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One-Chip and Control System Design of Low Cost for Micro-stepping Drive
of 5-Phase Stepping Motor
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ABSTRACT

Micro stepping method is adopted in order to eliminate effectively the resonant phenomena and to increase
the positional resolution. Exist micro-step method by using Sinusoidal waveform, drive circuit is complex by
using mucro controller and ROM , it have fault on cost increase. This paper proposed trapezoidal current wave
form for simple control circuit and micro stepping method by using a low cost controller. This paper proposed
method verify by using CPLD(EPM9320RC208-15) of low cost. This paper make experiment that comparison of
exist method and proposed method. This paper obstruct a escape of motor by using high speed detect.

Key Words : One Chip, Micro Stepping Drive, 5 Phase, Pentagon Type

.M = 3 £AA02 AY o2 Bule) 14K Aol
3 814 Abolzkel ot $4Y & YRS @ T2
22 REHLE Fe 269 RHE 234G 8 o wer agae g7 AMOﬂ Fog 3& whi
Ao F AL NE d2A s nA4A 7k 2 ol ojatel QB2 Aol oste] 7 o] FAo|
AFE NG oR 4F Ba A Hdske I
Tmaixixt : walg, Savlsoer oI Swofst xns AT ARz R sjAshe et

E-mail : mhkim2l@naver. 23 2 e A =z o = ox
~Hslel zeln) M7|zst /\C|07rf17w =e o Loﬂ s A e TZ]EE
~Mslel Al MI|SEtn S (Holding torque)& 7}Ax loemz Wxo #x &
e, SR S at A7t BeaA gk E 93 A7} RAHA el

_ }
Xt 2003, 8. 27 1R MAL 2003, 9. 4
2K} MAF: 2003, 9.29  AlARREE : 2003, 1. 3 open-loop A7} 7bEske, 71E, FA, A - 9dHg



54 £H3 REY nlolAR2Aq TFEE AF A7 AE3 D AolAag A

89

S0l $FEta, PRV vmy tasiy, B
2/] w3 Fo Bt ga gt olgd APor
Aol FAA AFA F4 2 ArAsst st
A8

AR A& $AA BEFVF 2adta 258k 4%
H, A% $HA JE 2 FZ Aabo] HAET| 4ot
o212 2% REHY JAHYA T2z % o
Hox 75 AR BA ] o) AEgsHA e
Sl BAGA Ho2H 4259 JAES AYATA
o} oleldt A& AN EAHS dAsts] g uf
Oli§§ 28 (Micro-step) 7% Walo] ARgE3 9l
q_[

tho) e AR TEHAL 7k Aol olx AT F7
2. o

2 =
WEoEM YA AU A S gZo Ah B
A4 AT tEo &34 £ 9 Ea9 Z7) 9
A
2

opejag g FEEAe FEE Y8 rlelazZaa
Al g ROME o]&3te] FE3 28 FAs e 2ol
Bl AREE AL glow, 832y 7tE d At &
Thebe BdS b A gop

L ERME 5 sEkE AAW] 2EHE ZE
vpejaz 2y 75 Y8 Ad ogxptA g Al
= ggor giAFosn 7|9 TEAAYG AR
o mpolaR AR o] Jhedhe Aeksta gtk
shgt BAE AFsy] 98] 47k CPLDEPM
932)RC208-15)E o] g3lo] AlojZE FAslaL AF
< THHAT B 15 AN e2AGE WA
gl 151 E3|2E CPLD Uil 88ty n
A4 B QP ARl BEAS AR AHolFAE

35!

ox fHo N,

- I

2. AH|E ZE{o| TEuAl

2.1 54 olojzr AHTS
Z- o) AFE Aot AR Asin 27
TEatalslel FEsE WAlS 1) AZHmin step)

3
T 28429 on - off dutyE WEA7)E A4
o5 7z} e AAP[FE Aolsal HAZ FEL ¥
1

_u.}L_'\QEQLI

o W @ L lo Mo Xy
o o

Avemase

eprasE

GrrasE

DusrasE

H
wrnse]

ag 1

Fig. 1

X
o
o,
i o

54 2H3 2 14 dxiAe volaz
EAEolth of T-elH DE Adel 2A

o
sre] A @ B nARY guAe)
A R, vlolazsy FEL O~

@

e ojd Aol AL AAsA she

2 935 A%l B S2E 9 YEy

4o ARE ABA olojo} B,

b

S

o

B R T o

>

54 AHE ZE|Q 14 oAl Djo|3Z A
HE oAt =ML

Excitation sequence in the micro-step ope
ration of one~-phase-on mode for a five-
phase stepping motor

o]
a

27t D~@T Aol o= Aolie

4¢ fA%e solazsy TS 4EY 5 Yok

et AM 2o 54 26Y BHE AH 4 A
Aol AFE A7kske Aol ofel, F Abo] o
A& AolXel AAFE Aol dkl Az Ax
ol 54 ~HY RHE FE TRA 44 EE
4-5% ozA o zwk LEo| sHsahtl nlolzz A
B3 44 oAb 14 o xAle gAaksith vlol
a T8y delME AR Wyt FA%
7 o REale A mgololo}
s AEHA Gt P2 gow B9
3 & o},

