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Abstract 

In order to determine whether the load 

imposed on a screw-thread specimen by Type I Adaptors 

(shown in Figure 2) in the Avery-Schenck fatigue 

testing machine is  axial,  four resistance wire SR-4 

strain gauges, type A-7, were placed on the middle  of 

a 41-inch stud which was then placed in the adaptors 

and  loaded. 

During loading and unloading, readings were 

taken on each Gauge with a Baldwin 3R-4 strain indica-

tor. 
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Origin  and Purpose of Investigation: 

Axiality of loading has always been a problem 

with direct-loading fatigue machines and is important in 

the screw thread specimens used for the Research on Optimum 

Thread Form. The appearance of previously broken stud' 

(see Figure 3) indicates, by the portion of areas discoloured 

by frettage corrosion, that the specimens were subject to 

other than purely axial loading. 

It was therefore decided to investii;ate, on 

the P. M. U.  L.  pulsator, how far the loading departs from 

axiality. 

The threaded stud was made in accordance with 
U.P.L.  Drwg. 0103/202 (see Figure  1). 
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Procedure:  

A stud for use as a screw thread specimen, made 

from high tensile steel and of thread form No. 3 (see 

Figure 1), was employed in this investigation together with 

cylindrical nuts of the same tbread form. Both stud and 

nuts were supplied by the National Physical Laboratory. 

The specimen used had a cound thread. 

Four SR-4 strain gauges, type A-7, were attached 

to the stud. The manner of attachinc terminal strips and 

rings to protect the gauges while placing the specimen Jn 

the machine is sl.own in Figure 4. 

After placing the specimen in the machine, load 

was applied in steps of about 3,0(J0 pounds until aload of 

about 15,000 pounds was reached, the loads being measured 

by simultaneously taken readings on two previously cali- 

brated A-3 gauges placed on both sides of the loop dynamometer. 

This contributed little to accuracy but reduced time incurred 

in moving around to read the vicroscope at each observation. 

A SR-4 20-point switchinc unit was uscd to transfer the 

SI-4 strain indicator from caui:e to ,:auge. 	The results 

obtained in this ray, usine Type I  adaptors, are shown 

in Figure 5 in the form of a graph, and in Table I below: 

TABLL I. 

Load, in rounds 	Straininmicxl.in.  
Gauge 	Gauge 	Gauge 	Gauge 
No. 1 	No. 2 	No. 3 	No. 4 

Reading 
No. 

	

1 	 310.5 	 27 	5 	21 	-47 

	

,-) 	 966.0 	 43 	78 	108 	11 .., 

	

3 	1,484 	 62 	248 	178 	12 

	

4 	2,210 	 97 	316 	248 	56 

	

5 	2,900 	 142 	353 	303 	118 

	

6 	3,590 	 192 	381 	360 	187 

	

7 	4,280 	 240 	410 	408 	250 

	

8 	4,970 	 293 	444 	462 	318 

	

9 	7,420 	 397 	509 	562 	443 

	

10 	7,870 	 490 	577 	668 	570 

	

11 	9,150 	 572 	637 	755 	677 

	

12 	10,310 	 674 	706 	850 	798 

	

13 	12,150 	 783 	781 	954 	922 

	

14 	13,260 	 871 	835 	1035 	1025 

	

15 	14,720 	 970 	897 	1115 	1140 
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(Procedure, contld) - 

During the discussion of preliminary results 

of such tests, at the time of the Conference on Unification 

. of Engineering Standards in Ottawa in September of 1945, it 

was suggested that the specimen be rotated in the grips and 

readings be taken with the specimen in various positions. 

This was to take account of the fact that a screw is not a 

perfectly symmetrical part and that inequalities of strain 

distribution night arise as a result of the relative posi-

tions of the ends of the screw threada and the positions of 

te gau -es.  Briefly, the purpose was to determine if the 

previously obtained results are deoendent on the machine,' 

adaptors,or on the specimen. 

i°or this purpose, zero load readings were taken 

on the gauges and readins at 10 tons load were taken in 

four different positions of the specimen rotated in Type I 

adaptorse. Finally, the machine was run at a load range 

about 25 per cent less than the safe  rance of a stud, to see 

whether the inequalities of the readings would disappear. 

