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A Driving Torque Prediction of Brushless DC Motor
by Using the Measured Current Data
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Byun, Young-Chul, Jeon, Hyuck-Soo

ABSTRACT

This paper presents an estimation scheme of the external torque applied on the motor by using
measured motor input current when the IPM(Interior Permanent Magnet) rotor type BLDC motor
operates with constant speed. In general, the BLDC motor is controlled by vector control method. If
it could be operated at over critical speed, the control scheme must be modified to flux-weakening
control method. The external torque applied on the motor using flux-weakening control method
could not be calculated by conventional torque equation because the demagnetizing current Id
exists in the motor input current. In this paper, the commonly used flux-weakening control method
is studied and the modified torque estimation scheme is suggested. The estimation scheme has been
verified by the simulations and experimental results.
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{Fig. 1) Rotor configulation of the interior type
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(Table 1) Brushless DC Motor Parameters

Parameters Value
Rated Speed 4150 {rpm]
Peak Line Current 164 {Arms)
Cont. Line Current 52 (Arms)
Rated Torque 24.4 (N+m)

Torque Sensitivity 0.818 (N - m/Arms)

Back EMF(line-line) | 0.473 (v - s/rad)

Inductance(line-line) | 2.1 (mh)

DC Res. (line-line) 0.076 (2]

Rotor Inertia 0.02117 (kg m“)

Viscous Damping 0.147 (N - m/krpm)
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(Fig. 5] Schematic of brushless DC motor drive system with flux weakening control
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(Table 2) Performance of dynamometer

Measurement Performance
Torque Capacity: 225 (N -m)
Speed Max. speed: 10,000 (rpm)

Load Capacity: 200 (N *m]
Range: 0~%150 (A)
Accuracy: £1 %
Linearity: 0.1 % more
Response time: 1 (usec)
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{Fig. 7) Measurement of current, torque and
speed for motor testing
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(Table 3} Performance of servo drive
Module

Performance
Output volts: 310 (Vdc)

Amp. Output current: 75 (A)
Rated current: 55 (A)
Max. current: 110 (A)

Controller | Switching freq.: 10 [kHz]

Sinusoidal current control
PID/PDF speed controller

7% 89] Aol & & 31%e] 3000mpm A<
PASEAX dE710l DY ASIR AR
7V 3A e & 9l o] @Y QAR
M 28 Z7PI7I7] Sstel AR Aotg A%
Agfoltt. 1Y 9 YHEZ Aot A Aol ¥
Heg AEVE TS o 4 AR SR A
BAF BHRA B =RAM ANG o] AHE
BAFT ok 38 9904 314 %A@l A7
QAFe THN 28719 A9EL % HuAkEe
Ha7} QS-S HolFD Yrk 28 102 38719 &
o) A% 54< vehd Aot Ead die A
349 549 Ui 9o} 3000pm o)de] S
AN &= Z719] o Ea) AF S49) oI &
& BoAFm itk 18 11& mejRsiA @zl A
FEAREE 33 339 287 94 AR 4
B AR e 1207 o] 2Pl s B
e A msghe M2 Aok YSiek 27 129
19 13 Yot EAE 27} 10Nme} 25Nmz <17be
S& o AEE JH04000pm)el A e E=20]
o FHED g AREAS 23} ke £10% ol
Pk o] eAe EAS oA Held gt 2
Y 129 39 132 AFRAS 5 D804 I
o BEela Rap7t YA HASA g2 AL
HofFa gic.



