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The analysis on the shape of a Standard Test Specimen for the Torsion Test and
The Effects of Misalignments
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Abstract

Using a three-dimensional (3-D) FE analyses, this paper provides the shape optimization of the
standard test specimen for the torsion test, as well as a method for analyzing effects of misalignment

under the angular and concentric misalignment. For verification, FE analysis is performed, which is

designed for the perfectly full-model. To optimize the design shape of the torsion-controlled fatigue test

specimen, we performed sensitivity analysis using shape parameters. Additionally, two kinds of

misalignment (angular misalignment and concentric misalignment) are applied to the circular and tubular

specimens to show effects of misalignments in the FE analysis. The present results will provide valuable

information for designing shafts for every kind of mechanical system under torsional force.
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Fig. 1 Schematic of circular & tubular specimen

Table 1 ISO standard for torsion specimen and
analysis conditions
TE I= 180 71€ (34 =4
- diameter of cylindrical gauge length |5 < d < 12mm 6
239 | length of test section Lc < 5d 30
Cireular| ... cition radius r =>3d 18
- external diameter (grip end) D =2 12.5
- wall thickness in the test section 0.05t0 0.1 do 1.5
- outer diameter in the test section, do do 18
By " ;
-transition radius, r >3do 54
Tubular
- length of test section, L¢ 1to 3do 26.94
- external diameter (grip end) D >15do 30

k8 A2 Table 1 & A A ALl sy
rdsste]l ABAQUS 3145 G333t} Fig2 ¢
ol 53 AdAHLS F AH®Node) 771 7,642
7N, Q.74 (Element) 5= 1,584 7] o], FH & A|g
He = AA F 17,153 7/, 84 = 3360 =2
2 28 El(Element Type): C3D20R = 3]4& A4
sttt

Fig. 2 FE Modeling

2.2 fM=H
Fig3 3} o] SA#E Al A4
75%A A 543 2
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ol AAs= 7IFor e FEE AW H
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Gi-o) 75% Dol AXHES shel N@A 37
ashg Azstetdth 244 ANE A% o

o ek
- Circular A1 | =0.75L; =0.75%30 = 26.94cm
~ Tubular A% : | =0.75L, =0.75x26.94 =20.205cm

STt Fig. 4 2 Z}7} Moment control, Displacement
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Fig. 4 Comparison of theory results from FE results ; (a)
Moment control, and (b) Displacement control
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Fig. 7 Applied for test machine misalignment with FE
analysis
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Table 2 Determination of Misalignment

F3 Zold misalignment

strain 1(20ps) strain 2(50pe) strain 3(100ps)

?

it

circular | tubular | circular | tubular | circular | tubular

Angular
(urad)
Concentric

(mm)

272 110 680 280 1360 560

0.003449 {0.004700|0.008621 | 0.011750 | 0.017240 {0.023500

2

A8 RAHE dFe =

(Maximum principle strain)2]
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400, 800,1200, 1600, 2000us #t°] ¥+ =Wk HlE

2 (Torsion) oF%2 ZA3I T Table 3 & 3-8
24 Bal A9 HAE dF 5 A4
sl
Table 3 Determination of Load
400 pe 800 pe 1200 pe 1600 pe 2000 pe
¥
T(‘]’V“l:l")“ 2.590 [36.400] 5.179 [72.800, 7.769 | 109 |10.359| 146 |12.949] 182

4.3 Bending Strain and Percent Bending
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table 4 Bending strain and Percent bending-in the
circular specimen

strain 1 strain 2 strain 3

MisAngular MisConcentric MisAngular MisConcentric MisAngular MisConcentric

B 20.49 19.59 51.23 48.98 102.46 97.95

table 5 Bending strain and Percent bending-in the
tubular specimen

strain 1 strain 2 strain 3

4
it

MisAngular MisConcentric|MisAngular MisConcentric|MisAngular MisConcentric

B 19.54 20.79 49.73 51.98 99.46 103.96
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Fig. 9 Bending strain at the gage point in tubular
specimen
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Fig. 10 Strains for direction of 0 degree
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Fig. 11 Strains for direction of 45 degree
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Fig. 12 Strains for direction of 90 degree
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Fig. 13Strains for direction of 0 degree
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