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ABSTRACT

This thesis concerns analysis and experiment on an ac-to-dc
PWM-controlled three-phase power converter using GTO thyristors as
solid-state switching device in the power circuit. The ac line input
current of sinusoidal PWM pattern is obtained by a specially designed
gating signal pattern without any additional commutating circuit used
for circuit commutation purpose. This results in a converter of lower
harmonic content and higher input power factor, when compared with the
conventional thyristorized PWM-controlled type. An auxiliary circuit
is developed and added to the power circuit in order to handle
commutating energy inevitably trapped in the ac source leakage
reactance during circuit commutation.

The construction and operating principle of the power circuit
and digital control system are first described. Then, the design and
construction of the PWM current patterns consisting of 6-, 9-, 12- and
15-pulse are considered in detail. Besides, the effect of the PWM ac
line current patterns on the input and output characteristics of the
converter due to the variation of PWM pulse number, PWM pulsewidth and
ac line current phase-shift control, such as the harmonic contents,
input power factor and mean output voltage for these current patterns
is also ;;ﬁestigatqdf From the analysis and experimental results, it
is shown that the converter can be used as a power factor compensator
in a power supply system.

In the last chapter, the convertér is applied as a fundamentai
power factor compensator in ¥ power. supply system in which the 3-phase
induction motor is used as an energized 3-phase load. Then the
fundamental power factor compensation characteriézics of the converter
is obtained and analyzed both theoretically and experimentally and the

results appear to be satisfactory.
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5.2 ﬂﬁﬁﬂqjﬁmjﬂNU783"5vlSHqUEU“11UUDQﬂ73uaNﬂUUQQIUN

J ‘
5.2.1 §Un11UuaqauU$=anﬁy1%u ann

1% (73 ng
MFNNS (5.10), (5.12), (5.14) Ul (5.16) AWYIWDIANUSEANGH

N N § v :
(58 ann awuwanWEUﬂnulﬁaazﬂﬁiﬁzﬂn11uvaqauUszana1ua1uﬁwusun7&zﬂn5uﬁﬂu

v
Yo o

o & v & 0 wu
URMIDN 6, 9, 12 URE 15 MRHAMINIIAU hZO T
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(1 (2)

arn = 8[;05 nir. {cos n7+0+0}{2.sin nur.sin nL(3+2n)T-wT+al.

nw 6 12 2 iz 2

(3) (4)

(Ig-Ig’)+sin nC(3+20)m+al.Id’=sin nl77+al.Ia}+sin nr

nwt 12 12 3

(5) (6)

.cos nL(5+x)m+al. {cos nL(1+(2X-1)x)m1+0+0}.1q ] ..(5.18)

12 12
(1) (2)

axn = s{cos ni.{cos n7+0.5+0}.{2.s1n nur.sin nl(S5+22)7-wt+al

nm 6 9 2 18 2

(3) (4)

L(Ig=Id’)+sin nL(S+22)7+ad. Ida’-sin nf11mr+al.Ia}+sin no

nwT 18 18 3

(5) (6)

.cos nLES+x)m+al. {cos nL(2+(2X-1)n)m1+0.5+0}.1d ] .. (5.1

18 18
(1)

axn = B[Fos n7.{2.cos nw.c¢os nm+0}.{2.sin nur.

nn 6 i2 24 2

(2) (3)

sin nC(7+22)7-wt+ad. (Ig-Ia’ )+sin nL(7+22)7+ad. Ia’

24 2 nwt 24
(4) (5)

-3in nL1S5m+al.Id}+sin nir.cos nL(11+x)m+al.

24 3 24
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(6)
{cos nC{3+(2X-1)n)mI+cos nL(1+(4X-1)n)71+0}.1d ] .. (5.20)
24 24
(1) (2)

axn = 8{003 n7.{2.cos n#.cos nm+0.5}.{2.sin nur.

nir 6 30 10 2
(3)
sin nC9+22)7-wr+al. (Ia-Ig')+sin nC(9+2n)m+al.Ia’

30 2 nwT 30
(4) (5)

-sin n[19m+a].Id}+sin ni.cos nL(14+x)7+al.