=T/AEE 72

2
™~ i
o1 ................ / .............. .
- 21 1d
z 4
g
E
5
=} - 61
]
10
1 . 1 L L L T T
0 Hoo 1000 1500 2000 2500 3000 3500 1000
Speed{rpm]

(Fig. 8) Simulation result of motor input current
iq and i,(no-toad)

Expenmenta!
10 - -+ Simulation

=
T 6
e
El
[3)

44

24

° —T —T T T T UL

0 500 1000 1500 2000 2500 3000 3500 4000
Speed[rom]

(Fig. 9) Simulation and experimental results of
speed-current for brushless DC motor
(no-load)

B - AT AR EE 9
40

38
36 4 o
344
324
304
28 1

Current[Arms]

18 4
16
144

12 +r———r——r——r——r————————r——
8 10 12 14 16 18 20 22 21 26 28
Torque{Nm)

(Fig. 10] Experimental results of torque-current

urrent[A ]

a

00 05 1o

Time[sec]

[Fig. 11) Measured current of motor input terminal

Control Torque: 10Nm
30
AR
z')j A
zui
E
7z
- 15
3
£
£ 1o { \_A
d
0 T v L T T T T
1000 1500 2000 2500 3000 3500
Speedlrpm|

(Fig. 12) Comparing measurement torque with
calculated torgue for 10Nm load input

Control Torque: 25Nm

+ - gE
30 AArE AT

Torque [Nm]
~ 5
S
I

10 | B T T 7

1000 1500 2000 2500 3000 3500
Speed(rpm]

(Fig. 13) Comparing measurement torgue with
calculated torque for 26Nm load input

Al |est|A] Ad A5 (19999 124) | 249



2 =idMe gutEq AEAcs =88 +
e Al dASE ooz Wi¥ BLDC BHE
T3] A AR Alo] S syl oA
A AojA] AF7d e AF 54 AAEAL
2 AP Foko 1A AF7) R A7) 5
Aol met AF71d dHHE ARAEC BAYE
(1) 1&FAY) e AEHE() S8 T4
NS FUA Ao AR Ao B
FAR Ao} AR FEHE BH gl AFA
F71004 549 AARERE A7l F_EHe
A7 F3t BEIE dFsh= WS AT 4
g R AURA NS Folo AAE BHo]
10%9] 23 HUM EAE 458 & dSS
glskAck

#o

=

MO

1. T. J. E Miller, “Brushless Permanent- Magnet and
Reluctance Motor Drives”, Oxford Press, 1989.

2. TM. Jahns, GB. Kliman and T.W. Neumann,"Interior
Permanent-Magnet Synchronous Motors for Adjustable-
Speed Drives”, IEEE Trans. on Ind. App., Vol. 1A-22,
No. 4, 1986, pp. 738-747.

250 | SEFAHE7 )& 3R] ARA ARE(199E 129)

3. P. Pillay and R Krishnan, “Application Characteristics
of Permanent Magnet Synchronous and Brushless dc
Motors for Servo Drives”, TEEE Trans. on Ind. App.,
Vol 27, No. 5, 1991, pp. 986-996.

4. JR. Hendershot Jr. and T.J.E Miller, "Design of Bru-
shless Permanent-Magnet Motors”, Oxford Press, 1994.

5. S.A. Nasar and 1. Boldea, “Electric Machines Dyna-
mics and Control”, CRC Press, 1993.

6. S.A. Nasar, I. Boldea and LE Unnewehr, “Permarnent
Magnet, Reluctance, and Self-Synchronous Motors”,
CRC Press, 1993.

7. S. Morimoto, Y. Tageda, T. Hirasa and K. Taniguchi,
"Expansion of Operating Limits for Permanent Mag-
net Motor by Current Vector Control Considering
Inverter Capacity”, IEEE Trans. on Ind. App., Vol.
26, No. 5, 1990, pp. 866-871.

8. TM. Jahns “Flux-Weakening Regime Operation of an
Interior Permanent-Magnet Synchronous Motor Drive”,
IEEE Trans. on Ind. App., Vol. 1A-23, No. 4, 1987,
pp. 681-689.

9. SR. Macminn and T.M. Jahns, “Control Techniques
for Improved High-Speed Performance of Interior
PM Synchronous Motor Drives”, IEEE Trans. on Ind.
App., Vol. 27, No. 5, 1991, pp. 997-1004.

10. #8%, ol&3g, o¥F, "HY 97 5713
F719) AR Aojo] o3k 1 A", Trams.
KIEE, Vol. 44, No. 8, 1995.

b