. .‘
DHEDIED ) Dy

© e

38 2 54 AHE ZE{9 44 0iXPijA Djo]A R

2HE oA =ME

Fig. 2 Excitation sequence in the micro-step

operation of four-phase—on mode for a
five—phase stepping motor



a9 29 OQ~@F A AHFE Y, BYY A
F7h s2e 94y s Y, AYY AFE 9
ATt ARIE Sk Bk T @~-@AAE C8
o AFe gastel Wi a2, B AFE
Z7hetn ok 9 2L oA Adzd] gt A%
£ A8H FHE fA8, 54 29 =He @ F
718 Qeks BAso ARsiee vazt 75
2= 0]

T oA
ABAE o4 A% quEb A8 3

7HA drt shARl HYlE E3E 1
7t ZFHojor s, Fapet U}%Léﬁ}xl i
AF Bye suxdra Fgtsjojof gt o|s} 2
A Bo] 3edte] o]AA el wlojag A®H TLES
Mz Adde] 34, 5aF nxIE FFAN ARAF
Z do# 34 9ok

2 =xdlXE A AdoEA 33 o 53
2% P4 AGHE gL e AL
ot 29 33 45 44 A XL AT 4-54F o=}
oA Atd ARAF ol

[o
o rlo rd &

do

_JZ k& }:1

Y

38 3 44 oXiEHAl9l FokE MEF miE
fig. 3 Proposed current waveform for four—p
hase-on mode

OB 4 4-54 C{RIAS| RIOHE MF ThY
fig. 4 Proposed current waveform for
four—five—phase~on mode

0% 3¢ 4 4HF S Fold 4UE 13w

TS oA A7E oA ARxE ‘%E}LHL o]
]

e 45 oS et A7 Fu woqx}
WAo) vls) wrh E) @] M ULE B 5
ek

st 2ol AltielEe] ojApA g ol4goEH Y
A"yt golstA Hu, Ala"e] Aelg i, &Y
AEs 4 A7H4sE A 5 A 2
He AojA2"e CPLDE o]&3lx
a9 49t 2 454 AR ALaigh

l

22 54 njo|a 2 AHE DBE9 E3 BAHA
5)\1- HBﬁi o e} @Aﬂﬁ}/\]q /\Eﬂ-‘ﬂ 5_519] Z} A

AFeE A7|Ztoz 27/59 iAol e Algat
o 54 Ak AEstolt oleld AT A% 54
~H9 28 a2 N &3 T, Ty, T, T, T,

¢

v ohest o) Yl 4 ik

r

T,= KI,, sin{wt— a)K,sin(6)

=KI, sm(wt—%—ﬂ @) K,sin(6— % )
T.=KI, sm(wt-—%n’ a/)K,sm(ﬁ—% n D
_6_

T,=KI, sin(wt— & 7— ))K sin(6—

5 )

T,=KI, sin(wt— 8- @)K sin(6— % )

5
A7)A, Ke 2awe) oa) @ehe WFEuS
= 4IYAR/LERAAR oY, o' FRIAFS
JASAAFY Aol I,e Ede 479 Ay
A, wE A% AEE 5 AN, KiE 4% 63
2 A7k A E e ot
4 (e 2 o) E2Z BE @4sE 429 2

T=T,+ Tyt T+ T+ T,
2)
Y

5 KI,,K cos(wt— a— 0)



5% e RE9 npojARag 7E5E H8 Ay B4 2 Ao A4 91

(] A% 5/8-9] s

E:19
bz

A7} gz
=tk

2.3 CPLD &4
AA & Ao nlojlaz Tz A M9 ROM
o] AAF 9L AEA Yz FREX
oAU Babeta tAd Heg 7 st 9%

< ol%
a
-y

r—‘-o Lo

—-«#-

9%

s A
ZpX

® #7129y waz
JIEEER EE

L oEEol A A wAE g d £AHS CPLD
2 gl w2 ol s Ax, 928
Hd Hoz A webd wolze] ZeAn 7}
Z 9gAE B dEHolast 4A ol Foizith o
T A9 ool B w=EelA Albe A€o CPLD
-+ EEEE Roert

ticso step =

FuUll step i

I8 5 CPLD YR 83%
Fig. 5 CPLD block diagram

LRy tlol2E A9 TES AT Yge B
b e 93 OW, COW, CMel U89¢ AHeag
o E 18 of 4 2K Al 9% E4RSE e
.

