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Influence of Stiffness Coefficients on Optical Performance in
Composite Optical Substrate
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Department of Mechanical and Automobile Engineering, Halla University
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Abstract The extensional stiffness in quasi-isotropic laminates is uniform in the radial direction, but the bending
stiffness varies radially due to the stacking sequence. This paper addresses the directional dependency of the bending
stiffness and its radial variation in three types of quasi-isotropic laminate reflectors consisting of unidirectional fiber
composite materials (UDM) and randomly distributed composite materials (short fiber, RDM). The extensional
stiffness and bending stiffness in optical reflectors using RDM are uniform, while the bending stiffness in those using
UDM varies radially from 11% to 26%. Also, the stiffness sensitivity, such as the bend-twist or bend-torsion effect,
due to the differences in the stiffness value in the composite, is large. These factors are problematic in the optical
field requiring precision surfaces. Utilizing RDM might be one way to eliminate the presence of bending stiffness

in composite mirror substrates.
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Table 3. Description of lay-up sequence for w4 quasi-
isotropic circular composite mirror, ideal at 0
degree(symmetric and balanced) and radial
directions(off-axis)

Axis (deg) [ 74 Quai-isotripic laminate lay-up for analysis(24 layers, top half for symmetric

onaxis©) | 45 | 45| 0 [ 0] 0| 0] 45|45 0| 044

5 4| 50] 5|6 | 5| & | 504|854
10 3% | -55)-10| 8 |-10] 8| -5| 3|8 ]|-10| 35 |-5
15 0| 605|515 5] 30]75]a5]30]6
20 x| 65| 20| 70]-20|70|6]25]70]20]25]6k
25 20| -70|-25| 65| -25|65|-70| 20| 65| -25( 20 | -70
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Table 4. Variations of [A], [B], and [D] matrices for 24
T/n  quasi-isotropic
unidirectional material. Black values indicate for
ideal laminate mechanical properties of [A], [B],
and [D] matrices (at 0 degree) and the right-side
from red and bule values
maximum (top) and minimum (bottom) values
of corresponding black values of circular mirror
in radial variation. Note: unit in [A],
and Gpa-mm’

respectively.
1.827E+02
Extensional
stiffness = 5.691E+01
[Gpa-mm]
0.000E+00
0.000E+00
Coupling
stiffness 0.000E+00
[Gpa-mm?]
0.000E+00
1.435E+02 1745E+02
Flexural 1.388E+02
stiffness = 4.939E+01 5178E+01
[Gpa-mm’] 4341E+01
4125E4+00 1.171E+01
2721E-02
1.588E+02 1 604E+02
Flexural 1.442E+02
stiffness = | 4.862E+01 4.862E+01
[Gpa:mm’] 4656E+01
1.882E+00 4 902E+00
8.902E-02
1.467E+02 1 712E+02
Flexural 1.427E+02
stiffness = 5.480E+01 5480E+01
[Gpa-mm®] 4.038E+01
6.034E+00 1.165E+01
9.079E-02
= = 2~
ol WA
o] A
AP

layer

values

[D] are Gpa-mm, Gpa-mmz,

5.691E+01

1.827E+02

0.000E+00

Tr/n Laminates (n=3, 4, and 6)

0.000E+00

0.000E+00

0.000E+00

w/n Laminates (n=3, 4, and 6)

4.93%E+01 5 178E+01
4.341E+01
1.585E+02 1 745E+02
1.388E+02
1ATIEH01 1171E+01
2721E-02

i3 Laminate

4.862E401 4.862E+01
4.656E+01
1.448E+02 1604E+02
1.442E+02
1.882E+00 4.902E+00
8.902E-02

/4 Laminate

5480E+01 5480E+01
4.038E+01
1445E+02 1 712E+02
1427E+02
5.142E+00 1 165E+01
9.079E-02

/6 Laminate

4.125E+00

1A71E+01

5.441E+01

1.882E+00

1.882E+00

5.364E+01

6.034E+00

5.142E+00

5.982E+01

laminates  using

indicate

[B], and

0.000E+00
0.000E+00

6.201E+01

0.000E+00
0.000E+00

0.000E+00

11T1E+01
2.721E-02
11T1E+01
2721E-02
5.679E+01
4.843E+01

4.902E+00
8.902E-02
4.902E+00
8902E-02
5364E+01
5158E+01

1.185E+01
9.079E-02
1.185E+01
9.079E-02
5982E+01
4.540E+01
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5.261E+01

