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Abstract

It has been generally known that a simplified gate coatcol
circuit for the speed control of induction motor can be designed

more economically by using Triacs for varving the firing angle.

The attempt of this paper is to examine the speed contyol charact
eristic of induction motor using these Triacs for {iring angle

5

CconLroeld.

o~

ya the basis of theoretical interpretation for oo speed

control system of ianducticn motor, the author newly coustructs

a circuit mo equivalent to the system and the characieristics
equations of the circuit model are derived for the coemputer
simulation.

Experiments are carried out for measuring the values of
the various parameters of the test apparatus, the speed of in-
duction motor according to the {iring angle, and the current
and torque characteristic values of the system.

And then, the values obtained by computer simulatica are
well coincided with those values obtained from experiments and
the firing angle can be controlled to the degrees of 112 maximum
due to the effects of the inductive load, while the capability

of speed control ranges the values of 110 rpm.



658 MBREXSE KSR /YK FIR

i % R 9
a,. b, * Fourier Coefficent for the 1st Harmonics
€. €, € : Source Voltage per Phase (V)
E, : Rotor Induced Voltage (V)
f | * Frequency (Hz)
I, : Stator Current (A)
I, : Rotor Current (A)
J : Moment Inertia
k : Order of Harmonics
m : Number of Phases
p : Number of Poles
r, : Stator Resistance per Phase (Q)
r, : Rotor Resistance per Phase Referred to Stator Turns €9))
s : Slip
S# : Slip at K’'th Harmonics
T. : Load Torque (Kg—m or N—m)
Tw * Motor Torque (Kg—m or N—m)
\' :  Stator Voltage (V)

Ve, Vs, Vi @ Stator Voltage per Phase (V)

Vs : Line Voltage Phase S and T (V)

X, : Stator Leakage Reactance per Phase (QQ)

X, ¢ Rotor Leakage Reactance per Phase Referred to Stator (Q)
Gn ¢ Conductance per Phase ({5)

Yo : Magnetizing Admittance per Phase (U5)
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Stator Magnetizing Reactance per Phase o)
Firing Angle (deg)

Conduction Angle (deg)

Fxtinction Angle (deg)

Overlap Angle with the Inductive Load (deg’
Angular Speed of Rotor (rad sec)

Synchronous Speed of Motor (rad/sec)
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1. F E ]

19574 G.Ejitol 4kl chol 8] (Thyrister) 7} B~ fafESH ol EHM
PUGHTE) KAR, B RF 4EoZ Wold HHEZS Lk — B,
B — M Ese]l FEESA Hol, Mol EESFY BEoD A
e TREBHBS) AEEHEC oA (HHEo] A Rolxm glow, Eirl
E EER 29 (F.P.P)E 713 #Heel @BRIA —¢ TN —F BN
2 AW Ads @ASES 2 FEGES S8e9.07Y gnmesksrs
FIFR FBEEHKS TEFEH Ao 2E Avlol8 (Inverter) h Ato] 2z ]
°] E (Cyclo-Converter) 5 FIHg 8L ARKE St 3 1M FREE §H
#% % BIER 20 (Kramer) Y} 4 u]o] & (Scherbius) Hkel 9% 2% WhRL
FERD z2eln choldaHE FMY 1KM THHE = A48 coldsHE
Prl2 @Sl FETFHEES wrs RV Eo fie=n do. #d) o
o BiEsele cloldiHE FIMG 1K BE FEHEHXS Axme) AoE [
Bl mmtstel, MfEBOL wol=k 5o At oA, & HIEdAE &S
EAAFTFEA olv] BB ®HA ol A8 = TriacS RS EEHRS
WS Sty KEMES Foliwl MBS FAoH obge o Axud @AY
A2g SEAKS FMIn RERES B2

of BT stel HAMETE 0RE 34 WABUSHES FHGYY, 1 XE
NHEE AAKFS BIMAAHEE A% AdE I~ HEEKS Hiteld
26 Az MRS

2oz BEACHAHES B SEHE, 503 B S MEtr ®E"
SEEE S Jolx  FEES ME KA

PrEfsR EEHET mEEfol TSR, 1/2%cdld EEHE RmEE 6.3

% (AN (%) = % X100)2] 110rpm EEAC}
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2-2. AlolE B A&fo) w2 M
Fig. 2= Y#R" HEUEBHES 1kl EHEHE EKZA Triacol EHE =

