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ABSTRACT This report describes the outline and its application example of simulator ‘‘SIGMA”’ developed at

Toyohashi University of Technology. ‘‘SIGMA’’ has the excellent man-machine interface alike to that of analog com-

puter where the wiring of operational element through graphic display is only required.

As many kinds of elements are available and user can define the function of the element in FORTRAN, “SIGMA”’

can simulate complicated system including non-linear elements with a personal computer, which were conventionally

carried out with a large-capacity computer.

To examine the applicability of ‘““SIGMA’’, the report analyzes the behavior of reciprocatin compressor system
PP y P y P g

driven by the vector-controlled induction motor. Each operational element was used to model the inverter with com-

plicated switchig operation, the induction motor which was transiently subjected to magnetic saturation, and the

mechanical system which was accompanied by torsional vibration.

The model prepared can properly express the behavior of actual reciprocating compressor system in which the motor

current and rotating speed of the motor are fluctuated together with the load fluctuation.

The simulation using ““SIGMA’’ can be applied in substitute for actual machine test.
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Continuous System Simulator “‘SIGMA’’ on Personal Com-
puter and its Application to an Inverter Driven Motor System.
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and Computer Sciences, Toyohashi University of Technology) .
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BEGIN NEW DATA CASE
POWER FREQUENCY %0
ABSO. UTE TACS DIMENSIONS
fs 50 4 0 5 0 X % % 100
I'd &0 S 100 IS
P.CTTER PAPER HEIGHT
000400 30 Eid
! 2 1 1 1
¢ s TACSDATA*
TACS STAND ALONE
C * $-BLOCK & 2-BLOCK */
1PA o +PB -PE -PD 1000
1
1000
PE4PA 10
10
100

¢ ** TACS SOURCE *
1P 16 00 25

C 7" TACS SUPLLEMENTAL FUNCTION 8 DEVICE */
8670 = PAXI2

C . /" TACS OUTPUT VARIABLE °/
PE PA

c ** TACS INITIAL CONDITION */
PA 00
Pt 00

C_ """ BATCH MODE PLOTTING CARD ***
CALCOM: PLOT 0

L
PEN CHOICE 1 1
1 0 HEIGHT
2 Jt OKURE KEI
194200 003000

oo

PE PE PE SYUTURYOKU

c --- PLOT CARD TERMINATE ---

END LAST DATA CASE
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B8 SIGMARIA2K%ZDTr ., 7R

Ehntcwn, HRREEIZE-TL 5L, XRTEERD
HirErs. B3 2MS HBA Y SIGMA TR
BLBERT. —BLT2RERFR LS,

3. SIGMA OEI®E

SIGMA (ZRTEOZETIIY § 2 v— %, Ik
FHRZEL, ‘1R T, BA3IAN, 1HEHNOERK
BEEX (BE7%, ME®KL) *GDETT7F= 7
HEBOA A~ TRFELTVWLDOTHS. LTI
TOBBELEEYDOND.

3.1 ERFME
SIGMA OFERFIRIZ, LTod»ThHhs (Elé
B).

(1) GbET7=, 7RDER, BEXTHS.
IR EHEYROER (1) ¥*GD L TH
gLV, EfTil, BEERZYEELOKE
Wiz - v Lo s Ehe, BEERLY

&1 SIGMA OEEEX
I 'PULSE GEN. | ®:0SCILLATOR | %:RAMP GEN.
f :FUNC. GEN. B:BANG-BANG | C:COMPARATOR
D:DELAY E:EXP.GEN. F:FUNC.OPE.
G:GAIN H:HYSTERESIS | | :INTEGRATOR
JIJITTER K:CONSTANT | L:LIMITTER
M:MEMORY SUM | N:NEG.CLIPER |O:OFFSET
P:POSCLIPER | Q:QUANTIZER |R:RELAY
S:DEAD SPACE | W:WEIGHT SUM | Z:ZERO HOLD
+:SUMMER —:SIGN INVRT | * :MULTIPLIER
/ :DIVIDER 8:STOPPER #:DISP SCOPE

B
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(3) FHBXETTA. FHERIHENT—27 -1
CREINRS.

