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Abstract:

Operational charactenstics of two different self-synchromzed dnves are
experimentally imvestgated Accurate mathematical models are derived and
analyzed using software programs. Computer- aided analysis and
experimental resulls are compared Many operational functional graphs are
obtamed.

Analysis of obtaned graphs resulled in the followng conclusions.
Imroducing a chopped recufier brndge n the rotor circut provades an
economical mean to get synchromzed dnives when wut loads are
approxunately equal Common syncliro-tie systems are used when
considerable differences of unit loads are present. At each loading case exact
synchronized muwnng s assured without additional electromics or servo
controls. Unstable operation occurs at a specific speed which can be avoided
durmg normal operation.
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1. Imtroducklon &

Self-synchronized or selasyn drives are used lh:ll:ldlrl"l'l position
conlrol and lrndusirlal sschins orlves Self aynchronlzed drlves
are alsc krnown ae power Selayns or synchro-Lle systems.

Seluyns dr|ves are used In op-rnil.m where diiferent. parts of
a structure have Lo be moved or IlfM=d by Lhe =ame distarce
A mellfsynchronlzed oFflve makes use of Leo or ®ore. JI-phass
wound-roLlor inducllon solors ¥Wide fleld of applicatlons of power
selsyns Is found (1), Operallng characlesrisilcs of power ssltyns
have nolL recelved enough atliernslion where limited reflesrences are
avallable upoen Lhe subjecl 11-51

The premesl sludy Is devolsd Lo clarify the different
operalion ceharaclerislice of selsyn drivas., 1L ales Lo glye an
mnhansed understanding of Lheory and cperatlion of power selsyns,

Compreheniive laboralorial sLtudjes have be-n carrled goub Lo
achieve Lhe aimed obeclLive.

2. Baxle Sirucitures of a Synchro-tie System 1

A mynohra=Lis syslem may have Lwa differsnal basic siruclures
as shown In flgures C12 and (2). Flg. €1} represenis Lhe common
synchro-ile syslem used when large-Lorgque Lransmission Is
required. Flg, (22 represenits & chopped synehro-Lie system used
when small Lorgque Lransmigalon ls needed The simpliflied syrchro-
i mysitem which ¥ called syzslem (112 Iz mors sconomleal Lhan
sysLten CI) because Lhe InduclLlon molors are used as drives and
synchronizeres st Lhe ssme Lime

Ualng Lhe ehapplng rectifier brildge In sysbem CIID Ul a new
Lechnigue (s used Ln Lhis fleld. The control rheostal is Lo saske
Lhe siip nol smaller Lham 0.25 . Sysiem CII? is uJsed on account of
il mimpllicity for carding sachine drives In Lhe Lextlile Lndusiry,
machine Lools , conveyor planis and olhers.

In Bolth stlrusilures self-synchronized operallon ls cblalned by
Lws ldenllcally F-phaze wound-roter [nducl!on ﬂ;t-rl. ILts stators
are cohnecled Lo Lhe same 3-phase supply and ils rotors are
#lecirically connecled Logether through Lhe slip rings.

If Lhe Lwo rolors are eleclirlically occupylng Lhe same positleon
relative to Lhe awis of rolLaling naghnelic Fleld, Lhe |nduced
volileges In Lhe Lwo rolors, while squal in magnitude. will be In
direcl opposillion. When ene of Lhe rolors Iz Lurned froe neulral
position of Lhe standsiill ULhrough an angle #. Lhe LInduced
volLages In Lhe rotors will be shifled by Lhe same angle. Hecause
of Lhis phase shifi, current =ill flow In Lhe retor slrculls, and
Lorgque will be created in each machine by Lhe inlerscilon of |Ls
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Fig-(1) 1 Conneclinn Scheme of Synchro-Lie Srziem CI).

Flg.{2) 1 Connection Scheme of Simplified Synchro=Lle System CIID.
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alr-~gap Flux and rolor enf-waves. Theze Lorgques acl in dirscllions

Lo tend Lo reduce Lhe unbabance angle &, Thus. one machine will.
follow the other and Lhe Lwo rolors are Lied by an Eleciric Shaft
Lhrough which an angle or posilion will be remolely Lransmiited.
Rotation may be eliher In Lhe direcblion of Lhe rolating magnetic
field or In Lhe opposile direcLion. Thies schems of synchro-Lie
system Is nol limiled Lo Les unils, as many unlls as desired may
be Lied Logelher.