AARTFE EHAC o) AzBloAE Al E4E EEel 3l B3K A4~ (Firing

Sequence) ol 23l T & H (Double Pulse) 7F sl Aol whel Epjel EEol &
B Opriaslol EES  fn, EoEE o

3IPHASE |
AC INPUT s

Fig.2 Triac power circuit for motor speed control.

Fig. 32 Triacd REIAGEAS 30 (deg), 60 (degl, 90 [deg)® 27 Zifl
HBHH AL o HEES BREEEY ERS dehdo.

Triac®] AlolE Bl whe EE 2 FHRBEHS HAAZ Fig. 3014 2=
vheb ol JEEXM P = ERYET (Chopping)ell =& WL HFARKS T B8
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2-2. AlolE B %Mo) whE I
Fig. 2+ Y##HY HETHHE 1kl EHHME EBREZA Triaco) THE =

AAFFR EHA. o] AxElolME Ao EHE Bkl o8l %K A&~ (Firing
Sequence) ol 2}al ©l & H (Double Pulse) 7t sl Aol web Hffol EhEel #

B pa=lol EB/L  n, B o

3 PHASE |
AC INPUT i+

Fig.2 Triac power circuit for motor speed control.

Fig. 32 Triaco BEIAZAHGIEAS 30 [degl, 60(deg], 90 (deglz 27t ZFfy
HBHE AL o AEES REEEY EPe Jehio.

Triac®] Alo]E Bl =& EE 9 FHEFKS HAMZ Fig. 3004 R:
vhep  Zrol  FEIEFBEZL =w  EEEYIET (Chopping)el @& 0o HEARERS S 84
stAlE ol JEdl EEERE B4 =o, FEEHMS) AREeaS B
g Qe wAe AL FT FIEHE F EAEKSol ot
a7t 30(deg) Y= E #EZA =l Fig. 3(a)old 0-30(deg) WIS Ts, Tr

Higots ol [REEES Vsrrb "ok t, £0elE 39 Trace] E¥ &
ste t, ool = MHEE Ve, VoE 277 23 HEel K#eld S e &k

Ts& HMAZ7] A s=00] sizbe] gEsht AR/ FH¥tolDZ S
Bifie THA 42 RS t, TR ASdd. B3 Loz & BElKr
Ml st AS A Urbd Fig. 3el4e & Tl oigh BBl 2 /el
23z ¥ #E & JA "o

i o e
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a = 90deg
Wi
Wt
Fig.3 Theoretical Load Voltage Waves
o374 EBEKEFS Fourier EE BHSIE —HAL2
V,(t)=eo+2ak cos n wt + be sinn ot (1)
=1 k=1
7 "
292 EABRS el 9d Fourier KT a,, b, olet s
e,(t) = a, cos wt+Db, sin wt
= ¢, sin (@t +¢)
= Ep, sin (ot +¢) (2)
a,——ZEA[ﬂ 3 sin B cos (2 a+ B)+( sin B cos (2a+ B—¢,)
3 X

+ 2= { 5 — B) (71— ) — sin’ B} cos 9, )-ke(s) (3)
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L= g—i"’/—l —sin B sin(2a+ﬁ)+[—sin B sin (2a+ B—9,)

s { G-t s v ) ) )

A=1— —;—: (T—B) cos P, kg (S) +<2—§r—>2{(7f—13)2

—sinzﬁ}°kg2(8) (5)

kg(S) = Egm a’+ b, (6)

