shown in Figure 6, 

were substracted rrom the loads which would  have  been calcul-

ated  usina the straight line. The results  are  plotted  in 

Cur e A, Figure 6. This curve shows that  the errer will  ri  

be  greater than IlUO pounds at any load, To  determine thc 

relative error at different values of  loading introduced by 

use of the straight line, this absolute error was divided  by 

the load that would have been calculated by the  straight-line 

basis. These relative errors, expressed as  percentages, are 
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(Accuracy of the Calibration, conttd) 

,iven in curve C e  FiL;ure 6. 

CUCLU.2,1()N:  

In  the static calibration of the o ,>vary- 

.:.chenck machine, a  stiffness coefficient of  • 55  pounds per 

division  deflection of the loop dynamometer hae been dotermin, 

By assuming for the dynamometer a stiffness coef-

ficient .of 535  pounds  per division deflection, any desired 

load between zero  and  24,WO pounds may be applied to a speci-

m :cn, with an error ra%e as  shown in Figure  6(a,b,c). 

000000000000 

00000000 

00 

(Figures  3  to 7 follovi7) 
(  on Pages 11 to  	) 

	

(A tabulation appendix is 	) 
(  attached, comprising 
( Paes 16 to 19 inclusive.) 



(Page 11) 



?rite

-&-ze A4Laegi ty 
HOL 

+..o,  

h :Ed tit 



(Page 13)

-^-

.350 1 ® f
^

Ml

^ d
^ .340 ;-

I

x

O

0
&

G - t-- - - _ -- f

I q^- - ----r- - ...^

R N $ LpADI
4-CAM tH

R 3 LOAD/ 6
fMAL AAû

R^iv 4 rLoADI
, NNLD^ONNi

^.33SiR7LO POL/Nl^s Asw;Q/V/SiÂON !
AYEIitAtGE 3T/FFNVE51 COEFAIC/ENIT !, . _ __, _ • - - --- -- - -- r^.

^--

^ ^^ • • , o .s • ^ T t . ^ .

x
} X . . r } 4-
,

^ - ^- - - - MtT R[S^wA^i
LA TOrâ3 OT O /.

DCM*tW*W (W

RATV N w^vt
6E.11W1EI d11t11. *A T WAX

x

I

M^OIEA Jw c^G4t^ .7w

MEC OlSC aE: DE CEC I aN

..



- 

(Page 14) 

WPM  

1111 	
o 	

A 	
o 	Iii  . 	

o 	
i 

, o • % 

NI 	IN 	 0 L ADIN.-  
• LI LOA 

À 

• V1  . 	 0 

il 	r 	 ..., 	. 
ml  . 	1 	. 
IS 	À 	I  	

:II S 

NI 	I  jet. 1 . 1 
 

	

é 0 ViCi 	
Il 	

0 MI I 	II 	•  ce +I 8  

	

e % 	tà 1(1 	.:. 	I 	 . 1 	 :, • ., 
Il 	mni 	1 i 	 . ii• 	

N 
gnu] 	III• mu_   

0 ,. 	■ 	■ %,. 1 i 
 11 

 III 	I  	  • 

	

I I  1 	 • 
9 

t et  E ! 
e  0 	

112Q e e 	 0 
ict 	„ z 	 • 	. 

	

; t 	e ...1 	 kw 	ei d 

• •. 
. 	 • 

ii... 	
. 	  

3 	  

I, 	:IICICIIIIIIII=11=11313 MIMI 
I . ; illa i:rti=ivêeAC....LIZJ 	 • 

lit 	en. 
own 1P 	1111 	. 

!! Irgl 	Kit UM I 	ii 	 p: 	11;!!!11 	11 
' 	;14 17 f," .7. • 	• 	.-e-r+. mi  Hr.:. 	• • 	i tin 	t 	t 	.t. ! 	• 

. 	- 	• iii ttuetiigisitzr"uri ::::iilli.gies ... .. 	tt 	iii 	. 	n 	disint limning 

	

kidillinimiL.L'eflie .iiiiif - 	 Le.../...:_ 4Ilia 1 
n:aure  Hiliffill Mini Miallifi Ellifiiii WM::: udiffliiiiii:::1961111111 	

ii 	
ma 

4-  • 



BIA 
r 

Wronromirelde75/d0 

,4  

e  A A 
%AR 

siezeul 

FIG. 7 
; PHYSICAL METALLURGY  RESEARCH'  

LABORATORIES BOOTH ST. OTTAWA 
_ 

DEPAFfTmENT Of MINES RESouRcEs 

- --ADA P-ro-R--  FOR-  5T-LJD5 	I 
AVERY  PULSATOR FATIGUE MX 
Imo m.7c 1110111 -14-XC JUtES 

" — 
WI • /8 /2.45 OMNI 

Di mension5 are in accordance 
with Oseg. riQ 5 103/1, National 

Physical Laboratories,Eng.Div^ 

(Page 15) 

Dow• l holes in flange 
to fit holders on 
Pulsator, and rot  to 
break thro' flange 

.--•951 
•
40  —1111.1 ri-43 at 45' 

4 
. 

