AEIC" 93

AL-AZHAR ENGINEERING THIRD
INTERNATIONAL CONFERENCE
December 18-21 1993

FACULTY OF ENGINEER-ING
AL - AZHAR UNIVERSITY
NASR CITY , CAIRO, EGYPT

VOLUME (5)
ELECTRICAL ENGINEERING
Electrical Power and Machines



PROFILES OF FLUX LINES TRAJECTORIES IN THE VICINITY
OF HYBRID AC/DC TRANSMISSION LINES
Mohamed M. AboElsaad and Mousa A. Abd-Allah - - -« - v oo it 387

EXPERIMENTAL STUDY OF |
BREAKDOWN IN NON~UNIFC
M. A. Abd-Allah, M. S. M. Rizk

THRUST DERATING DUE TO STABILITY REQUIREMENTS

OF THE ZIGZAG LINEAR SYNCHRONOUS MOTOR-PAIR

INTEGRATING LIFT AND THRUST FOR MAGLEY VEHICLES i g -

S. M. AKasimi and M. J. M. AIBWE « -« v v v v ee e e e e e e e L 396" A CHARGE SIMULATION MO
; “WITHIN SOLID DIELECTRIC/

COMPUTATION OF EDDY-CURRENT LOSS IN HMismail.......o.ovnn

TRANSFORMER WINDINGS

A. A. Dahab 407

PREDICTION OF STEADY Ti
RATING FOR A WATER CO(
A NEW BEARINGLESS TRAPIZOIDAL-PASSIVE-ROTOR Sanaa A. M. Shehata .....
SYNCHRONOUS MACHINE ~
S M AKESIMI L L oL g STUDIES ON THE NEW INS
El-Sayed M. Ei-Refaie . . . . .

THRUST DERATING DUE TO STABILITY REQUIREMENTS

OF THE TRAPIZOIDAL LINEAR SYNCHRONOUS MOTOR-
PAIR INTEGRATING LIFT AND THRUST FOR MAGLEY
VEHICLES

ANALYTICAL AND EXPERIN
EFFECT OF THE SOIL MOt
CHARACTERISTICS OF UN

S M ALKESIMI -« v vt ettt Fatma A. Mohamed .....

THE ACCELERATION CHARACTERISTICS OF A PAIR OF THEPERFORMANCE OF Tt

TRAPIZOIDAL LINEAR SYNCHRONOUS MOTORS AS - ASSOCIATED WIiTH AUTO!

COMPARED TO A ZIGZAG PAIR VERSION FOR MAGLEY G. M. A. El-Salam, A A. Alie

APPLICATION i

S M. AIKASIM = = o v e ettt e e e e e e e e 435 MICROPRQCESSOR-BASE
MULTIPLE RELAYS

A COMPARISON BETWEEN OPTIMUM AND NATURAL S MW Ahmed ........

SAMPLED PWM SWITCHING TECHNIQUES : _

G. Hashem, J. Richardson, S. A. Kandil, and A. A Sayyar«---...... 446 EVALUATION&REDUCT!
PARTIAL&COMPLETE FAI

POTENTIAL AND ELECTRIC FIELD DISTRIBUTION ALONG CORRECTION CAPACITO

THE INTERFACE OF GIS SPACER DISTRIBUTION 3YSTEM v

M. S. M. Rizk, S. M. El-Safty, A. Nosseir, M. Awad - - .-« ...... 455 Mohamed A A W ahiul A
Khalit

EFFECT OF SPHERICAL VOIDS WITHIN INSULATION & e

STRUCTURES ON THE ELECTRIC FIELD DISTRIBUTION DETECTION METHOD BA

HoModsmail e 467 QUANTITIES IN HY RADIZ
M. M. M. Mahmeud ... ..