Table 19 HR(ARfAHE w2 Bk 32 #FEE Affel  sleld Triac |
WaEtkie s wigst o2 REMIAE 0-120(degd7hal  WggnTaESHY FHEM #

ol glol«l = olelel el AT FAH 4 el n-120 (deg) 7+ TR

Table 1.Summary of TRIAC Conduction States per 60 Interval

Number of Triac on
Firing angle R load R—L load
(a)
3 2 Norne 3 2 None

O a-u® 60° -

60°—a a - - -
7" < a=60° 80— (a@—u) a - pu
60° <a< 90° - 50° - - Z 60° —u -
90° < a= (90°+u) (90°+u)— a | a—30" —u - -

- - 150°—a | a—90°
90+ 4 <a<120° - - 150°—a+y |a—(90°+ )
120° < a=. 180° - - - 60° - - - - 60°
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2-3. FfH RS} #4 HEXo Fu

BHEHH]  chol2 26 %FS) ON— OFF ShfFol wab 1% BT BigE o
1R EHol #HE=E= FHRol 93 @foz= ¢ W, REHBE S Hi
o] Buslzm 9D
EHRE 1K Rl EERERY EHWS oS Aol FEHERE REd)
2 BHELBRRE FUsz o
1) ERE F8 34 E%H EMEO o,
2) HolaH s BEAR] 293 kTFolct.
3) ML f 2 BIBe  FAE)
4) HEFEARE) (Ripple) & 4 3tc},
5) IEHARRE TS Sho).
IHE WTERS BEHS YBi(Chopping) S22 JEFapst =o webi] RFE
& EERR BeESHA =)
Fig. 4= Triac 9 AlolEel 93 1%l TES FHEEHENS =9 FEITR BRI
o HEER] .7
A7 kT E#EE KEolw, Sk k& AR KK =Yg dehic.

r, kX, kX, r,
'I — NN DI~ — 009 A

-_I——__’ Iml —— 12

gm§ Y kb ,
V,(% % Sk r,

A4

Fig.4 Per-Phase Eguivalent Circuit of 3¢ Induction Motor
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B bl B, 1K Sl BE REHOM, EE 440 2K A B
Bt 3 CIRE 51H) ©) 2

E k=E, k= Vkel 3t
k= Vk Yok =VE(9,—jkb,) (7

(Zlk:r\+1kx,
Lok=r,+ 1Sk, 8

i K H

L~
——

Lk = Lokt 1 b= VE(Yok+Sk/ 2, & )

S VRO — ik b+ 5k (5188 kX0 (1)

VA LR Bk BR g 1A gulEl

N P =
0y *9! /) O] by

Ow—‘
ph

\ /"__ s
v,,i;uz)/-’w/ 3= Vk+1,kZ,k
- )
. : Z, k
= Vhk (1 +7 kYok+ 8k — (i1
Zik

\\"Iﬁ'.'(‘a) {/—*’”

(Hzlk Yok + S5

?‘k—\ 11
Z.k/ T

Yok Skt Yor LT

"J7k~v 7k /‘; +8SE7k

N
E, %

e ST, T (14)
Lok=0kE, b/ a) r 4 SEF(R AP N TR ’
2 £~ \ 2/

r.
Cos U, k = ‘ : — {153
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— Pk (1—-Sk&) P, P,
Th = —_— = —_— L =L
/g‘}] Wk Z (1—Sk&) Ws Ws

*i m, Sk.E, k2 1]
k=1 9.8 Ws(r?+Sk%(k- X))*)

(kg+*m)

o] AL 1xfllel #agsh

m,.Sk.V,k% ¢,
1 9.8Ws (r, %4 SE*(RX,)Y)

Tw =
k

_ i m,.Sk.r, .\‘/,k(a)/1/3

k=1 9.8 Ws {(Skr+r,)2+Sk%(X,+EX)?)

