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Finite Element Analysis of Compensation of Surface Shape

Accuracy of Piezoelectric Bimorph Mirror
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Abstract According to the preliminary requirements of hard X-ray free electron laser (HXFEL) for offset mirror
group (the meridian shape error is less than 0.5 prad before bending and after clamping), the traditional mechanical
bending is difficult to meet and can be corrected in real time, so the structure of piezoelectric side-placed piezoelectric
bimorph mirror (PBM) is adopted. The mirror is placed horizontally, and the voltage needed to correct the low
frequency surface shape error caused by dead weight is calculated by singular value decomposition (SVD) method,
and the feasibility of the scheme is verified by finite element analysis method. Different bending surface shapes are
solved and analyzed, and then thermal analysis method is added to solve the surface shape mutation caused by local
radiation. The simulation results show that in the case of dead weight, the initial slope error of the mirror is
242.43 nrad (root mean square, RMS), and the slope error can be greatly reduced to 7.743 nrad (RMS) after
voltage bending correction. When adjusting the target shape, the slope error between the actual bending shape and
the target shape is only 0.0024 nrad (RMS).
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Table 1 Material parameters of PZT-5H

Density /(kg * m *)

L Piezoelectric Dielectric
Stiffness constant /(10~ " Pa) . s
constant /(C+*m °) constant
Cn Ciz Ciy C33 Cé6 €31 €33 €15 €1 €33

7500 12.70 8.02 8. 46 11. 74

2.29 2.35

—6.60 23.24 17.03 1704.40 1433.60
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Table 2 Material properties of simulation analysis

Young’s Density /
Material Poisson ratio )
modulus /GPa  (kgem *)
Si 0.3 169 2330
Structural steel 0.3 200 7850
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Fig. 5 Comparison of simulated surface before

and after self-gravity correction
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Table 3 Comparison of parameters before and after

gravity correction

Parameter PV /nm RMS /nrad
Before correction 37.160 242. 430
After correction 0.224 7.743
Correction efficiency /% 99. 39 96. 81
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simulation surface shape
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and simulation surface shape
i i AT TR B R R R 22 0. 0024 nrad
(RMS), HAFPRIRZE LA, LR RS 5 H s

JE 6] Y 15 22 JL-F 7] DL 2006 AN T 45 /) X TAT: 2w
T 1 4 G B AR 5, vl LA o B2 P Ak 1 55 3k 2 S A
RN RIS
3.4 ARTHEFBEIE
FESCBR TAEN v, BRI R 2EZH —H 5
S R A IR R L PR AR ARG 0 T PR
KU 10 22 e 2 B R AR R T i 0 O X R I R
it e 4 P, PR X d K/ 10 mm X 600 mm.,
KPR BERE R 1465.3 W e m *, FEIZIETF, X
S (0 B S TRLEE Ry 150 °C, PR K R B 4y A R 8
PR o 38 Gk AT BRI i Ve J RS K B A A Y
Ak B 5 B A L DR R — 28 AR X K A AL
T HEAT 3 — 20 10 58 3 A SCAON #4058 A8 THTIE 16 1F 3
(R R
Power density /(W-m2)
1465.3 max
1302.5
1139.7
976.9
814.08
651.27
488.46
325.64
162.83
0.018336 min 0_ O'&

Temperature /C 0.05  0.15 Y

150.02 max
149.89
149.77
149.65
149,52
149.40
149.29
e
148.91 min 0 0.10  0.20 (m) IT‘Z

005 0.15 Y
P& 8 AR far S BE 43 A 14
Fig. 8 Thermal load and temperature distribution diagram

it i 22 W) B 5 57 9 A7 BR T 0 A, S5 B TR %
RIS DL T iy R 3 o R S BOm o A AR S T
ALK PVAER 0. 776 pm. THH MR
T JE G TE i i B0 PR T AL IR 14T D 2 8 T LA
TE AT LA T R 22 A B A A% B AR, A TE TS Y T
R RN IEL 9 B

20
—Dbefore correction (right) L
15 —after correction (left)
10 + 400
g . L g
& &
£ 0 0 =
23 D
g bt )
== =
~10 - —400
-15 -
-800

20 3 . .
-300 -200 -100 0 100 200 300
Position /mm

&9 B 8 IR B A TE /RS /4 1 K
Fig. 9 Surface view of mirror before and after thermal

deformation correction

0734001-4



HRIEX

e I HLE IR BT R A9 S BT TR S 80T TR L
BT RO g 4 R

M 4 T LLUE B A A 51K HLAG Y15 O
T HETE RS AE T, B R R 22 RMS i & IE
B 3. 7157 prad FEALE 0. 682 prad, W15 ROR A Fr
BEEARR o PR H AR S B TR Hh s A5 AV HIHILAY

Fa WEBBIERE NS I
Table 4 Comparison of parameters before and after

thermal mutation compensation

Parameter PV /pm RMS /prad
Before correction 0.7760 3. 7157
After correction 0.0320 0. 6820
Correction efficiency /% 95. 88 81. 65
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