0.000E+00
0.000E+00
6.291E+01
0.000E+00
0.000E+00
0.000E+00
0.000E+00
0.000E+00

3, 4, and 6)

1.827E+02
0.000E+00
0.000E+00
0.000E+00
0.000E+00
4.759E+01
1.528E+02
0.000E+00

5.690E+01

Twin Laminates (n

1.827E+02
0.000E+00
0.000E+00
0.000E+00
0.000E+00
1.528E+02
4.759E+01
0.000E+00

5.690E+01

layer m/n quasi-isotropic laminate using chopped
mat (Homogenous material). Note: No variations

in matices

[Gpa-mm?]
[Gpa-mm’]

Table 5. Variations of [A], [B], and [D] matrices for 24
[Gpa-mm]
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A9 Di/DiHl el el WelE UERITh DDy el 3.4 MeHlg SUX|IZ QIst ZMA 4 oz
I 14.7-60.76%= RO, w4 A4 7HE A= W AnhA o PHiop] ALGEE AUF HHo] &
stFe wool A ) wskEs deEbllnh olek 2ol Bt gi= B3k whalAS Az YsiAE A #o]d
vdlo] Exfe]l wglo] RS w) wela} vIEH FNe] (lay-up)o] Zasitty R ok BEAE T2 A%
Aol & Qg AEY EF T FUNFS] alo] ®H A A Ae AR oY HE 125 AR
o oolele AN wF WG 24 BRARE o4 2 gejd uk o] We) e s A F5
AR S gleh ESeh 8w WA AAR ool auldlo|e] AZzte] Al A] FHdlel B The
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ole gt #ds gsleted mgol F otk whEbA #F w Zalzbae] waleke =Am|u kgt ol sk He
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Table 6. Comparison of bend-twist ratios in Wn quasi- 2 913t gylo|EWe] ZAAAISGe] Wi s o 1E 9%t
isotropic laminates using unidirectional material. - -
. ool Eo] A=LA]E Z %102 ZAx}ol
Note: ideal (0 degree) w4 l ] o O_T': 18 ‘E@IE}‘LIO | Aol
Bend-twist ratios in 1t/n quasi-isotropic laminate with CFRP /\1 ?——_} T 9\)]\’1):_\‘01 O] ‘—'H;d' H]EH%]E_i ?_?"—l' /n ?/]'H] Lﬂ o]
n/3 Dy,/Dyy D;6/D11 D2s/D1y E o] ZFAAIZ=0] WElare w ol = b3
Ideal 344E-01 2.88E-02 8.16E-02 e AT Mk 4ol vebgl= WiE wn
Max 3.59E-01 7.35E-02 8.12E-02 Z90] 7B vwE u & zjolrt §le Ao=w
Min. 2.49€E-01 3.76E-06 3.06E-06
/4 Dy/Dy; Dys/Dy; D./Dny ERet. SEAIRE vl ghu|dlo] Eo A 9] =7 A4
Ideal 3.06E-01 1.19E-02 1.19€-02 e} HRALEFSEO =2 Wsly) 9o APA o =)
Max. 3.36E-01 3.23E-02 3.16E-02 R Ao R 2 WsE glon, dapHom i
Min. 2.94E-01 5.82E-04 5.25€-04 0\ g wn e do]E AR Y3 2o
/6 D12/Dyy D16/D1y D6/D11 = = - - = =)
Ideal 374801 411E-02 351E-02 HI B3k g 715 ABlo] Ak Ao
Max 3.79E-01 7.35E-02 7.99E-02 o
Min. 2.36E-01 6.37E-04 5.54E-04 e
Table 7. Percentage change in variation of Di»/Di; in wn Table 9. D-escrlptlon of sFaCklng sequence of asymmetrl.c
laminates Amrcular- composite mirror based on W4 quasi-
Dy/Dy; inT/3 | Dy/Dy, InT/4 | DDy, inTW/6 isotropic lay-up sequence
Ideal (at 0 degree), (1) 0.3443 0.3062 0.3736 Axis (deg.) Asy i layup for , 24 layers, top half)
‘:’;'I:‘:g)) g:ig ::;ﬁ g;;:; Onaxis(0)] 43 | 47| -2 | 88 ] 2| 88 | 47| 43 | 88 | 2 | 43 | 47
% DDy between (1) and (2) 428 288 149 5 B| 2| 78] 78] 2|88 78]
% Dy/Dyy in values (2)and (3) 4429 14.70 60.76 10 | 33|-57)12| 781278 |-5]33]|78|-12)33]|-5
5 [B|e|v|B|u|n|e|[s8][nB]17]28]6
20 | 3|67 2|68 26| 67| 23[68|2]23]6
. . L . s [ 2|8 n[18][a]|z][18]n
Table 8. Comparison of bend-twist ratios in T/n quasi-
isotropic laminates using short fiber material
(Homogenous material) : : I I : N I : : ]
- 30 | 43|47 28| 2|88 | 47|48 2|8
Bend-twist ratios in Tt/n quasi-isotropic laminate with Short Fiber
n/3 D12/Dyy D;6/D11 D26/D11 g‘xls(de(‘,;; = :43 > > Zlayup9f2()r = 47'2412’?“’[)3"0["::‘;[0 =
axis y -
Ideal 3.11E-01 6.95E-07 6.95E-07 o T wT s T T s o TaTal o s o=
Max. 311601 7.598-07 7.598-07 10 | 37| 53] 8|8 | 8|8 | 53|37 8| 83753
Min. 3.11E-01 6.07E-08 6.07E-08 15 | 32| 58| 13| 77 | 13| 77 | 58] 32 | 77 | 13 | 32 | 58
/4 D1,/Dyy Dy6/D11 Dy6/D1y 20 | 27| 63|18 72| 18| 72| 63| 27| 72| 18] 27 | 63
Ideal 311E-01 3.05E-22 3.056-22 25 | 22 | 68| 23| 67 | 23| 67 | 68| 22 | 67 | 23| 22 | -68
Max. 3.11E-01 1.84E-07 1.84E-07
Min. 3.11E-01 157E-23 157E-23
/6 D12/D1y D16/D1y Da26/D1 360 47 | 43| 2 | 92| 2 | 92 | -43| 47| 92| 2 |44
Ideal 3.11E-01 8.18E-08 8.18E-08
Max 3.11E-01 7.51E-07 751E-07
Min. 3.11E-01 8.10E-08 8.10E-08
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Table 10. Variations of [B] and [D] matrices for 24 layer
based stacking
sequence of Wn quasi-isotropic laminate using
unidirectional material. Black values indicate
for ideal laminate mechanical properties and
red and blue values indicate maximum (top)
and minimum (bottom) values of
corresponding bold values of circular mirror in

