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A DTSE-ROTOR PEFMANENT-MACKHET STEFR MOTOE

B. G, Kuo

Deparement of Flecericnl Engieaaring
University of [llincls st Urbass—Chanpaign
Urbama, Tllinais

L. THTRODUCTION

ETER ma-

cees [1] have gatned increased populatity commer—
cially In recen: years ns:nly due eo their low cost,

aluplivity in censtruct on, and lighc weight.

ha the name lwpl e, the housiog of the canned-
tvpe "M step notor ‘s a metzl een. The stator reeth

assemblies are punched sut of mers] skeecs, and Ehe

aracor vindinge are in the fomm nf Fabhin-wsied sefle.

Ihe roror censiscs of a ¢ylindricel pilece of magnetic
marertal vhich g magnetised with molriple mimhers oF
poles WiCh alTeInace jolariiies along the periprery
nf the ratar. Figers 1 abowe rhe simplified crcos-
sectional views of the notor which has two stater
sectiona.  The teetb of are afater seetfon are dis-

placec from thofe of the other by ome—half of a tooth
pieeh,

The ceotor ecila ate vaially wound bifilar so
chat the motor car ke driven by a unlpolar driver as
a feur pheoc motor, o, the BIFllar windings can be
s0 cornected that the motor can be driven as a two-
phaze mckcr by a bipolor dedver. Addiclonmd sectkions
and phastes can be added lengthwise to che motor to

imcrease the Eorgue Gk,

Ao ol in Figure 1, wnen one phasz of che
motor is energized. the magnecic flux Is essentially
cunfined e flow oaly wichin cthac sestion of tae
motor. Therofore, each section of the mater is
essencially lsolated from the agher section(s) foom

A nagnetic senae.

‘The parpnsa of hia paper f2 =0 Ankeadues a s-ep
LT Lhat has a disk-shapad permanent-magaet roior.
Tha geomatry, zomrstristiss, principle of operaziem,
and typical perforwaace charactecistics of the metor
ara presented. The snalyois ond compuratien of che
pagnetic circuits af ei1e motor are given in amether

sazer in taese Procesdings,

W. H. Yeador

Warter Blectrlc Brake ard Clutch fo.
Marengo, Illirois

The acventage:s €t the disk-rotor M meter are:

1. The matnr diamerer can be nade emaller than
£ cotventlenal cylincericel-reter motor hawv-
ing eimilar performance chasacteriscics.

i. firce the poles on the retor are megnetized
in tha axial dircctiecn, eriented magnetic
taterials such as ceramic % or B mav he used
inatead of the nem-orlcnted naterlals sach
ag geramic 1, commonly used on cylindrizal
rotors with padisl aic gaps. The orienced
naterial has a greacer flux densitw which
preduces more Eeique per aspecs of Inpuc
cutrent than a non-oriented material. 4= a
vesull, the damping characceriatics azd the
meter ef ficioncy are fmprowved.

IL. GONSTRUCTIDN OF IHE DISK-ROTOR MYTOR

Figure 2 shows the sajer companente of th: mo-or
with four phases and 4 step resolution of 7.5 degreas
(&8 srepsfrevalurind . A gimn in Fizure 2, zhe

major ceosponents of th: motor aret

a permanent-magret rotor
two innar=pala agzonblics
two oatar=pala aszenblies
tun babyinevound 2alls

houzdag,

Tim two s=ts of inner-and outer-pele agseablies
are pesitionid on opporice sides ol Ll dlsk. rugor.
For tha iB-siep-per-revolution metor 11lastraced,
the rotor in magnecized axially wili Zs aliermace
Yorth-Gouth po_es. There are L? teeth om each of
the tose.— wmd weler=pole pleces, The ceeth picch
of the inner-pole plece and the outer-pole plece s
twice ther of the jolve assedbly. The relscive
soaizlons of the inmer-pale and the nuter=pole
assemblles on apposite sides of the rotey ere cf fset
by nma=half of a eooth piech. Fipgure § shows the
selavive positions betveen the rotor poles ard the
stafor temth of the twe stsehs, The two bebiin

wound coils can each be wound with a slnple winding
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tor bipolar criving, oar with bifilar windings for
unipalar drivirg.

