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Abstract

Many industrial servo amplifiers employ power transister as output device. Thyristor con-

verters are not adopted to drive servo motor, although thyristor is superior to power TR in

power rating, noise immunity, price, and size. The reason is, thyristor has no ability of self

turn - off. Here in this paper line commutation, in which thyritor is turned off natually since

cathode voltage is higher than anode as time goes by, is employed to turn on thyritor with a

delicate sequence. We developed thyritor servo amplifier which does not cause any damage on

thyristor because it is designed to prevent triggering the two SCRs in the same arm simultane-

ously. And it was made clearly how to trigger SCR without any power line shorting and also

harmonic analysis is carried out with the aid of FFT analyzer and proved that it can be used

even severe reactive load. The designed circuit operated as a good DC amplifier in conventinal

servomotor and the results canbe use as a position control system application.
Key word : SCR Servo amplifier(SCRA 2.4 % 7]), Servo amplifier( A & Z 7))
Commutation principle( & € 2]), Distinction principle(A % ¥ 2])

1. M =

HZ Ao g E4HE MR FEV e AR/ @
o] A& EAA2EI GEH R Ho| o] &5
3 9lth SCRE ERX 28] o H|3l 5YT 717 9
A &% N e vzt GE A2 $A %
th =3 g 3] NRESE] AeE a7HE
AG3 A0 EAL 10HzE JoAAMR G QoA
80Hzo] W& o] 23 A E(Line commuta-
tion)E 2% F e /154 E B Fa Sl

P

T B3, Rl Hag AFAMEELE
£ SCRE o] 8314 &5 gle Aol

AN £xAole ALE AWE PHoz
SCR1FA 0] W2]o] olu]l FHAEA S8
Atk 2F ez B3tm H o] sHgsof 3k
MERLE o =alojHo= SCRE Mz &1
e AR ol fE FAHE ZEE 93
87] 98l 43 A=) SCRE E|Aste ¢t B
2l A& T4 3t SCRE| 43t &0 BF x5 o]
AU S dgste 489S WEsn 7] g Bojut

-190 -



4930l 75 @ SCR X EFE7d 843 dF

oA ¥ A% SCRL FFel] &fo] 54 At
SCRE EjAHO] g H o] F o] & &3 8e A
o] g-ol&gtxg:, EAl7tA SCREEAE Eg A
B W& A A s mkstA] R3] w & &
FAE FE7)] SCRo] ¢&57 &3 U= A0
o E dFME o] F HeE]X] 2IHE S H32
& M Zo] netstad,ojm gt &3t B & F
A8t SCRE] A3l ¢to] FAll EgAH & A
& WA 3te SCRA K FE7]8 /NEsigdt. B
7 9] 443t SCRE FAlo| =E¢ o] Qlo| |28 E
AL 5 Y= ol HE AN, A gAZE A
B ZZ7]2] 285 FFT Analyzer2 £4{3td &
EAE BE9D, L2358 S WH3] 3 &
FRI}E FHE T AT HAFIAT

AF AE7 & 32 F7 AN F A F
Ag71e] A HAG HeAlE 288t o5 4H
E FANN Hglw, o] vEE Fole e
o) = &(Dead zone)& F+ Aol AHTL & &

A ch
2. SCR Ao|E EZ7|e &tE22|

2.1 233|29 74

B He] 715 d SCRA R FE7E 4837
A e e nd R FHd 20| 7wt
ook st 2 & SCR2 217 22 328 74

3tAl =}
A3 A B3t M= Qu, Q7 EEHAY Q,

Fig.1 Main SCR circuit

Qe %ﬁa;

Q:'7F =g oo} 3, g2l A ol & Qr, Qu
ol EFHAY Qu, Quel =FHojof gt} 11
o] abi o AYF 57 OF 2& o Qo2 Q2
=EH0] gled, ol MEFH7]e] o] girf
F3z widdgd 28349 Aix WhAEo
of & Zoloh a2y d&g Ayl e Qu,
Qu7t 257 H 3, ALY 37 @9 2ol HAU
< o EASES sfof & Aolot. viahd Qu,
Q'] EFHO & o A FIIOF 2
el 289 B3 & e 5302 Qu, Que
EASH H9, Ade] 9HHEZ Y 23
7t B4 oole A LHE AW ESAE 8
A FEE nerstgd et

2.2 YAHoiE=z

204 FH Ao} o] Eojed QYT
o} R 3o wre} ] w7)(comparator)e] &8 ®7}
A3 o] 28 ®v 9 Hd7HSE(zero crossing
detector)s] 28 & 2502 = DEY -EQ Y
2o dYHA Eh. SHEF YL Ao E
Aol Aoz Aol F37t atRfA ge
ol Eg]A th4 SCRE ¥3IA7)A] == 3%
. @33 e 8T Yol SCRe] E-AHE
B e a2 g3 AErt 3d 45
A5 Zto] golAx &3l B} B AFo] &Y
HE & 3txu,dgHA st ol HFzio] HojA
A g & go] ol =& FHrlAlclEY 29
o] F SCRe] Alo]Ed 7t =5 s+ F SCR
£ Eg A3 A F SCRE EYASEE Aot
ol ZL EF A S AltH o2 FAIH B
W Y37 Zo] HAIE £ U

