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Ti.is xork dcals with the thuoreticel apd uxpiri-
wentel Lveotigation of the dynamic response of 4.,
manh ine during rugenvrative braking.

& schuao suploying a parsllel stabilising resis-
tancu in the wain circult is bullt and studied expoeri-
mentally. & uatheunatical modcl of the systen has beer
derived and nnal&'aed on thu digital computer. The
effect of the stabllizing registanee is studied and a
modiﬁ;:atio.. of the scheme is introduced to prevent
reﬁmtoring after regenerative braking. Illustrations
of the whole traotion oycle are photographed with the

eid of a storage oacilloacOpe, and oamera.

Arother scheme has been built in the laboratory
for the purpose of experimntal study of the owratiun
of the machine when being aupplied from a arquadrut
conferter. The specially deaigned elestronis sontrol
circuit of the oonveﬁ;er enables the notox %o be
anutomaticelly started, to have ad;jnstabu amd
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compul.tatud ypowd drive v.d to by brakud reguneratively.
Pbo”og,rupln g of the currents, voltagus sud sigoal pro-
portioual to thu Epsod have bovl taken with the aid of
thy sauu gtorage oscilloscopu and causra. The rugunure
stive broking period is spuci. lly ocuphasized. 4analytieal
study of tlc "iphasu converuer circuit with a baok o.u.f
and inductiw leoad, (rusistunce and inductano¢ in
surice), dri g discontiruous aud continuous nodes of
operation Lwd bouwr porforucd ou the couputer, Thu relaw
tion butwen: thy uxticction and firing angles duripg the
discont inuous wode of operatlion has been studied.
Morcover, the lfave shape of the¢ starting ourrent pulses,
the relation ostween the roegencrated peak ourrent and
the firi.ng angle' gs well as, the threnhdld angle and
the 1nvéraion region as a function of the firing angle
have been also obtained.

The thesis consists of six chapters: Chapter (1)
is an introdustion to definc and review regenerative
braking pheonouina and systems., Chapter (2) is an expe~
rimental and apnalytical study of the dynamic respomnse
of a d.c. trastion motor during regemerative braking.
The adopted scheme in this investigation is Dovert's
schere employing the parallel stabiliging resistance in
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the wuls. c.rcudt. Chapter (3) dusle with the uxpurimu=~
ntal study ol the chuaractvristics of a J-quadrant oouL-
vurter vquippud with ar vlectironlc control cirouit which
is spucinlly cusignud for affucting rugunerative braking.
Chaptar (4) ir an analytical stuldy of the biphase cir-
cult purforucé on the digiltal cogputur of An Shans
Upiversity. Chapter (5) is the couelusion, Chapter

(6) 18 ¢ oclluction of appurdicces.
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Chapter (2)

31’1"1 : r.sistanc. and ilrduotancu of tragtion motor
araaturv and d.¢. ga.urators

RZ'I’Z t rusistance and L:rduotance of the uxciter
armaturoc.

BS'LB t ruaistanev agud inductance of trseticae motor
scrice ficld.

BEI.' t stablliging rcsistance.

ES 1 d.c. supply voltage.

Eb t Dback e.m.f. of trsotion motor.

Eex g8 «xclter voltege.

Ty ¢ no load toxrgque.

T, : wmechanical braking torque.

W 3 the speed of thc traction motor.

w°l i speed resulting frou regeorstive braking.
'°2 ¢ speed resulting from ccasting.

J ¢ polar moment of inertia of rotating parts.
Va :t diod forward voltege drop.

Il'Ia ¢ the amature current,

Ia‘Iaf : the seriea field eurrent

the stabilizing rosistance eurrent.

Iz*IZ'IR
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886 t stuvady state.

&8 t aterting puriod,

F.R t frou ruuning perilod.

B.B t rugunevrative breklng puriod,

C&B 1 coasting and breking periods.

Chapter (3) and (4)

ep 1 Bupply voltagc.

v.l:v'2 t voltage of accondary windings.

E.B t the maximunm input voltage per phase.

lj> s priuary curront.

