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ABSTRACT

This thesis presents the design and construction of an anti-parallely connected dual
converter used to control the speed of separately-excited dc machine capable of operating in
four quadrants of voltage and current parameters. The circuit configuration is composed of two
main units of fully-controlled converter in anti-parallel to each other. The speed of the motor
while delivering torque either in forward or reverse directions can be reduced by operating in a
regenerative mode by which the mechanical energy is fedback ihrou.gh the other converter to
the ac supply after the forward converter is switched off by the reverse voitage of ac supply.
By this method, the response of speed reduction can be obtained within a short time period
and the machine can operate in this mode with high efficiency. In this thesis, the operating
principle of the dual converter is analyzed by the development of electrical model of thyristor
used for ac supply and the model of separately-excited dc machine, which are suitable for
simmuiation with program Pspice. The analysis is performed in two cases of steady and
transient states. In the steady-state, the analysis concerns the forward and reverse operation
under the condition of continuous and discontinuous current flow. In the transient-state, the

analysis concerns the regenerative brake operation during the speed drive both in forward and

111



reverse directions. From the simmulated and experimental results, It can be seen that both

results are well agreed to each other
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ConAorConB
operated either forward
or reverse directions

define Con A operated
in mode of motoring
quadrant 1

Motor rotates in forward
.direction

Desired reduce motor
speed in same direction

T
i

y

VWhen command speed
signal is low the actual
speed

y
Con A is blocked by
releasing pulse trig and
also reversing ac line
voltage during 10ms
period of time and then
Con A turn off

Transfer operation from
ConAtoConB

AN 12

h 4

Y

Con B operated in
inverter mode for
regenerated energy buit
in motor and transfered
back to ac line volitage

voltage at terminal of
otor reduced to desired

Armature current h

Con B biock by
releasing pulée trig and
also reversing ac line
voitage during 10ms
period of time and then
1 con B turn off

Transfer operate
comback from con B to
con A

Con A drive motor
speed in quadrant 1 at
desired speed

|
|
|
|

Con A operate
continuous in quadrant 1

END
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Con AorConB
operated either forward
or reverse directions

AN 13

'

Con B opera:ted in
- inverter mode for

define Con A operated
in mode of motoring
quadrant 1

Motor rotates in forward
direction

Desired change motor
speed direction from
forward to reverse

Whenever command
speed signal is reversed
from positive to negativi

Con A is blocked by~
releasing pulse trig and
also reversing ac line
voltage during 10ms
period of time and then
Con A turn off

Transfer operation from
Con A to Con B

"| regenerated energy buit
in motor and transfered
back to ac line voltage

Armature current and
voltage at terminal of
motor to zero

Con B operated
continuously in rhotoring
mode

Accelerating motor
speed to the desired
speed

End
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VY 5 7 bC oV
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F1 2 6 POLY(2) VX VY 0 60 12,

.MODEL SMODE VSWITCH {RON=0.02 ROFF=b3E+3 VON=1V VOFF=0V)
.MODEL DMODE D(IS=2.2E-15 BV=800V TT=0 CJO=0)

ENDS SCR  ;END SUBCIRCUIT OF SCR
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Drawing main power 1 phase of dual
converter feed to DC motor

Building model back emf and thyristor
in electronic circuit

Define angle conduction current of the
converter A

Y

Feeding parameter of DC motor
separate exciting c
1.Armature resistance (R a)
2.Armature inductance (La)

3.Time constant electrical (Ta)

4.Time constant mechanical (Tm)
5.Coefficient moment inertial (j)
6.Coefficient viscous friction (B)

Define con A operate forward
direction motering mode feed to DC
motor

EDN
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Drawing main power 1 phase of dua
converter feed to DC motor

Building model back emf and thyristd Define angle conduction current of tH
in electronic circuit converter A

=

E

Feeding parameter DC motolr
separate exciting

1.Armature resistance (Ra) & ’

. Define con A operate forward
2.A.rmature lnductancg (La) direction motering mode feed to DC|
3.Time constant electrical (Ta) S otad

4.Time constant mechanical (Tm)
S.Coefficient moment inertial (j)
6.Coesfficient viscous friction (B)

b

Desired reduce motor speed in
forward direction




Con A is blocked by releasing
pulse trig and also reversing ac
line voltage during 10ms period
of time and them Con A turn off

Transfer operate from Con A to
ConB

b4

Con B operated in inverting
mode with initial conduction
angle equal 150 degree of full

++ inverting mode for regenerated
energy built in motor and
transfered back to ac line
voltage

rmature current and voltage at
terminal of motor reduced to
desire command by decrease
continuous of conduction angle of
on B is proportional to speed

Con B block by releasing pulse

trig and also reversing ac line
voltage during 10ms period of
time and then Con B tum off

Transfer operate comeback
from Con B to Con A

Con A drive motor speed in
quadrant 1 at desired speed

END
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Power Thyristor/Diode Module PK70F series are designed for

various rectifier circuits and power controis. For vour circuit
applicaticn. following internal connections and wide voltage rat-
ings up to 1.600 V are available. High precision 25 mm (linch)
width package and electrically isolated mounting hase make your

mechanical design easv.

