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Abstract: [Objective] To enhance the performance stability
of robot joint motors in high-radiation environments, a design
and prototype development are carried out for radiation-
resistant robot joint motors to meet the long-term operation
and maintenance requirements of nuclear industrial robots in
high-radiation conditions. [Methods] Firstly, according to
the basic performance parameters required for the joint motor,
simulation was carried out by finite element method to get the
ideal design value. Then, the main components of the joint
motor were analyzed, and it was determined that the metal
materials were less affected by nuclear radiation, while non-
metallic materials were the weak links. Through radiation
experimental verification of paint-coated wire, heat-shrinkable
tube, adhesive material, lubricating grease, outgoing line,
etc. , the radiation-resistant performance limits of the
materials used in the motor were analyzed. Finally, the
appropriate materials were selected for the physical
verification of the robot joint motor, so that the joint motor
could withstand the 7y-ray radiation level of 5 MGy.
[Results] Through the designed and analysised of the joint
motor, the rated torque of the motor was more than 1.5 N-m,
and the rated speed of 240 r/min met the use requirements.
The joint motor remained in a controlled state after 5 MGy y-
ray radiation, with a significant decrease in internal

resistance, a decrease in rotational speed, an increase in
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current, and a decrease in the overall performance of the
motor of about 15%. [Conclusion] Through the design and
prototype test verification of the joint motor, it can ensure that
the nuclear industrial robot can perform long-term operation
and maintenance in a high-radiation environment, and the test
magnitude reaches 5 MGy, which fully meets the current
application requirements of radiation environment robots.
With the increase of radiation level, the performance of the
motor shows a decreasing trend, but it is still in a controlled
state. This study provides certain reference and support for
the development of motors in the nuclear field.
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Fig.1 Three dimensional model of

electric joint
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Fig.2 Equivalent circuit of brushless direct

current motor

di,
u, =Ri, + (L-M) — +e,
de

d
uh:Rih+(L_M)E

di.

m +e, (1)

K, w0, 0y 0, Fl e, ey e, 230 = AHE

FHA B R RN R B R L 4300 =

FHRE F LR HLBE | B M SR ) ) B
HLBEREE T, W R Ry

w, =Ri, + (L - M)

1
T, =—(e,i, +e,i, +e.i,.) (2)

e
m

Ao, JHEYLAIPUMA EE
LB By 7 R

T.-T, =] do B 3
— =] — +
e L dt a)m ( )

AT, N BRI T oG TR s bt B OB
JEREL,

2 XTEHIEITERBRTSH

ASSCHT BF 58 B AL AY BE A B0 S8 & 1
PR
x1 BHERRITSH

Tab.1 Basic design parameters of motor
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Fig.4 Motor flux density cloud map
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Fig.5 Design curve of motor torque versus speed
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Fig. 8 Motor temperature distribution diagram
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wire ( polyimide)
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Fig. 10 Insulation resistance test results of heat shrink

tubing ( cross-linked polyolefin)
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Fig. 11 Insulation resistance test results of cable

( polyether ether copper)
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( epoxy resin)

AEABAT AT, 1] 10 AT #4454 © 3 mm B
RBEAE RSN 170 MO, Z4 1 MGy 455, BH{E
AL FEAN U] BORHE 500 VLR TR 1 min
WIR KA F G, mlE 11 a] SRk i
Sdife it 5 MGy fialt e, oA T REBE S,
i e PEREIE 8, BE A% i A2 (0T 20K . 18 o F e 4
JG 1 D97 X98-11, DG-4 F01 i 54k £ Jie 1547 Rl 422
PR BT Ui I3, A 30 4 B 1) M R R A 22 53]
AR, T SR LIRS D97 G B RE AR B 4 — 26 A
283 5 MGy 5845 03 B ML J2 Jo R 5 Y 50%

E 13 EEiEmaniRg R
Fig. 13 Lubricating grease drop point test results
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Tab.2 Materials used in the motor
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