No such effect was observed. 

Discussion of Resultst 

Inequality of the strains measured on the gauges 

placed opposite each other on the stud is equivalent to 

the presence of a bending moment about an axis perpendicular 

to a horizontal Plane passing trough the centrods of the 

two  bauges. This bending moment Is directly proportional to 

the difference in strains r)easured on two op)osite causes. 

Thus I Me l  = 	J OS I K 

vulere e 	is the inequality of strains on the surface 

Type I adaptors were made in accordance with National 
Physical Laboratory Drwg. 3103 (see Figure 2, in which 
these adaptors are shown with cylindrical spacer 
applied at P.M.R.L. to keep the stud in centre position). 



\P).  1-3 + e2-4 

- Page 4 - 

(Discussion of Results, contld) 

at two opposite points on stud diameter and K is a constant 

which need not be determined. 

I M1-31 = I e1 ..3 I K 	
M2-4I = e

2-4 	K 

Here  e1 	O 4  is the difference between the strain 

incricator deflections for GauLes 1 and 3 and Gauges 2 and 4 

resnoctively. 

Define bending moment as M. 
2 	2 

I M  J 	y4I1..3 	M 2-4 
also 

when Q is the angle measured from the horizontal 

plane of Gauges 1 and 3. 

M1-3 sin 	= 	 el-3 
V If 2 	m 2 

e"1-3 	2-4 

e = \/ e 3 	e4 
 

Let e be the maximum difference in strain on 

opposite sides of the specimen. 	In Fic,ure 6 the values of 

el.3 	and e2 _4  may be read directly. The curve for Gauges 

1 and 3 Lives e1.3  (deflectim of Gauge 1 - deflection of Gauge 2) 

and the curve for Gauges 2 and 4 gives 02 _ 4  (deflection of 

Gauge 2 - deflection of Gauge 4). See also Table II,on Page 10. 

Considering Figure 7, it can be seen that for a 

load of about about 15,000 (e.g., 14,720) pounds on a 2 

threaded stud specimen, the maximum difference of unit strain 

between two points on opposite ends of a diameter was 282 micro 

inches per inch. Assuming an elastic modulus of 30 x 106  pounds 

per square inch, this corresponds to a variation of unit load 

of 8,500 p.s.i. The area of the specimen is 0.442 square inch. 

At 15,000 pounds load, the average unit tension was 34,000 p.s.i. 

The magnitude of stress over the specimen varied t .8500 x 100, 
34000 
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(Discussion of Results, and Conclusions, conted)  - 

or 

or 25.0 per cent, from the average. 

Loading the specimen in various positions shows 

no systematic variation that can.be attributed solely to 

assymmetry of the screw thread specimen. 

The question  as to the cause  of the asymmetrical 

loading when using  the Type I adaptors must  be considered. 

Such asymmetry could arise  from either of the following: 

misalignment of the  beam and dynamometer of  the machine, or 

non-parallelism  of the bearinj, surfaces of  the nuts. The 

Type  I  adaptors were inspected by the metrology section of 

the National Research  Council, Ottawa,  for parallelism of 

the three  plane faces marked A, B and C in Figure  2.  The 

results of this inspection are as follows: 

Faces Checked 	Error  in  Parallelism 	Adaptor 

A - C 	 3.5e 	 M 
B - C. 	 0.3 1 	 M 
A - C 	 2.3e 	 B 
B -  C 	 0.4! 	 F.! 

The  adaptors were inspected by placing face.0 on a surface 

plate  and running a dial indicator mounted  on  a  suitable 

block  around the other faces. With both adaptors it was 

found that  minimum  readings on face A  co/responded with 

minima  for face B,  so that the  error between these two 

faces  is  the difference between -Ule Other  errors.  Thus, 

if the machine is adjusted by placing shims where needed 

till the faces C when the adaptors are placed in the 

machine are parallel, the faces B will be out of parallel 

by not more than 5.1 minutes. 

