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Abstract

Based on the 3R pseudo-rigid body model of an initially curved flexible beam, the article con-
structed a simulation model of a four-bar mechanism that incorporates the initially curved flexible
beam. The modeling and simulation were conducted using ADAMS software, and the end trajectory
and end angle of the pseudo-rigid body model were output. These results were then compared with
the output from the rigid-flexible coupling model established in ANSYS software and the output
from the mechanism simulation model based on the 1R pseudo-rigid body model. This comparison
facilitates the verification of the feasibility and advantages of the 3R pseudo-rigid body model,
thereby laying a solid foundation for the broader application of initially curved flexible beam.
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Figure 1. Initially curved flexible beam with the free end
subjected force
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Table 1. Model parameter values at different xo of the initially curved flexible beam
1 VIATHREM o MRS HIE
Ko y p Ke
0 0.85 0.85 2.65
0.1 0.84 0.8398 2.64
0.25 0.83 0.829 2.56
0.5 0.81 0.8069 2.52
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Figure 2. 1R pseudo-rigid-body model of the Initially curved flexible beam
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Figure 3. 3R pseudo-rigid-body model of the Initially
curved flexible beam
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Figure 4. The four-bar mechanism with
the initially curved flexible beam
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Figure 5. simulation model of the four-bar mechanism
based on the 3R pseudo-rigid-body model
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Figure 6. Comparison of end trajectorys
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Figure 7. Comparison of end corners

& 7. Rimgkmaxttt

DOI: 10.12677/met.2024.135045 390 IR N ST N


https://doi.org/10.12677/met.2024.135045

ZEIH

RIS SR ARt 1 DU LA 42 0 T S 0 R A B X L4 B 6 A1 7 R
SZUFEHUR = R DU AN ) B8 T He 4] 8 .

N T 5 D R R TR I 425 o T O B RR 7 SCOR BT S o R M I ST o
FA N (a,b) A1 (3,y) » FIRTIRNAETE G B 2 1] (BE B R R K L 2 oA AR TS 02 e,

J(a—a,) +(0 b))’

€ = 3 (26)
TE X HIUEES MR LR 3R D WA B A by i 1 AT ANSY'S WIS G 15 8 A iy i A IR AR RHR 228
e - @ eans / ans (27)

FMGTVY FFAIURE P06 25 b SR S A AR X AR T 0% 22 b 2 RS 0 A T 22 2 n 151 9 i

3REBIIAAER | ] 1 SREMNIALER) |

1
----- IREHIIABEA == RN
........... ansys{/j FU avnnnn angsys{ff H
0.8 0.8
0.6 0.6
— -
Z 04 3 04
0.2 0.2
0 0
-0.2 —02
-0.2 0 0.2 0.4 0.6 0.8 1 -0.2 0 0.2 0.4 0.6 0.8 1
a/L a/L
(a) =0 (b) 6=mn/2
1 3ROIHIARER | 1 SROGHIARR | ]
----- IR NI AR e ] RO WA
wonansysf55 [ | s ansys{i I
0.8 0.8
0.6 0.6
A =
3 0.4 3 04
0.2 0.2
0 0
-0.2 0.2
-0.2 0 0.2 0.4 0.6 0.8 1 —0.2 0 0.2 0.4 0.6 0.8 1
a/L a/L
) 0=n (d) 0=3n/2

Figure 8. Location comparison of the four-bar mechanism
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Figure 9. Relative error curves

& 9. MExfiREmML

E&WE

AT H 345 1L 7548 A R R AT 5T H (20211.380) Bt Bl

SE

(1]
(2]
(3]

(4]
(5]

(6]
(7]

(8]
(9]

(32)%)E/R (Howell, L.L.). ZRIFHLHZEIM]. REREE, ¥, Jbnt: m%8E S, 2007.

Eig, AU S RBUIR S &R B[], YU T RE 2R, 2005, 41(8): 3-17.

FHEZE, 508, g, Sk, skoRR. RMREEN BT TR T R[], ML R 244, 2010, 46(13): 2-
13.

Howell, L.L. and Midha, A. (1994) A Method for the Design of Compliant Mechanism with Small-Length Flexural
Pivots. Journal of Mechanical Design, 116, 280-289. https://doi.org/10.1115/1.2919359

Howell, L.L. and Midha, A. (1996) Evaluation of Equivalent Spring Stiffness for Use in a Pseudo Rigid Body Model of
Large Deflection Compliant Mechanisms. Journal of Mechanical Design, 118, 126-140.
https://doi.org/10.1115/1.2826843

Su, H.J. (2009) A Pseudorigid-Body 3R Model for Determining Large Deflection of Cantilever Beams Subject to Tip
Loads. Journal of Mechanisms and Robotics, 1, Article 021008. https://doi.org/10.1115/1.3046148

B, RERIK, EEE. R TR 2 Bt E SRR AL 55T 7T, 2010, 26(3): 41-
48.
RERIR, RF5F, M. a8t SR PR O5WIAE D], HLk TA25%4k, 2013, 49(15): 9-14.

Howell, L.L. and Midha, A. (1996) Parameteric Deflection Approximations for Initially Curved, Large-Deflection
Beams in Compliant Mechanisms. Proceedings of the 1996 ASME Design Engineering Technical Conferences and

DOI: 10.12677/met.2024.135045 392 IR N ST N


https://doi.org/10.12677/met.2024.135045
https://doi.org/10.1115/1.2919359
https://doi.org/10.1115/1.2826843
https://doi.org/10.1115/1.3046148

ZEIH

Computers in Engineering Conference, Irvine, 18-22 August 1996, 1-8. https://doi.org/10.1115/96-DETC/MECH-1215
[10] Z=UH, ALAKH. Rumhng 7 vIaa2s th e 2L 3R Dy MIAREEAYI]. BLb Bt S5 AT 9T, 2021, 37(5): 47-52.

[11] W%k, REEM, /NG, 5 —Fl 2 H RIS S BB L S B L ENHII]. HLA T A2 3R,
2019, 55(11): 114-122.

[12] Pz R. KR AME L FVEE R A vt SIAK[D]: [t 200183, BRyh: JbHeR Tk B, 2021.
[13] EZM. ZAefdRah i bha R /KK 3D TENRTFL[D]: (Bl L 22 Arie 3], Kig: KA K, 2023,

DOI: 10.12677/met.2024.135045 393 IR N ST N


https://doi.org/10.12677/met.2024.135045
https://doi.org/10.1115/96-DETC/MECH-1215

	含有初始弯曲柔性梁的四杆机构轨迹分析
	摘  要
	关键词
	Trajectory Analysis of a Four-Bar Mechanism with an Initially Curved Flexible Beam
	Abstract
	Keywords
	1. 引言
	2. 末端受力作用的初始弯曲柔性梁
	3. 伪刚体模型
	3.1. 1R伪刚体模型
	3.2. 3R伪刚体模型

	4. 实例分析
	基金项目
	参考文献