2.3 HolE &z

F SCR ACIEYRE 1949 o] FAY
(optical coupling)& 3t} A HFH o2 Az i
HEZ 395, 3 SCRY B3 2 9§ 2wz
ol dF-E &7 FHE 3t AEZRE FAl
o +A43=5E Rt

2.4 BEMY dENed

08

SRR FALNAN AP E dAs B Fa

-191 -



o ¥ 98- 3 2

From D/A C

Load Limitter

MMV 8msec

MMV 8msec

SOURCE ! LN L
\/1 o

! i | qucu."&& .

' ! ! ! Figd. Main SCR trigger circuit

) ! : ——_1“ o AFAGL A& A 29 selM AARAS
input \;\: : : A (+)9) k7] Fel SCR Qzz, Q2'd &
T T T AsEd dee B0, eXges wld
B R TR T 29 AR 58§ sled, SCR Qz2, Qi'7}

ourt R ﬁ\ wt=ao]A ¥ o, SCR Qz2, Qe EFH 1,
£ | L L qEAge w8 gl vedt 8l

| | ‘ | wt=no] A (-2 A28 ), SCR Qu, Q']

Fig.3 Timing diagram Rt Aasd uate] ()01, SCR Qu,

-192-



Yol 71 ¥ SCR MEFE7]d #g d3

Qu'E 9o 2 vlojoj Ao AZHY. F Qs
Q2’9 obxE& AL didte] F(+)oln, &
o2 utolo]jAHo] AR BE 5 3o,
wt=n+adlAX] H34E 9, SCR Q2, Q'= =54
3, 4 AYe B3 Fdo vEpdul. 2y3e A
HE 9 F2399 & Jehiin], 714 23"
ARE v FA4E Zeth Vo] A 48 A
gd o, 3 F7) B HF Y AL Vaer

Vi :2xij:Vm sinwtd(wt)

=-‘:t—'"(l+cosa) (1)

o, af 0% 7t WAL ZH VieE Vm
28 07bA EM3A Y & Yot g F7] B HAE
28 AL S(DANA a=0Y © 2 =, 3
A Vame ZVa o) 5ny gy m o] 110Vl A
£ Vame ¥ 91Vo] .

T ARZHAGE (29 B2}

Ve = [«Ljf" V.2 sin® wed(wt))"?
2n
_ 1 g 8in2ayue
~Vm[2n(n a+=g )i (2)
ot BFAQ F3 HEAN Y AlBFF G

Ne A 7717 ¢ oz AFFEY

N5e 328 T+ ASS L5 U
3, 2xa|

ME FEN 9 2L F2 RY LHFEA)
B3lojtt. =& & %A (Capacitance) 335 &)
Zteg oy 34 Hakes A AFE 2
o] A7 B R o] B 712HEHE SCRo|
238 e Alde] HojRnz Faddd o
g folHe] Yggdo] glch G o2 Ay »
slof] vl M= o & 843 SCRY 457 B0l
HA g}

28y 454 28 A5 AAAFI H2Y
of HA 22 SCRe £F7)7te] OAWHE S0l
A HER2, AR FZ7)9 e 3] dF7]
E 7teAdu e B 4oz SCRE HEd
F7F A He Aot}

B Ao 1ot trigger WAL P50 A
ot Zol D] A TF7] 715U Qu, Qu'7t =
5 90 oS Ao uFr) @9 71 Bete
Qi Qe AU Z firingd 34 e WHE H
dte Foloh = Qz, Q7F AL wFr] ¢
EFE ol Fde o o Y v 7] gt
Q7 Q'S Mo 2 firingd}x] @& Ao},

714 39802 SCRY 237 YE ASE R
Al 598 Fig.63 &2 57} 3] 20A4] Lo Re] gl
A H o2 g 7 $olth

@504 @Y 71+F5 ¢ Qoo Q7 REE
of gt} 4714 ir7t B 27] Al Zete A Y& 4
oz A Fol #F 4 & Fztd, 2 4
(3)0] YA €t

. _Ldi
E sinwt = R +iR (3)

@4¥ 2 Laplace ¥ &3te io] @A st
47t 4H I A2 oF 0% B 7 A/
Ado] 7h4axn, Aol HA{FAHE] 00]22 &
JNZ2AE EF 008 4+ v

P = Ew

=—— (4)
L(s+1£)(s2 +w?)