The  specimen used in these tests was similarly 

inspected.  This was not done before attaching the strain 

gauges, and the latter made it tnpossible to use an inside 
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(Discussion of Results, and i;onolusions, cont'd) -

micrometer. Therefore the nuts were p'laced a suitable

distance apart, and the distance be treen their bearing

surraces was measured as near as possible to the four gauges

by use of an internal caliper and an outsiQe micrometer.

These readings indicate that these faces were out of para-

llel by not r.tore than 1 minute, alttiough it must 'be recog-

nized that the precision possible by this method is not

all one could wish.

The parallelism of the machine was checked as

previously described by placing the adaptors in the grips,

tightening them in with the nuts provided, ana measuring the

distance between the faces at four equal-spaced points on

the edges of the faces , with an intorrial micrometer.

Such readings taken between the tests with Ty;)e I adaptors

were out of parallel by not more than 20 seconds of are.

Similarly, the workine plane surfaces of the nuts on the

strain Lauge spec'imen unstressed were not out of parallel

by .-ore than 20 seconds. It may, t?-icrefore, be assumed

that when the ypecimen was tensed, the bearing surfaces

of the nuts i^rould not be rotated -ore than 40 seconds of

arc from their direction when'the machine was unstressed.

The maximum fibre stress on a 4-inch cylinder bent uniformly

40 seconds of are over a length of :j inches will be about 1,740

pounds. The observed values are much hiL;her than this.

Such values miGht be explained by asymmetrical yielding of

parts of the machine when it is l.oaded. However, this has

not been checked, because the adaptors are too close

together to admit an inside micrometer when the specimen

is in place.
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Conclusion: 

Tho tests deàcribed herein show that it was 

not possible to secure purely axial loading, or an 

acceptable approximation of it, in the 20-ton Avery-

Schenck push-pull fatigue testinu machine of the 

Physical Metallurgy Research Laboratories, Ottawa, when 

using Type I  adaptors. 

The  resultant  bendinL  effect as  obtained on 

the fatigue machine used for this investigation is 

shown in Figure  7.  It varied in magnitude and position 

through the whole range of  loading, reaching the maximum 

at 2,210 pounds of  load in a plane placed about  29 degrees 

as  measured from the horizontal position in the  direction 

marked in  Figure 7. 
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Reading 
No  

Load, 
:11  - 

pounds 

	

1 	310.5 

	

2 	966.n 
3 

	

4 	2,210 

	

5 	2,900 
a 3,5Ç40 

	

7 	4,280 

	

8 	4,970 

	

9 	'7 0 420 

	

10 	7,8i0 

	

11 	9 150 

	

12 	10,310 

	

13 	12,150 

	

14 	13,260 

	

15 	14,720 

e2 
2-4 

BROYEN STUD WITH AREAS DISCOLOURED BY 
FRETTAGE CORROSION 

Ficure 4Q 

STUD WITH SR-4 	 2iLliNALS 
AS  USED TO M2,AS1JR TILL: AXIALITY  0::;' LOADING. 

TABLE  II. 
- 

Strain,  in  micro 
Inches _p_pr  inch 

el-3 
Gauge 1, 
active; 

Gauge 3, 
ccmpen-
satinu_ 

-10 
-57 
-110 
-144 
-152 
-160 
-160 
-151 
-164 
-164 
-174 
-170 
-160 
-154 
-145 

02-4 
Gauge 2, 
active; 

0.auge  4 0  
compen- 
9(3111 .  

138 
166 
241 
256 

186 
156 
120 
63 
6 

-44 
-92 

-147 
-191 
-24$  

+ 
1-3 

138 
175.6 
265 
294 
276 
247 
902 

200. 
176 
164 
179 
193 
217 
265 
283 

Approx . 

value  of W. 
In  degreeo, 
measured 
from  1-3 
plane 

94 
J 

 
29 
33 
40 
45 
54 
69 
90 

346 
332 
317.5 
303.5 
301 
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