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SCR (Silicon-controlled Rectifier) o] 19561
Bell d74dlA Sy sz 19589 GEAb] o5 =
& A 2 ol F BHL AL 29H 24
=+ rectification (ac-ac), inversion (dc-ac),

cycloconversion (ac-ac), dc~de conversion

3 ac power control ol &£ o] 853 9}

T 60d ol olo] 70 28 J|dos sy
MEE L AH4-57] A1=e PLC (Programmable
Logic Controller) & wlolzmg =2 Alx9] t}r)%

3, 293kl A9l B s, Wgsige] 4
X WP 12717t A 2 $=7} ThFa A A
= A,

7k A%E A}

Phase-control-type Alolg]AE o)A 2L AL&
=71 ANFE 294 24 FA triac,
turn-off Alelg)2¥ (GTO),
fast A}o]lagl2¥], silicon-controlled
switch (8CS), light- activated SCR (LASCR),
diac, asymmetrical A}o]2]2¥ (ASCR),
reverse-conducting Ale]g] 28 (RCT) E202 1
THE TSsEZl Aok a3 Azs1eHdA
o Wk=A A vl B gEe nAgY mA
B ol F& AY, AF S WES (dv/dt,
di/dt) ¥ wl2 turn-on, turn-off EX& 2= X~

AE 2AE AT 5 A =Y. 2 4z F2

gate
inverter-grade

E
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static VAR compensatord] AR
6KV, 2500A71A A E &+ U
high-power light-triggered Aol g|=E|7} 75
giom 4 5KV, 4000A7HA 71sE GTOR 7ids
3 glew BJT (bipolar junction transistor) ¥
FET (field effect transistor) & 1970dt) Fury-
B A%ol AME AZHYEY BT 84 9
KW& #7125 74538t A= o] thyristery}t GTOE
tiAsE Az ZhsskA HUuvh

Power MOSFET+ conduction loss”} #7]&
A g 293 loss7t A7) vl 4 KWel 153}
2914 convertero] AL&5 I e BAAFEHE

MOSFETS} BJTe] 448 2 IGBT (insulated
gate bipolar transistor) 7} 5383 it}

< GEolA] 233 MCT(MOS-controlled th
yriter) & MOS-gated turn-on / turn-off &4
£ 7= high-power, high-frequency
thyrister-like device® 1 EA4& AHuw
500V, 50A-§ asymmetrical MCTE junction
2% 250Co A% conduction drop 1VeoldolA
%&b turn-on time& 0, 2ps, turn-off time
£ 0, 2pso)A dv/dtE 20kv/ps, di/dte 2kA/ps
oA Fae,

oldel W&& (E3)F (2@l AsAh

Forward Reverse - dv/dt | di/dt
. . Ho &2
R . - Blocking Blocking = o
- /\ -5 3
£ A AR e & B oF Voltage Voltage ‘(;(H_T; (Viws) | (A lus)
Range (V) | Range (V) z
Bipolar Switching Power Supply 50~1400 50 200 3000~ | 300~
Transistor Motor ,Drive 10000 | 2000
Uninterruptible Power Supply
GTO Locomotive drives 800~4500 200 20 300~ | 100~
High-power UPS, pumps 1500 300
compressors, fan controllers
industrial process controllers
Power Switching Power Supplies 50~1000 0 25000 | 50000 | 10000~
MOSFET Motor drives ~ 30000
Automotive power supplies 200000
IGBT Motor drives 400~1200 200 50 50000-| 2000~
Power Supplies 100000 | 5000
SIT Induction heating and welding 50~1000 0 50000 | 100000{ 10000-
300000| 30000
SCR Very high-power switchgear 600~5000 0~5000 50 20~ 50~
High-voltage dc transmission 500 1200
Industrial motor controls
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5000