EETFANA A gD WO (A A )

P,=> P,k =2 Ek, I,k Cos 6k
k=1 k=1
S p _SkEA . 2
2
k=1 /i'z'l_*_(skksz)Z ’Ji,z'z_f_(skksz)Z
_ fl VEE. Sk .1,
k=1 2+ Sk X)?
= S kz ﬂ_
155‘;’1 Sy

ZIAA FHE 2K AMelA SRS W AoEz

. . e 1—8k ,
Pm =P, — >, Pck =P,,— 2, Lilr, =2, 1,k%r

k= k= k=1 Sk

2

(16)

(17)

(18)

(19)

(20)
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3. Al£”e] FHREt OB

3-1. AlA®lo jE

Fig. 5+ o Alx®829 Schematic Diagram& “ebic}. 3 ¢ HH FHUTHEKS
12k BHS #Esty st EES A BEF Atoldl 3189 Triac®
B#sty, AlolBo] RENfIiEAS EMFEHEY <+ de AoE I~ HEEKE
#eEtstad o,

Al - 7] (Surge) EMF2Z HIY EHHE 2IAKFYI BES Bksts) & o
A3t YHIZ  Snubber 3| 2F BRI O™, Triacd Eillfsar Alo|EHE [Hikol
REY Ade ZlAQ v|HE ISt HAE (Pulse Width) S RI#AA i
3P

Eoad] JAE 2 ol KREEEY] B KL cdzs ILTEHH
A

B9 AR g ERE (ER BEEY RANES Esid B
dom, HES mmHL AL (Encorder)?t F—V Rz EHsHa o,

Ee3el FES M FREst=S odsl falsgel FAldl &S EelAlg v
Elo < X-— A Sk ot
1] W& X—Y recorderol ANAIA EisH) o I s

._“—l LiReB0 I
INTUET ieA) MITOR
\ /(. e

o 14
° h%ﬁ

—[%—')- Fert— Lyl

%

AC SUFPLY
3g220V

c <«ATE
g-wﬂ( ciRCUIT X WATT
sopre Y : METEXR
PHASE ANELE \
ConTRIL : 1 ToRGVE }
| ' |
X 1 ) '
| L - - A sy mecovzr, - !
oscliloscope | ) _ . _ . Yo 7eesus. WREN
{Z

Fig. 5 Schematic Diagram of Experimental Apparatus
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Fig. 60 Axulel 2tk EHrtdelct. 223 Table 2%
#fo ERS AEE poAFy o

Table 2. Rated Values of Experimental Apparatus

Praip ot

& 9%

1)

2)

3)

Tested Motor

Rated : 220 (V)

Rated ; 40 (W]

Number of Pole H 4 (P

Stator Wire Conn . "

Rotor Type . B

R. P. M : 1,750

Maker H Mitsubishi Electric Co.

Main Power Switching Device

Item v Triac
P. 1.V ; 600 (V]
Model i SC 260/M

Max. Current : 25 A

Load Machine

Type i D. C Generator
H.P : 1/8

Current v 1[A)

Speed ;2000 Crpm)

Votage ; 1150V ]
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Fig. 6 Overall View of Experimental Apparatus
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Fig. 78 diefln =2 E v == i [ ERSC din
gram oF 3lwabdleld Figo 82 Fig. 7 - s VS
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Table3. Output Level of Op Amp

el g

S )
S AT

Input

I
Output

Condition \

Non-Inverting

input > Inverting input

Vee —

(2~3) (V]

Non - Inverting

input < Inverting input

Ve +

(2~3) [V]

10~20mA

L) np B4 MRS (Sawtooth Wave Generator) @il A1

gerbmesel A kAl el ToacS Hohe Hifholl 44 T s (Trigger) AP0
Waje 7w orad/sec Pheb i ebob #@/pEdefol ghef 1)

dhipr el mdlAev] TR PEOCT, REL e RrE vl
sl wlem AL alaopeinh o v sb g el At W3 5 2
Jeasda g T St el ol el (Comparator) of A Hegslel Fig. 8 b R

E AR

L

ofopel

R

;
51

v VREZ
Hedd
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-~ | Full —wave ~ Sawtooth
@ o ® Zero Crossing weeo
——== rectification Detect, Wave
: etector
Signal unit Generator
©
Pilot Signal f; Interface
) & ~= Comparator ®,
Generator to TTL

I
output

Fig.7 Block Diagram of Phase Angle Control Circuit
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(2) AlolE Er 7 [

Triac® EA AAF7] s AllE FHfzA 2 B2 EdE FEH
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Triac®] Mol Az 22 <lstd &Eifist A4 S74sk o &L 20t F
o=  Triac& 5843 turn-on HA 2& RN st Fue 70 g4
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Ha EdQE Alo|lE EA [ RO gt