(4) HEHER*GDEEETRL, 77, 2k 7Y
vE~HNTA.
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Vo= (R, +8,) i+ SAp, (2)
0= (R,+S8,) i+ SAp—e4 (3)
0=(R,+S8!,) 1, +SAn,~e, (4)
Apg=M* - (iyt+i,) (5)
Amg=M*- (i, +i,) (6)
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in YRR (A)
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i, dBE, ¢EOEEEERE (V)
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i iy S QEAD 1 JUERR, 2 KERER (A)

Amds Apg A O dEERLSY, ¢ BAELST (WD)
w, EFEREE (rad/sec)

Ay Cd 2 REROBRET (Wb)
Ay Tq#h 2 REROBKRHEL (Wb)
n CE-ABRE

T S E— ¥, 7 A s (Nm)
N MO EET

BEREOBIBTOLE 2 FILMEHORIEDS X 5
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Lﬁj Xa Il 4t A L
T = |
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X8 FAEHWO=T L
1000A
AV/NNE:
0A / \ ARA A Aag BN 0A p A /\/\ /\/\VMVAVAVAVAVA zan
\/ \\j 200ms
T700RPM 17DORF’M
Orom \\ :
b : -17008PM | .
-1700RPM HE RE
I -3000A
EHF—5 B 500A/div Yzalb—-v3av
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#5R 20ms/div

9 FEHTHEOMBLEFE

Y vETG, BRIF -2 LB L. ERAII—E
HELT, s—2HHOBBBCHEYT A/ L7
x5, T—2BEIZ30kW, 48&, BEe— 2 v
Fi320.50 Nms?, A DEME— 2 v }i0.45 Nms?
TH5. B9 1700 rpm L H, —1700 rpm D HEE i
ERESYELICRORBER L = - 2 BREFBOERF
- %, BIUSIGMAIZLA v i ab—2v 3 VEERY

FR2F3 A
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0 L z EMTP
€ 0E VoW Ko K whmo WMo mx s®w WK S
| 500 ms Sk
~J| {-380Nm
-B00Nm | BEREL
800Nm
0 l SIGMA

gl 1548
500 ms
-380Nm

BlI0 FAEEBEDOF + ., S LAy

-800NmM

Yo, 8¥LE EMTPOBE&IL A1 5 —DOFTRIF
BEFETHY, A—D214 ¢, FTIIHEDBIC
REOERNE U, ZZTIXPWMOBEEK L
LTEBGEVEREYEV TR D, 214, F v /EXR
HEBL V2700, @24 48, F3FRILE
Vs, EI10ZRT5E Y, EMTP Tii 5us, SIGMA T
BWBus TABOREHLIBE—HLEL. ik,
SIGMA D4, PC9801 Vm 2 (BfEEE 7= € ., +
f1) TEHEBSRI1205, EMTP O%4, BIIM240 T
CPU 1344y, JOB £ 0RERIZ505 TH - 7.

6. & A #
CRFIE LT, voFeav L, 4%~7 L%

BOZHEBW CHEBT2 > A7 2% |0 EFD. &
NIHRRABRVEELLOTH D, B 2 L —
T VILIDBHENLEBELE LR, 2D AT
LY, E=—FEa VTV N TIAFA NS, T
VYL hVERSIh Tk (H128H),
vy HFIIZHENLSR - TV B, E—2 3 v =4 X
DERBIHh, <7 bAMENC XY, PACERLBRE
BRVETFHBILINT VB, 4 vi—%i, £—FiT
EfINCEEERESZOH DY EIZL, - 2@EK
PHEL T2, TRz v 7 Lv, YORARERHIC
BRT2 = - 2 BERRVEEREH ¥ RkHic. 47HT
Mt vi—g, 22 EFAIERRETLYE
mL, ¥iav—v vy, EiED, BEH

