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1 ktroauctlon 

The fatigue tests reported here were made by R.&E. as an extensmn 
to the fatigue programme1 of Vlckers-Arm&rungs Ltd., Vieybndge. 

!Mo groups of round specunens were used; bars wlth a transverse 
hole, and bat-s wxth no hole. It was intended to deternnne the effect of 
tensile nvssn stress on fatigue stre gth, 

2 
and to assess the mfluence of 

the hole, at en endurance of 2 x 10 cycles. 

2 Descrlptlon of Specimens 

All specmcns were made from D.T.D. 364~ extruded bar. Drawings of 
each type of spec3xn are given in Pq3. I and 2 and It 1s convenient to 
call those specmens mth a hole 'drilled bars', those lnthcut 'plain 
bszs'. Each pla;n bar had a normnal hameter of 0.700", each tilled 
bar a nominal dlsmeter of 0.832", v&h a 0.1875" cbameter bDle 3.n the 
madle of the length. These &u&+nsicns ensured that the minxmum crcss- 
sectuxal area was the same for p1s.u and drilled bars (1.e. 0.385 square 
mches). 

The plan bars had a turned surface. Preluunaty fatque tests 
mdxated tiwt the turnmng grooves were havmg undue influence on the 
results, and It was decided to smooth the remaxung bars*. The drilled 
bass had a much smoother fmlsh and were tested x.n thexr orlglnal manu- 
factured contitlon. The 0.1875" &mmeter holes had a rearned fuush and 
the edges of each hole were sl=htly chamfered. 

3 Tests made 

3.1 Statx Control Tests (Vlckers-Armstrongsl 

Three statxc tests were made on each type of specunen. 

Plau bar 

DrIlled bar 

0.1% Proof 
Stress 

tons/m* 

27.54 

Maxlilua 
Stress 

tons/m2 

32.21 
32.23 
j2.00 3 

32.96 
23.16 
33.01 I 

Average 
mtmate Strength 

tons/m2 

32.15 

33.04 

3.2 Fatigue Tests 

The fatzgue tests were ~nade under axial loadug at zero mean stress 
and at tensile mean stre-., --es of' 5 tons/m' and IO tons/m2, the testing 
machme being a 20-ton Avery-SchBnck pulsator. 

4 Results 

The results from the fatigue tests are given In Tables I and II and 
plotted In Figs. 3 and 4. In dramng the endurance curves the followng 
results vre~ neglected In the case of the plain bar (Pip. 3):- 

* Appendix I. 
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(1) Points 'A' and 'B'. It was found that the fractures comculed 
mth pronounced turnug marks. 

(2) Point 'C'. This result was obtained from a specimen which 
fszled m the head @lg. 6). 

The eirect of mean stress 1s shown m Fig. 5, m wb~ci? mean and 
alternating stresses are expressed 111 terms of the static strength. 

5 Failures 

Four posItions of fadure occurred m the plain bars; In the 
parallel portion, In the r&us at the end of the parallel portion, In 
the head fillet, and In the head (~lg. 6). home typIca fractures are 
shown m Fig. 7. Fatigue nude1 may be located from the pouts of con- 
vergznce of the curved wrinkle fomatlon. 

6 Dxxussion 

The fatigue stress-concentration factor2 (Kf) 1s a measure of the 
effect of the hole and 1s defined as follows:- 

Kf = Fatigue strength of plax~ bar 
Fatigue strength of drlllod bar 

At aa endurance of 2 x IO6 cycles values for Kf ham besn calculated:- 

Zero mean stress Kf = 1.81 

5 tons/& stress Kf = 2.28 

10 tons/u 2 stress Kf : 2.31 

The geometric stress-concentration fsztor3 (Ke) has been deteninned 
eqerxmentally, and for the present case 1s about 2.75. 

7 Conclusions 

(1) &an stress has a greater effect on the fatigue strength of 
the drrlled bar than on that of the plain bar. 

(2) At the endurance of 2 x IO6 cycles, the fatigue stress- 
concentration factor x3 approxunately constant over the mean 
stress range 5 tons/In2 to 10 tons/ln2. 

