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Abstract: Using three-dimensional (3-D) FE analyses, this paper provides a method for analyzing the effects on
stresses and strains produced by angular and concentric misalignment of a test specimen for a torsion test. To
quantitativele compare of the FE results, the average bending strain for the angular, concentric, and combined
misalignment was proposed. To verify the effects of axial misalignment of the test specimens, we used both circular and
tubular specimens. From the FE results, we proposed general predictions for the effects caused by the various types of
axial misalignment and its direction. In addition, we confirmed the effect of initial yielding moment based on the initial
yielding condition for axial misalignment of specimens in torsion tests.
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Table 1 Determination of axial misalignment

strain 1 (20pe) strain 2 (50psg) strain 3 (100pe)
Classifi
-cation
circular | tubular | circular | tubular | circular | tubular
Angular 272 110 680 280 1360 560
(nrad)
C°'(':f:)mc 3449 | 4700 | 8621 | 11750 | 17240 | 23.500

Angular Misalignment  Concentric Misali Combined Misalig
Fig. 3 Applied for test machine misalignment
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Table 2 Determination of load

Classifi 400 pe 800 pe 1200 pe 1600 pe 2000 pe

-cation

ircularitubular|circular|tubular|circular|tubularicircular{tubularicircular|tubular

Torsion

(N'm) 2.590 36.400| 5.179 (72.800| 7.769 | 109 {10.359| 146 [12.949| 182

1
140 —0— Theory-results .
120+ — ®- FE-results

Shear stress T (MPa)
(-2} el
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Rotation (rad)

(a)

—— Theory-results
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Fig. 5 Comparison of theory results from FE results; (a)
moment control and (b) displacement control
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Fig. 6 (a) Axial strain and (b) shear stain under different
angular misalignment

3|4 Aagks v askith Fig. 5+ ey AlA

et o233y F3tesdAM AyE wud
A0l 2%l A=
A3l weka] AT
ARgEe A= 7HA 3

g wedgtia B 4 ik

41 & 2

AL EES
o] = 7] 7;”341 }\6]

PA -

iz o

2o

r
=

¥
it

[
i)

ol A &

o Mo
o
o m 1o
5L
rzi(m ® A=

3
T

o,
1
ok

rlo Az oft 4> &2 rob
- B

¢

oft
e U ofk

2 ok O
(=3
=

olo

i3

o,
O

e

>,

Mo

31'4

'-‘I-'dm - 0.003449mm
100 F—e—d, _ -0008621mm 4
—&—d =~ =0.017240mm,
@ sof o
w L]
£
g
=
wl
= .
= -5
v 0
<
-100F Gage point (Up) Gage point (Down)
L L L L
1 2 3 4 5 6 7 8
Gage point(G1 - G8)
(a)
—a—g = =0.003449mm
—— = 0.00862 Imm
k

20 —A—d = =0.017240mm
—
w2
=
—
w
=
=
=0
—
w1 Ll
8
>3
-=
v

20k

20 i A

Gage point {Up) Gage point (Down)

I 2 3 4 5 6 7 8
Gage point(G1—-G8)
(b)
Fig. 7 (a) Axial strain and (b) shear stain under different
concentric misalignment
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Table 3 Axial Strain distribution under misalignment

Upper path
0(G1) 0.25(G2)(0.5(G3)|0.75(G4)|0(G5)| 0.25(G6) |0.5(G7) | 0.75(G8) | 0/360

Down path Note

Misalignment

Angular 0 - 0 + 0 - 0 +

Concentric | 0 - 0 + 0 + 0 -

Table 4 Shear Strain distribution under misalignment

. Upper path Down path Note
Misalig 0(G1) ’0.25(02)‘0.5(63)‘0.75(G4) 0(05)‘ 0.25(G6) ’0.5(07) ‘ 0.75(G8) | 0/360
Angular 0
Concentric| + ‘ 0 ‘ - ‘ 0 + 0 ‘ - ‘ 0

Table 5 Stress distribution under angular misalignment

Classifi Position of the measurement Note
-eation | go_ggo | 9go~180° |180°~270° |270°~360°
Shear 0 0 0 Same at all
. - + path
Axial 0 (Compression) 0 (Tension)
12000 —a—p-0.01rad(for z axis) _*T4e
gopl  —*—0-0.02rad '
—a—0=0.03rad
E 600k  —v—0-0.04rad
= —&—0=0.05rad
< 300F —<—0-008rad
>
A 0 !
2 !
w1 =300 i
= 'G
2 g0} : G4
< !
=900 r i
-1200 F . . L
0.0 0.2 0.4 0.6 0.8 1.0

Positon (0/360°) : Path2-center
Fig. 8 Axial Stress under angular misalignment
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Fig. 9 Stress distribution under concentric misalignment
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Table 6 Stress distribution under concentric misalignment
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Table 7 Stress distribution under combined misalignment

Classi Position of the measurement Note
assifi
-eation | go_ggo | 90°~180° | 180°~270° | 270°~360°
Shear + - + - Path 1,2,3
- - + + Pathl
Axial 0 Path2
+ ‘ + ‘ - ‘ - Path3
ROO |
600 Concentric mis-alignment
E 200+ —a— (1,02, 03, 04,05, 0.8mm
é 200 F
o]
i 0 [TT]
]
= L
vy -200F
=
2400
<
-600 F
_800 L 1 1 L
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‘1“‘“‘1 —m—con_mis_align 0.1mm
800 i ‘,4’ 4 —e*—con_mis_align 0.2mm
600 F . 4 —e—con mis_align 0.3mm
J{, "N"’ \ ~—w-con_mis_align 0.4mm
40”: J(.': ......:r\* \ —#—con I'n?_i align 0.5mm
2004 4 —4—con_mis_align 0.8mm
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Fig. 10 Axial Stress under concentric misalignment
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Classifi misalignment (90°) misalignment (0°)
-cation

Casel Case2 Case3 Cased Case5 Case6 Case7 Case8
Con. +0.1 -0.1 +0.1 -0.1 +0.1 -0.1 +0.1 -0.1
Ang. +01 | +0.01 -0.01 -001 +001 +001 -0.01 -0.01
Note mis-con : displacement in x-axis direction

mis-ang : rotation on z-axis

Miscon-0.1 Mis-con -1 Mis-con:-0.1
zaxis z axis zaxs T z axis
Misang - 0.01 Mis-ang --0.01 Mg 001 S Misang: 001

Fig. 11 Combination of the angular and concentric
misalignment (Tubular specimen)
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Fig. 14 Comparison of initial yielding and fully plastic
yielding
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Fig. 15 Initial yielding moment for circular specimen
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1.4 e Initial yielding moment in tubular specimen
- Angular mis-alignment
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Fig. 16 Initial yielding moment for for tubular specimen
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