As showr In Fig. 3, when the teets of stack
He. L nf.alm atater are in aligrment wich the rotor
peles, those of Scack Mo, 2 are in total miselign-
meat.  Thise, as rthe prace anergizardom {e swdrelad
fram Scack 2 co Scack 1, the rotor will Totate one-
half of a yole pitch of the rocor. The step argle of

th: motor da then given by

L ‘:';“'5' dogrees {1)
L] H
T
whers 'HF i¢ the number of poles on one mide 2f the PH

rozor. For the case Ll ustrated ip Figure 1, there
are 14 poles on Che ratar, and as is 7.5 deg/step, o
Lhe step resolutlon i 48 steps per cevolution. L‘P
is algo equal to the total rusber sf teeth en the
inncr—pole picec and the outce-pole atece on one

stack of the stator,

Figire & shovs two simplitied cross-sectiomal
siews of the disk-roter motor For the purpcse of
llustrating the wain flux paths. The maln Flun—
carrvirg ports »f the meter include che MM roter, the
Ianar pales, rhe aoter poles, the hob, and the
housing. The apacer, which is lzcated at the center
of the metor, Li non-magnecic and divices the motor
loto two secilons magnetically., The meln flux path
of the motor is described as showm in Flgure 4, [F
we wtark at tae sorfaee of a Morth pele on @rack Ho
of the PM rotor, as showm in Figare 4; the magnetic
fhoar will eypleal’y go rheoogh the Falloving parte of

the mOCOT 10 SUcCesslon:

1. Horcdh pole on the lefr side of che P4 rocor
2., Main alr gap

3. Inaer pole

4. Hud

5. Adr gap hatusen hob and houefng

. Housing

7. Alr rap between housiag and outer pole

B, Ouzer ro]e

9. Maln air gip

0. Seuth pole on the l:ft sice of the PY rotor,

adjacent to the starting Forth pola.

The Elux ther treverses Che deptn alf El1e rolor
and exista at the Herch pele on the right slde of the
oo, and chen che same sequence ss descriyed above

takes place in scack Na, 2.

Frem Flgure 4, we can see that one irportantc
difference berveen this disk-rotor noter and the
wonvertiomai canmed-iype Fii mocor is char the §lux
pathe of the forner encompass the eecire sotor cven
when enly sne shase §8 excited, whereca the £lus
paths of the latter ootor are confinec to only che
exclited phase.

The coupllng of beth stazks of cthe mortor by the
magnetic flun slsw mesun Lhal Lhe corcue develaped
by the motor will be affectsd by the stator teeth on

hatk oldes of the rotor.

1IT. PERFORMANCE CHARACTERISTICS

The perifarmince characterisr-es of a rwvpizal
disk-rotor PR stép motor are oresented In this ssc=
clon. The pivsical dimension:z of the motor ara:

lengeh =2 fa,, cuter dianezes = 2.5 in.

Tha alactrical prepectics ond chorscteristica

ara:

Humbe= of phases: & ibittlar soamd}

Winding resistance: 1.6 ohre per shase
Bated currents LT3 Amp per ghaye
afl (0 Amp. 2C &7

catont poaltion)

Indactance: s B

Tae single=step responses vith nne-phasa-an and
twe-phases—on excitacions are showe in Figuses 5 and

6, reslectively.

Figures 7 and 8 {llustrate the static terque
curvar wlth ené—phace-on and twe-phosc-on cxcitations
measurad under the stated conditicns. Figure 9 gives

rhe targue-specd curves af the ratar,
IV. RIEFEREMCES

[1} Heine, Geenther, "Snall PH Stepping Hotors as
Dedicated Control Zlements in Data Processing
Technology," Procesd ngs of the Ssventh Annual
Srmpozium on Incrementzl Morion Contrel Systens
and Devices, 1973, pp. 27-36.
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Figure 1. Ceoge=gactinma’ wiew of the canned-typs PM s:&p matar.
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Pidgure 2. Friacipal compements of the dilak roter soter.
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Figure 5. Single-wtep responss.