30 3 30
(6)
{cos nL(4+(2X-1In)7I+cos nL(2+(4X-1)2)7mJ+0.5}.1d ] ..(5.21)
30 %0

¢
o (1), (2), (3),...,(6) ﬂ?ﬂﬂ??ﬂﬂﬂﬂ@ﬂﬂq ﬁunﬁﬁUDQﬂNUﬁsﬂﬂﬁwlﬁﬂ

[Y) ' w ' & v [v) g
ﬂqna11ﬁﬁquua1u1snl%ﬂvaﬂnqusuu3Un11U1ﬁhou

ﬁwn§bqn 9 (may (1)

cos nm + 0+ 0 = cos nT + Y1(=0) + Y2(=0)

12 12

cos nm + 0.5+ 0 = cos 2n7 + Yi1(=0.5) + Yz2(=0)

9 18

cos ni” + ¢cos nir + 0 = cos 3nw + Yi(=1)cos nw + Y2(=0)

8 24 24 24

cos 2nir + cos n¥ + 0.5 = cos 4nw + Y1(=1)cos 2n7 + Y2(=0.5)

15 15 30 30
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4

amﬁ;uﬁﬂuu‘m cos nC(m-1>71 + Y1cos nC(m-3)7] + Y2

6m 6m

5iu$uqn 9 1nmaN (2)

sin nL(3+2x2)11-wT+a]

12 2

sin nCL(5+22)m-wT+al

18 2

sin nL(74+22)7-wT+a]

24 2

sin nC{(9+2)m-wT+a]

30 2
az1ﬁguﬁ11U|ﬁu sin nL(2m-1+2))m-wt+al

ém 2

5wu€bqn 9 inpy (3)

az1ﬁiuﬁ11ULnﬁauﬁU1nau (2) AD sin nC(2m-1+22)7+al

6m

ﬁﬁu#bqn q (o (4)

sin nL7#+a]

12

sin nL11m+al

18

sin nC15m+al -

24

sin nL19m+al]

30

szﬁgUﬁ11u AD sin nC(4m-1)m+a]

6m
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5ﬁu€hqn 9 (nay (5)

cos nL(S+a)m+a]

12

cos nL(8+\)w+a)

18

¢os nC(1i+x)m4al

24

cos nL(14+x)m+al

30
asnﬁguﬁ61u AD cos NL(3m—1+x)7T+c)

6m

51n€hnn 9 1oy (6)

cos nLC1+(2X-1a7] + Y1(=0) + Y2(=0)

12

cos nL(2+(2X-1)2)7] + Y1(=0.5) + Y2(=0)
18

cos nL(3+(2X~1)x)71 + Yi(=1)cos nL{1+(4X-1)»)7] + Y2(=0)
24 24

cos nL{4+(2X-1)x)7] + Yy (=1)cos nL(24(4X-120)7] + Y2(=0.5)

30 . 30
vy & v & a
?z1ﬂ3Un11Uﬂuu 2h]
cos nf(m-1+(2X-1)»>7] + Yicos nL{m-3+(4X-10»)71 + Yz

ém 6m

umUSUI TN BN (1), (2),  (3),..., (6) MIANNT  (5.18) i

3 u’: o no‘d ug
(5.21) QS1éNNﬂ732UH11UUBQSNU78ﬂﬂﬁvlﬁﬂ axn MU
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ann = 8[cos (). {cos [n(m-1)71+Y1COS [n(m-3)71+Y2}

nnm 6 6m 6m

.{2sin (nwt).sin nC(2m-1+20)7-wr+al. (Ia-Id”)