Fig. 102 AlolE EziA [HsS vehdch, TTL-S e "H” d4d "L7a
< 7K #ﬁﬂi%ﬂii AlelE ANE "L Az AliEle] AlolEs HelA
Wl BRS SAYA =Hoh. o ERAME AN HHE ATz HEiEshe
eSS RAC =2 BERAA 30KHzo REREEES RISHlch. (AA FHEHR A2
IS BIREEI A2 E5S NAND l1ol4 4K 3 NAND 24 S
—H A A o HWIHE Power TRol 7bstel @igAZich. 2oz #BiE" o {3
#E P& Edzo EBAA B S EWUS EEDHER 2AXRT
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FROM PHASE ANGLE

CONTROL CIRCUIT NANO I NAND2

POWER TR

D2

E " L. 7
o/ u C3 7Rimc
R/ R2

S |c: PULSE TRANS

Fig. 10 Gate Pulse Control Circuit for Phase 1l
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Fig. 12 Phase Angle Contro!l Circuit
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Fig. 132 &itsl Alole A 2#if@s FEsted a% 30°, 60°, 90°2 4 -<u)
o GUHEET Aol HAE oARes 39T KE HHOWK Aot

a = 30 deg]
a = 60 deg |
a = 90 [ deg]

Fig.13 Output Waveforms of Gate Control Circuits



Triacel 18 FEEHBC FEHEEG A3 R 679

4. B ke

4-1. AR EEME H

| A

EEE

ol ».1! [ S Tt
sl R

e CLTea Voo RIS I
b i S0
U e . — S




680

BRERT S KB Rk £ 8

4-2. BN AHAC o3 HERE HR

AfE Axmlo] BEEY BREFEH] B AFE ERSH EREN =
ABT B A Aol b mBkel HERRE4AC) AHEST iEAS b4
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Fig.14 Stator Voltage and Motor Speed Control
Characteristic Curves for Changes in a
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CAwe spiit golel B oo, M elEShE S arsl frotegel A
Spring Type EHiteh el Efte PR SO~ S I Y
e ARl == T

svabul Spel Al oo vlul 2 HE EBNEE RS
Bt = Y

i REHHXA A - wrR e A

A 7 el S=Sr (Rated

@ A2 Tacho - Generator 2|
Spjol ol A ahglebE SRS pEHSH R
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5. BRRBRHER 9 #3

5-1. Aldralo] A=t EHMES) H&

RED SHEEORZTEH BRMOZ FHd G ASHHE S TE BRI EE 8 ol 4]
RED HFEBEESS RAT F A4 AFelolde Z2$ 3olEs e} Ehst
2ct. (Fig. 15 BfR)

a% 10 (deg] 7422 a= 0 (deglolAl @ =180 (deg)7txl M{EAl7 2, SO
0.02 @M 2 3t S=0d4 S=17 % BEIfARAHE 92 1k TE
=HE &E steHz JUS W HRBe Jddx, Bk BT, EETER
BN, EL3 %Y BE S ko

Fig. 162 AHAZzadde] ot F2$ AolEE NoFT Qo). (HEBR)

3

o

[J: 0deg
30 deg

O Computed Value
Ay 60 deg O A X ; Measured Value
X 5 90 deg

Tm(P.U)
2.0

Slip

Fig.15 Comparison of Computed Values and Measured
Values for the Motor Torgue
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Triacol ©3 FEBEHMS] EEHEFE 13 BT
5-2. dilihiE v ool BfTE QLo BE

BEpEel Bh e
Tm =kb-P-]a

olmf (22 & 2Kk Bk KEENT udrkiy

m, - E,-1,- Cos ¢, (24)

"I‘ m = -
AT f/p X 9.8

ol v},
toobal A BESEEST 1o gl X guldleds fERdel LA

S m,-5-ry - V) (25)
" 9.8 X Ws (S, +r 00+ +21))

Pl A 25yl om, . Ws, 1, r o X,
"‘»,fj' ol Shp \; S‘l' (?:%%'EE@ \,X E"Q

WO 5 B LS firs

o E R e 1o B e ool

!

