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Torque Output (Friction, Air 
Resistance, Eddy Currents)

84 170 258 345 433 526 610 704 788
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Gear Performance Map (Power, Speed, Torque)
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Constant Torque Output Lines. 
Efficiency vs. Speed Input

5 N*m

10 N*m

15 N*m

20 N*m

No Load

y = 12.012x0.4978

R² = 0.9898

0

10

20

30

40

50

60

70

80

90

100

0 20 40 60

T
e
m

p
e
ra

tu
re

 (
C

e
ls

iu
s
)

Time (minutes)

Gear Body Temperature (Celsius) 
vs. Time @ 1000 RPM

Description Objective Verification

Gear Reduction 3:1 - 2:1 Analysis

Mechanical Efficiency 95% Torque & RPM Sensors

Torque Output 6 N*m Torque Sensors

Max Operating Temperature 205° Celsius
Thermal Sticker and 

Camera

Test Rig Layout & AssemblyMachined CapsRing Magnets

Modulator-Sun AssemblySun Gear AssemblyRing Gear Assy.

Gear Assembly

Flux Modulator Drawing

FEA – Deformation and Stress FOS of 4

FEMM 2D Flux Distribution Simulation

Slip Torque and Air Gap Sensitivity Simulation

Design Objectives

• High-Torque magnetic gear to prevent pump cavitation
• Non-contact – reduces vibration, wear, & maintenance
• Small form factor & concentric design

Thermal Analysis – Max Temperature 188 °C

Efficiency & Power Analysis Max Torque Out = 55 Nm

Project Overview
• Future Design - 

Insulate Flux 
Modulator to 
reduce 
temperature

• All Requirements 
Met
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