2](4)& Laplace ¥ &&tA] HH 2(5)3 o]
D& 78 & Ut

Fig.5 The commutation principle of the designed
circuit

-193~



<t W od-2 4 F

_R!
ip=Bwi et . 1 sin(wt-p)
L w2+(8) w w8
L L
(5)

, L
- Lw
tanp = B

SCR9] 423 & Waldte 8300 23ATS &
BE F e A AHF71 @9 71 A
ALy, 71 Ivzog 23 W ASE
2(5)l| A Zol W prt 71 Zuj7t B Aol

25yl A 2(6)2] gL B G A E 00] ¥
VU otze] 4900l 4 glom MR AR A S
7} t=8.33msec A% dujjojt}. Il AKX 2F
BRt o & 25317 2E@ A9t 2Ue A
S8 A gA Aoz HANST B=
7} Q(Quality factor) ] 4= 2 300wv] gto]}.

_R,

__ei__z (6)
(D

L
Q.= —RH < 300

wata] R >0.39 @A PR 2(6)0]
7HA 4 Qe b 2 3 0.00026% =2 2](7)9]
H] 3] FA|7Hs3 gho] |k

1
—K_—:(_T:o.ws (7

w w* +(E

a2y eg A6)Xe B F7H7} 7HEEH, it)
9] gto] 0xT} ZHold &3 7Hed 712 A(8)0]
0x T} 22 w)ie) thA] wt=2n7} Dujjo]t}.

rTl*d’
wfw +(L

Qe A7t A2 Mg F A= Qe
300 Qx| 23122 Phase shiftes 35 e o
AE 908 98 &7 sich ok 25730
ggoz T olatelny A|7te & 8.33msece] o]
v A& SCRY 23 A7 4] psecht &

i(t)= sin(wt — p) (8)

1008 0] 4 71 A£F A HE BAGEE ol A
BAF7IEE Ed3dA netE Eg A4 o
dsoid et s TE T F Uk

4, A % Znn@

Fo4 BEYE A7) A8 AoldyonA
= AAAARHoff - set) Aol 7153 FHAALA
NE ol &3t em, &8 Eujdd e 5004 %&
AqlEted A o] & g WHZ FFT Analyzer
£ H&dhe] HakE Moty 23 EM L Rt of
42| 2Hzo] 2] Al & o sl A& true rmsH A
g olgdto AAAPEY HAX Y o} T
A&t 3l 234 o AL8€ SCRe AS& BT
o2 A3 AZEo] 10pseco]FA A= Yol
71589t R E OP Ampye LM741% o] 8314
o Hmrle LM311A R A2MAE 7 sS
F138 B33 5 U Doty e uto] Ha o]
Ble 74LS123& A8kt ZHREel HAud
e oAz ATNE &3S 1R59e] o] A%
2 U fFEAREe A37tE S 1
7) S8 A 100V, 1IKVAR Fo] ERAE VS X
312 3l 718l g o, 100V, 400WH A H 3%
71 & &8y Bt

AAR A7) $EE7] e AR 32
yloll A Error Signalo] 0o 243 A ¢ A2 F&
719 28 & 02 3t H=&ES Folof AFAR
ZEZ719 B FFAL FEE AFANLF
At

B Apode o] gL /AL &£ USRS
AARo Y APAdE +1.3Volto 2 23 8lY
t}. SCR Eg| A% LED9 A¥F2 Ad3 =z}
AEHEE 8o, AYLFUA OP Amp3l 29 &
e ulo] B o) 3] 2 Fo] FA/FHNE A"
¥ %2 50msece] AJHA|AF, LEDo] Ho]
£E T E

Y62 ME FEy|0 &Y EA4S Yl
A}t HEEL +1.3Voltz2 AR, 23A
t2 2.4VoltB 29 g o g ¥37F Sk Oy
ol e 9y FE79 o 5xH 2 ¥

H=g&2 2H 7538t

-194 -



AgAo] 7ed SCR MEZE7 AF A7

2Y7e gAY LR 1.5Vrmse] FAR}E 7}
9 Ao A4 RatelA el 71 A HH(Funda-
mental Component)y £7+e) 2854 & Jeh)
3t AEZFE7 9 ¢ AFHYL 95 -
105VEZE GAAAY. o8 Fo¢ J&ol
30HZ B 271 & vl Herd 548 233
i1, 30HZ - 60HZE 2 7}A] & 60HZ FZ71A] A
A8 23 E Bolthrt 60HZA B3t M e A
¥ 23 ]2 Zof In Phasert H|@ Hn A& Ko
t}7} Out of phaser} =¥ HAXE Hol3 e
= 2384 242 2¢t) 60Hz o442 g o

e F43) FYo| idte FAHE Holx A

’ DUTPUTCVD

100+

S0+
-3 -2 -t @ INPUTCVD
1 2 3

-s04

-100+

Fig. 6 Results of the input output characteristic
of the servo Amp.
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(a)input : 5HZ

Fig. 8 Input - output voltage wave forms
(up : 2 v/div dowm : 100v/div)
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