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Development of SRM Drive System for Built-in Car Vacuum Cleaners

Young-Soo Lee'!, Jeongmin Noh',K Daejin Lee!, Jaechyuck KimT,
Han-Geol Seon?, and Man-Seung Han?

Abstract

This paper discusses the design and control of a switched reluctance motor (SRM) drive system for a

built-in car vacuum cleaner.

The growing popularity of outdoor activities and recreation has led the

automobile industry to expand technologies that increase the convenience of vehicles, and thus, a built-in car
vacuum cleaner was introduced. However, the existing DC motor of a vacuum cleaning system has several
disadvantages, such as maintenance cost and lifespan issues of its commutator-brush structure. An SRM can
be a good alternative to the existing DC motor because of its high—speed capability, long lifespan, low
maintenance cost, and high efficiency, among other advantages. A prototype SRM drive is designed and
manufactured to verify its feasibility for use in a built-in car vacuum cleaning system. Dynamic simulation is
conducted to determine the optimal switching angle for maximum efficiency and minimum torque ripple. Load
test, noise measurement, and suction-power tests are also carried out.
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Fig. 1. Structure of a two—phase 4/2 SRM.

TABLE 1
SPECIFICATIONS OF THE DESIGN TARGET
Parameter Value Unit
Rated torque 0.045 N-'m
Phase current 8.85 A(rms)
Maximum utput Power 150 W
Rated Speed 32,000 rpm
Motor Efficiency 65 %
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Fig. 4. Inductance profiles of a two-phase 4/2 SRM with
non-uniform air gap.
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TABLE O
MECHANICAL PARAMETERS OF THE DESIGN TARGET _K[ _"J
X X
Parameter Value Unit -
Number of Stator Pole Ns 4 - Ve s i B
Number of Rotor Pole Nr 2 - N
Stator Out Dimension Ds 57.1 mm % x
Rotor Out Dimension D: 23.949 mm —| —|
Stator Pole Arc JES 43.94 deg
Rotor Pole Arc jes 86.64 deg
Stator Pole Thickness Cu 9.7 mm Fig. 7. Asymmetric half bridge converter for a two-phase
Stator Pole Length L 10.596 mm SRM.
Rotor Pole Length L, 4 mm
Min. air gap Length g 0.263 mm
Max. air gap Length Pmax 0.476 mm
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Tig. 6. Torque profiles of a prototype two-phase 4/2 SRM.
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Fig. 9. Block diagram of a two-phase SRM
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TABLE I
OPTIMAL SWITCHING ANGLES OF A PROTOTYPE
TWO-PHASE 4/2 SRM

0. 40 10.0m | Torque [N-m] Rjggfglﬁ;] Lyrms [A] %
2 0.1464 376.5514 22.3581 0.006548
3H| 3D 0.0401 165.2056 6.1809 0.006488
45 0.039% 163.8733 6.0885 0.006483
30 0.1786 313.0604 23.5190 0.007594
40 | 40 0.0484 168.9369 7.0331 0.006882
50 0.0452 175.2234 6.7611 0.006685
35 0.1935 302.7402 24.8807 0.007777
45| 45 0.0551 171.0061 7.8449 0.007024
55 0.0499 186.7809 7.5978 0.006568
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Fig. 12. Simulated waveforms of a prototype SRM operating
at rated speed (phase voltages, phase currents, torque).
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Load machine
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Fig. 13. Setup for motor drive load test.
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Fig. 14. The phase voltage (phase A) and phase
current (phase A, phase B) waveforms measured
through rated load test (25V/div, 20A/div, 400us).

TABLE IV
LOAD TEST RESULTS OF A PROTOTYPE
TWO-PHASE SRM

Test item unit Value
Revolutions r/min 32,216
DC input voltage Vdc 24
DC input current Adc 10.8
Motor efficiency % 69.8
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TABLE V
TEST RESULTS ACCORDING TO CHANGE IN
SWITCHING ANGLES

Switching angle |pe input current, | Suction power, | £ suction
Qadv (o) me(") [DCJH <A) P ,suctiun(W) v/ 'DC.in
25 40 10.08 8785 8715
30 40 10.22 92.50 9.051
35 40 11.83 11368 9.609
40 40 13.08 129.82 9.923

TABLE VI
NOISE MEASUREMENT RESULTS

Measurement X y z
Point 1 2 3 4 5
Noise (dB) 718 71.6 68.8 729 73.2
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