Silicon-controlled rectifier

2000 -

Gate-turnoff thyrister

1000
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500 A

200 H
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Bipolar junction transistor

insulated-gate bipolar
transistor

Static-induction transistor

50

L MOSFET

10

—

10

200 500 1000 2000

I
T

5000

(A)

fldc-dc &9

o9} g ol

Alola B2 EE

ac line power& 3t

on¥F inverter&

ZF+= dc link conversion®-+&

B2>el veht ik
olsh 2&

cycloconverter+

7170l F2 AR EHE FA o)t

oju} cement mill, ship propulsion®

Fada e Fuapi e frequency WEE
a2}, 2 98+ line power& dciE conversi-
8l 7S acE Ags|
Zpol 7k Atk 18-thy-
rister®] VVVF cycloconverter drivee] &7} {1

steel rolling mill

o] 287
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MACHINE-

(AEPDCI|IRE MRS HWAZHE =K|AE

To E&—= Pl

SIHE{0] 23t NFZEHTS

Batel Av)d FAE dF AYHF L FA3H
REs g &3]  AATAAMTL &0 glo
oz olAe] Agdew I AYAFL ¥
~Z¥zd Bfo g Hi AFHYL G 7t
A vehda itk
o AFY UMEE ARE HHA I3} R B
A7} golsta, detatael W SRR
o] Bag Fo Bel AHEHI JlE AR o]
o (ag4)ol AEEA BFL AE] T o
FEEH 75 A8 EiTh

g

3-g

60 Hz

Ac ‘
(O 4) XSeAt MR e ofFt mF2E

TE

AE Y QnEE Rl tad FHsA A
soge gAse, 4% A0 2 A% A998
23, A9 AgEasl g EAL MARR, AR
fye PAZ wzd 2ges Hy AGHIS 4
& otel] 7M.

® dc-dc &%= force-commutated thyrister
2 Agdled He FEHY ALY 2eE BJTH
Murst @A 2 29 Fort F7hekr) A
o power MOSFET 543 g7 153 29
Aol 7 stA =tk

(g5l 29ALARE ERAAN2HE AST,
e de-dc &3 29 48 HA

(18l5>de~-dc EHE =

c}. PLC (Programmable Logic Controller)

70t} R BAHo = g5y A% PLCE
FA171716048) Aoi717 87 wrks #1712 B
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g e A Feolu 2 AR GMe] 29 3 A olele] BA BE A @ Ty S
line% relay control panels x]&}7] 95t = 1R Bfsln glon 28 PLCS] o= pan
+ T3 ATE 3H“'4°ﬂ}~1 g & AF oo 3 7} LCD& ©]%o{%l handy typee] =273 =]
o z7]d /EE PLCEL 7% A4V s v 7} S ol8th EA BEAE p-processors
3le] Sequencer ¥ Loglc Controllergta A ¢ CPUR AMg-3l9] gJErE9] ¢ja] 25 s wol =g
ot 4% A5 trlss}, 28t IYo 23 A o8] mEadE A4S Agste 2
8] Aojuhg 9% Jl5 ®ko] ohE it A EEE BUFE dg $9%t olgl AND, OR
T7%% T AFES dF J1%e za, Axe] 9% 5 =8 AY75E S 9. 29 wuo=
FAE AFE S Aol 7Hesle dolE e 44 2E starter, &#xol®, Ay A5, Az S

==

ol 7 dAlel 7tA o2 =tk NEMA oA AE et Wy, ol R AR olE, F|2Hx]
o8l PLC tAY, ol j&d vES ¥ ohED vE F2 % A&

£AUEE FEANA 7
gl Logic sequencing, Timing, Counting, o, olu 1Y REF o] 28 nEo) HAAE 37
Arithmetic %9} 71%5& 2t Programmable Me A AT Alkg JhAA "o
mory& ARg-ste 7|Av F38-& Aolstr] 98 ¥R PLCe] &8 BokRi= 219l Ao}, 714 Aols}
HHY A2 AAE Dels Ao (a¥e)e] PL B A2Y A9 A2 Ao 2 FA, CIM, 23
Cel 71&+4¢ vehisdn A& Eoke) ZaAA Ao Zo] gl
A wE
® sensor %} a CPU % a ° motorstarters
e limit switch ° valve
° push button 3 Memory - :> e solenoid
* logic 2 E Power Supply A o lamp
contactors
29 g