One=phase—on excitatlon.
Horizontal: L0 msec/div.
Vertical: 1.25 deg/div.
30 Volrs at 1.75 Amps.
B—ohm suppression.
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Figure 7. Stati¢ holding torque — onc-phase-on.

Figure 6. Single-step response.

Two-phase-on excitation.
Horizontal: 10 msec/div.
Vercical: 1.25 deg/div.

30 Volts at 1.75 Amps/phase.
B=phm suppression.
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Flgure 3. Static helding torque = two-phasc—on.
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. Dielectric Sirengin

ze 4EM

1000 VRMS (23 awd); 1200 YRMS (24-
22 awg)
Reoommended Maximum walls cisslpabed by the
Miniriurn Heat Sk Uirian are s on an unrestrichsd 'l'_:'
floves o 3IF 2 20°C, 'with Hhe Ulimag L -
montd on the equivalent of an ! z
alurmiriur plat: messuring 159 m i)
square =032 cm thick ®
Thermal Reslstance 747 Chaatt: with heatsink . ? I|
15007 Crwall withonud heatsink = j
Rolor Ireertla 2422107 (kg y
Peak Torque Rating (TRl 0.2 Nm =
Poser Input 145 watls islalled & Tp; 25°C: Pp)
Humber of Phasss 1
Static Friction iTH 7 mHm
=30B Closad Loop ™M Hz
kaximum Windirg lecrc
Mumber of Poles ]
Welgnl: NEgms
Dimenslons: 047186 mrm x 262 mm L
(Ses page B0}
Mamum Duty Gyile o s IW W
K imHMm R b &4 357 22 W1 Addd the coil awg number (OXX) to the part number ( for
H::-:II'HLI'I'; N T o m i f exmmmple: o order a 25% duly oycle mbed at 185 VOO,
(58) o . e
when pulsed continucusty specify [0D172.007).
VAasimm O Time (522 . " 5 Ple=aze see wwwlede z.oom (click on Stock Prosducts
(58) o . -
for single puse? o tab for our list of stock produocts available through oar
'''' diztributors.
Tuplcal Energlss Time smsec 5 § 45 35 b
Wl i 20 145 = ] 145
Arnpere Tums (@ 200 S0 721 1020 1613 ' Coninuously pulsed at staled watts and duty cycle
Call Das i SIngle pulse at stated wialls fadth coll at amblent room
awy Reslstance & WDE VOE VDG VDG | ﬂpelﬁ'mez_eg*““‘::_n asedon na lasd condition. T
M ¢G20°CI Tums'  Momi (Mom) ENomi {Hom) ppicalenergisetime based an no load condfiion. Times
;:: - LT % - P - a5 - Y’ 'm 1 shorem are for hallof full mlary stmoke starting at centre-of
. - y Hon.
26 1.54 174 4.7 a7 o4 149 5 E;.EIE il sl dllable — pleg It Tacha
) 215 195 54 RNz 1A r Ay SAzes A please cnsull facory
. L .
2 ET LI T 64 92 122 mg  PeErENCEnUMbEroftums
i) ] m 02 129 w3y me
= e - me 152 17 2432
b 1440 55 145 ME  B|E 457 Expa s2d Ma gnet may afket pacemakers
0 2IJII11 o5 19'9 42 g:l.:l 59;5 In the event a product unit's magnet s expossd dus ko
a1 25,60 e 23 5 466 710 proouct disassernbly Pacemakier Wea rers should dstance
7 ShA0 1002 ;7 WE B0 00 treemsedves 2 metres from exposed magret.
EE .40 1222 260 5§15 T0 150
Al speciications sublect bo change without notlce,
Ladex® Solenaids B e lada com
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