3. Torque Tramsmission in a Synchro-Syste= @

Torque Lransmission T . & synchro-tie sysiem is a funclion of
Lthe unbalance angles & and Lhe slip. To rind relation belween T , &
. and Lhe sllp , Lhe par phaze equlvalenL clreuil af Lhe Lwe
systams (s comnsldered as shown In Flgs. €30 and C4)., Thelprocedure
to find thizs relalion Iz as foellows :

1. Using simple circult iams Lo Find Lthe per=-phase current Ln Lhe
rotor clreull referred Lo sLalor I'.

2 Calculale Lhe Lranemilled power across Lhe slr-gap

l". = I..l'h.u. (IH) ' F'. = II..I'HI- 'I:Iﬂll
3. Compule Lhe eleclromagnellc Lorque as ;

T w-uEE . ) T =98 L

gt n ai L LS " g2

4. The synchronlzing actlon of Lhe sysiem Ls delermined by Lhe
difference In tLhe Llorques of Lhe Lwo machines and hence Is
Lermed as Lhe equalizing Lorque ;

= T--- . =in &

Fig.Cd) 1 Per-Phase Equivalent Circuil of System CIID.
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When The displacement angle & equals 90 electrical degrees, Lhe
equalizing Lorgue will reach a maximum value. Since, in pracllce,
Lhe dizsplacement angle does nolL exceed 23 ~ 30 elecirical degrees.

This procedure Is visualized by Lhe flow chart of Fig.

€8 and
Fig.c@),
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Fig.(5) 1+ Mathemalical Model of
Synchro-Lis System (I).

Fig.C(6) 1 MalLhematical Model of
Synchro-Lie Syslem CII).
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Fig.€72 1 Simulalion Results Using MaLhematical Model of

Synchro-Lie System (I).
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Fig.{ii-a) 1 Simulation Resultes Using MelhemaLleal Model of
Simplified Synchro-tle System CII).
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Flg.(8-b} i Simuletion Resulles Using Malhematical Hodel of
Simplified Synchro-tie System (IL).
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The mathematlcal models and
flowcharts of flgures (5) and (8
have been Lranslated _Ilnlo a
C-langauge program Lo slmulate
dirferent operallng cases
(different displacemsnl angles &
and differenl operaling slips 52,

4. Compuler Simulalion Fesulls 1

Flowcharts of flgures (5) ana
CB) have been coded In C-langaugs
programs Ln which a Grapher sofl-
ware has been kncluded.

Differenl operaling conditlons
have been simulated consldering i
different. values of slip and =
displ acemenl angle # for synchro- l

i

Lie system I and 11, Equlvalenl-
clrcult parameters of machlnes
used referred Lo Lhe zLator side
are -
'Z--z.-l.mtj 4.24 and
2_ = 38,0 + | 171.78 Ohm=
Simulalion resulis are visuallzed
in figures (73 and CE), In
flgures cé-ay and (8-b)
up-Lo—down curves are oblalned i“m--
for chopper reslislance values of E i
100, 200, 300. 400, B00., 1200, =
1800 and 2000 ohms respecllvely.

-
Experimental Resulls 3 P

Exparimental InvesLigations on 18 il im _ ds  aa
Lhe Lwo synchro-Lie syslems have
been carrlied oul. Hame~-plale Fig-€9) 1+ Mo-Load Operating
Informallon of Lhe Lws  tLhree Characleriztiics of
phase slip-ring inductlon motors SyStem (1).
and Lhe Lwo dinamomeler used are: (Experimental Resulisz)

¥




E 1t M. M, ELShamoty

TN

L NPT PONER | ¥aiil

-
o LY | ~ull ““"l
=EET, =S v i
IR -ong
HATFUT ORgEE s BUTTUT
= i
- -

e B, 1B

Fig.€10-8) i Load Operstion Charscterisilies of Synchro-tie
System €1} - Experimenial Resulls.
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Fig.€10=b3) 1 Load Operation Characleristics of Synchro-ile
Syslem (1) - Experimental Reszulisx.
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Flg.C11) 1 Losd Operation Charscteristics of n-l.iﬂ.-l
Synchro-tie System (117 - Experimental Results.
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#a ZF-Phase Slip-ring (nduclion Motor -

ELaleor Winding Rotar Windlng

ZConneclion
Tefminal Vollage
Full=load Current
Baled Fower

Rated P.F.
Frequency

Paled Spwed

. Dinamosmsler |

Terminal Voltage
Full ~load Curreni
Raled Pawer
Raled Speed

Celta ~ Star

220 ~ 380 '-";1!.
4.3 5 2.8 Awpare
1.1 kW

0.9 Lag.

B0 He

Armalure Windimgs

220 Volb
S5 Ampare

1.1 kW

820 r.p.m.

390 Voll
2. 2 Ampere

2830 r.p,m.

Fieid ¥indings
170 Velt
245 mA

The experimental resulls are shown In Ffigures (G2 , C102 and €11).

B. Conclusions i

Comprehenslve analy=ls and exporimental Llnvesllgationz of Lhe
self-synchronized drives have been presonied. Synchro-Lie sysLems
provide wvery good means for Lorgue remole Lransmisslion.

The noval approach using a rectifier bridge chopper has an
economical simplified synchro-iLie syslLam. The ILinduclion molors
play Lhe role of Lhe driver and Lhe synchronlzer al Lhe same Lioe.

Operaling discenlinulily has beon obzerved al a speclfied spesd
during Lhe sxperimenial invesligalions. Furlher ressarch work is
going on Lo clarify Lhizx sbaervalion,
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