ELECTRODE SURFACE ROUGHNESS INITIATED

BREAKDOWN IN COMPRESSED SF6 GIS PREFOMANCE EVALLATY

Sayed A Ward . ... e 679 ALGORITHMS

M. M. Mansour. i M. EI-N




LN

AEIC'S3

S g el el gl
AN aals - Lyl 26
A NVEVE cag A e
PH“' ohagd YA U’“ VA OHa

ac coils

DERATING DUE TO STABILITY REQUIREMENTS OF THE
DAL LINEAR SYNCHRONOUS MOTOR-PAIR INTEGRATING

LIFT AND THRUST FOR MAGLEV VEHICLES

S. M. Al-Kasimi*

i ,,(: ,’ e i
>r 4 i \ﬂ/’ Pﬁl » * Assistant prof., Electrical and Computer Eng. Dept.,
el S // _hi, ﬁ\\ ;?; 1 Umm-Ul-Qura University, P.O.Box 6112, Makka, Saudi Arabia.
i 3 4;? :: V_IT:__x .
A !
< i,{«?;v e )/,4// d', L s ;
£ ?; | ‘\\ _ o y ACT
r)f = mq ¢ pizoida.l Linear Synchronous Motor Pair, TLSMP, is composed of two
i N i ts one of which is shown in Fig.1. These are attached to the maglev vehicle-
“ 4 It., 2 g shown in Fig.2, and are reacting against the trapizoidal-shaped rail
[ VA in Fig.3. The coils of each magnet are connected as shown in Fig.4, with
( ’ : fed from a chopper power amplifier controlling field current to provide
v — tant gap, Z. The feedback loops involved in field control uses signals
& i N j tional to gap position and speed as well as field flux. The ac coils are, on
P { ! ’ 9 VI her hand, fed from a two-phase inverter providing armature currents such
Lietd F\;\Lk |/ 1\ el field is distorted among the four sub-poles of each magnet, and hence
A S o on is obtained.

found necessary to make a twin pair of magnets, for the elemenation of
ponic currents in the field circuits. Maximum thrust force was found when the
ture mmf peak value equals to about 1.633 that of field mmf. This maximum
| drivess force relative to supported weight was found to be 0.354 7 Z/p, where p is
1 TV o P )

g { pole-pitch shown in Fig.3.

ork described in the proposed paper looks upon the stability requirements
MP and proves that the above maximum thrust value corresponds to un-
trollable 1ift system. To make it controllable, this maximum thrusting force

Fig.5 Coil connections for TRSM drivers
: be severely derated to gain stability.
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INTRODUCTION

The Trapizoidal Linear Synchronous Motor Pair, TLSMP, is a machine tha
a pair of magnets developed by McLean (1,2] and West [1,3]. One magnet
in Fig.1, and the pair is attached to the maglev vehicle boggie as shown
These magnets are reacting against the trapizoidal-shaped rail shown in Fig
the rail moves relative to magnets in the direction indicated in Fig.3, induce
will appear at sub-pole coil terminals due to the feld excitation. Al-Kasimi
suggested the TLSMP connections shown in Fig.4 for pulsation-free integr
propusion using a two-phase inverter supply for armature. The field coils‘
from a chopper power amplifier controlling the exeitation current to pr
at coustant gap, Z. The feed-back loops imvelved in the field control uses b "
that are proporticnal to gap-position, gap-speed and field-flux. ‘ ¢ angular freg v of ac supply
weight of supported boggie
energized air gap

Both West az'a.na Al-Kasimi {6] found that & twin pair of magnets is:
for the elimmatlc—n of harmonic cwrents in the field circuits. Their mi
provide maximum thrusts when the sub-pelar ermature mmf peak values
1.414 and 1.633 that of field, respectively. These maximurm $hiuste relati
supporied weight was found [3, 6} as: 1 and (.354 respectively of 7 Z/p,
the pole-pitch shown in Fig.3.

MPTIONS

mplicity, the following assumptics
. All sub-poles have the same sw
- them fed with sinuscidal ac cu
Width of slot in the main pol
- of dc coils sround them are co
. Fringing, leakages, steel and «
drag forces are ignored.

-Air gap, 7, i homogeneous ow
at railssurface above it and at
motion,

Al-Kasimi 7] showed that for the machine developed by West to be activi
pended, then lifi-control requirements derate the maximum thrust by r, 1
turbation ratio.

