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Structure and Optimal Design of External Fixator for Distal Radius
Fracture Based on Transient Analysis
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(1. College of Mechanical Engineering, Inner Mongolia University of Technology, Hohhot 010051, China;
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Abstract: Objective In term of the issue that external fixator for distal radius fractures was lack of phased
functional exercise of the wrist, a method for optimizing the design of external fixator structures based on transient
analysis was proposed, so as to provide theoretical references for the design of external fixator structure.
Methods Three working modes, namely, fixation, traction and flexibility were determined. Transient dynamic
analysis was carried out targeting at the traction and flexibility mode of external fixator, so as to judge its stress
and displacement changes under traction and flexibility loads. The key dimensions of external fixator were
selected by sensitivity analysis, so as to screen out the important dimensions, and mass and maximum
displacement were selected as target variables. Orthogonal test method and fuzzy optimization method were used
to establish the mathematical model to change the multi-objective problem into a single objective problem, and
then genetic algorithm was used to optimize the solution. Results The design of external fixator met design
requirements in both traction and flexibility modes, with a stronger rigidity. The dimensional optimization has
result ed in a 5% reduction in mass and an 8% reduction in maximum deformation compared to the original model.
Conclusions This study achieves the goal of lightweight design and lays the foundation for improved design and
research of external fixator for distal radius fractures.
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Fig.1 Three-dimensional (3D) model of the external fixator
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Fig.2 Results of transient analysis on traction mode
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(a) Total deformation curve and nephogram,

(b) Equivalent stress curve and nephogram

2.2.1 FRBFRES LM HMEE L HAL TIE
SR TE S EIAZ R, P RBCE Y 1 A8
A it N Bh A R AT AT, Hed KB sl
FETA AN

2A
a = arcsin 22 (1)
1
2A
B = arcsin 2, :CW (2)

o Ax IR MR O BIRIE K 51, S Bk
RIS W o TR B R 3, BB v 28 2 fif
PR, Av=6. 744 mm , %> [, =70 mm, [, =40 mm,
W=12 mm, AR S A B R e K
11, 10, F5 M B KON 8. 40 6 sl 3 anf it Jin 15 ol
e 3 R,

Ak

(a) Bk (b) HHRAS

3 EEEEMER

Fig. 3  Rotating load application (a) Radial deflection
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Fig. 4 Results of transient analysis on flexibility mode (a) Total radial deflection deformation curve and nephogram, (b) Radial

deflection equivalent stress curve and nephogram, (c¢) Total dorsiflexion deformation curve and nephogram, (d) Dorsiflexion

equivalent stress curve and nephogram
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Tab.2 The orthogonal table
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Tab.5 Performance comparison of wedge structure schemes of external fixator
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