III 0 

8; 
00 
i 

tn 

r«is.  

	

;5 E. 	.11 ,we 

	

+ 	(‘.1 

21; 

Faces  marked e must be square and concentric 

Two OFF - Ni.  CR .5TEEL 



ALIBIUT:0 ;UN R.UN NO 2 ------- 	. _ ,  L-- 

TA3U1,ATI0N  Ai  1fl.)X  

1AT.31, I, 	- 	ult -:i_oT Ofilibratl.cu 

	

L()Ftd.9 :YLersccPe'7'›UfL'Illee'S.k.,à5;,: 	Lod, ::v71.ctoscope :tiffncis (.;'- 
In 	:do11ee':,i311„: !,:!..p.!! per 	. 	in 	;defloc-tion,: klps per 

.Duunds : dftvisne : aï -1,31.0n :  pounds 	Civiionm : div13ion 

	

2,800 	7,3 .,.. 	0.331 	2,P.0C 	- 	Ç1 .5 	0,34e3:'._ 

	

5„290 	15.1 	.,34236 	5,290 	15.0 	,34402 

	

7,030 	22.85 	.3510 	7 0 i.:30 	22,85 	.4021 

	

:_0,110 	22.2 	.3 143 	10, 11 3 	30 .0 	.33966 

	

2L2.460 	33.15 	.34000 	12,60 	36.95 	• 3407i 

	

14,720 	43,45 	.35808 	14 ,, ,-.:20 	43.95 	.33606 

	

.34130 	17,190 	51.95 	. 33589 

	

9,40 	57.1 	,33132 	19,240 	57.5 	. •3547 

	

2:1.,500 	64.2 	.33367 	21,500 	64.55 	.3329,2 

	

23 1.630 	71.15 	.33253 	23,3D 	71.95 	.33140 

	

21,370 	64,25 	.331 35 	-,1 ., 7 ;,,-, 

	

,..à.,,„.. 	65,55 	.33211 

	

1 6, 1 0 	57.1 	.33 1 69 	18,91, 	5'i.7 	,33275 

	

16,450 	50.1E 	.35103 	16„ 453 	50, 1 	.33233 

	

.14,400 	4,2 	.33240 	14,103 	43.0 	.3279 

	

11,750 	35.3 	.32793 	11,750 	36.15 	.33333 

	

9,600 	29.75 	.33142 	9,600 	29.0 ' 	.33756 
7  190 ,,  . 	22.25 	.35256 	7,190 	21.6 	.33148 

	

4,760 	15.05 	•n956 	4,760 	14.85 	.33063 

	

2,360 	7.25 	.32689 	2,360 	8 0 15 	.33128 

Average Stiffness 
Coefficient, kips per division; 

	

The whole range  -  0.33531 	 0.33567 
Range over 30 
divisions  micro- 

	

scope  deflection- .33439 	 .33485 

CUI3RAT1ON  RUN NO.  $  - 	CALIBRATION RUN NU. 1 ... 

	

2,800 	7.8 	0.33846 	2,600 	8.0 	0.34000 

	

5,290 	14 0 5 	.34413 	5,290 	16,0 	.34625 

	

7,830 	21.0 	.34523 	7,830 	24.9  

	

10,110 	27.9 	.33978 	10,110 	31.85 	.33908 

	

12 ,460 	34.55 	.34066 	12,460 	39.0 	.33846 

	

14,720 	41.3 	.33874 	14,720 	45.9 	.33660 

	

17 ,190 	49.5 	.33656 	17,190 	52.9 	.33421 
19,240  ' 	56.1 	.33297 	19,240 	59.9 	.33238 

	

21,500 	63,0 	.33285 	21,500 	66.85 	.33103 

	

23,830 	70.15 	.33328 	23,830 	70.8 	.34533 

	

21,370 	63.6 	.33226 	21,370 	63.85 	.33124 

	

18,910 	55.5 	.33243 	18,910 	55.9 	.34078 

	

16,450 	48.3 	.33586 	16,450 	48.9 	.33087 

	

14,100 	41.85 	.33166 	14,100 	42.0 	.33023 

	

11,750 	35.0 	.33228 	11,750 	35.0 	.33142 

	

9,600 	27.5 	.34103 	q 600 ,, 	28.0 	.33464 

	

7,190 	21.25 	.33505 	7,190 	21.15 	.33617 

	

4,760 	13.9 	.33093 	4,760 	14.0 	.32714 

	

2,360 	7.0 	.34146 	2,360 	6.0 	.33Ï.00 

Average Stiffness 
Coefficient, kips per division: 
The whole range - 0.33661 
Range over 30 
divisions micro- 
scope deflection - « 33541  

0.33564 

.3350P 



	 vem...m.e. 

