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Development of an Actuator and Controller for Robotic Joints Integrating a
Frameless BLDC Motor and a Stepped Planetary Gear Reducer
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This paper details the design and development of a robotic joint actuator that combines a frameless BLDC motor with a
two-stage stepped planetary gear reducer, as well as a custom-built controller for precise position control. The rotor is
physically coupled to a hollow sun gear shaft to facilitate internal cable routing, and the actuator features a high-resolution
absolute encoder utilizing the BiSS-C protocol. The controller includes a 3-phase H-bridge driver, differential signal
conversion for encoder communication, and a CAN interface for host communication. Position control is achieved through a
PID loop operating at 1 kHz. A prototype actuator and controller have been fabricated, and step response tests were
conducted. Experimental results indicate stable and accurate tracking of position commands, with a short settling time of
0.04773 seconds. These findings confirm the effectiveness of the integrated actuator system for robotic joint applications.
Future work will focus on optimizing internal cable space and implementing sensorless control algorithms.
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Frameless BLDC motor
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Hollow shall

Fig. 1 A designed actuator integrating a frameless BLDC motor
and a stepped planetary gear
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Rotor of a BLDC motor

Sun gear shaft

Shaft hub insert

Fig. 2 A section view of the rotor assembly which is made up of a
rotor of a BLDC motor, a sun gear shaft, a shaft hub and a
shaft hub insert

Sun gear shaft

Ring gear

Fig. 3 A disassembly of a stepped planetary gear module. The input
is a sun gear shaft, and the output is an output ring connected
to a ring gear
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Table 1 The number of teeth in the stepped planetary gear system
and gear ratio

Gear Number of teeth
Sun gear 15
Ist 55
Plant gear
2nd 22
Ring gear 71
Sun-Ring gear 11.8335:1

Fig. 4 The front and back view of the developed actuator. An
absolute encoder is installed on the back side
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Table 2 Specification of the actuator

Model Kollmorgen TBM-7631-A
Power 307 W
Frameless Rated voltage 48V
BLDC
motor Rated torque 1.65 Nm
Rated current 109 A
Mass 0.738 kg
Model Renishaw
Readhead MBO039DCC19MENTO00
Absolute Magnetic ring MRA039BC020DSE00
encoder Resolution 19 bit
Multi-turn 16 bit
Communication BiSS-C
Reduction ratio 11.8335:1
Total mass 1.514kg

12v 5V 3.3V
48_V.| 48V to 12V }—.LO| 12V to 5V '——L.| 5V to 3.3V |j_

Hall signals

48v
Mcu I MO.SFET ;4|_> ‘1[_; Enc-
(STM32F103RCT) |  Driver | M
—I_ MOSFET L, L L
Bi //
Pl iss-C
R
“ ansce I N

Fig. 5 A circuit diagram of a BLDC motor controller. It shows a
power part, a MOSFET & H-bridge part, and a communication
part
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Fig. 6 A top and bottom view of a prototype of a BLDC motor
controller

Fig. 7 An experiment of the actuator integrated with the developed
BLDC motor controller
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Fig. 8 A step response with respect to references of 30° and 0° is
presented at the top. A magnified step response from 0.45 to
0.6 s is shown at the bottom for more details
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