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Design and Test of a Multi-material 3D Printing Compliant Joint

LYU Kunyong, FENG Yixiao
(School of Information Science and Technology, ShanghaiTech University, Shanghai 201210, China)

[Abstract] Compliant joint is the crucial part to improve the dexterity and workspace of minimally invasive
surgical instrument. In order to overcome the limitation of the traditional manufacturing methods, multi-material 3D
printing is employed to design new compliant joint and primary validation is carried out. The novel cable-driven multi-
material compliant joint integrates the hard and soft materials. The deformation happens in the soft material area which
can significantly avoid material fatigue. The structure and kinematic model are described in detail. Prototypes of a flexible
surgical instrument frame and a series continuum arm based on the novel joint are presented. The bending performance
is evaluated. The results indicate that a single segment of multi-material 3D printing compliant joint has 2 degrees of
freedom and can be bent up to approximate 90 degrees. The experimental results vary consistently with the kinematic
model. In single-plane test, the maximum bending angle error is 8 degrees, while in spatial test, the maximum shift angle
error and maximum bending angle error are both 9 degrees. The prototypes of a flexible surgical instrument frame and
a series continuum arm work successfully as desired. The novel compliant joint not only has good flexural property,

but also overcomes the material fatigue and manufacturing difficulty. It has potential application in the development of
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minimally invasive surgical instrument.

[Key words] Minimally Invasive Surgical Instrument; Multi-material 3D Printing; Compliant Joint; Kinematic
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Fig.1 Structure design of the multi-material compliant joint
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Tab.1 Design parameters of the compliant joint

S e HUH /mm
TR A B D 10
IR B 2228 SR 1 7 o0 22 [ A d, 3.75
T 5L hy 2
AHSB IR 5 22 o] AR 4 s 13 h, 2
FEERAA L 1 hy 2.6
VTR 2 hy 3.6
Tk He R B 1 W, 2
Fe bk e e VR B 2 W, 4

hj—hj%—%)/(%) _wo (1)

€= h; D
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RS AR B N, JE K R ST I il
% fire Z kM R E$E Stratasys 2\ F] 9 VeroBlue
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FLX980, M. Z % tn 2 Bron. B A Rl ik 5
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Tab.2 Parameters of the compliant materials

e VeroBlue RGD840 VeroBlackPlus RGD875 TangoBlackPlus FLX980
BihissE /MPa 50 ~ 60 50 ~ 65 0.8~ 1.5
HPEAR i /MPa 2000 ~ 3000 2000 ~ 3000 —

W B /% 10 ~ 25 10 ~ 25 170 ~ 220
BRICREE 83 ~ 86HD 83 ~ 86HD 26 ~ 28HA
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Fig.2 Kinematic model of the compliant joint
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Fig.3 Schematic diagram of the test platform
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Tab.3 Results of the flexural test
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mm mm mm mm FEO/(°) JEO(°) JEel(°) el (°) 2/ (°) 2/ (°)
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3.93 0.00 -3.93 0.00 0 0 60 52 0 -8
Oxz, 5.89 0.00 -5.89 0.00 0 0 90 82 0 -8
Fmisih -1.96 0.00 1.96 0.00 180 180 30 32 0 2
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1.70 0.98 -1.70 -0.98 30 32 30 29 2 -1
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Fig.5 Test of the curve shape for the compliant joint
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Fig.6 Test results of the joint flexion in spatial space
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