8.15 

15.30 

22,90 

29.70 

36,65 

43.65 

51,00 

57.60 

64.65 

71,00 

64.35 

56.55 

49,45 

42.50 

35.45 

28.55 

21.55 

14.45 

7.10 

•••••••••••••■■■■•••••■■•■■ Man.& ogee 

-70 

-165 

-160 

-170 

-190 

-100 

-140 

f50 

+150 

-50 

+180 

+30 

+110 

+130 

+120 

-40 

+20 

+80 

+10 

(2ae 17) 

TABLE II.  (Elmre 6à) 

Lverage Microscope 
Deflection (A.M.D.) 
for Runs 1 to 4, 
in divisions  

Average Proving 
Ring Load 	A.M.D. x 335 
(A.P.R.L.), 	minus  A.P.R.L. 0  
'pounds 	 pounds 

•ounds 

2,730  

	

5,125 	5,290 

	

7,670 	7,930 

	

9,940 	10,110 

12 e 275 	12 0 160 

	

14,620 	14,720 

	

17,050 	17,190 

	

19,290 	19,240 

	

21,650 	21,500 

	

23,780 	23,830 

	

21,550 	21,370. 

	

18,940 	10,910 

	

16,560 	16,450 

	

14,230 	14,100 

	

11,870 	11,750 

	

9,560 	9,600 

	

7,210  a 	7,190 

	

4,840 	4,760 

	

2,370 	2,360 



(Pa e;e 18) 

.TABLE III. (Iniml.uL.§..41) 

A.P.R.L. 

2.995, 
divisions 

Average 
Provin 

Ring Load 
(A.P.R.L.), 
pounds  

Average 

	

Microscope 	A.V.D.  minus 

	

Deflection 	A.P.R.L. x 2.995, 

	

(A.M.D.), 	in divisions 
divisions 

2,800 

5,290 

7,830 

10,110 

12,460 

14,720 

17,190 

19,240 

21,500 

23,830 

21,370 

18,910 

36,450 

14,100 

11,750 

0,600 

7,190 

4,760 

2,360 

	

8.38 	8.15 

	

15,84 	15.30 

	

23.44 	22.90 

	

30.27 	29.70 

	

37.31 	36 0 55 

	

44.08 	43<65 

	

51.48 	51.00 

	

5762 	57.60 

	

64  39 	64.65 

	

71.37 	71.00 

	

64,00 	64.33 

	

56.63 	56.55 

	

49.26 	49.45 

	

42.22 	42.50 

	

35.19 	55.45 

	

28.75 	28.55 

	

21.53 	21.55 

	

14.25 	14.45 

	

7c06 	7.10  

-0.23 

-0.54 

-0.54 

-0.57 

-0.66 

-0.43 

-0.48 

-0.02 

*0.26 

-0.37 

+0.35 

-0.08 

+0.19 

+0.28 

+0.26 

-0.20 

+0.02 

+0.20 

+0.04 



is aèje 

T&T.312 IV.  
UV 0 6Le") 

Average 
Mlcroacope 
DerleotIon 

for Runa 1 to 
4 e  in divisions 

Averag 
Proving Ring 

A.M.D. 	Load 
(A,PolleLc)r, 

M5e 	 ln 
pounds 	pounda 

A All ...C.) 	3 "5 5-A PP T 

	

8„15 	 2,730 	2,800 

	

15.30 	 ' 5p15 	5 5290 

	

22,90 	 7 5670 	7,t330 

	

20.70 	 9,C4u 	10,110 

	

36 :,65 	 1',',,270 	12,460 

	

43.65 	 14e620 	14,720 

	

51.00 	 17,050 	17 190 . 	0 _ 

	

57.60 	 19,290 	19,240 

	

64.65 	 21,650 	21,500 

	

71.00 	 230780 	23„830 

	

64.35 	 21,550 	21 0 370 

	

56.55 	 185 940 	18,910 

	

49 0 45 	 16,560 	16.450 

	

42.50 	 14,230 	14,100 

	

35.45 	 11,870 	11,750 

	

28.55 	 9,560 	9.600 , 

	

21.65 	 7 0 210 	70190 

	

14.45 	 n 840 -e 	 A 760 ,. 0  

	

7.10 	 20370 	2 0 360  

(Par cent) 

-1.2 

-1.6 

-1.5 

-0.67 

+0.25 

+0.69 

+0.81 

+0.15 

+0.66 

+0.92 

+1.0 

+0.27 

+1.6 

+0.42 

	 es ea e■Fe. ran ào•Cr .w.n a a ler..}Miloeb 

00000000 
0000 

Ottawa, Canada, 
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