a7 L

BBy Rt T, <7 b AE@Y TR, FEE
BEREOF LV I/EREPBERIFETHBLLL T 510
», BREBEOL I L 7 EBIESIC T — 8 ¥ 4
v 7R 2 DERRROER T D LV S REICE ST
EFARMBBL L. RS T AL b A — VERYF
L, EMEE, RERE#HLRS, o1
VRERLEE L. BEROBMIL, EEAHROSH
YEX TLEROBRRZT, FETEL2ERLSH,
REEEBY 52 2REFHDBY»RETLE, B X
OfHEg £ 7 L TR IBEBOH, N7 gl
HWLFHEBE O EREEE SRSk 50N
HZEILHSD.

6.1 >3Ial—>3 FFNL

CRABIE LTL W BT FEHEBHROBEL, 160
kW, 18#&k, FFEIECEEE 118~400rpm TH H, K
5 RHB8DEFLIZOVCTERYRETS. BERR
DLTRVYTeavrdr , 2 FERLTERD, B
OEEMEEICL D, AR L 2 OEDNKE CEHT
B, ZTHOWHE2 vy 7L, vyoERPBRHE LIE
R, BEAREEYVAT L 2 0EXBEERS TH
h, 16K ED L 7 G IIERTEAETHHZ &,
118~400 rpm D TIRIF—FD b L 7 R & — v
DL ENG oo, v I b=—v g viTiZ 118
pmEEOTF - s B, 2 v 7L, yOEEESREK
BOISKEYETEER L. 37 v, vDAH+
A2 RO XS CATRESOEEMEEYADE L,
SIGMA O = — ¥ EF % B TiEh Lic. BERLEk
BE-2HA, EEEEBYIHZHDT7 54 KA
-, RU2BRIDVEDBa v v o4 oBRX
h, thoohkUHikBIERAEY, RE<- V2K
IR 5FEY L2, KKRKI2x b Eic4 BHE =
TAH2BRETARMBH L. LREEL400
rpm TD A v 7V, YDOREI L 72 DISKG D B
i3 100 Hz (15%400/60) &7z h, K120 % — N2
D166 Hz # FlAIB 19, T— F1DXAYERE L€

ab—2v 5

RE #E'Nm)
0 3835.7
} 4486.4
1002 2 £54.8
3 750.1
4 430.3
5 182.7

2
TORQJE ? @S?
N e N S e e 8 56.4
8 133.4
10 85.1
1 42.5
o J 12 3.5
= 13 518
= € T4 8.5
ANGZEE 15 37.8

Bl =2-7v.,40RF AL
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FATCEGEELLND., T~ NI Tikes—8&75
1 H4 - A ORICERBABbND D, £—2 LD
Bahrbibd 2887160, B30 L5C&L
7=. B4, zhna v—2 (A5, FEE (X
8) WIUHBEAE (K13 0fxFLrE¥&ESL,
SIGMA TEH L2460 A7 4TH5. HHALE
BEFERIISTHY, ELERTERIDD.

6.2 E—YBAZLY, BEEEEHORKRE

¥, 5,8, 13xEERLL, REHHOLLYER
LcB15n 7 =, 7R & H FEEEEE KD, BRE
&, QERTHYITETS. Thbb, <7 A HE
Dizd b s HECHREROEEBYZ T2 &
L, BRASMBOY vIEFTEL - THDHIH,
P2 BIRIESENRE—2F » o T A 7RG TA
L L, BIiES, LDEEEHLITEEFHHEROLT
BRELEEETH. RSOEEREL—-TOFr A v
0.2387/ 2 AEE (rad/sec) % 10V IZERILT S
DEETHB. BI5L b ig*/ T, 0/ T, DIEERE
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