1 SH=2E

Table 1 Operation

mode

B CM-=1 CM=0

n (One-pulse mode) {Two-pulse mode)
CCwW low high [H”HH
r:c'fﬁ: WRALAEE | AA e | Al A BEALA] Wk

vtolag ~¢ 758 2H Sloie 94Y
A AAZA2RE A AZE Po} A Z}E‘?}%
375 £ & AojstA Hret

F 1904 CMeo] 19]% One Pulse W4lo
CWast gge] Fu CCWol Jsia] whagko
o}, CMeo] 0% o Two pulse $A o2 B2E CW 9
CCW= 9go] ¥Har, Wake Zh o utebx 2R
=3

rir

232 IHAHE
4 Banss 718 AhIsE
| "ok shAst dErle $Erh
ﬂ , 98 FH7 1E A2

4 «?EHEE\:P %8— 7397t wAslA ek
& A& 7)%S ez gigh =
2059 Fugrt Ve Ay SR e A
PWMe] &Ao] 7hgaich *}RIE’_P HrnEe] i
71 A Faent 22 4$ PWM AEE
e B HH, ZEE gz WS A
wAgEA ok wleld TEe psIde 9d g
ANze Fae 7)FE e Fa4E daste By

sHA "k

vlolAe 28T EY FAEEE 2%
ZE Y gx dAkg
£ Aoz A

atAl skA A,

|

’N

I &
a2

J8 8 A% AF Vs
Fig. 8 High Speed Detection

ik 28] PEE AN 1Y 29 44 o7 Ads
g olgalith w¥ need WEA 44 94X B4
& Aaste) Quagoz A FEeA Ho

234 71F d2at ¢ Aok E atg
71% Azt 9 AdelE B8-S gy s
Up-Down 7+#HE AH&31%ch



2.3.5 Micro Step == Full Step
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TYPE HYBRID TYPE

STEP 0.72°/ STEP
PHASE 5
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AAAF 14A/PHASE
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AAF g4 TORQUE 1.66 kgem
ROTOR #4 MOMENT 560 g




2EY 2B vpolagxg] 75 AT AV 83 2 Aojalx®l 4A 93

y\\"v:;?v;/‘ »\y.i‘ \@

pkpk (3) 4.85 A

(a) Hotsr UHEAHE| 30rpmof|lMe| AFF Tty
{a) Phase current waveform in the proposed
full-step operation at 30rpm

EEE T e
pkpk (4) 3.87A
(b) 71=2 MEHE(LZAAD LeAR 30rpmoiiAf
Me| AT mid
(b) Phase current waveform in the full-step
operation of an commercial product at 30rpm

18 9 gutAHle] MME Hlw mhy
iig. 9 Comparison of phase current waveforms in
the full-step operation

19 9& dutagle] 30mpmolA AHF S v
It 71Ee] AFL 4-5% oAApAe AHS-St
o TS A 2Ee 44 oAAlS ALgE
$AF sl olrt B Yok

FEAFE dutagle] 1/209 £3)
L 279} 1/259) EasolA 4

o]

r{i‘l =) o =
L
o e
o
kS f1°

2 rlr o ot du 2
R
M
2
X
o,
gis

¢ olr
lo
<
[\)
1
(@]
2,
Lot
)
]
Lo
oy
oo

tefroy)

]
o]
A
-
—
o5

pkpk (3) 6.25 f

(a) ®ekst 1/25 ofo[32 A8 30rpmofiAfe|
AMF Iy

(a) Phase current waveform in the proposed
1/25 micro—step operation at 30rpm

fistroy

iy

pkpk (4) 6.38 A

(b) 7|E=el AEHE(LZAAD 1/20 ojo|3=
ABI30romoll A2l AFMR Thy

(b) Phase current waveform in the 1/20
micro—step operation of an commercial
product at 30rpm

a8 10 ojo|A2 Agel ANF 8D By
Fig. 10 Comparison of phase current waveform in
the micro—step operation

g 11Q }

B rgos LA Aol e B ase ‘%Xl
@+ ek 39 128 0549 AE BT 7)Ee
Walo) AAE wae Jehis 9k

a9 129) ARE )2 FEAFNQRAND

rlo]2 R 2] FEA] KM dx UYXE 9



lecroy

it S U SRR FRUNE SRURY TV
. A

T Raan S S i
i \
;
H
H

pkpk (3) 3.88 A
(a) Mekst 1/250 olo|3 2 AH 30mpmollMel A
MF oy
(a) Phase current waveform in the proposed
1/250 micro—step operation at 30rpm