®i-.. 70A, triaum | |0A. =54 1950A
edi/dt 150 A/ us
e dv/dt 500 V/us

[

PE

UL:E76102{M)

{Applications) I
Various rectifiers
AC/DC motor drives
Heater controls
Light dimmers
Static switches

wix 10 2

XX

13

[ —— - ——
g ——
f— ik e I
®Maximum Ratings ' -
PK70F-40 PK70F-80 “PK70F-120 - PK70F-160 | i
: . PD70F-40 PD70F-80° PD70F-120 PO70F-160 | . i
Symbol : Item : . : : i Unit
, PE70F-40 PE70F-80 . PE70F-120 PE70F-160 :
. | KK70F-40 KK7OF-80 | KK7OF-120 | KK70F-160 |
Vare ! % Repetitive Peak Reverse Voltage | 400 800 1260 , 1600 Cov
Yasw % Non-Repelitive Peak Reversa Voltagei 180 260 i 1300 1700 v
Voss i Repetitive Peak Off-State Voltage 100 200 : 12000 1600 v
Symbol’: item : Conditions § Ratings , Unit
Irw % Average On-State Current * Single phase. half wave, 180" conduction, Tc . 24°C 70 iA
s, % RM.S On-State Current ‘ Single phase, half wave, 180" conduction, Tc : 34°C l 1o i oA
lrsw ‘% Surge On-State Current ! '/; cycle, 50/50Hz. peak value, non-repetitive 1g00/1850) &
SR B ! Value for one cycle of surge current 16200 | A’S
Pon Peak Gate Power Dissigation i 10 Pow
Pirav Average Gate Power Dissipation j : 3 -
Iegu Peak Gate Current i l 3 i
Vegu «Peak Gate Voltage(Forwad) | 19 Y
Vacu ~ Peak Gate Voltage(Reverse) i 3 oy
tisat citical Rate of Aise of On-State Current 1o = 100mA, Ti=25C. Ys= /% Vsaun, alg/at=0.1Aus 130 Afurs
Ve * Isolation Brezikgown Yoliage(R.M.S} AL, iminute v 2%0 v
Ti i * Qperating Junction Temperature ; ! -40~+125£ ‘C
Tstg % Storage Temperature ! -40~+125} C
— ‘ {MS)| Recommended Vaiue 2Skgi-cm 22~28 |
Mounting Torque - 1 kgl -cm
i Terminal (MS)| Recommended Value 25kgi-cm 22~28 ;
Mass ' 170 " i g
MElectrical Characteristics
Symbol . item Conditions Ratings ; Unit
isou Regentive Peak Cfi-State Current, max. t at Voaw. single phase, half wave, Tj=125C ) i mA
taqu * Reoetitive Peak Reverse Current. max. | at Voaw. single phase. haif wave, Ti=125°C. 15 T mA
Vsa % Peak On-State Voltage. max. i On-State Current 220A. Tj=25C inst. measurement 140 ! v
b=/ Ver Gate Trigger Current/Voltage. max. ;| Tj=25C. lr=1A, Vp=8V 0/3 ¢ ma/v
Vea ., Non-Trigger Gate, Voltage, min. ! Tj=125'C. Vo= '/ Vosu 025 : v
34 Turn On Time, max - =70A, lg=100mA. Tj=25'C, Yo = '/} Voru, dig/dt=0.1A/ks 1. | us
dv/dt Criticai Rate of Rise of On-State Voliage, mn} Tj=125'C, Vo = 2] Vosu. Exponentiai wave. 007 l Vs
e Holding Current. typ. Ti=25C S0 I mA
I Lutching Current, typ. Ti=25C 100 | maA
fth(j-c) . * Thermal Impedance: max..” ‘junction to case 033 i 'C/w