This paper reviews the theor f TLSWMP developed by Al-Kasimi [6]
looks =t itz stability requirements. It then proves that the above maxim
value corresponds, lkewise, 1o an uncontrolable Iift sysiem. To make it ¢
lable, the maximum thrusting force must be deraied for stability. '

e energized area per pole iz
belongs ic one of the two adja
assumed to vary %Lnuaov'dally t
The motor does ne rotstion a
- track; which is assumed rigid.
- The motor force is composed ¢
ity line and slong direction of
in the third !irection iz exerte
Flux linkage for any ac coil 1
Zero when itz sub-pole is fully

its sub-pole ix fully coupled to

NOTATIONS

The symbola used in this paper are listed Lelow:
oy, horziontal steady acceleration relutive o gravity
Qper maxdmum horziontal steady acceleration relative to gravity
4 sub-pole surface area

A; energized arss of sub-pole
B; fiux density over sub-pole ¢

Ex opern circuit induced voltage at pliase X coil terminals
¢ flux due to all sub-polar mmfs that leaves sub-pole k
Fy horizontal thrust force
F, vertical lift force
Ip current flowing in the field

W ANALYSIS OF TLSMI
the rail of TLSMP moves in tt
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; i current flowing in phase-X ac coils
- Permeabdlty of air
pet dc mmf excitation of field winding per pole
optimum Mp values for maximum thrust
ac mmf of phase X armature winding per sub-pole
peak values of ac mmf excitation of any phase per sub-pole
optimum m values for maximum thrust
. resultant mmf excitations around sub-pole j
pumber of turns of ac coil around any sub-pole
number of turns of dc coil around any pole
P pole pitch
pertu_rbatlcn level of m; relative to operational level of Mp
g phase angles of ac excitations
 § optimum phase angles at maximum thr
T time pericd 10 complete one ¢ yrm
t time starting zere when rail ¢

.y speed of rail reiat
i angular frequency of ac supply
W weight of supported boggle
- Zenergized air gap

ne; thrust; derating; maglev; vehicle; g

s maglev vehicle boggie 2s shown ir Fig.
trapizoidal-shaped rail shown in Fig.3, g
direction indicated in Fig.3, induced emf!
1¢ to the field excitation. Al-Kasimi {4,5,6}
n in Fig.4 for pulsation-free integrated-liff.
apply for a.rmatu:e The qe'*d -Cails nre fed

“ mvoive-t in the nwi control us
ap-epeed and field-flux.

_that & twin pair of magnets 2
ats in *he finld (;"*cuj‘f Their
~polar ermatire mmf peak Vall,.ts

re

lv. These maximum thrusts

and 0.354 respectively of 7 Z/p, Wherep Asimpljcity, the following assumpticns were made in the analysis to come.
1. Al sub-poles have the same surface area, A, with identical ac ¢oils around
them fed with sinusoidal ac current phese-locked to rail.
2f Width of slot in the main poles is z;ejliﬂi.bie, and field mmf excitations
" of dc coils around them are constanis.
AFrmng leakages, steel and copper losses, windage, friction and other
rag forces are ignored. .
Air gap, Z is homogeneous over the m:\b‘po,ea and faces equal areas both

sine developed by West to be actively susi8

derate the maximum thrust by 7. tae per

Te

WP developed hy Al-Kssimi {6] and then
\en proves that the sbove maximum thrust

; able lift svstem. To make it contro .at rail-surface above it and at magoet-poie-surface below it uun-.)u;,hcut
oll gysiem.
st be daraz.ed for stability. motion.

The energized area per pole i3 compased of two portions. Each portion
- belongs tc one of t fn« two adjacent sub-poles within the main pole and is
assumed to vary sinusoidslly between zero and A.

. The motor does no rotstion and it hes constant apeed, u, relative 1o the

ed below: track; which is assumed rigid.
relutive to gravity .-The motor frree is composed of two components only, namely, along grav-
ceeleration relative to gravity 2k ity line and slong direciion of motion. Although some force component

“in the third 'irection iz exerted, it will be ignored.

Flux linkage ior any ac coil varies sinusoidally between s minimum of
- zero when itz sub-pole is fully uncoupled to reil and 8 maximum when
@t phase X coil terminale - its ‘sub-pole iy fully coupled to rail.

