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Temperature Limitation of A Servo Motor

H-class with 180deg.C ]

Commonly <125deg.C Lamination and copper winding

Optical encoder \
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Rotor and magnets
UH-series with 180deg.C
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Temperature Limitation of A Servo Motor

Temperature Limits (°C) 140 140 140 100 100 165
Temperatures at 500 rpm (°C) 113.5 119.1 117.6 97.6 92.6 100.3 23.0
Margin at 500 rpm (°C) 26.5 20.9 22.5 24 7.4 39.7
Temperatures at 2000 rpm (°C) 105.0 112.5 111.2 97.5 91.0 97.3 22.5
Margin at 2000 rpm (°C) 35.0 27.5 28.8 2.5 9.0 42.7
Temperatures at 3999 rpm (°C) 96.9 104.7 103.9 97.4 89.4 94.7 23.1
Margin at 3999 rpm (°C) 43.1 353 36.1 2.6 10.7 45.3
Temperatures at 5500 rpm (°C) 93.6 101.5 101.0 98.4 89.4 94.6 22.1
Margin at 5500 rpm (°C) 46.4 38.5 39.0 1.6 10.6 45.4

Torque de-rating
76%
33UH magnet
F-class insulation winding
115deg.C 18 bit single turn encoder
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Cooling system-Passive cooling
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Increased radiation

Thermal pad

Mechanical coupler

Added mechanical coupler
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Cooling system-Active cooling
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Can we add an active cooling system with
thermoelectric cooler to reduce the
temperature rise of the encoder?

Encoder

Thermoelectric cooler ANSYS
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System co-simulation

System co-simulation and finite element analysis can
provide an effective way to solve the torque de-rating
problem.
Ansys Mechanics
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Thermal simulation model building

Modeling of the winding
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Thermal simulation model building

Modeling of the encoder Modeling of the thermoelectric cooler

Ceramic substrate

X

VN

Copper electrode
Thermoelectric PN pair

Actual encoder PCBA

Ceramic substrate

Y
Thermoelectric material

Actual model Simplified model
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Thermal simulation

Data provided by vendor

V = a(AT)+ IR

Fitted curve
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Thermal simulation model tuning by tests

Gross Loss (W) 181.54
Copper Loss (W) 18.34
Iron Loss (W) 154.5
Mechanical Loss (W) 7.7
Motor mode Encoder Loss (W) 1

(=

Resistor

[ Simulation results @ 5500rpm

|_Temperature °C) | Test | Simulation | Error

Resistor

o
iiﬁ Drive \
o Resistor

i Power Analyzer Winding (max) 101.5 102.6 -1.1

Load mo@r 'Lest motor I Winding (min) 93.5 98.5 '5.0
94.6 95.4 -0.8

89.4 93.8 -4.4

" Encoder  [MENETP 1032 48

Rear cover (middle) 91.5 93.4 -1.9

Rear cover (edge) 86.5 91.3 -4.8

Generator mode
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Cooling strategies-High radiation Nano Paint

Temperature (°C Black paint radiation 0.9 | Nano paint radiation 0.98

Winding (max) 102.6 100.9 -1.7
Winding (min) 98.5 96.9 -1.6
95.4 93.8 -1.6

Rear end cap 93.8 92.1 -1.7
103.2 101.5 -1.8

Rear cover (max) 93.4 91.7 -1.7
Rear cover (min) 91.3 89.4 -1.9

With Nano paint, the encoder temperature can drop 1.8K.
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Cooling strategies-Added grooves

Original model Added grooves

With added grooves, the encoder temperature can drop 0.5K.

Temperature (°C) With four grooves

102.6 102.2 -0.5
98.5 97.9 -0.6
95.4 95.1 -0.3

Rear end cap 93.8 93.6 -0.2
103.2 102.7 -0.5

Rear cover (max) 93.4 93.0 -0.4
Rear cover (min) 91.3 90.8 -0.5
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Cooling strategies-Thermal insulation

No load w/o thermal insulation No load w/ thermal insulation

When encoder has certain power loss and the encoder is thermally insulated from the rotor
shaft by a mechanical coupler, the encoder temperature will increase 16.1K.

Temperature (°C) w/ encoder 1W

Winding (max) 102.6 102.1 102.6
Winding (min) 98.5 98.0 98.5
95.4 94.7 95.4

Rear end cap 93.8 93.3 93.9
103.2 90.7 119.3

Rear cover (max) 934 92.9 93.5
Rear cover (min) 91.3 90.0 91.3
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Cooling strategies-Thermoelectric Cooler

5V/1A DC power is supplied to the TEC. When the TEC
is working, the temperature difference between the
hot side and the cold side can be 45K, and the encoder
temperature rise can be lower.

Qualification

Temperature (°C) tests 100% load 240% load 240% load Variation
100% load

w/ TEC, OA w/ TEC, OA w/ TEC, 1A

Winding (max) 101.5 100.9 137.9 141.4 3.5
Winding (min) 93.5 96.8 131.6 135.5 3.9
94.6 93.9 126.4 130.5 4.1
Rear end cap 89.4 91.9 122.6 130.3 7.7
98.4 99.2 128.6 93.5 -35.1
Rear cover (max) 91.5 91.2 121.8 134.6 12.8
Rear cover (min) 86.5 87.8 116.1 125.6 9.5
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Cooling strategies-Thermoelectric Cooler
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The continuous torque at 5500 rpm can be increased from 2.44Nm to 5.85Nm with TEC. The
encoder has 6.5°C temperature margin at this new continuous torque rating. However, the
windings start to get to the temperature limit with the larger continuous torque rating.

NANSYS
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Prototyping

Without paint With Nano paint
With black paint With TEC
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Prototyping

With 5V/1A DC power supply, the
encoder temperature can be 12K lower
for this test.

The test results are not as good as the
simulation, but the tests do validate the
effectiveness of using TEC active cooling.

Production motors would have more precise
assembly of the TEC and thermal pad and may
have better results.

NANSYS
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Thanks!