= mark : Thynstor and Diodo part

No mark : Thyristor part

C-18

SanRex



117

Gate Characteristics

? o LT T 11
Paak Forward Cata Votagei!0V) IRBEEH
10" , et —
i o SNaTo
— T LS 1 ', S, 2
2 9 4 TT e AT N7 ‘&- -
o VU e TN, 5, Dy NS
% 2 ccarallfal ///,/[////’["('a'w,’ it
3 i IYAZERT ]2
> g0 K/ I s Pl INGEL
3 LB H ARG Ut T  — 2 =
i e e e e e e =
¢ Mmoo —— N
— T T T T
2 Ma Gate Voltage tnat wé tlm thqger any uni -
s N ST
10 2 3 10? 2 2 it 2 b
Gate Current {mA)
Average On-State Current Vs Power Oissipation
(Single p hase half wave)
60 i oo i ’ ;
. Jer one mamany
140
— b [ R T
% o — * AN
< [ ! by
-JRTS) U S S Sy S 2
I L= “\17
‘7 80 L =30 B
5 i P ' ! R S A S
? 60 s > =,/
@ 4/ y P
g 40 | / ‘/  Sendueton Ampe
a i ! i :
2 J ) i i 1 }
0 i H | i H H 1
0 @ L B/ ®m W0 N ¢ L X w0 50
Average On-State Current (A)
Surge On-State Current Rating
(Non- Repetatwe)
20004

Pl

' TR
1 Dar ann elament

H

g

g

Surge On-State Current (A)

i
!

iy
il
—

Hl
il

Y} R iy

g* 2

Time (cycles)

Output Current

0"

W1 : Bidirectional connection

g 8

T
N
Conduction 2nge 120"

i
Z

8

4
v

g 8

g

Total Power Dissipation (W)

: i .
: Pl | Hoo
V72NN
/ 160
P z
l : T T LG
LT L TN e
0 X W i b) Q0 ¥ 0 B

Qutput Current (A)

Ambient Temperature {'C)

., On-State Voltage max

e
: T :
H b 1// i ; ;
£ [ A : —
- < : 1 I H
c H H
: . ' : 7 i N ! t * i
3 £ —
L] 3 : v
3 ' ] i ’
2 Lt
5 L L
19 1 d
: 2
— T - + -
%9 n 2 3 I 3
On-State Voltage (V)
Average On-State Current Vs Maximum Allowaole
Case Temperature (Single phase nalf wave)
;g ® S ~
- .- i 2w one eamant N .
5 | i i B
3% i R
§ . V\ ; : * IRate Aige
3 i . f— .
< : H ~ X
' ¢ i | \\ 1
= T ; S
3 '
3 © -
Q H H
~ : RI -
3 3 i 9= 120
2\ f=0’ 1=5T =90 22180°
e ¥
>/l sl Ll L1
< + i
MeTe o 0 0 0 0 0 X N oW

Average On-State Current (A)

Transient Thérmal Impedance

E T T T i e ]

G ‘:J 5‘”‘:{‘[3 f: ﬂrn«um:ﬂ [ ” Ihj“g ‘N
S i e
s R l [N AT
2, H I ﬂlli AT i

< 1 RIS [

= ) ii " ni

E IR R i

i i Hi

% i

3

g

2

L 1g°

Time (sec.)

Six putse oricge connecoan
i . W3:Three crase
32 Two puise bridge comection Sdrecuonal Connmecnon
;i |I ‘r—?—tl"“‘v
| i I (;‘anu Amn0.3 "i.'w 100
P : \ | \ I' (n.0.5 T/N
T - 85T N] 3.8 T
i / Ain 0.4 T /W h fn3.l 2 N
i (Fin.0.2 T/W 0 i LN a3 o
; lr TR : < '/V i i 1o
2L 110 \L/Y/v\ AL
e 4
< N N - 12
LTS [® ]
i 1 1)
) 0 T 10 CTRT

Ambient Temperature(C)

" Ambient Temperature{C)

SANSHA ELECTRIC

C-2



118

&z A ¥ o [y £ ~ = & 1 ¥ o ¥ ¢ v ¥
enansiiluenansianulidmiumsldnuienisdnwivintu leugelvilldussloviaunise

Lidnsdilaenisdu Snviwvnuiilvidaudadiion wazdesdsdedadivaaenaisynasaninisiluly



ms%’mﬂﬁﬂuuamas"nszuamesmu 4 mauﬂmﬁ

4-QUADRANT DC MOTOR DRIVE
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ABSTRACT

This paper present the design and construction
of an anti-parallel connected dual converter used to
control the speed of a dc motor capable of operating in
four quadrants of voltage and current parametecs.The
circuit configuration is compose of two main units of

fully-controlled converter conneted in anti-parallel to
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each other. The speed of the motor while delivering
torque either in forward or reverse direction can be
reduce by operating in a regenerative mode by which the
mechanical energy is fedback through the other converter
to the ac supply after the forward converter is switch off
by the reverse voltage of ac supply. By this method, the
response of speed reduction can be obtained within a
short period and the machine can operate in this mode
with high efficiency.
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