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New Two-Quadrant Chopper for Complete Decoupled
Field Control of DC Series Motor
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Abstract- New chopper circuits for decoupled operation of the dc series motor are pre-
sented. These new choppers are capable of controlling field current completely seperately,
while offering capability of bidirectional armature energy flow. To develop the chopper
circuit with minimum number of switching elements, the comnplete family of possible con-
duction circuits are systematically investigated. Then one or two quadrant chopper circuits
which offer the desired operations are synthesized from the resulting conduction circuits.
Finally, the developed chopper circuits are analyzed in the steady state. The details of
operation of the chopper circuits are also fully described and experimented.

& H Bk Lk EERTEH 3% - T LM &

8 H I EEKX Ak ERITEF BFR - LiE
& H‘F o 19894E 8H 10H of whet &7t F3ksle] FH-slel %—‘\’— Zd 7k 2
KA E 19894 9H 22H helA B2x fomu, Az Hw, zdql, A4



PG AEE 38% 1057 1989F 108

A Ee FHel el Agslo] ghort el
AEASE gel Ya ARl Agsae s2oa
544 AAHelsh o2& wael ek o)

]
BT Eo b B9 Aol £4%re &
v AelneEe ddaries]
g fg Aolst Bola), mat A
A7 AAEA e el AR S §
v AF2M AEH 4 9t Aoz oA

et AAAEANA Gl N W) A A of
dobseiad £% A4S AT AolatielFol
G4) FealelEel e Felalaeh webd A
HARE AR g Aelsiol sistol
oA e 7kl Qs 2 Fo] uskslelet[5~7] o 3
2o AAse Feldors e oid A
o) glh, olefd WAS @77 4Ashol Rashid
St Bhadraz} H2f 523 Akg w e [8]
col AlRbR B2t AAHEZE Felat
omsel wel AAAFe A4 F
Hol Aloirt $ob5 g Fx ol W of

|
b 14 gelalnt Eatel shgetehe thdel gl

i

O—O

o]
BA

X ¢
=

m& {o

LL&V)O&

¥ odrelAde AddE A G Al F et

A 7] AR FE A Wz dojd 4 gl &

ngr g Eatald, 2 é:M] AA atete] A
0

A
=]
Ass Aed MEy 24gas s Aokslaa g

24% &9 E FAely] Hsted wHdsRe L
}

AeE wefslolof dhnl olbmiE Hade] ~
SALAL ALt Yo Aolsgg e
Z3g FAMor ek webd 19l 28 olul
3l

5 74
4 F4EE wel e,
19 444571 4 €
A% A5 AU 5 A Aol AR 55 4
Y w3 ALE Ak gos] A~Fi A4
Azt AHAAE] Abole "B 4 Azolv G} H
v ARssl ArAses $idzeld, wa
AT 28 1o4st o) Aelgeh 714
7B ol S A Eol ol wheb w ol

Ao METE Beey spAi A Al
'ﬁv’l SU gkl ] ofe) wbgko g 4

Y HE7IY HHE Fx AXHE A MEF 248 Y

3”1 AU $AAE Qe T4
Fig. 1 Generalized topology for decoupled dc
series motor drive.
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Fig. 3 Ten possible circuit topologies.
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Fig. 7 Firing signals and simulation results.
(a)-(d) Firing signals. (e) Waveform of
field current. Waveforms of armature
current for (f) first quadrant operation,
(g) second quadrant operation, and
(h) first and second quadrant operation.
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Fig. 8 Power circuit of dc series motor system
using two quadrant chopper.
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Fig. 9 Block diagram of switching control

circuit.
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Waveforms in first quadrant drive.

(a) The armature voltage and current.

(h) The field voltage and current.
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