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[3] Fig.1 Theflexurd hinge based bender.
) L represents the length of the mirror, h , the bending
, height , F;and F», two driving forces, trianglesA |, fix-
ations, here h = h; + hs.
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--4—— Ratational axis of the
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Flexural hinge
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Fg.2 Sketchof the definition of rotationd axisof the
bender by the flexura hinges.
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Fig.3 Hlipse layout and notation. (The origin of the
coordinate syssem is at the center of the mir-

ror.)
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Fig.4 Mechanica diagram of the flexura hinge based
bender ( N1, N2, N3 represent the restrict con-
trary forces, Ny the superfluous restrict con-

trary force) .

Fi,F2
Fihy, Foh N x



222 10
[6]
AC DC,DE,EM ,MN ,NF,FG,GH,HB 9 A, =8, N +0; =0, (4)
123456,7,8,9 011 B Ny ,
= Em Ak Fi, F Fihy, Fabhy B
:AC,BH N,
Ibl,DC,GH IbZ,DE,FG Ib3, EM NF 4 0
|b4,|\/|N Im, N1, N2, N3 , Ny Ah
B Ah :_cma(qu&l_ hy. (5)
Nx : Fi, P2 3
Fihy, Fahy Ny AF=F- F, <=L Fi,
B N, 0 F> Fihi, Fohy 1
1 Nle I\Wi(x) F]_,Fz,Flhl,th Mi(X)
Tablel M;(x), M;(x) are the bending moments of each section
under Ny =1 and Fy, R, Fihy, R hl,reSJe(:tiny.
Number i  Mi(x) M; (x)
A - a -
1 (c- x) os(@ -PB) ara
AE(h+Ah)(a- x)
2 coos(@ - B) a +AL +AF(hy +Ah)
3 - (x+Ah)sm - Fox+ Flh—A_E(‘h:_Ah)‘a—AFxﬁh
_ B}
4 - Ahdm Flh-AFAh+A_E(‘h_h)‘(‘x_a)'+AL
5 N Flh.AmmA—EUJL*—Ah)—X
6 - Ahdm F2h+A_E(‘hL+_Ah)'x
7 - (x+Ah)dm - Fox+ F2h+A—E(‘h:—Ah)—a
8 ccos(@ - B) AF_(_IE]MX
9 (c- x)oos(@ -B) 0
* ~ Mi(X) Mi(x)
Ajr = ZI - dx
9 _ — 2 2
M'!X!M'!X! . AFC(hz +Ah) AFa(h2+Ah)
04 = = dm
1 .ZI EiIi d X [ 3 Eblbl Eb|b2
2¢c(h, + Ah)? Ah)? A
_ grfq 2ot ah) 2ath + Oh) DB ARK. (F+ F)h) +
3 Eblbl Eb|b2 Eblb4
2 _hy hy
2h2(3h2+Ahh2+Ah2) A2l 24\ Eblb((Amh_ (Fp+ Fz)h)(Ah+2)+
Epl, Y Enln T Bl ’ A
3 4 2 Ahnl
Foh hy, + Ah)) + X
© 2ha(G b + AR) + 5
ARh- (Fi+ FR)h], (7)
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(4) Nx (11)
- A 1 AF(h+Ah) 1
_ oDy -
Nx =75, ° (8) R(x) Enll X' Emlm
N, [Fih- ARAh- NsmAh],  (12)
Ah=0

zFXZO ZFY:O zMAZO ) X
d'y :AEJ_X+_F1_
dx? = EmlmlL Emlm’

A
N; = AF(oota - hi—b) + N0 ( M ) (13)
_AE(h+Ah) ' (13)  x
N, = L + N0 L
X+,
_AF
Na =g * N © £y (B- E)h (Bt E)h
dX2 - EmlmbL 2Emlm '
M = Fih+ Nasro (hy - caB) + (14) [3] 1
N30t (x - coof) - Nix
AF(h+Ah) x
_A :A + Fih- ARAh 3
- NysroAh, (10) 3.1
Ah 1
AFZO, F2: F1: F
2 , 10) ,(12
dy _AE(h+AR) 1 | (10) ,(12)
d x> EmlmL Emlm M = Fh- N,smAh, (15)
[ FPh- ARAh - N,dmoAh], (11) R(] = E]| [Fh- N&roAh], (16)
(11) Ah [3] X mim
Ah N
h h
2 oAb+ h, - _2('2h2+Ah)) LA Aha
Fh Bl h'3 Enlm  Eblp
NX = Sm _2 2 1 (17)
20(h2+Ah)2+2&(h2+Ah)2+2h2(3h2 +Ahh2+Ah) +A 2| +2 le
3 Eblb1 Eblb2 Eblb3 Emlm Eblb4
t =8 mm, b =40 mm, L =170 lp, + Ip 5 :_:th% |b:‘lbti Lot
mm, En =110Mpa ,a=10 mm,c 2 s 127 e 127 e Y
=20mm, hy =73 mm, h+Ah =100mm, E, = , t1 = 13mm, t3 =
200Mpa , Fi = F» =20N 20mm, t; = 13mm Ah
R R _ (16) ,(17) R , 2
m - 12bt 1|b1 - 12btl||b2 -
2 FEM R( :m)

Table 2 The curvature radius R derived from equation and the FEM (unit :m)

Ah - 4mm - 2mm Omm 2mm 4mm 6mm 8mm
Equation 133.917m 104.917m 93.8667m 104.5221m 130.7400m 174.8870m 205.1208m

FEM 136.528m 107.252m 94.4020m 105.1374m 132.8352m 180.3586m 214.4894m

Error 1.18% 1.27% 0.57% 0.59 % 1.58% 3.03 % 4.37%
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, ANSYS ,
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, plane 82 91 JRs
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M 3
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Table3 Myand M (unit: N- m)
Ah - 4mm - 2mm Oomm 2mm 4mm 6mm 8mm
My 3.33x10°% 2.55x10°% 2.16x10°° 2.46x10°® 3.07x10° % 3.73x10°°® 3.92x10 3
M 1.427 1.767 2.000 1.784 1.441 1.082 0.925
Error 0.233% 0.144 % 0.128 % 0.138 % 0.217 % 0.345 % 0.424 %
M¢ ,
, 4
(15) FEM ,
, Ah , (12)
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Resaarch on the flexural hinge-based bender in a synchrotron radiation instrument
QU Yanfeng, LU Li-jun
( Department of Precision Mechanical Engineering, Shanghai University, Shanghai 200072, China)

Abgtract : A flexural hinge based mechanical bender is a very promidng dynamica one for synchrotron op-
tics, which is driven by two PZT actuators. It is chegp and energy-tunable, and the precison of the
mitrofigure produced by this elastic bender is high. Thispaper anayses and discussesits working principles
classcdly and systematicdly , and derives the driving equation, i.e. , the relationship between the mirror
shape and driving forces. The finite element method is employed to verify the correctness of the equation
based on the classcal mechanica analysis. The article focuses on the effect on the mirror curvature radius
produced by the derivation between the rotational axes and the neutral plane of the mirror , and the role of
the flexure hinge in thiselagtic bender. It concludesthat the bender driving equation can offer academic ba
ssfor desgning the eastic bender.

Key words: synchrotron radiation; reflective mirrors; flexural hinges
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