asymmetric  laminate on

radial variation.

2.568E01 7.265E-01 2.349E-01 2349E-01 0.000E+00 4. 196E-01

s 1A77E-02 4079E-02 0.000E+00
C°"[f;"fr:$?e“ = | 2349E01 2349E-01 T.265E01 7.265E-01 0.000E+00 4.196E-01
P 4.079E-02 1A77E-02 0.000E+00
0.000E+00 4.195E-01 0.000E+00 £195E-01 234901 2.349E-01

0.000E+00 0.000E+00 4079E-02

1.435E+02 1.744E+02 4.938E+01 5 174E+01 4.143E+00 1.165E+01

: 1380E+02 4 345E+01 5213604
F'EFG'":';'::;E“ = | 4.93BE+D1 5 174E+01 1.585E+02 1744E+02 1.165E+01 1165E+01
P 4. M5E+01 1.388E+02 5.213E-04
AM3E00 11BSE 01 1165E01 1155401 5.440E+01 5 67EE+01

5.213E-04 5.213E-04 4.847E401

/3 Laminate

1.419E-01 4.670E-01 0.000E+00 2.671E-01
7.5T7TE-03 0.000E+00
0.000E+00 2 671E-01 4 670E-01
0.000E+00 T.577E-03
3A22E01 3422E-01 2.003E-01 3422E-01
3.835E-02 3.835E-02

3422E-01 3.422E-01
3.835E-02
2.003E-01 3422E-01
3.835E-02
0.000E+00 2 671E-01
0.000E+00

Coupling stiffness

[Gpa-mm?] 1.419E-01

1.588E+02 1.604E+02 4.861E+01 4.861E+01 1.878E+00 4.533E+00

’ 14428402 4 6ETE=01 8397E-02
F'E“(';"a'_s"";m = | 4.861E+01 4 B61E+01 1.448E+02 1604E+02 1.878E+00 4 833E+00
[Gparmm 4 B5TE+01 1442E+02 8.397E-02
1.878E+00 4 883E+00 1.878E+00 4 8832400 5.363E+01 5 363E+01