1.1.182 t socondary ourr¢nta.

1L'Ia . 3 load and arusturc ocurrents.

BL' Bh t Jload and armature resistances.

Ly, t load inductance.

B, $ back ¢.m.f. of the traction motor.

]_p t leakage inducterce of primary winding.

1, $ leakage inductance o £ each seoondary winding

1y t (Mgy = Mgp)

M. 3 mtbtusl inductance between the two secondary
windings.

usp : wmutusl inductance bebtween the sesondary and
primary windings.

U;,0, : unit step functions.
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X o1 owy snple, ¥ = Ne e wt,
”'*r or G 1 firing anglu.
B or aLkai extinction sugle.
X t the anglu at wulel the puak velue of the

QuUrrent coouram.

1(ap) t thv instantancuous pcak valuce of the euwrent
A ¢ the inverse time oongtant, X = RI/I'L
12 1 the spuod faoctor, "/ = B /B
con @ t the powur factor of aruature oirouit,
cos © = wi/R
'(f) t the ipitial curreart constent,
= (L HO)/Ey
1(0) 1+ the initial current.
Py t the average regeavrated power.
G 1 the per-unit average regeperated power .
P : the differential operator.
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LI DUCTICON

Kleotric traction possvapog adventageés over gther
systems practically on railways having heavy gradients
and long tunnels. In declding upon the system of elo-~
ctrifieatlon to be edoptud for a railwey with heavy
gradients ocnsiderations would neturally be given %0
those systems in which clectric regenerative breking
could be used. The trains descending the gredients
would be Lraked electrically, so that, instead of the
kinetic energy of the trein beiig dissipsted in the
prakeshoes ard wheel tyres, it would be converted into
alectrical energy and returned to the supply system.
Thug, in addition to the saving in the power consump-
tion, the maintemance of the urake shoes, wheel tyres,
and track rails would be reduced. The reduction in
the latter items alone may be pufficient to cover s
fair percentage of the costs of electrification, The
epergy output from the motors of an electric traino,
operating on a level track is expended in accelerating
the train as well as it supplies the losses due to
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the resastouneens to motiou. wmivn thu trein is ruwi.ning
at constsen’' sjovd, the kinutic cnurgy which it posey-
88us i: vqual to thu wnuurgy vxpuended 1o acculuration.
During coustitg a portion o1 Lhie énwrgy is utilized
for propulvior. Hunce, cowstii, may be¢ considored as
a form of w.chanical repgenexrctive ursking or recupera-
tion of energy. If reductions are to be effwcted in the
energy consuuftion of level=trock surface lines by
means of ropururative praking, tae vlectrical equip-
ment must o¢ wtilized for this purpose¢, the motors
being opvratud as genuvrstors during the period of
rutardation, and the power gelcrgted being returred to

the supply system.

1.1 IElectric Regemerative urgking Systems:

The operating conditions on main-line railways
having long gradients and on mountain railways are
very favourable to electric regcnerative braking owing
to the relatively large amount of energy available
during the descent of the gradients. Moreover, the
operating conditions permits the use of motors having
constant cpeed characteristics, In these cases, even

when d.c. series motors arxe emggyed, the additional
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vquipnmerl . vCu88aly 10X Iip..orative LIaking adds but s
small purccntuye to tic cost of the lucomotive. SJystums

of railwsy cluctriiication coa, 1isu:

(1) the dircet currtent eystem; (ii) the asingle
phasc alti.rnating-current system operating at low fre-
quency (¢.g. 16 f He) and the stsadard industrial fre-
quency (0 He); (11d) the threo=phase slturnsting-

current system.

1.1.1 The d.c. tragtion motorng!

wfore discussing why the surivs motor is pre-
fercd for irosction it is wortnwhile to mention the
properties of the trsction mo.or. The chief require-

ments of a satisfactory tractior motor areg-

BElectxrigal featureg:

~ High starting torque.

- Series speed torque charccteristies.

- Simple speed control.

-~ Pogpibility of dynamic braking.

- Good commutation under rapid fluctuations of supply
voltage.,
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