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A New Method for Driving of a Stepping Motor Using Fuzzy Reasoning

Yoshikazu ARIYAMA*, Takeshi MIURA* and Toshiyuki TANIGUCHI*

Abstract

A stepping motor is used widely as an actuator for position control.

However, there is a

disadvantage in terms of efficiency because the motor is generally excited by maximum rated
voltage. In this case, a problem of rotor oscillation also occurs by overabundant driving torque.
In this paper, the authors suggest a new method for more efficient operation and damping

of oscillation.

Generally it is difficult to build up a strict mathematical model of a stepping motor because
of its nonlinearity characteristic. However, it is possible to investigate the relationship between
exciting voltage and aspect of step response qualitatively by some simple experiments.
Therefore, the authors use a method including fuzzy reasoning which is suitable to describe
qualitative relationship for decision of proper exciting voltage.

The effectiveness of this method is presented by the experiment for an actual stepping

motor.
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Fig.1 Configuration of experimental apparatus.
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Table 1 Specification of equipment.

equipment specifications

stepping motor HB type, 6V, 0. 84, #s=1. 8°

computer CPU486DX100MHz
D/A converter 12bit, 5pus/ch
U/D counter 4magnification

28V, 4A, DC~ 100kHz

6000pulse/rev., A*B-Zphase

amplifer

rotary encoder
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Fig.2 Applied voltage and step response.

Table 2 Variation of position error with pull down

load.
weight (g) e/ 0s (%)
100 3.3
200 4.2
300 7.5

Table 3 Variation of overshoot with inertial load.

type moment of 1nert1a over shoot
(kg cem ?)

A 0.051 7.5

B 0.123 16.7

C 0.593 36.7
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Fig.3 Step response.
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Fig.4 Step responses with excitating voltage (pull
down load).
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Fig.5 Step Response with Various Voltage of Ex-
citation {inertial load).
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Fig.6 Step response (excitation : 2phase).

I L Oz BM, AHOBIREEN KL LS
LI EIZLN) 6 FHARELZLIETRETH B,
L LZnBAa M ViodlazBmE v
2P TIREICEEMNEMREIEALTLE ) 28
AMORNCIE U 2 BIE L BEE DL ERET S
ZERRMTHE, o, 6 0BME LIz 6 L
mLTLEH., 27250, ZoHED 6 DM B
6, A O SPRERIZ L Y SMeyic BN ERE
&g az ok, 12T 7 THETLAKEZ
DLOHEIMTEZEI2L 2 6, DEMTH D &%
252 ENTE, BEENHERICNT 5 6, &L

13 B ) ERIERIE T BB TH B,

3.5 HEHEH

LSz 2RI BT AEEEN K& R
(Ve+ Va) LEEEENH {(Va/ (Ve+Va)) 28
EREIZT 52 LA CE NS, B ERE 2 #R
L Zehs b BN DIKIREY & 7 5 iR 1 HE & &2
Ls, UL, BroAMIIHLT(Vet+Va) &
{(Va/ (Va+Va 22 znglbd3en a2 6,
O, DICEIEETH B, 72, Vi, Va2 8%#
EBEL, G, 6, D2EEFHIEBRETHIE LY,
LI ENFNOEBRICAT B 7E—FDLD
B2 EET I LEN D OB E L HFEET
NOBEIREETH S, LarL, KoLHIcSHEN
EBUIWRETH 5.

&ffa  (Ve+ Vi) %G
— G (ZFm
- 6, 13RS
&b {Va/ (Ve+Va)} 3

— G 33
= O ix8n



\kita University
TrY A ERERACIIAT v Y I R— S DEEE

4. 727> 4HH

ZDE D ITEB LT EENE T NOBESrWETH
LLDDEENERBILTRRTH 5 L 5 Lot 2 H8
TEHBEY, Ty WP AN LFHETHL IS
BESCHOLNTWD, ZZTEARETIIZAT v E>
7E—FHERERMOBHRE AV L 2 &L, Bk
DERD AL KIS E727 7 0 4 WS REE 72,
I, SERALCBT2ELHAU»2#HH B L
L7 7Y 40—y 2HTHERL /2,

4.1 =1 (A)

Tr P4 = (A)BLTOL S icsEL, Bl
8L, 2 122 NF4L 6, 6. & L, BENIIHEEE
(Ve+Va) OMEERE A & L1,

if (6, = P4 AND 6. = Z0)
= BEFTHEK
then £, = NB

if (& = PO AND 4. = Z0)
= E#E N 7HN3THEIEE
then &, = Z0

if (8, = PO AND 4. = NB)
= EBLIrTE
then & = PB

INEIL TPV 4 —I(A)ICETERER L 72
N—nT—7N (A) % Table 4 2577,
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0'

PO P1 P2 P3 P4

PB[NS NB NB NB NB
PS|NS NS NB NB NB
Be Z0 {Z0 Z0 NS NB NB
NS |PS PS PS NS NB
NB|PB PS PS PS NS
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Fig. 10 Step response.
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Table 6 Result of Exciting Voltage.

load exciting voltage (%) kr (%)
pull down load

100g 49.6 20.8

200g 37.2 44.7

300g 37.8 57.6
inatial load

A 50.6 13.3

B 34.2 27.3

C 27.1 33.8
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