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Abstract In this paper, the effect of bolt clamping force and form accuray of contact surface between mirror and
mount on mirror surface was studied. Normally, mirror used in reflecting optical system was assembled with
mount by bolts or adhesive. In this case, the tension caused by bolt clamping force or adhesive force may distort
the mirror surface. Also, form accuracy error of the contact surface have a negative impact on wrenched mirror
surface which assembled by bolts or adhesive. In this study, stress and distorted displacements on mirror surface
were analyzed according to the different contact surface form accuracies and bolt clamping forces by using the
finite element analysis method.
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Table 1 Boundary conditions used in the three
dimensional model of reflector and mount

Parameters Values
Diameter Reflector 100
(mm) Mount 100
Thickness Reflector 5
(mm) Mount 15
Reflector Al6061-T6
Material Mount (Aluminum alloy)
Bolt Stainless steel 304

Form accuracy

of contact surface 0.01
(mm)
Bolt position Three-point (120 °)

Bolt clamping force 4, 6, 8, 10, 12, 14, 16, 18,
(N) 20

Fig. 1 Three-dimensional model of the reflector and
mount; (a) top-view, (b) bottom-view
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Fig. 2 Schematics of clamping conditions between
reflector and mount (unit: mm)
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Fig. 3 Analyzed stress distribution at reflector which
was clamped with mount at contact area;
clamping force 20 N
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Fig. 4 Analyzed deformation distribution at reflector
which was clamped with mount at contact
area; clamping force 20 N
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Fig. 6 Comparison of maximum displacements of
the reflector which was clamped with mount

at contact area



Journal of the Korean Society for Nondestructive Testing, Vol. 33, No. 2: 154-159, 2013 157

A BEZE AAdEE s Bl s ulb
AN AR S AP A 7=
s14e ST AF, Fig. 7914 HAE wiet
ol BE AAo] 20 N9l Aol WA oA
AR = Ho-EHe 2605 MPa® 7HE & ks
EA R R WY

2 2l
& Fig. 8oA = -
ko] 1045 m= A3
Zb= 02 HIbE A Fig. 9% YHAMA T nf
EV} AEER g R EEV A
S, 97kxe] HE AAHd =
wE AspzA BE HAdHo ut
Aol BAEE SEe FAUs)

o 7'] il “E_“
Aow FAHNUT. we] WAHE Rejola 2

0.00066454
0.00035189

Fig. 7 Analyzed stress distribution at reflector which
was clamped with mount at non-contact area;
clamping force 20 N
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0oms272.

Fig. 8 Analyzed deformation distribution at reflector
which was clamped with mount at non-
contact area; clamping force 20 N

= A
EE
o

oh

E
i
A

i)
I

o Ho m
fitl
B
)

o oox o rf
_V\_l‘
=

7P AZHNE ol WAl B E WY

Ado| wral \lag Fig. 109] AT}
Adgo]l 122 NE AA HEH= A
Ae Ay A HIFE A

2

i
i
__>‘.1_‘1

i)
1>
2ot o e

oo o o fo

B 4o
o
X
=

e 914 fu
S
i)
_ﬂ
il
fo
12

2 0
Lo
2

olo
e R

ox (o

2 M om
N )
X,

fru Fo

Form accuracy : 0.01 mm
Non-Contact surface

Von-Mises stress (MPa)
o N
o ~

g
o

4 6 8 10 12 14 16 18 20
Bolt clamping force (N)

Fig. 9 Comparison of maximum stress of the
reflector which was clamped with mount at
non-contact area
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Fig. 10 Comparison of maximum displacements of
the reflector which was clamped with mount
at non-contact area
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Table 2 Results of finite element analysis

Set clamping Stress (MPa) Deformation (ym)
force (N) | contact -cgr?:a o | contact _Cgr?; ot
4 2.346 2.133 0.790 10.458

6 2.562 2.233 0.792 10.454

8 2.732 2.323 0.793 10.452

10 2.862 2.375 0.795 10.451

12 2.972 2421 0.797 10.45

14 3.056 2.467 0.799 10.45

16 3.091 2.513 0.804 10.45

18 3.117 2.559 0.809 10.45
20 3.134 2.605 0.813 10.45
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