[ N i il £ A

dw con

—— '{‘, = J -
' dt

cil fwedt = oagl REESH 2laecion
e e

BNCEINRTRR 31 ST 0 SR

R T

(28)

Fal fitel Sl A Te o Toenl Hrg o

FoigRa ol mel R

B el A s

X 5o EBpEEe  HEclE L b

| S B S AT U bE

Qlofe Aol $ARE olelob: Aoy
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6. & A

Libel Bs@iT=t %k 2 SREH A4S A 93 2 #£He I

1)

2)

3)

4)

5)

Triac = (EHSHZ, BEIAZAEAS AL + AE AolE§il @RS Zst
ShEEA  Boh ol MEY EEERS A st

njo

Azdlel FaT A2ZE FEEKE RESn o EEEZFEH A HER (
ERBEE, 1 XER) ¢ FUF o2 AFeolde Emstd I HtEfE
o WBR A="le WEGE EESlY JS BWHEME(Ee3) TS HE M
BR 2 #EE Ydod gz —HEAc.

dlo

RIS FEMANY J2o2 @ max ~112(deg) 7HA WAESIS 0.0
TEEEE WET [10rpm BER 2, THEENA BEFHEGEEA Eg &
B Hio)L  nragshod of.

Triac Al°lE E%E TR FAHAFIZ double pulse HAS FEHIE 24
TWATEES] BB &I stz a4 Trigger 3 ¢l c}.

ERYIM (Chopping) ol  whet JFEEFWHoIEE w2 BES o9 st &
f3t EMEEECZ #EsEsl st Aol EEREN R &
g % R A Fol ol Sl
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<Kt 8

TN AE BR

D & AE BR

A4 ool €l

- 225+ To Ry
! 2.345 + t°C 2 To= 75C " BZ& A4
_ 2345+ 75 . 86 {t°c<%$4%£)= 18°C
234.5 + 18 2

52.7(Q) =53[Q]

Il

2) F4 A3 (Blocked rotor test)

“Wp = 22 (W] . —WI—22
,\a]ﬁul P ee Te P P (0'52)2
Ve = 127 [V]
d) o €] ' = 81.48 (Q)
Is = 0.52 [A] ,
L, r, = Te ~ I,
= 81.48 -53
= 28.5(Q)
o We z 22
= 1 =y 1
¢ =Cos ' = Cos "grmxam
= Cos™" 0.333
= 70.549°
i in 70.549
Xe = Ve X sing _ o0 S0 70999 gy 599 70)
Ip 0.52

S X, /2= %=1 =40.799(Q]



Triaec! 2190 FEEBHRC] EEMERHEY ek BR

L= /2wE = 40,799 / 2X3.14159X60

= 0,108 HJ = 108 [mH)

30 Vst 4d (No load test)
r, X, X, T,
Abtetat Data O~ TY dddibiia My
™
VWe = 10.8[W] l
Ve = 1270V i
e = 0.13(A) Em 2 Yon %b
b
|
o ) -
ay rel AvlElss AME
Wr, = 1,5 r, =(0.13)* X 53= 0.8957( W]
b gn:"i“ A i 71 f_,‘
Wg. = We — Wr, = 10.8-0.8957=9.9043 (W]
¢yogmol SlEE of 2} A H
Jgm = Wga / Ve = 9.9043/127 = 0.0779 (A]
d) gm = jga/Ve = 0.0779/ 127= 0.0006 (U]
¢) Ym=Ip/Ve= 0.13/127=0.00889 LU ]
) be = A/ YE g2 = 4/ (0.00889)2 - (0.00061)°
= . 00887 (U]
g) X =@l =2x{L = 40.799[ Q]
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C Start D
+

Dimension : TT (30,50)
YY (30, 50), PM(30,50)

‘

Read : R1, R2, X1,
X2,V,GM, BM, YM,YS

B-K = 100

S =0.0

i}

Do loop N
i=1.3
Do loop

1=1.50
S=8+ 0.02

|

Computation of

Z1 and Z2 by Eg(8) BK=BK+5

!

