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Development of Humanoid Joint Module for Safe
Human-Robot Interaction
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Abstract In this study, we have developed the humanoid joint modules which provide a variety of

service while living with people in the future home life. The most important requirement is ensuring the
safety for humans of the robot system for collaboration with people and providing physical service in
dynamic changing environment. Therefore we should construct the mechanism and control system that
each joint of the robot should response sensitively and rapidly to fulfill that. In this study, we have
analyzed the characteristic of the joint which based on the target constituting the humanoid motion,
developed the optimal actuator system which can be controlled based on each joint characteristic, and
developed the control system which can control an multi-joint system at a high speed. In particular, in
the design of the joint, we have defined back-drivability at the safety perspective and developed an
actuator unit to maximize. Therefore we establish a foundation element technology for future

commercialization of intelligent service robots
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Table 1. System arrangement
Part Sub. Part Sub.
Head Neck Hip
Body Waist Lo Knee
Shoulder 9 Ankle
Arm
Elbow
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Jm  Inertia of motor
D o coefficient of viscous friction in motor control

Ew : coefficient of spring in motor contral

Fw  coulomb's friction force in motor

Jg  Inertia ofreduction gear
D o coefficient of wiscous friction in reduction gear

F :coulomh's friction forcein reduction gear
Ji ¢ Inertiaofload
Fig. 1. Schematic of back-drivability
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Table 2. Characteristic of actuator model

Model Unit Parts Characteristic
PG BLDC Motor High Accuracy

Model #1 FA Harmonic Drive High Stl_ff_ness
PT Direct Connect. Low Efficiency

PG BLDC Motor High Accuracy,

Model #2 FA Ball Screw Low Stiffness
PT Cable Drive High Efficiency

PG BLDC Moator Low Accuracy

Model #3 FA Gear Chain High Stiffness
PT Direct Connect High Efficiency
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Fig. 2. Harmonic drive module (Reduction ratio 1/100)

Fig. 4. Gear Drive Module (Reduction ratio 1/100)
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Table 3. Result of pilot system

A Cable- i
& Harmonicdrive Gear Drive
s Unit Ballscrew
Module Module Module
Torsi | Max 4,419 7,045
orsional
Stiffness Nm/rad 11,008
Min 1,454 4,933
Backlash Deg 1] - 0.11
Hysteresis-loss Deg 0.017 0.4 -
Static Nm 2.56 1.78 0.84
Back-
drivability | pyna Cv | Nm/rad/s 7.16 2.36 0.19
mic
ct Nm 2.32 0.67 0.57
Efficiency Forward % 70.7 71.3 72

Table 4. Actuator of each joint and back-drivability

Part Sub. Actuator Back-drivability
Head Neck Model #1 N/A
Body Waist Model #1 N/A
) R, Y : Model #1 o
Hip Artificial
P: Model #2
Leg
Knee Model #2 Artificial
Ankle Model #1 Artificial
Shoulder Mechanical
Arm Model #3 (Sensorless Torque
Elbow Estimation)
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Item Unit Spec
Torque Nmm 224
Motor
Speed RPM 12,000
Ball Dia. mm 6
screw Lead mm 1
Cable Dia mm 2.3
Resolution Conuts 1000
Weight g 600
Effiency % 95

Fig. 5. Cable Ball-screw actuator
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Model #1 :
Harmonic Drive :
Actuators
with 1 axis .
Torque Sensors %

: Model #2

: Ball Screw-Cable
+ Actuators
& with 1 axis Force
s Sensors

Fig. 7. CFRP frame with high strength and light weight
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Table 5. Basic motion pattern definition for Power analysis

No Load Pattern : SM-SY-NL1

Load Pattern : SM-SY-LD1

Axis Variables Max. Value
Should:
Max. Load Torque (N-m) 11.306
Sr;,l"tl::‘ gm Cont. Load Torque (N-m) 7.991
Shoulder
Max. Power (W) 21.161
Yaw Shoulder
) Max. Load Torque (N-m) 11.887
Pitch Shoulder
Roll Cont. Load Torque (N-m) 7.467
Elbow Max. Power (W) 21.120
tch
Max. Load Torque (N-m) 11,610
Low An Shouder |_cont. Load Toraue (N-m) 11610
Yaw Max. Power (W) 5.252
Max. Load Torque (N-m) 11.338
Elbow
Pitch Cont. Load Torque (N-m) 8.077
Max. Power (W) 11.088
Max. Load Torque (MN-m) 05
Lower
Arm Cont. Load Torque (N-m) 0.5
Yaw
Max. Power (W) 0.436

Fig. 8. Result of power analysis at each arm joint

E 4.0kg
S \
90°
l « Static Position
Signal Type  Sinusoidal Signal Type Step
Max. Amp. + 45.0° Max. Amp. 90.0°
Period 1.4s Period -
Peak. Vel. 201.9°/s Peak. Vel. -
Peak. Acc. 906.4°/52 Peak. Acc. -

« This is wi= case Robot holds
and supports 4.0kg object at
the predefined configuration
described above.

(Arm is not moving.)
No Load Pattern: SM-SR-NL1 _ Load Pattern : SM-SR-LD1
= 90 - o
4.0kg
Signal Type  Sinusoidal Signal Type  Sinusoidal
Max. Amp. + 45.0° Max. Amp. + 15.0°
Period 1.4s Period 5s
Peak. Vel. 201.9°Is Peak. Vel. 18.8°/s
Peak. Acc. 906.4°/s? Peak. Acc. 23.7°/s2
Max. Load 4.0kg
No Load Pattern : SM-EP-NL1 Load Pattern SM-EP-LD1

-

Signal Type
Max. Amp.
Period
Peak.'’':!.

Peak. Acc.

Sinusoidal
+45.0°
1.4s
201.9°/s
906.4°/s?

-

Signal Type Sinusoidal
Max. Amp. + 45.0°
Period 5s
Peak.'’-l. 56.5%s
Peak. Acc.  71.1°%s?
Max. Load 4.0 kg

Fig. 9.
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