2 6m 2 nuT

+sin nC(2n-1+22)7+al.1¢’-sin nC4n-Dw+al.Ia}

6m ém

+sin (nm).cos nL(3m-1+)7+al. {cos nL{m-1+(2X-1)»)7]

3 6m 6m

+Y1cos n[(m—3+(4X—1)>\)TIJ+Y2}.Id] ..(5.22)

6m
2 " By
5.2.2 EUm‘lmmaumzansgﬁu ban

o LY a c‘: a or o - XY a &
ﬂnn'l’i?'Uﬂ']”lUﬁi)\lﬂNU?t'ﬂﬂSvlSU ban 5"!%’!‘iUﬂ‘Sm3UuUU058uﬁWﬂUUR'lIBN 6,

v & o [ v v ou oo( a
9, 12 Uar 15 Wad awuwsnﬂﬂﬁﬂuqmiﬁﬂuansmztﬁﬂﬁﬂNﬂUﬁNUSzanﬁyL%v ann LINUSH

-

38 e UL ANEHISY by MANNTS (5.11), (5.13), (5.15) Uat (5.17) A

awuwsnﬁhx%uvzuﬂnﬂﬁuéhumzLﬁnaﬁhﬁhannﬁs (5.10), (5.12), (5.14) uae
v 3
(5.16) azﬁ:ﬁuaqu1nauuavaunwanaavnqu%vumnmﬁvnu f0 (VDNYDY Sine WAL
. ' v »
Cosine URE |ASDNMINYUINAY WY LNDN MRS 0 DEMLAAN AN AUAS N 5.5

AN (5.18) AUBY (5.21) HALAIS WA 5.5 191850 TEUANNNS FUN TUBEN
[ ao(a 0 w o & v € W
fuUsEANSHISY ban awmsunsﬁguauunﬁsuaﬁﬂuuautau 6, 9, 12 UAY 15 WAE1A 6N

S

v
U159 IUN

ban = 8‘-005 (nn) . {cos [n(m-1>71+Y1.cos [n{m-3>ml+Yz}

ni 6 6m 6m

.{2sin (nwt).cos nL{2m-1+22)7-wT+al. (I¢’-1d)

2 6m 2 nwt
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-cos nL(2m-1+2x)7+a]. Iq +cos nL(4m-1)m+al.Id}

6m 6m

+sin (nm).sin nC(3m-1+07+a]. {cos nL(m-1+(2X~-1)X)7]

3 6m 6m

+Y1cos n[(m—3+(4X—1)x)ﬂJ+Yz}.Id]

6m

v
NSk 6 Wad : Y1 = 0.0 Yz = 0.0 X = 1/3
NS 9 WRd : Y1 = 0.5 Yz = 0.0 X =1/4
NS 12 ¥ad : Y1 = 1.0 Yz = 0.0 X = 1/5
NS 15 Wad : Y1 = 1.0 Yz = 0.5 X = 1/6

..(5.23)
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. U ‘
AITNN 5.5 UﬁﬂlﬂﬂuquEUn11UUDQNNUizﬂﬂﬁ ban AMSUNSN 6, 9, 12

inay | AW ann LUREUIN S WFY ban tUAEML T
(2> sin nl[(2m-1+2)\)7-wT+a] —cos nL(2n-1+22)7-wt+al
6m 2 6m 2
(3) cos nL(2m-1+2))7+a ] sin nC(2m-1+2x\)7+al
6m 6m
1 sin nC(4m-1)m4al —cos nL(4m-1)m+al
6m 6m
(5) cos nL(3m-1+x)17+al sin cos nC(3m-1+x)m+al
6m 6m
(Id-1d" )y /nwt -(Id-Id" ) /nut

v €
Ul 15 wad
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4
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NS 6 WAd  F15 TINUNRINAUAIIIL 1TUNRIAY 11

