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Abstract : With the increase of the use of permanent magnet synchronous motors, many diagnostic methods to estimate the

demagnetization rate of permanent magnets have been studied. This paper is proposing an accurate method to diagnose

demagnetization rate based on speed response under the g-axis current excitation. Experimental results show that this

diagnostic method can detect demagnetization rate with minimal error.
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Nomenclature 2 A7) AHgol Ak 715 e 1 Sl E
Ly : d-axis inductance, H 39 AAY =L YR 8L Holx A =)
Ly : q-axis inductance, H 715 7](PMSM: Permanent Magnet Synchronous Motor)2]
Anir : flux linkage, V/(rad/sec) gh-go] TaL Atk FHZoll s A BE T opu et 23,
s Ale] 7]l A 1= PMSME] ARg-¢] 5L = Aot}
Subscripts g PMSM< AR&-shaA] 7244 7kt ok oL
BEMF :back electromotive force Ariete]l @A lar, a7 Azt Al E fleiA = 2
PMSM : permanent magnet synchronous motor AES e Sk slo] Basith AA7A A
IPMSM : interior permanent magnet synchronous motor = xlwtehs vt el i H A0 sk E e
SPMSM : surface permanent magnet synchronous motor of gl A glol Aheek mxo® AES ST T
ECU : electronic control unit A= T Al bl vk gl
IDB : integrated dynamic brake TFERA] 2 el A= Ak Alef7]el A8 Tkt
L5 Ee] guldA glo] s hddk 22w 3¢
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Table 1 Simulink motor specification

R 0.423 Inertia(J) 0.0003
: nertia
[£] [kg * m]
4.76 0.01
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d [mH] riction(B) [N - m - s]
4.76
L Pole 2
! [mH]
0.422
A
o [V~ s
Current controller \_J
%ﬂ_,_.‘_}_u_«_‘ Load torque ~ Motor -D—W
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Fig. 7 Implementation of motor model using simulink
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Table 3 Test result under constant load torque condition

Test condition Speedat 100ms | Estimated Error rate
[rads] demag rate [%)] [%]
Normal 541 0 0
30 % Demag 364 33 3
70 % Demag 121 78 3
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Test condition Speedat 100ms | Estimated Error rate
[rad)s] demag rate [%] [%]
Normal 601 0 0
30 % Demag 424 295 05
70 % Demag 181 69.9 ol
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Table 4 Test result under load torque proportional to the
square of the speed

Test condition Speed at 100 ms Estimated Error rate
[radls] demag rate [%)] [%]
Normal 365 0 0
30 % Demag 282 30.3 0.3
70 % Demag 145 72.5 2.5
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Table 5 SPMSM IDB motor specification

R 11.25 Inertia (1) 44.6
! [m £2] [kg - mmz]
I 0.036 Friction (B) 0.0001
“ [mH) [N - m -]
Supplied voltage 12 Pole 8
pp v]
A 0.0052 Magnet N44H
™ [Wb] &
522 1700
Rated output Rated speed
P [W] P [rpm]
10.5 100
Rated voltage Rated current
tog [Vl [4pk]
12 48 74
G TA & 72 Al 7171 9181 Fig. 99] 2= 3w 9} |
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Fig. 9 Temperature chamber(left) small oven(right)
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Fig. 10 Back EMF measuring equipment

Table 6 Bemf data of 4 samples

Bemf data Actual Demag
Samples
[Vplo(L-L) * s/rad] rate [%]

Normal 0.036989 0
160 °C Demag 0.028688 22.5
200 °C Demag 0.022352 39.6
230 °C Demag 0.016439 55.6
- Input Target Q-axis ‘ Data acquisition ‘

current (Canape tool) (Canape tool)
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Fig. 11 Block diagram of signal input and output
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Measured Q-axis current(SA)
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RPS (Radian Per Second)
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Table 7 Speed response at 120 ms under 4 A, 5 A step current
excitation and estimated demagnetization rate

Speed under . Speed under .
4A Estimated 5A Estimated
Sample L. demag rate L. demag rate
excitation (%] excitation %]
[radls) ° [radls] ’
Normal 942.53 0 1223.54 0
160 °C
721.97 234 916.83 25.1
Demag
2 0,
00°C 503.34 46.6 713.78 41.6
Demag
230°C
373.14 60.4 407.81 66.6
Demag

Table 8 Comparison of estimated and actual demagnetization

rates
Estim: Actual Dem
Sample Demztg rZ::(:%] Ctrl:;e [":)] N Error rate [%]
Normal 0 0 0
160 °C Demag 24.3 22.5 1.8
200 °C Demag 44.1 39.6 4.5
230 °C Demag 63.5 55.6 7.9

Table 72 574 A1}E HoFT) 4 A9} 5 A2] Estimated
Demag rate®] 1S F 3l HT oS A S (Estimated
Demag rate)S AlMFSIAT] ol & AA ZA&] 97)A
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