Computation of
E, by Eg (12)

I

Computation of
I, by Eg (13)

Computation of
TM.by Eg (17)

!

Computation
PM. by Eg (21)

~

Write
S.YY(,))
/I‘T (v i)y PM (i, ) /
I

(. stop )

Fig. 17 Flow Chart of Computer Simulation
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i0
20
30
40
=0
&0
70

REM
RE M
INPUT
INFUT
HGR2 :
HCCOLOR= 3

POKE 16300,0

80 FOR Z =« O TO 420 STEP 1
P70 A = 3,141%92 / 180

100 X = 2 % A
110 YA SIN
120 IF (Z >

THEORETICAL LOAD VOLTAGE

"ALPHA ANGLE=*jAL
"DELAY ANGLE=";My
HGR

(X)
= MU AND Z ¢ = AL}
} CR (Z > = MU + 360 AND Z <
YB = SIN (X 120 * Al
IF AL > 60 THEN 170
IF 12 > = MU & 120 AND 2 <
“« AL+ 300) THEN YB = 0
GCT0 180
IF
AL +« 1200
YC SIN
= o
AL+ 2a
KX = 17 -
YI = SIN
¥

OR
130 -
140
130

16C
70 = MU

OR

&0 AND
(Z > = my
X 240 * A)
= MU 60 AND
THEN YC = ©
1) % A

(XX)

MU + 1 AND
180 + 1) OR «(Z

Zz <

IS
LR
M

+

i8C
190

E3

- KA ¢
200
Z10

i
Tal

AL+
Y1 o]
I3IC vJ SIN
240 IF AL
TS0 IF (2T

AMND T <

= AL

2 <

(XX - 120 ¥ &)
60 THEN 27¢
MU o+ 120 +

= AL + 300

=

260

w701 > = My

60 + i
= AL ¢« 12C
= 0O

240 %
50 + §
240

PN
THEN
SIN

v
(X% -
= MG .
T = AL +
% 10

# 20
- YA
vI
YB
Y3
Ye
YK
(rs
(vé
, 32
0,80 TC 275,890
0,5 TG ©, 159

Xi,Y1 TO %x2,vY1
X2,Y1 TO x2,Y2

AND

D]

b

= ¥

Ine
XX
21}
8¢
80
80
80
80
80
Y8 80
POKE 230
HPLGT
HPLOT
HPLOT
HPELOT

o

[E RS

L (4 P) s

s e
LY ]

[
ul
[e]
%]

[~
'3
o}
404 14 G
[§ RSN

R R

370
380
390
400
410
420
47s

440

3
Y3
Yq)

= AL
300 AND Z <

FIRING ANGLE RANGE 0-120 DEG.

tZz >
= 4L+ 340;

- AL +

= AL + &0)

+

= MU + 360 +

a

wd THEN Yw

BB S g

= MU o+ 180 AND 2 <
THEN YA =

= Al + 180

1207 GR (2 > = WU « 300 AND Z <

60y OR {Z

= AL + 300}

My o+
THEN

i20 AND

YE = ¢

Z <

OrR (Z > MU + 240 AND Z <

iy OR «(Z >

1 AND

[

MU + 180 ¢ 1 AND

= AL =+ 3I60 + ) THEN

Z0<

Rislel
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430
460
470

480

490
S00
S10
520
330
540
SS0
S$60
370
S80

BEREAR KB AR B8E

HPLOT X1,Y3 TO X2,Y3

HPLOT X2,Y3 TO X2,Y4

HPLOT X1,YS TO X2,Y3

HPLOT X2,YS5S TO X2,Y6

POKE 230,64

HPLOT 0,80 TO 275,80

HPLOT 0,3 TO 0,159

HPLOT X1,YZ7 TO X2,Y7

HPLOT X2,Y7 TO X2,Y8

NEXT Z

PRINT °“IF YOU WANT TO SEE S-T WAVE INPUT Y*©
INPUT AS

IF A$ = "Y" THEN POKE - 16299,0
END