REFEEENCES 

No. hthor Title, etc. - 
1 Vlckers-Annstrongs Ltd. 'Interm Report on Fatigue' 

VTO/M/l82, Issue 2. January, 1950 

2 P.B. Walker and Fatigue nomencl‘\ture for au-craft 
R.B. Heyvood structural workers 

Report No. Structures 102, February 1951 
ARC 13.960. 

3 R.B. Heywood Page 273 of 'Dcslgnug by Photoelsstlcity', 
to be publxhed by Chapman and Hall in 1952 

-4- 



Appendix I 

Effect of Surface Finish 

In the tests by Vickers-Armstrongs the usual method of reinoving 
traxversc scratches was not employed because the firm desired results 
from bars having a typical production finish. The scatter in their 
results shown plotted in Fig. 3 is believed to be due mainly to the rough- 
turned. surfaoe of the plain bars, and the hand-smoothing* done by R.A.E. 
largely responsible for the reduotion in scatter. After the R.A.E. tests 
on the plain bars the surface roughness near to each fracture was measured; 
two typical records are given in Fig. 8. As there was not sufficzent 
evidence of a consistent relationtip between roughness and fatigue 
strength this method was abandoned. 

Avisuslexarsina tion was made, which enabled the roughness of each 
bar to be olassified. The results obtained are given in Table III, From 
this table emerges a number of oases where poor surface finish is associsted 
with low fatigue strength. 

* Using 00 grade emery paper. The bars could not be described as 
'highly polished', however. 
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13 
14 
19 
23 

20 

:"6 
22 
21 
24 

7 
15 
17 

lL zi 
2 

18 

; 
8 

11 
5 

- 

Mean 
Stress 

tons/in2 

1 

Alternatmg 
Stress- 

tons/m2 

10.0 
12.0 
11.1 
10.68 
10.2 

9.7 
9.5 

9.5 
10.0 

9.6 
9.2 

2; 

7.6 

i;;5 

;:gj 
7.9 
7.8 
8.0 

,'I?, 
7.3 

Endwance 
cycle 
x IO' z 

0.131 
0.129 
0.443 
0.794 
1.15 
3.58 
7.29 

0.083 
0.154 
0.285 
0.863 

12.35 
18.84* 

0.316 
0.158 
0.172 
0.196 
0.222 
0.123 

:- g: 
2:04 
2.53 
2.58 
4.41 

* Specmen unbroken 
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Table II 

Results of Notched Spe&ms 

Specmen / Mean Altern:it?ng' Endurance 

Number Stress Stress 
tons/m2 tons/in2 

CYCk 
x lo- z 

30 zero 8.0 0.177 
26 I, I 0.695 
29 II g7 1.26 
27 ,I 1.427 
28 t, 5:o 10.9" 

:: 5.0 If 6.5 0.156 0.334 
38 II ::55 0.374 

:; II II 4.0 4.0 0.76 2.17 
35 1, 3.0 :7.56* 

z IO If 4.0 3.5 0.146 0.321 
1, 3.25 0.9% 
I! 3. 0 11.63* 

* speclnen unbroken 
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Table III 

Correlation of Surface Row&ess with Fatigue Streng/;h 

Fatigue strength 
Degree 

Fatigue strength 
Mean variation MealI vanat ion Degree 

No. of 
3pecimen su-t?se (tons/in2) Of No. of Of 

(tons/m2) Surface 
(tons/m*) 

Specimen 
stress 

(tons/in*) - - Above, Surface 
Below* FlnlSl? Above- Below, Flnlsh 

CUPA? Curve Curve CUR-2 

* Positrons of tidivu3.ual pomts mth respect to particular endurance curve. 

From the v~~al exammatlon made of the surface of each specimen the degree of finish was graded as follows:- 

1. No tool rmrks 
2. Short residual tool marks 

3 
Smoothedwith 00 grade emery paper 

3. Tool marks vlslble all round specimen 
4. As m&-uned 
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FIG.2. DRILLED BAR TEST PIECE. 
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FIG.3. RESULTS FROM PLAIN SPECIMENS. 



FIG.4. 
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FIG.4. RESULTS FROM DRILLED SPECIMENS. 
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