1 that leaves sub-pole k

L28
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[4,5,6] found that the flux linkages of ac coils per magnet vary in-phase for adjac o i vol
& ¥ n 1 t 1 1
sub-poles and so can be seriesconnected forming one phase. This phase ; F(fpen oloath Hidtest. wliuges 6b & ens
quadrature to the other phase of the opposing sub-poles. The period and ang

Balt) = —pow AMp N
frequency of these variations are given respectively by: T =4p/uand w =7

Ep(t) = —pow AMp N

This illustrates the connections shown in Fig.4, per motor. Note that in e 'i'LsM- A thrust force, F),,, can be ob

motor, phase-A leads phase-B by a quarter of a cycle; and that the dc coils
connected 80 as to build constructive flux components. Hence, with:
Mp = NplIp,

ma(t) = Nig(t) =mcos(wt+6)&  mp(t) = Nip(t) = msin(wt +86)

and assuming positive sense when forcing flux to leave the sub-poles of mo nce, the TLSMP thrust force, Fl, of th
then
m (t) = —Mp — my(t), my(t) = —~Mp + ma(t), Fy = Fy, + Fhp = lig®
mg(t)=+MD +m3(t)& m4(t) =+MD—mB(t).
lead ng acceleration, aj,, reis

The energized areas of motor-A are approximated to:

A() = (A/3)[1 +coslwt+m/d),  Ag(t) = (A/2)[1 - cos(wt + 7/4) %ne(0ym) = paw A Mp (8,
Az(t) = (A)2) [1 + cos(wt — 7/4)) & Ay(t) = (A/2) [1 — cos(wt — x/4)

tere Mp(8,m) is an tmplecit funection of

Be TasimyIn, Sa.s, of ol m) ccours

The fluxes of motor-A are given [5,6], using superposition, as:

$1(t) = —ppo Ay [2Mp + 2my + msin(2wt + 8 — w/4)/2Z, 3
b2(t) = —tto A2 [2Mp — 21s + msin(2wt +0 - x/4)]/2Z,
#a(t) = 4o A3 [2Mp + 2mp — msin(2wt + 0 — 7/4)]/2Z &

¢a(t) = +po As[2Mp — 2mp — msin(2wt + 6 — w/4)]/2Z .

G =ir — cos™
m=2ZW/{i.

her = 0384 (7 Z /3

From the above equations, the sub-polar flux densities are found for mot MLITY OF TL8MP LIFT SYE

Bi(t) = ¢1(t)/A1(t) = —po 2 Mp + 2mu + msin(2wt + 6 — 1r/4)]/ZZ: e TLSMP 17t system [s controlled usi:
By(t) = ¢o(t)/Az(t) = —po 2 Mp — 2my + msin(2wt 46 — 1r/4)]/2Z
B;(t) = ¢3(t) /As(t) = +po 2 Mp + 2mp — msin(2wt + 6 — n/4)]/2Z &

By(t) = ¢a(t)/As(t) = +po 2 Mp — 2mp — msin(2wt + 6 — x/4))/2Z . . motor poles,

The TLSM-A lift force, F,,, is given [5,6] by: i;f;?f:?eed» Z;; tl(liat d;? be me
equency band, and:

_ : ) s+ 20) B2 .
Fop(t) = po A8 Mp +3m* +8Mpm cos(§ — m/4) + m” sin(dwt + W : the pole Aux linkage, A, that can be

a0 g,
Hence, the lift force, F,,, of TLSM-A is pulsating at four times the synch! aguet poles.

frequency. This pulsating component of motor-A is neutralized [6] by tha
motor-B due to the connections shown in Fig.4. Hence, the TLSMP hﬁ
F,, of the twin pair has only steady component that lifts the boggie ‘Yelgm’
actively by field control. This force is given by:

Ce ?he equations of the TLSMP lift
nstability; linearization technigquer
€reby Linear Control Theory is utiliz
: ~back signals. The controller is comy

7  signals after appropriate scaling sc
Fo(t) = Fo,(t) + Fop(t) =W = po A(16 M£27 +6m” 48v2 Mp mwg&)/Szz-, Pre-determined characteristics.
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s per magnet vary in-phase for adjacent

forming one phese. This phase ig i
sing sub-poles. The period and angyls;
yectively by: T = 4p/u and w = 7wy /3

¢ open cicuit induced voltages st ac terminals of motor-A in Fig.4 can be found

EA(t) = —pyw AMp N sin(wt +n/4)/Z &
Ep(t)=—pmow A Mp N sinlwt —n/4)/Z .

| Fig.4, per motor. Note that in each TLSM-A thrust force, Fj,, can be obtained using the energy vrinciple as:
«er of a cycle; and that the dc coils are £

components. Hence, with:

