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Design of Lamina Emergent Elevator Mechanism

Qiu Lifang Chen Jiaxing Zhang Jiugiao Yang Debin
(School of Mechanical Engineering, University of Science and Technology Beijing, Beijing 100083, China)

Abstract; A lamina emergent elevator mechanism was designed based on the principle of micro-elevator
mechanism. Pseudo-rigid-body model of the elevator mechanism was established. The calculation formula
of force-deflection relationship was derived based on the principle of virtual work. A lamina emergent
elevator mechanism with LET hinge and LOOP hinge was designed and two kinds of elevator mechanism
were studied. The bending and torsional equivalent coupled stiffness of LOOP flexible hinge which
contains arc segment was studied and the calculation formula of the equivalent coupled stiffness was
derived. The analysis of theoretical calculation and finite element simulation of the two designed examples
showed that the theoretical calculation formula and the simulation model were correct. A physical model
of the elevator mechanism based on LOOP flexible hinge was established and its function was tested.
Calculation, simulation analysis and test results prove that this elevator mechanism can produce large
lifting capacity with high accuracy in operating state and the slider displacement of the elevator
mechanism has good input and output relationship with the rising displacement of the platform. The goal
of design was reached.
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Fig.1 Lamina emergent elevator mechanism
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Fig.2 Enlarged drawing of LEMs
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Fig.3 Pseudo-rigid-body model of LEMs
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Tab.1 Basic performance parameters of beryllium bronze

Rk B p S A HEEVA e ke i 2
2R /(g em™?) E/GPa F o,/MPa
Lkl 8.3 128 0.29 1035
WA LET 885 1 RAFangk 2 iR .
F2 SMLET R~
Tab.2 Dimension labels of LET mm
Z/}M LTL LTW LBL LBW L] t
Bl 40 4 20 4 20 0.5

P BeiE 25 Z BEARA R (21) ~ (23) 13 55k
LET SRBE I S5 NI BE k) =k, =hy =k, =k =k, =
140. 34 N - mm/rad HL# KT 1F 59 RO~F B3ty ry =
185 mm, r, =100 mm, r; =140 mm,

Bl ERHRIRA(17) ~ (20) 2 F=0,M

2k, k
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EL, ¢ ARG 20, 15 50 T FE DLH 05 2000 85 b, , — % Bl
Horr ki = 12L,, (22) R ZEANFR 3 Fis .
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Tab.3 Force-deflection of LEMs based on LET
on M/(N+-mm)

10 20 30 40 50 60 70 80 90 100

HIEALRS b, /mm 1.88 3.76 5. 64 7.52 9.39 11.27 13.24 15.01 16. 88 18.75

i EALFS b, /mm 1.94 3.73 5.50 7.25 8.97 10. 76 12.50 14.24 15.98 17.72

AN 15 22/ % 3.19 0. 80 2.48 3.59 4.47 4.53 5.59 5.13 5.33 5.49
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Tab.4 Force-deflection of LEMs based on LET

M/(N-mm)
100 200 300 400 500
BSHI % hy/mm  18.75  37.17 54.98 71.90 87.72
PFEAIRS h,/mm  17.72  35.09 52.07 69.92  86.65
AR IR 22/ % 5.49 5.60 5.30 2.75 1.21
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Fig.5 FEA model of LEMs based on LET

showing displacement
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Fig.6  FEA model of LEMs based on LET showing stress
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Tab.5 Dimension labels of LOOP mm
ZR R r Ly, Wi, d L
Vgl 10 6 30 4 40 0.5

RIFITRLAL(1T) ~ (20) , 3B T FEHLIG B L
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FiF8 h,, P9 BE KA R IR ZEN R 6 Fron. R EE,
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Tab.6 Force-deflection of LEMs based on LOOP

M/(N+-mm)
10 20 30 40 50 60 70 80 90 100
S b, /mm 1.84 3.67 5.50 7.34 9.17 11.00 12.83 14. 66 16. 48 18.30
1 B h,/mm 1.89 3.63 5.34 7.05 8.75 10. 45 12. 14 13.83 15.52 17.21
AT IR 2/ % 2.72 1.09 2.91 3.95 4.58 5.00 5.38 5. 66 5.83 5.96

K7 EFLOOPHW LEMsiNT4EM 5
FELEAMBLXR
Tab.7 Force-deflection of LEMs based on LOOP

M/(N-mm)
100 200 300 400 500
FEA R h,/mm  18.30 36.30 53.72 70.31  85.88
EAF h,/mm  17.21  34.06 50.90 67.81 84.77
AR IR 22/ % 5.96  6.17  5.25 3.56 1.29

8 HLF LOOP 1y LEMs Lif /1 =
Fig.8 FEA model of LEMs based on LOOP showing stress
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Tab.8 Dimension labels of LOOP mm
S R r Ly, Wi d t
A 2.5 1.5 7 1 10 0.5

h, 2y 22.4 mm {5 H NGRS R 5 5200 I 6 25 R0 X
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Fig.9 Lamina emergent elevator

mechanism in original state
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Fig. 10 Lamina emergent elevator mechanism

in its operating state
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Fig. 11

FEA model of lamina emergent elevator

mechanism in its operating state
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