8 307E-02 8 307E-02 5 159E+01

/4 Laminate

3.633E-01 1.026E+00 1.174E-01
7.514E-02
4.210E-01
2.878E-02
1.230E01  6.907E-01

4.123E-02

4.210E-01
2.878E-02
1.026E+00
T.514E-02
6.907E-01
4123E-02

1.230E01 6.907E-01
4.123E-02
6.907E01 6.907E-01
4.123E-02
1TATAED1 4 210E-01
2.B78E-02

Coupling stiffness
[Gpa-mm’]

1.174E-01 1.284E01

6.907E-01

1.467E+02 1.711E+02 5473E+01 5473E+01 6.017E+00 1157E+01

. 1428E402 4045E+01 3473E-02
F'EE‘G”;:'_::;& SATIE+01 5473E+01 1.446E+02 1711E+02 5.133E+00 1157401
4.045E401 1428E 402 947302

B.017E+00 11575401 5.133E+00 1 157E+01 5.975E+01 5 8758401

9473E-02 94T3E02 15478401

wi6 Laminate
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Fig. 2. Radial variations of Dy, in asymmetric laminates.
Note: 25.63% variation of Dy; in 13, 19.81%
variation of Dj; in w6, and 11.23% variation of
Dy in w4 laminate

Table 11. Percentage change in variation of Dj»/Dy; in
asymmetric laminates

DDy inT¥3 | DDy inTv4 | Dy/Dy; inTd6
Ickeal larvinate (at 0 degree), (1) 03043 03062 03736
Meximumvalue, (2 0358 0.3364 0.3785
Mnimumvalus, (3) 02491 02935 02364
%Dy/Dyy between (1) and (9 417 984 131
%Dy/Dy; invalues between (2 and (3) 29 P 60.10

Table 12. Comparison of bend-twist ratios in asymmetric
laminates using unidirectional material. Note:
ideal (0 degree)

Bend-twist ratios in T/n quasi-isotropic asymmetric laminate with CFRP
/3 Dy,/Dyy D16/D1y Dy6/D11
Ideal 3.44E-01 2.88E-02 8.16E-02
Max. 3.59E-01 7.35E-02 8.12E-02
Min. 249E-01 3.76E-06 3.06E-06
/4 Dy,/Dyy D1¢/Dyy D2s/D1y
Ideal 3.06E-01 1.19E-02 1.19E-02
Max. 3.36E-01 3.23E-02 3.16E-02
Min. 2.94E-01 5.82E-04 5.25E-04
/6 D12/Dyy Di6/D1y D26/D1y
Ideal 3.74E-01 4.11E-02 3.51E-02
Max. 3.79E-01 7.35E-02 7.99E-02
Min 2.36E-01 6.37E-04 5.54E-04
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Table 13. Variations of [A], [B], and [D] matrices for 24

layer asymmetric laminate based on stacking
sequence of T/n quasi-isotropic laminate using
chopped mat (Homogenous material). Note: no
variations
1.827E+02 5.690E+01 0.000E+00
Extensional stiffness
[Gpa-mm] = 5.690E+01 1.827E+02 0.000E+00
0.000E+00 0.000E+00 6.291E+01
0.000E+00 0.000E+00 0.000E+00
Coupling stiffness
[Gpa-mm?] = 0.000E+00 0.000E+00 0.000E+00
0.000E+00 0.000E+00 0.000E+00
1.528E+02 4.759E+01 0.000E+00
Flexural stiffness
[Gpa-mm’] = 4.759E+01 1.528E+02 0.000E+00
0.000E+00 0.000E+00 5.261E+01
Table 14. Comparison of bend-twist ratios in asymmetric

laminates ~ using  short  fiber = material
(Homogenous material)

Bend-twist ratios in Ti/n quasi-isotropic asymmetric laminate with Short Fiber
/3 Dyo/Dyy Dy6/D1y Dys/D11
Ideal 311E-01 6.95E-07 6.95E-07
Max. 3.11E-01 7.59€-07 7.59€E-07
Min. 3.11E-01 6.07E-08 6.07E-08
/4 D1,/D1y D1¢/Diy Do¢/D1y
Ideal 3.11E-01 3.05E-22 3.05E-22
Max. 3.11E-01 184E-07 1.84E-07
Min. 311E-01 157E-23 157E-23
/6 Di1,/D1y Dy/Diy Dy¢/D1y
Ideal 3.11E-01 8.18E-08 8.18E-08
Max. 3.11E-01 7.51E-07 7.51E-07
Min. 3.11E-01 8.10E-08 8.10E-08
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