"s}*———[ , lleCroy
R ) |

100 s

Wi

5

pkpk(4) 363 R

(b) 71Ee MEMZ(LEAAD 1/80 olojAz AH
30rpmoi| ALl ANMF T
{b) Phase current waveform in the 1/80 micro
—step operation of an commercial product at
30rpm
% 11 ojo|a= AHe| ANMR H|L THY
Fig. 11 Comparison of phase current waveform in the
micro—step operation

4
4
rE.

sto] Aviaglozm WBHE S4o] E EBoA
gz s A6 AL FAF fAA o
EAEE S s

2 oA Al 240l AAAS T4 Sj2
Ol SEES uzxw@r 2 olgdtel BAA
o Aolshs WA 5 Ewoﬂ A & Rl U
%o 7] B2E B =RoA AT YA ai

2 gAY 5 glod, EaFo] Eolfd we A

o] AT FASIA WHstgon 3AA ﬁ%#
250] Bol Fo] EXUth 7MY CPLDE o|&4%ow
HNooAAE] 29 Furt FolAm BEFRe}

| /| -
— T
Y /0 /
"‘*i/ . A\ ”‘“fl i !
)

N AR,

; [ \

: AR !
pkpk(2) Hoe e

(a) ®lokst 1/250 ofola 2 A& 300rpmofiAel
ANF oy

(a) Phase current waveform in the propose
d 1/250 micro—step operation at 300rpm

LeCray
7 |
/ A
# \ AN :AA‘\ :\'“/..'. !
NN A A
\ \J \/
N Nt
b 0 W
pkpk (4) 9.13 A

(b) 7|&=9| A4EHE(LEAAD 1/80 Ol0|TZ AH
300rpmollM el AR Tk
(b) Phase current waveform in the 1/80 micro—st
ep operation of an commercial product at
300rpm
O3 12 I50|Me] AN blu Ty
Fig. 12 Comparison of phase current waveform at
the high speed

Aois|2g 2F CPLDY Wdsie] txde] T5o
2 A=Y 8 Azge) Ravt Aoln REFSFFo]
Zof 8=} ers A

Akt wAe] FEA 7129 ROM 2 spolz
2ANE o83 AAH HYoR Aol A9
o Alolszo} 2eke Bems Azt CPLDE ol4



B B9 npola2 g 35 A% A7 ALY 3 AolAAg A 95

o JPsdl gom, Azdel ALy G4 L AE A
7 AR st B3, 29EH Ag 544
©# el 29 BEE ol§3t 4B FF ALY
%go] golstul 2 47 3AES A £ Y= R
2 Fhnh,

SREDIES ERE LI D EEPN RS SRR
el mho)aE A9 el WS FAE 54
E Fato] AT,

g Z7iete] mEY B F

tR
ol

N kit
iy
oy,
e o
tob,

= A7 shEwsct XY Fadiste SEVIAT =

J

[11 TRoland Fredriksan. “Microstepping-A New Control
Concept for Rotary Step Motor”, IMCSD, pp. HH-1~
HH-6, 1975.

[£] EX. Pritchard, “Mini~stepping motor drivers”, proc. of
5th annual symposium on iIncremental motion control
systems and devices, pp. Q-1~Q-11, 1976.

[[1 Howard PLayer, “Digital Sine-Cosine Ministepping
Motor Drive”, IMCSD, pp. 179~183, 1977.

-1 EX. Pritchard, “Concepts and characteristics of Min
istepping”, proc. of Sth annual symposium on incremen
tal motion control systems and devices, pp. 229~242,
1980.

(] Guenther Heine, “A FIVE-Phase PM stepping motor
for maximum range in resolution and response”, IM
CSD, pp K-1~KI8, 1975

[1]] Takashi Kenjo, “Stepping motors and their microp
rocessor controls” Clarendon press. oxford, pp. 89~120,
1984.

['] JBiran, “A high performance drive system and control
IC for microstepping application”, Motor—con, pp. 215~
230, 1986.

X XA

| 2 (W)

1963 108 94, 19924 BZAM ™7|
S EY. 19959 seitf IS
E(MAD. 20002 B2 M7|Zetnt o

o}
. 19%~8d Favlst A

AR 3

el (2%

19719 18 2824, 1995 o ®
Zlsetet £, 19974 S HEE A7
ST SUMAY. 20014 S thEa T2
Ao S5t Z(SHY. 1997~ A &
AU T7[So AlZEZAL

8
[¢2)
i
ol
=
Jo
o

| 7| B
rel H|Z

rlC) 7|

(=3

ol

J

o ]