3 4

v € (_,oouc'. 0 w
nsft 9 WAR 879 INHNRIAUANIE LSNARTAY 17
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NS 12 WA 15 TNUNRNIAUANIL L SHNRINU 23
o o € f. o o v & & do w
NS0 15 Wad 915 TNUNRIAUMIL { TANRINY 29
a o a o [4 du < o 4 a
LUBNNTS Ladu I HENSe U 10T 1AW (a#0) "ﬂ?USSﬂQUNDﬂﬂlaﬁu A NN ARUNGS
au & & a_ v d & v a d uz ] (3
HANAUURD L DN ANV TH L URBUURN ﬂﬁuﬂ?ﬂgﬁlaﬂulﬂﬂ o W LURBUIY - AUUUIAIN TS

o w (-4 ' 3 f Y dal- A
WANAEUAIY AR T URENILURAY | 5L ABATuTUNSIMININAS | RD L e
a (4 (4
5.4 BuMIMLIDTUNAIRDTTIN

1 wa a (3 [ ¢ w a
T UDH 1ﬁwazﬁﬁuamqumauumanauqnnaqﬂaulaastnas 15U AIUSENDURR
[ a [3 (3 a [ [4
03U DF DUWMIMILIDTUNALADSYRI U PFL  URSDUNNINILIDTUNALADISIN PF
DUMMAY n=l, 5, 7,...,40 SVIENNIGN (5.22), (5.23) uRE  (5.2)
v [3 [3 a & [ t’ea .:‘:’ 2 °
L INBVAUSENBUTNSWUN T, Tn5,..., In4o  TIWDITWUAMRWMIUIGUNTAD
o PN ¢ o a 4 a
WINUSENDUAANSSTY DF YDYNSEUR DT IRUINNANNITN (5.4)
(NDUNUAN n=1 AVMANNISA (5.22) URE (5.23) qz1ﬁﬂunwszuﬁ11Uuawﬁh

17
o

a o 2 d 0 W o v € o
USEANGWISY any, bay AOWIUNSN 6, 9, 12 URE 15 WA oNU

any = Aﬁ[{cos [ (m-1)73+Y1cos [ (m-3)w1+Yz}

/4 6m 6m
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{2sin ( wT).sin C[(2n-1+20)7-wrtal. (Ia-Ia”)

2 6m 2 Wt

+sin [(2m-1+207+a]. I¢’-sin [4n-D7+al.Ia}

6m 6m

+cos L[(3m-1+x)m+al. {cos L[(m-1+(2X-1))\)7]

6m 6m

+Y1c0s E(m—3+(4X—1)A)ﬂJ+Y2}.Id] ..(5.24)

6m

bax: = 4f§[{cos [ (m-1)w1+Y1.cos [ (m-3>73+Yz2}

7 . 6m 6m

J{2sin ¢ wr).cos [(2m-1+20)7-wr+al. (Ia’-Ia)

2 6m 2 wr

-cos [(2m-1+2x)m+a].Id’+cos [(4m-1)m+al.Id}

6m 6m

+sin [(3m-1+x)m4al. {cos C[(m-1+(2X-1>2)7]

6m 6m

+Y1c0S [(m—3+(4X—1)x)ﬂ]+Y2}.Id] «.(5.25)

6m
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DF & rambda [6-pulae]
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PF1 & Phase-shift Angle [6-pulae]
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PF & Phase-shift Angle [6-pulae]
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modulation factor=0.8 (6-pulse]
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modulation factor=0.8 8-pulae]
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modulation factor=0.8 (12-pulse)
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modulation factor=0.8 (15-pulse)
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5. Gate Turn-off Thyristor

“Terms o S ) . Definitions S

Repetitive Peak -
_Off-State Voltage :

Under specified . conditions, maximum _allowable
i instantang'ous value of off-state voltagé_ having an
o increase rate lower than the critical rate of rise of off-
state voltage applicable repeatedly to anode of GTO.

RMS On-State Current ITRMS) Maximum continuous RMS current flowable in
’ forward direction under specified conditions.

