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Abstract: This research deals with the analysis and design of a driving mechanism for an automatic
pneumatic drug injector, which can precisely control the injection volume wusing a relatively simple
friction-driven mechanism, without any complicated control system. Through a dynamic analysis, the effects of
the design parameters of the driving mechanism associated with the geometry, spring stiffness, and fiction are
analyzed, and the results are reflected in a proto-type drug injector design, which is under development for
mass production. A test is performed to assess the durability of the mechanism for up to one million
operations, and comparison of its displacement after one million operations, verifies the mechanism’s
durability.
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Fig. 1 Pneumatic Power Driven Meso-gun
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(a) Adams modeling of Meso-gun
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(b) The concept of driving mechanism for
displacement controlled drug injector

Psk: : Pressure of the skin[MPa]

P s . Pressure of the syringe[MPa]
A s : Area of the syringe[mmz]

PC : Pressure of the actuator[MPa]
F, : Friction force of the syringe[N]

kl : Return spring stiffness of friction plate[N/mm]
kQ : Spring stiffness of anti-backward stick|N/mm)]
k’3 : Resistance stiffness of drug injection[N/mm]

X, ¢ Actuator rod distance[mm]

X s - Stick distance[mm]
Xp : Piston distance[mm]
b : Tolerance between stick and friction plate[mm)]

Fig. 2 Multibody modeling of driving mechanism
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Table 1 Definitions for the ADAMS modeling
. measured

definitions

value

Xo Actuator rod distance [mm] 1.4

Ps Pressure of actuator [MPal] 0.7
As Area of the syringe [mm?] 30.97
Ky | Return spring stiffness of friction plate [N/mm] 10.56

Ko | Spring stiffness of anti-backward stick [N/mm] 20
Ks Resistance stiffness of drug injection[N/mm] 12.77

b | Tolerance between stick and friction plate[mm] 0.1

Fs Friction force of the syringe [N] 0.43

Table 2 Properties for multibody dynamic analysis

mass moment of
material inertia(kg/mm?) mass
(kg)
Ixx lyy Izz
syringe )
plastic 1412730 | 13.99022 1.37137 0.004
upper
syringe
yring plastic 10.12977 | 10.09713 0.22065 0.003
lower
housing steel 21.43114 | 16.78377 | 11.68540 | 0.0283
friction
steel 0.33681 0.29343 0.05137 0.0029
plate
anti
backward | steel | 051908 | 049587 | 008102 | 00028
plate
stick steel 35.63050 | 30.35711 7.53480 0.014
actuator steel 4.03859 4.03859 2.96653 0.0634
tuat
acri(aj o steel 0.15738 0.15738 0.01063 0.0086
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Fig. 9 Experimental device of durability evaluation
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Fig. 10 The concept of durability evaluation device
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Fig. 11 The result of durability evaluation
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