CAEEPLCS 7|27

CLE AN YR BE U AT 2 2 ) e T
A3, @R 290K, FA WE, Leo] B H9
AN ES 245 AN 59 ASAUBE A48T | b mRIIY FES 9fst HojuAl
F o, 4 Fhso] da Aol Yok, =2a
W AAE TR Ao mraae A4, +4 AR Aol7t Golg W spHo] wun,
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T we Elevator B3 7o) 7174 Ao], EzAe], B™
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HES y_ew- A7)l A 1A urr'r‘(IdS*)
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of 2} ZMF%JL Atk lgs*e] Tl €9 /‘]E(W
we we , sI¥) & 5% SEst daAA 2 s aa MeE
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I L}, ool E ZERAMAM
1970 € B2 E wlolz2 Ze AL 457 FF
Aze g Aol 7ol &85 AREgT Agole
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o 93t actEA 2] AR E A dAele A
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1 glon mlolmg ZEAME AAsHA FAMT
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o3}
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22 was 2o V/F Aol "g 7l 7hsA A
Ag FEs N AEe] FRAUS 9low, 16bit vlelz® 22 A4 8l Single chip
2 9] &k vlolzE F#E], custom LSI $o] A&5H7%
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TMS
320C30
TMS
320C25

! 1 ] ! 1 3 ! I I3 L L 1 1 I i i L
1971 1972 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988
YEAR

(E4>QE npojaz Z@MAe] MR Zo|

o]% 714 Bol AMH4-E&= A o] 16bit single-chip
8096 microcontrollerl a}/] ] A/Dw g7}
WiksElo] Slon D/AMESLY] Ade] PWMAZE

98 5 A Holdrh 3]% 01 Aol Mg
AFo] 80C196°)g+= nugon Wie)
1982 TIel A TMS32010 DSPE %3 ol%
TMS32041 2127 DSP Al%g F28lWA DSPA
g Az Yok 9l 1986 %9 TMS320C
2559 o] ”‘TEIO“‘H} o] AE¢ instruction

execution time 100nse]™ 40MHz clock freg-
uence® Zryrh 1987d¢ly= W #@o] iAo
60ns<! 32bit floating-point DSP<9l  TMS320C3
0& A%l WEe vl 3o,

olgl (ZH9>e] PWM pattern 4L ¢al
custom LSIE AME-§F /FFTF Ao} Alag]e
v 3 len (280> GTO inverter® A
g FEAT7 o] WEA Ol E 1% o5 16-bit vlo
ARZEAMA Aoj A 2Eg e
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Rectifier Inverter
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Transister

AC Power Supply

7y it Ty

[Memory | [Microprocessor]

BOPWMIE Mg 2|5t Custom LSI2]
ALE

1. SPEED CONTROL
SLIP FREQ DETECTION
. CURRENT CONTROL
VECTOR CALCULATION
. PWM GENERATION
4. CURRENT COMPONENT DETECTION
SPEED DETECTION

o

w

o} dof 7|H S3H

dzjulole] 71A FAE AlLR oA FHAL
2 AC ZEE A A" 2ol A9
B, PLC, PC2 Fa} A2ge 74 4 S
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EHE AHEE AFESt &= g AA 017} 7}
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5. A-D CONVERTER T} Hr)Eere] HE e >
WA Fops} Alojope] FFAPEEL AR 8
(azloyorolaz AFEo| ofst mF7|7] Mo e AR AESTE gL MAH AFSo
A=d. A dojd & AE HAoR g} [BHIx
PC
Field |
Power
PLC Relay Inverter
Panel
Aojxt
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