Cud
Ben

Fh, ={(Zaia+ Bpip)/uv = mwAdMpmein(é - x /) ix 2). (

VpIp,

mp(t) = Nip(t) =msin(wt +6); Foy = pom AMpmsin(8 +7/4)/(2p Z).
g flux to leave the sub-poles of motor-4 the TLSMP thrust force, Fi, of the twin pair is:

walf) = = malt), nsind f{ /2 A

m.g(t) =+Mp - mB(t) .

eady thrustin

roximated to:

Ag(t) = (A/2) 1 - cos(wt +x/4)]
At =(A/2) 1 - cos(wt — 1r/4)]5

oo

i i At rve 18 N riessian mwd B
@AMUTT, Qpps, O G0, 2] DCCUIES &

sing superposition, as:

+msin(2wt+8—1/4))/2Z,
+mein2wt+0 - «/4)/2Z,
 —msin(2wt + 8 —7/4)}/22&
, —msin(2wt+6—n/4)]/2Z.

{8)

ar flux densities are found for mot

+2my 4 moin(2wt+0 - n/4/2Z. SMP Lift system is controlled using three feed-back signals. Thivse signals

—2mu 4+ msin(2wt+6— 7r/4)]/2Z:;
+2mp —mein(2wt+0— n[4)]/22 ik tie epncitance betesen the sall awd
—2mp — mein(2wt+ 6 — /4)}/2 ] en the rail and

(5,6} by:
1 cos(8 — m/4) +m? sin(twt +20))/8 i - A
: e flux linkage, A, that can be measured using a search coil around the

\ is pulsating at four times the syn

-A is neutralized [6] ¢ i
nt of motor-A is neutr (6] uations of the TLSMP lift system arc nonlinear «'th ir---ted ex-

wn in Fig.4. Hence, the TLSMP 1 CRr . "

el negn i lift’s +he Bogdin ty; linearization techniques are applied to obtain = ‘\near 2odel,

. 'vf:b : ; near Control Theory is utilized to design 2 controliss usine (.. hove
g y: gnals. The controller is composed simply of a circ' * that «.icz up all

after appropriate scaling so that the resulting sv- :m cemiplies with

2 2 6 ;
4(16 Mp +6m +8V2 Mpm cos) rmined characteristics.
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The TLSMP lift-system being considered for linearization is trusted to have each
of its variables perturbing about & non-zero operational level. Moreover, the mg
nitude of perturbation must be much smaller than the operational level. Ifeifh‘er
of these two conditions is violated, the linearized model is no longer representat;
to the actual system. This will consequently endanger stability.

The most critical variable in this respect was found to be the sub-polar mmf
typically given as: i

my(t) = —Mp — my(t).

This suggests that the perturbation in m, () is equal to m4(t) plus the perturba
tion of Mp. The ratio r of the perturbation of m,(t) to the operating level of M;
is found as:

r =m/Mp;

which at maximum thrusting condition indicated in eq. (5) evaluates to:

r = 1.633.

must be derated to match reasonable level for r. Hence, substituting in eq. (4):

apy(r,6) = pom Ar M3 (r,0) 5ind/(V2pW Z).
But Mp(r,6) relates to W using eq. (2) as:

4W 22
o A (8 + 372+ 4v/27cosb)

ME(r,6) =

Hence:

2v2 r sind
(8 4+ 372 + 44/2r cosf) ‘

ne(ry0) = (7 Z /p).
This is maximum at §,,(r) given by:

—4v/2r

Om(r) §132)

cos™!|

Hence, derated maximum thrust, . (r) relative to weight is:

2V/2r

Ghe(r) = (2 /P) Foem e

For the linearized lift model to represent the actual TLSMP lift system, the value
of 7 must be fairly small. Hence:

Othez (1) = 0.354 1 (7 Z/p) .

This shows that the maximum thrust relative to weight is derated by factor 7
from its value at passive support due to active lift of TLSMP weight. Toll

432

arbation level depends on the severity of
could reach as low as 10 % of the oper

: ferating Of Qthsz from its value when TLSMI

 (ONCLUSION

Thls paper shows that the representablity ¢
{ s controller for stable active guspension of .
{ padmum thrust of TLSMP that can be achi

| sheels. Suspending TLSMP actively using
| (i maximurm thrust from its value when suj
| equals the acceptable level of perturbation ¢

| fhe operational level of field excitation. Th
i i 1
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|
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