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A Study on the Thrust and Normal force Characteristics
by Tooth Shapes of HLSM

ZH& R B &
(Sang-Ho Lee * Hong~Seok Oh)

Abstract — In the recently, the necessity of linear position control motors have been increased in the various fields of
the automatic control system. In this paper, we have designed the tooth models of the hybrid type linear stepping
rhotor(HLSM); rectangular type(RT), triangle type(TrT), round type(RdT) and wedge type(WT), and proposed the
optimum tooth shape of the HLSM by simulating(Flux2D) the thrust and normal force characteristics with the finite
element method(FEM) and the virtual work method. And we have manufactured the prototype HLSM with the
optimum tooth, and measured the various values by using experimental system. Thus, we have confirmed the justice
of theory because the computed and the experimental results almost coincide with.
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Table 1 Brief specifications of HLSM

Item Value/Unit Ref.
Input voltage DC 24 [V] Bipolar Driving
| Input current 2{A/phase] Constant Current
Holding force 80[N] 2-phase Ex.
Step . O
displacement 1[mm/pulse]| 1-p, 2-p Ex.
Number of pole 4
Number of tooth 3lea/polel}
Tooth width(Tw) | 1.95[mml]
Slot width(Sw) 2.05[mm]) Rectangular type
Slot depth(Sd) 2.05{mm]
Tooth pitch(Tp) 4.00[mm]}
Stack length 50[mm]
Air gap 0.1[mm]
Turns of coil 300[T/pole]
Resistance of coil | 1.5[ £2/ph.] 25[C]
Magnet type 613.70><Z>£.520[T] NdFeB
IR4E A ¥4 WE HLSMe) 8 9 £33 ANe
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(d) WT model
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Fig. 4 Flux distributions by tooth shapes of HLSM
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Fig.5 Thrust force and Normal force characteristics by
displacement and exciting currents of RT model
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Table 2 Maximum thrust force and normal force by exciting
currents of RT model

'Ex. | Max. thrust force | Normal force | Ref,
earrents T R e T e e

[A] | ValuelN}|Ratiol%]| ValuelN1{Ratio{%]

0.5 25.4 40.1 3787 97.0

10 | 456 720 | 3690 | 945

15 574 90.7 3759 96.3

2.0

25 65.1 102.8 406.9 104.3
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Fig. 6 Thrust force and Normal force characteristics by

displacement and tapping angles of TrT model(Rating
Current = 2[A])
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Table 3 Maximum thrust force and normal force by tapping
angles of TrT model(Rating Current : 2[A])

Tgppilng Max: thrust force Normal force Ref.
[Dr:eggﬁ Value[N] | Ratio[%6] | Value[N]| Ratio[%]
0 63.3 100.0 390.3 100.0 RT
10
15 51.9 320 302.0 774
20 49.0 774 271.9 69.7
25 455 719 244.1 62.5
30 42.0 66.4 218.4 56.0
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Fig. 7 Thrust force and Normal force characteristics by
dispilacement and tapping angles of RdT model
(Rating Current : 2{A])
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Table 4 Maximum thrust force and normal force by tapping
angles of RAT model(Rating Current : 2{A])
Tapping | Max. thrust force | Normal force _
| fe |V atuelNI | Ratiol96] [ VaueN]|Ratiol%6}

“Ref. |
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Fig. 8 Thrust force and Normal force characteristics by
disblacement and tapping angles of WT model(Rating
Current : 2[{A])
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0 63.3 100.0 390.3 100.0 RT Table 5 Maximum thrust force and normal force by tapping
10 614 97.0 3347 838 angles of WT model(Rating Current : 2[A)
L &l S 2228 226 Tanpm L___ thrust force | - Normal force Ref.
62.0 979 Angle‘ Value[N | Ratiol% | Value[N | Ratiol%
62.1 981 | 2867 | 735 (Deg] | 1] ] ] ]
0 - 63.3 100.0 390.3 100.0 RT
10 | 89 | 1325 | 3559 | 912
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Fig. 9 Prototype of HLSM

28102 & =8olA AARE HLSMY o5 ne

9 AdZTs} F3434E vdebdz 3ok HLSM9 o).

TR dolA FH7E o83 FLY olFAHUE F
A3A 2, 33L& Force GaugeE AHE3Ith 2910914

24257 & AAFoeH FEM #1472
ey

)]

HLSMS | ®iafol e #3 o 43

B
e
0x
2
i3
e
508
4

Trans. KIEE. Vol. 538, No. 5, MAY, 2004

100

m B
80 4
— 70
=
8 60 -
et
g 504
-
wn
8 40
E .
20 .
—8— WT(8=15"): Computed
10 4 —+— WT(B=15) : Measured
0 T T T
0.0 0.5 1.0 1.5 2.0

Displacement[mm]

" 10 HLSMe| £ &54Y
Fig. 10 Thrust force characteristics of HLSM
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