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WORK PLAN
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WORKSTREAM 1. BENCHMARKING

Dimensions

Upper leg: 300 mm

Lower leg: 300 mm

Ankle to ground : 91 mm

Height : 1.4 m

Weight

Single Leg: 8.6 kgf (Mg Alloy)

Total : 56 kgf

Joint Actuator Harmonic Drive 

Ratio

Hip

Yaw DC 20W 1/160

Roll DC 90W 1/160

Pitch DC 90W 1/120

Knee Pitch DC 150W 1/160

Ankle
Pitch DC 90W 1/160

Roll DC 70W 1/160

HRP-2L



3

WORKSTREAM 1. BENCHMARKING

Height : 1.4 m

Weight : 51 kgf

Joint Actuator

Hip

Yaw DC 20W

Roll DC 90W

Pitch DC 90W

Knee Pitch DC 150W

Ankle
Pitch DC 90W

Roll DC 90W

H7
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WORKSTREAM 1. BENCHMARKING

HUBO

WABIAN
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WORKSTREAM 2. HARDWARE

Brand: Maxon (Johnnie, HUBO)

Type: Graphite Brushed DC (Easy Control, Low Cost, Less Heat)

Motor: RE (max. 150 W, 480gr)

Company: Maxon Modular System

Type: Optical

Series: HEDL

- MOTORS

- ENCODERS

- 6 AXIS FORCE-TORQUE SENSOR

Company: ATI

Type: Mini85 (special product for bipeds)
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Company: Harmonic Drive (No backlash, Compact, High Ratio)

Type: Unit (Integrated ball bearing, Time and cost effective, Heavy)

Series: CSG (%30 more torque and life, Resistant to instantaneous 

torque)

Company: SKF

XL series timing belts and pulleys.

- GEARS

- POWERTRAIN

- RUBBER BUSHING

Company: Las-Par

Will be used to soften ground contact forces.

WORKSTREAM 2. HARDWARE
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• 3 axis on the hip and 2 axis on the ankle to be 

aligned

• Centre of mass to be as close as possible to 

the hip joint

• Material to be Magnesium or Aluminum Alloy

(Mg alloy %35 less denser)

Highly stressed parts : Al7075

Others : Al6061

Dimensions:

Upper leg and lower leg: 300 mm

Distance between hip joints: 200 mm

Weight:

Single leg: 10 kgf

Total: 25-35 kgf

300mm

300mm

WORKSTREAM 3. MECHANICAL DESIGN CONCEPT
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WORKSTREAM 3. MECHANICAL DESIGN CONCEPT
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WORKSTREAM 3. MECHANICAL DESIGN CONCEPT

Rubber Bushing

Harmonic Drives
Pulleys

Timing Belts

Force-Torque Sensor

DC Motors

Encoders

Tensioner Pulley
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Harmonic Drives

Ankle X – CSG 17

Y – CSG 17

Knee Y – CSG 25

Hip Z – CSG 20

Y – CSG 25

X – CSG 20

Body X – CSG 17

Y – CSG 17

Motors

All 150W.

Height : 1.4 m

Total Weight: 50 kgf

Single Leg: 14 kgf

WORKSTREAM 3. INITIAL DESIGN AND SIMULATION
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WORKSTREAM 3. SECOND ITERATION

Harmonic Drives

Ankle X – CSG 14

Y – CSG 14

Knee Y – CSG 20

Hip Z – CSG 17

Y – CSG 20

X – CSG 17

Body X – CSG 17

Y – CSG 17

Motors

All150W.

Height : 1.3 m

Total Weight: 35 kgf

Single Leg : 10 kgf
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WORKSTREAM 4. SIMULATION PARAMETERS
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Hip Joint 1 Hip Joint 2 Body Flywheel
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WORKSTREAM 4. SIMULATION PARAMETERS
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Joint Coordinates CoM Position Vectors

WORKSTREAM 4. SIMULATION PARAMETERS
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WORKSTREAM 4. SIMULATIONS - 1 (max. 1.5 km/h)
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• Stair height reduced.

• Step length shortened.

WORKSTREAM 4. SIMULATIONS - 2 (max. 2 km/h)
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Average Torque (Nm)

Ankle X : 8

Ankle Y : 12

Knee : 34

Hip X : 23

Hip Y : 16

Hip Z : 10

Average Speed (d/dk)

Ankle X : 4

Ankle Y : 12

Knee : 13

Hip X : 4

Hip Y : 11

Hip Z : 2

Max Torque (Nm) (peak)

Ankle X : 20 (60)

Ankle Y : 40 (100)

Knee : 60 (120)

Hip X : 45 (70)

Hip Y : 40 (200)

Hip Z : 25 (50)

Max Speed (d/dk)

Ankle X : 15

Ankle Y : 70

Knee : 60

Hip X : 15

Hip Y : 70

Hip Z : 15

Power (W)

Ankle X : 70

Ankle Y : 150

Knee : 150

Hip X : 90

Hip Y : 150

Hip Z : 40

WORKSTREAM 4. SELECTION OF MOTORS AND GEARS ACC. TO 

SIMULATION OUTPUT
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WORKSTREAM 4. SELECTION OF MOTORS AND GEARS ACC. TO SIMULATION OUTPUT
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• Closed loop control of 

dynamic walking with 

flywheels is impractical. 

