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Abstract In the design of the micro—positioning platform, a three—dimensional bridge—type amplification
mechanism capable of generating high displacement amplification ratio was introduced. On this basis, a four—bar
symmetric guiding mechanism was incorporated to effectively reduce the parasitic displacement at the output
end. This design allows the micro—positioning platform to fully leverage the advantages of both mechanisms. By
applying the strain energy theory, the second theorem of Castigliano, and Lagrange's theorem, the static and dy-
namic mathematical models of the micro—positioning platform were established. The theoretical analysis re-
vealed the influence of key dimensions on the displacement amplification ratio of the platform. Through calcula-
tion, the amplification ratio and natural frequency were determined to be 19.90 and 193.26 Hz respectively, un-
der the optimal parameters. Finite element analysis was used to verify the amplification ratio and natural fre-
quency, resulting in relative errors of 4.3% and 5.9% respectively. This confirms the superior performance of the
improved micro—positioning platform proposed in this study, as well as the accuracy of the theoretical analysis
method. It provides theoretical guidance for the mathematical modeling of flexible micro—positioning platforms
with amplification mechanisms.

Key words Three—dimensional bridge—type amplification mechanism  Four—bar symmetrical flexible

mechanism  Flexible micro—positioning platform  Castigliano’s second theorem  Finite element simulation
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Fig. 1 Structure of the micro—positioning platform
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Fig. 2 Schematic diagram of the hinge structure
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Fig. 3 Schematic of a three—dimensional bridge amplification mechanism
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Fig. 4  Single—flexible hinge mechanism and equivalent stiffness mode

1

F=F, (16)
DU XS FR AR AL BRI EE A

4Eb, 13
k, = 4k = o (17)

A, EONFG BT AR B S b, o B ARSI
BCBEREIE 5 o NIRRT EBCHE AR s L, W R
PEBCHERY K E

2 WeF BRI T

I B A F, W AR ST R ONE S IUE E F L
WA ITEMIE . HSLEGE DAL RS, JRES G I
F&ME, Rl AT F, S AOLRS x), Z T 5C R R
LW

) = eF, (18)

B, LA, B, CHIFEA, FFEES AN
LA, AR IO RS «), SR AL B S P, i
MR, SR CR I F, . AL o, 5 B AL )
F, Z a5 R RIR A0 0

x, = fF, (19)

x., =gk, (20)

xp, = hF,, (21)
Aqf,

_ cloow (L] + 2L, Ly + L) 4

2019—&41

2
401)., ch]é}fM: - 40];»7 Mz

2¢19_y.
f= _[Czo—MzL)rl (L, + L3)]
2
_ [CIG*MZL)'Z(3L6 - L7)]
2
L= 059—3111(3L§ + 6LL, + 3L42t) "
6¢2_ .

2
1 602;‘ - Co-m: — 12¢ 2 - Mz

6C_ .
wrE 4R, M0k, 5 F, FBEREZEE
I, AR S I B AT LUK A HLRGTE « 7 18] 28 Ry

Wy =%, =%, =aF, - fF, (22)
Wy =%, =%, =dF, - gF, (23)
PUSTE y J7 10 L 7%

u, =x, —x, =clF,—hF, (24)
U, = x, —xy = bk, —el, (25)

&4 AT, = AEM OICR PG Y 17 28 F 2
VUFF X FR X R ARG = R0, 2555 12 4
w, A

F, =2F, = kg(xdy - x[',).) (26)

1505 1. 1SR i = 4EORHU BOR LU AP 3R,
gZia(18) ~(26), ATLIREIF, 5 F, [FIEAEH]
T =Y X TBORHU TR H, BIREASF- 65 1 (2%
ORAEECH



156 Ak 1E RN

F48%:

R2 = 796[1“ - x(}y =
xax - xU,X
2ch
(27)
k,(ade — acg — cef + aeh) + 2(ad - ¢f + ah)
P — AR v BB RE R S 800 . ri e,

A
Ly =24

[y +(B—y)cosl9]r}

v sin 6 (28)

X, B=1,2r; vy =1,/2¢40

MG (28) T, v A ECHE I Be e K i 5 28k
o LA, BAESEL Mt (1 R/INBI AT DA BT v 7
B R R . RIEX(27), WTHE & RTS8
XU AL B R e, o anE s, &l e
B o

30 1
251
20
15
10
5 e

TR HL R,

20 T
ey ——
iy, °

01/mm

1.0

T
#ﬁﬁﬁggﬁ/m
(a) —BEHERFL,, . 1,34 R, (R0

150

100

i ON

50

4 8

12 16 20

20 30
\_?ﬂﬁﬁlﬂﬁﬁ L,/mm _,g&gz%%& L,/mm

(b) —SRBHER L, . L4 R B
K5 —GURORUISGHE R X R, A2
Fig. 5 Influence of key dimensions of the primary amplification

mechanism on R,

HE ST LA, & —JO R S50, B3
K, RFWIEK, RIGaT VR, W& L, WK,
RGN WA LG K, RZEMEW/N; MEL,
MIBER, RGJRIIE K, RIS M 6T
i, ZHOKHIM NS0, L, L. L,5 Fik—
GO KM SHO LA R ALTEL R, B 52 M 15 50 25401
B DUAT XS BRSNS S L, B #S K, R
B B BTG R, RABEHTIG R . &G
KI5, El6n M, GUENT- 545 RO S50 R, 521
MR 10 >0,5L,>L,>L, >Ly>L,e B _ERS
Bral i, X FRoE V-6 R 2R S, B R

