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Measurement and Analysis of Back-EMF
and Thrust of a Linear Brushless DC Motor

Chun-Ho Lee*, Yong-Yil Kim**, Dong-Seok Hyun*

ABSTRACT

In this paper, we measure the back-EMF and the thrust of a linear brushless DC motor along the rela-
tive position between coils and magnets in various speed environments in order to obtain the back-EMF
and the thrust as a function of a motor position. The measured back-EMF function and thrust function of
the position differ from the analytical ones within 5%. The measured back-EMF and thrust function can,
then, be employed in controlling the thrust ripple of the linear motor. Furthermore, to minimize the torque
ripple of the linear motor, we suggest the design method to shape the back-EMF and thrust function of the

linear motor.

Key Words : Linear Brushless DC Motor(41% 22Alg|l~ DC RH), Airgap Flux-Density(F3AELE),
Back-EMF(%7138), Back-EMF Constant(97148 4<), Thrust(3¥), Thrust Constant(5¥

44), Thrust Ripple(%¥ &%)
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Fig. 3 The equivalent circuit of a linear brushless DC motor
system
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Table 1 The specifications of the experimental motor

Maximum speed [m/s] 2
Rated power [W] 180
DC supply voltage [V] 60
Magnet material Nd-Fe-B
Number of phase 3
Winding resistance
per phase [Q] 368
Winding inductance
per phase [mH] 168
Phase connection Y

471483 F4& 7] 9 dEAY 24 o
=3 2o

Linear Brushless DC Motor, Oscilloscope,
DC Regulated Power Supply, Controller,
Force-Torque Meter, Current Probe Amplifier,

Brushless PWM Servo Amplifier, ~ Hall Sensor Tester

3714, EAM 7%71(Hall Sensor Tester)E °lFA
o #ad ZAXY 28 A3 E FEW] e ad
22 FRHY, F9& Y o o|FAS 38T 4
o 1 AI717] A3t AHSET 97133 & &
g o, o]FgA & AAA g £ AojE 93}
o} NetUs” Ate] Justek Controller®E A3} Th.

8 9 97144 9L A& w7 E$E Table
291 Zo] AA5ta, ol & WHANIEAN Z4AE FH A
o FEE Y A, 48 AFE 2Y HE AR
3AZ U, £ 47178 E A E o, o] FAY
AA o7 AYE 2aAd 1.2m/s2 T3}t

Table 2 The range and the step of parameters

To measure the back-EMF

Parameter Range Step
Velocity [m/s] 01 ~ 12 0.1
To measure the thrust
Parameter Range Step
Current [A] 05 ~ 3 05

1) NetUs is the registered trademark of the Netus co..
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Table 3 The average thrust and the thrust ripple for several cases

Average Thrust ripple
thrust {N] [%]

Current waveform
{Back-EMF function)

Square wave (0.1m/s) 16.27 30.41
Sine wave (0.1my/s) 14.78 2125
Square wave (1my/s) 17 14.11
Sine wave (1m/s) 1545 5.96
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Fig. 14 The variation of the thrust according to the input cur-
rent (x=0)
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Table4 The maximum thrust and the error for several methods(x = 0)

Thrust [N]

Method (I=3A) Error [%]
Force-Torque Meter 398 —
Back-EMF (0.1m/s) 41.0 3.0

Back-EMF (1m/s) 458 15.1
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Fig. 15 The thrust characteristics(/=2A)
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