Removed from design.

• Electronics weight 

added.

Height : 1.4 m

Weight : 35 kgf

Electronics Weight : 7 kg

WORKSTREAM 4. ISSUES AND UPDATES
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WORKSTREAM 4. SIMULATIONS – 3 (max. 2 km/h)
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WORKSTREAM 4. ISSUES AND UPDATES

Knee joint torque and speed is too high. To be able to reduce these:

• Step lengths during cornering reduced.

• Knee bending height reduced from 10 cm to 7 cm.

• Step length during straight walking reduced.

• Walking speed reduced.

In addition to this;

• Weights will be reduced.

• Joint friction will be added to simulations.
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WORKSTREAM 4. SIMULATIONS – 4 (max. 1.8 km/h)
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WORKSTREAM 4. MODIFIED DESIGN

• Motor drivers positioned in two rows alignment. 

400gr is considered for the weight of each driver.

• Design updated acc. to selected harmonic drives.

• Force-torque sensor added. Ankle joint design 

modified accordingly.

Height : 1.35 m

Weight : 30.5 kgf

Ankle joint to 

ground distance: 

110 mm

Ankle joint to 

ground distance: 

130 mm
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WORKSTREAM 4. DIMENSIONS ACC. TO NEW DESIGN

• Friction effects are included. (Viscous friction,              )

• Rubber bushings are added to the model. (Peak torques decreased.)

• Design change on the ankle knee is implemented to simulation model.

0.1 

Kinematic Limits

Determined

Ankle X : -22.5° +22.5°

Ankle Y : -10° +76°

Knee : -114° 0

Hip X : -22° +22°

Hip Y : -17° +74°

Hip Z : -20° +20°

Met with Design

Ankle X : -25° +25°

Ankle Y : -20° +120°

Knee : -130° 0

Hip X : -25° +25°

Hip Y : -40° +90°

Hip Z : -180° +180°
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WORKSTREAM 4. FORCES ACTING ON JOINTS

x
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z
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• Forces on the roller bearings will be 

determined.

• Forces on the links will be determined.

Hip X

Ankle X

x

y

z
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NEXT STEPS

1. Forces acting on the joints and links will be determined.

2. Forces on the DC motors’ shaft will be determined.

3. Motor shaft, pulleys and timing belts and harmonic drive shaft inertias 

will be considered for torque calculations and gear ratio will be 

determined accordingly.

4. Assembly and manufacturing feasibility checks and addition of bolts to 

the design for the assembly.

5. Material selection, geometry optimization with CAE analysis and 

dimensioning (Altair Hyperworks - Optistruct).
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Total Weight: 38 kgf

LATEST DESIGN

Structural Weight: 11 kgf

RE 65 : 250W 2480 gr

Disadvantages of 

250W DC Motor

• 48V requirement

• Increases the weight of 

the leg

• Total CoM is moved 

down

24V 13Ah

Weight : 5 kgf
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LATEST DESIGN

Weight : 35.5 kgf



29

LATEST DESIGN

Kinematic Limits

Determined

Ankle X : -22.5° +22.5°

Ankle Y : -10° +76°

Knee : -114° 0

Hip X : -22° +22°

Hip Y : -17° +74°

Hip Z : -20° +20°

Met with Design

Ankle X : -25° +25°

Ankle Y : -20° +120°

Knee : -130° 0

Hip X : -25° +25°

Hip Y : -40° +90°

Hip Z : -180° +180°
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RADIAL FORCES ACTING ON THE MOTOR SHAFT

Ankle X : 7.5N

Ankle Y : 16 N

Knee : 30 N / 2

Hip X : 16 N

Hip Y : 25 N

Acc. to 40mm diameter pulley:

< 28N
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FORCES AND TORQUES ACTING ON THE JOINTS
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FORCES AND TORQUES ACTING ON THE JOINTS
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FORCES AND TORQUES ACTING ON THE LINKS
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Body Foot
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FORCES AND TORQUES ACTING ON THE LINKS

Hip Joint 2
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CAE ANALYSIS

Lower Leg
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CAE ANALYSIS

Upper Leg
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CAE ANALYSIS

Foot
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CAE ANALYSIS

Ankle Part

Body
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CAE ANALYSIS

Hip Part 1

Hip Part 2
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MODIFIED DESIGN