BERFZM IR N 28, HUCREEERIEE, fm 2
FREERE o Tl TRUE O 15 B RO X B AR OR A
KRR R/ NBEAT o0, il USE G M € 7 5 T
FRORFREE M8/ NI TARZE X -F- S PERERY I

) ON T )
_ = NN W
SRR IR=)
— T

w
T

20

= i 16
:ﬁ&ﬁﬁ& Lop/ 0™

moﬁaﬁmoé

— S8t e b/mm
(a) ZHBHERSE Ly, 0,5 R, 520

0 .

100
80
60
40
20

BURE S R,

0

0 4 3

20

12 16 40

— 20 60
N?&@%ﬁﬂfgg £ Jiin
(b) ZHEHER L, LX) R, BTG

40
30

20

i ON

10

— 30

45

75 60
g IR KL L/

0 02
< 04
0.6 o8 1.0
- 1.0 90
glaﬁlﬁggg %/mm

(o) SHUR 1. L, R, B30
Fl6 R G 1 HLL OGBS 500 R, 520
Fig. 6 Influence of key parameters of the secondary amplification

mechanism and guiding mechanism on R,
2y Pa— P =1
3 Wer G s s

BetloE b B8 A RS, al DUAS 2
1A R B 2R A

1 [K
= [Ze 2
" 2w | M, (29)

AP, MK 5350 D~ 0 A5 A8 B A5
B e O F 5 BB BE 2> PSR R oK . B
Jo, BEXPUFFRIFR AL, HBhEE
1

_ .2
T, = A MysXy,

2
FO, B = e UL, By

(30)



B 4, A AR AOBORMUR B9 2k floE (67 F & Ao -5 ik 157

1 < . ) 1 8
Tz:—zmk(x“+x,},)+—(2]kwi)=
24 2~
! T
5 (my o+ m mg+ m )O3 + 5 (s +

. 1 Xy 1
m, )k, + E(ma + m4)( 21 )+ E(ml +

i 1 ,
21 )2 + 5 (m7 + mS)x%y +

m, + ms + mﬁ)(

X,

4L,

1 & ' ‘ 1 &
T, = *ka (xzx + xz») + 7(2]1;0)1(2 )=
25 ) 2 &

) (31)

1
5(]1+J2+-]5+Je)(

1 x 1
E (m9 +tmy,+m;; + mm)(%)z + 5 (m” +

1 3, 1
(m9 + ml())( 42 )2 + E (m” +

By 1 iy 1
S R

) (32)

Xy,

4L,

K, x, AHCE AT 6 BB AGLRS 5 v, A IROE
P& B S AL ES 5 ), S — SRR AL 1 4 1
Bt o, A ZHICRH I AL J,(k=1, 2,
5, 6) N —ZU MU E e shisi e, Hrb, J, =
m,(L2+1%), L,=/L2+1L%; J, (k=9, 10, 13,
14) 2 R KU B i s it i, o, J=

my(L23+12), L, =12+ L%,

WE AR, m(k=1, 2, -, 14 2 m=m,=
Mms=mg, Mi=M,, My=M;;=M;=M,,, M;;=m,,.

X310 R (32) i x, Al FT LIARE = 47 20
LA RS A 2 R A (23) . 20(25) . (26) 15 %,
%, %, G VAR 2, Z I ER A
d(2 +ek,)  gh,

JIO+J|3+‘]14)(

Xop = Xy = Xy T ) ] (33)
._[d(2+ekg)_g7kg]
SR 2

2(31) . K (32)HJa n LIk iE -k

1 5:2 1 2
“m, +<R7+‘§>m3]x; +

T .

2
L

[mf+n5+§nh+w+%qmjﬁy(ﬂ>

MR R4, FTLARA, RG0S RE LA
& s s AL shiz g BahaeRik R

T=T +T,

HIH AT 157 5 B0 4530 B R ML

1 4 2 i )

R22+?)m]+(R22+§)m3+2m7l+

.4 1
(L+§)m9+(21+5)m“+m15 (35)

#ig(23) ~ A (25), PGSR E K
F d+h)(2+ek,)+ bgk

K = Fou (d¥R)2+ek,)* bok, (36)
X, 2ch

Y

#(35), LB6O)IFLA(29), RIAIRIGFH
(1) [ G AR
4 WeEHaARITMr

R T I T A N7 SV AR %) A 1 LA R T ST
FH MR, M2 T A RIT i E . KT
HENT LA S A Ansys Workbench 1 EAT H . sl & 47
BT o AR BT OGRS A0 RO sk 1 o, BT F AL R
S 7075A1, HBPERTE N 72 GPa, JAMN M 0.33,
BE M 2 810 kg/m’

F1 HERTFANRTSH

Tab. 1 Dimensional parameters of the micro—positioning platform
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