Repetitive Controllable - Item Maximum allowable instantaneous value of on-state
On-State Current current applicable repeatedly when to cause switching
o from on-state to off-state by off gate current under
specified conditions.

Non-Repetitive ITcsm Maximum allowable instantaneous value of on-state
Controllable current applicable without repetition when to cause
On-State Current switching from on-state to off-state by off gate

current under specified conditions.

(Non-Repetitive) Irsm When device is in operation at specified junction
Surge On-State Current temperature, allowable non-repetitive peak current
flowable during one half sine wave (1.5ms duration) in
+ forward direction with resistive load.

I?t Limit Value It Scale to express forward non-repetitive overcurrent

_capacity with respect to current pulse of very short
duration (1.5ms unless otherwise specified). 1 stands
for ampere in RMS value, and t for pulse durtion in
seconds. ’

Critical Rate di/dt Under specified conditions, maximum allowable
of Rise of On-State Current increase rate of on-state current without any damage
* to the device after triggering.

Repetitive Peak VGRM Maximum allowable instantaneous value of voltage
Reverse Gate Voltage between cathode terminal and gate terminal for
applying reverse bias to gate-cathode junction.

Repetitive Average PGFAY) | Maximum average value of forward power dissi-
Forward Gate pation during one cycle allowable between gate terminal
Power Dissipation and cathode terminal.

Repetitive Peak PerMm Maximum peak value of forward power dissipation
Forward Gate continuously allowable between gate terminal and

Power Dissipation cathode terminal.
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Terms

. Symbols

Definitions

Repetitive Average
Reverse Gate
Power Dissipation

Piriavy

Maximum average value of reverse power dissipation
during one cycle allowable between gate terminal and
cathode terminal.

Repetitive Peak
Reverse Gate
Power Dissipation

PGrRM

Maximum peak value of reverse power dissipation
continuously allowable between gate terminal and
cathode terminal.

Operating Junction
Temperature

Tj

Temperature at junction which defined as basis of
ratings and indicated by range of allowable tempe-
rature.

Storage Temperature

Tstg

Range of allowable temperature for storage of device.

Peak Off-State Current

DRI

Maximum instntaneous value of forward leakage
current for applying specified forward voltage under
specified conditions.

Peak On State Voltage

\rm

Maximum instantaneous value of on-state voltage
obtained when repetitive controllable on-state current
flows under specified conditions.

DC Gate Trigger Current

leT

Minimum value of DC forward gate current capable of
triggering any GTO of the same type at specified
conditions.

DC Gate Trigger Voltage

Vot

Minimum value of DC forward gate voltage capable
of trizgering any GTO of the same tvpe at specified
conditions.

Critical Rate of Rise of
Off-State Voltage

d\'/dt

Under specified conditions, minimum increase rate of
off-state voltage to cause switching of device fromoff-
state to on-state.

Holding Current

In

When device is in on-state under specified conditions,
critical value of on-state current below which the
device return to off-state.

Latching Current

IL

Under specified conditions and load state. minimum
on-state current required to keep on-state after
switching of device to on-state and removal of gate
signal.
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Terms Symbols Definitions
(Gate Controlled) Under specified conditions with resistive load con-
Turn-On Time nected, time required for on-state current tu reach YUY,
of its final value after the moment when gute current
Lt pulse has reached 109, of its final value and through the
subsequent switching of device from off-state 10 on-
state. ({tat )
Delay Time Time required for on-state current to reach U9 of its
{d final value after the moment when gate current pulse
has reached 109 of its final value.
Rise Time s Time required for on-state current to reach 909, from
f 10%; of its final value.
(Gate Controlled)
Turn-Off Time i
Luy A 08 1z 3
S
Storage Time 3
[:i '-.; Vose
e . 112
Fall Time ! - -
; t 5 e {g o= tf —-p—. ) —.—I
S = [30 —_—]
b :-——_\
. =01 f6o)
Turn-Off Gate Charge s
= 0.5 i5g
&
Qco digrat 6o
Steady State Under themally steady stute while device is conti-
Thermal Impedance Rth nuously energized, value of temperature difference
thi-o)

between junction and case, per unit power dissipation
at junction. Unit is "C/W.
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e High controllable on-state current.
® Lower on-state voltage due to non-doping
heavy metal.

ﬁ”«%{{

@ High off-state voltage and high reliability s ;
due to glass-passivated chip. ] g
' g 43001.181) l o
3 =
~ -
1 -] £5
(XS
i ; S |
Weight : 93 (g) =1 !
BEMAXIMUM ALLOWABLE RATINGS :
. Items Type GFF200E12
Repetitive Peak Off-State Voltage WV orxit v 1,200 (1)
RMS On-State Current | Brerats A- 70!T.=60C
Repetitive Contrellable On-State Current Ticw A 200 (2,
Non-Repetitive Contrellable On-State Current Trcem A 280 (3}
Surge! Neo- Repetitive ) On-State Current Jrsu A 500 ‘4)
I’t Limit \'alue It A’sec. 185 15,
Critical Rate of Rise of On-State Current di/dt | A/usec. X 200 6}
Repetitive Peak Reverse Gate Voltage Vierw Vv - 13 17)
Repetitive Average Forward Gate Power Dissipation | Pcriavy W 12
Repetitive Peak Forward Gate Power Dissipation Pern W 36
Repstitive Average Reverse Gate Power Dissipztion | Pepaay W 20
Repetitive Peak Reverse Gate Power Dissipation Peoan W 1,500
Operating Junction Temperature T Lo —40~+125
Storage Temperature nix 3 2 —40~+125
NOTE

(1) Veu=5V or Rea 51000

2) Vp=800V, Over shoot voltage= 100V, Eyon=12V. C;=0.47uF. L¢=0.44H, Li=0.14H, f=1KHz.

(3} Vp =800V, Over shoot voltage =100V, E,ey =12V, C,=0.47pF, Le=2.7pH. I5s=0.1xH.

4} 1.3msec conduction, Half sine wave, lcycle.

i3! 1.5msec conduction, I=RMS Value

i€ l,=8A, dig/dt=4A/ys, Gate pulse width=10us, V,=800V.

{7) This value may be exceeded at the turn-off period provided the peak reverse gate power dissipation does not exceed the rat=Z P,y vaive,
‘8) The reverse vqltage between anode and cathode shall not exceed the rated Ve value.

BCHARACTERISTICS (T,=25C unless otherwise specified)

Items Symbols | Units | Min. | Typ. | Max. Tes: Conditions
Peak Ofi-State Current ) mA - - 1 V= Vi, Rey =1000
Peak On-State Voltage Vau v = - 3.8 I =200A
DC Gate Trigger Current Ter mA - o 600 V=24V, R, =20
DC Gate Trigger Voltage Ver v ~ - 15
Critiza! Rzte of Rise of Off-State Voltage dv/dt \'/usec.| 1,000 —_ —_ V=80V, T=125C, V..=5V or R =1000
Holding Current 1w A - 4 —_ V=24V
_ _Latching Current I A o= 6 — | Vp=24V
TurmOn Time - ta usec. - 3.0 4.0 V=800V
(Delay Time) te uSec. -— 1.0 — I+ =200A
(Rise Time) t, psec. — 2.0 - Icp=EA
Gate Tum-Off Time b 10 pSec. - 4.5 6.0 Vp =800V, In=200A
(Storage Time) P usec. - 4.0 - Efeee=12V
(Fall Time) t, psec. - 0.5 - Le=0.44H
Turn~Oft Gate Charge Qce uC - 200 300
Steady State Thermal Impedance Rero CT/W - - 0.35 Junction to Czse
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