Vol. 10 No. 4

® R &k =

Ty OREDT OGN e Zalb—ae
7aY5 L-BACS

(7N G- G SR TT S S

Abstract

BACS is a problem-oriented language for performing dynamic simulation of complex control
systems as an analysis and synthesis aid. The design considerations which entered into the
development of BACS are the simplicity of usage, the flexibility of digital programming, the
low cost in simulation performance and the logical balance among them. An input program to
BACS is expressed as a description of a block-diagram and its object propram to be generated is
automatically executed through BACS. The solutions are then printed out digitally and gra-
BACS language

is made up of block oriented functions, only a few connection rules and FORTRAN and

phically. BACS program consists of BACS compiler and many routines.

makes its programming so easy that control-oriented engineers who are unfamiliar with
digital computer techniques can perform digital simulation. When special functions such as
complex non-linear elements other than standard operators are required, users can define them

in the form of algebraic functions coded with FORTRAN, use them with combination of stan-
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dard operators and also utilize appropriate subroutines of FORTRAN library.

Successive runs

in the same model for various parameter values can be performed without recompilation.

Finally, the compilation time for BACS user program is negligible in comparison with the

execution time.

languages.
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Therefore, the run cost in simulation with BACS is lower than with other
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Program structure of BACS
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Fig. 4 Block diagram of Ward-Lonard drive system
% EXAMPLE WARD-LEONARD SYSTEM STUDY MIMIC, CSMP o@ilidh
% SPECIFICATION OF METHUD, STEP SIZE , PRINT-PLOT INTERVAL 3 R LI
RUNGE ~ 0.01 5.0 10.0  AUTOSCALE _J”ﬁézzf B2,
% SPECIFICATION OF STRUCTURE PROGRAM FLDEFMLUCE, YIa
, STP )y . 12, 0.0 1.0 s T
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6 150.0 = 8 = _
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£
DATA CASE 1 U740y b OBEHES
K 0.015 > ¢ . $EE-7o
DATA CASE 2 Kb, "“’/ b AR
K ) 0,02 BHRELEHGRT 5 LA
DATAEND

Fig. 5 BACS user program listing of Ward-Leonard drive system
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FTYOFFPy bA—F Y, Fvaviao—L3EETH
%. Fig. 6 (23t5sR 4R 4. SHEMERI IBM
S/360-M75 T2 BRERETH 3.

10. 8] 2. "4y POFERERICEITIRE

FERABEERERAOCAAELT, MERISBRELE
o4 eyt ORBEREEERS. T OREIIMIDAS,

PAEERATZETEL. /e
1oy FIMEBANTIE, v
—WEEREE Vi, BHICHE O TEBL, BEHM
—Fr—2iEns s, FORIBENE L RTT
3. MZEBREHE Va TKEFECRITT2bDET
5. Fig. T 3,40y r ORHBELZRT.

4 oy b ORIZEEICT 3 X EB 0 2RI,

I5x0 Airoraft attime £

Fig. 7 Pilot ejection system
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RDOLEEBDTHB. D=0.50(H)CpS V2
)f==$’am(0)—-V}. f:th
Y= Vsin(6). M=17slugs.
V=0, (YSY1). G =32. 2 ft/sec3.
6 =0, (YSY1). Cp=1.
V=—D/M—Gsin(8), (Y>Y1). S =10 ft2.
0 =—G cos @/Vv, (Y>Y1). EbESEar
2]
01 Co |51 05 5 S faglt
L r‘{COS 10 7]
v % A vy T X
7S 12 \5—““—'-—‘” ° 5
FUNC 8 . L 6 3 2
[} 1186
,—‘ 20715 76 SN 0— sl Z

38

-]

Fig. 8 Block diagram of pilot ejection system

* EXAMPLE PILOT EJECTION SYSTEM STUDY
SPECIFICATIUN OF METHOD, STEP SIZE , FINAL TIME ETCe.

2

RUNGE o) FMT
# SPECIFICATIUN OF STRUCTURE PROGRAM
(5) = Vo THO VA VE THE
16 COS = 10
10 * 12 = 6
6 - VA = 3
3 1 B 2 0.0
16 SIN = 14
16 =% 12 = 8
8 I = 4 0.0
12 = 12 = 30
30 * S = 32
32 = 0.5 = 35
35 % Cu = 40
14 x G = 38
(8) = Y1 M H RI HTR.
22 1 = 12 vo
20 I = 16 THO
(10) = H VA FTM HTR
END
DATA
uT 0.2
FTM 3.0
M 7.0
G 32.0
Yl 4.0
VE 40.0
THE 15.0
S 10.0
cD 1.0
H 0.0
VA 500.0
RI 1.0
HTR 1.0
PROCON

Fig. 9 BACS user strcuture program listing for pilot ejection system,
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V(0)=[[ Va— Visin(0e)1*+[ Vecos(0e) P2
6(0)=arctan [ Vi cos (8£))/[ Va— Vesin(0e)].
V=40 ft/sec.

6e=15 degrees.

i, X, Y REFEOME ShTH - kel
HONBEZRALT 2EH D, 1 oy + OERIE
%, Vigosdoy b oxBtsES:, 6 13 V OKFE
FHHicHTamaE, M 3oqoy tORESE, D
o4 oy L ORY 2ERENE, o(H) 3EE H
ICB 2RTEEER, S o4 2y b O HENERK
%, G BRENMEEAE, Co REREBEZTL TN
sd.

'~

(74

!

)

5

* DEFINITION

Toy IBMROF 4+ VAN ¥vIab—-vay . Sas 5 u6-BACS 225

RERRIMEBOBEORS 30ft 0Lz AicH
b, 12ft OB TH5. 4oy r BEEERROL
Feft tomsr@ednd, Tbb, X=-30
DEE Y220 251, BhRKLThsE45. M
i3, oy boBEBERELNBETIRE L, BRb
DORAMTH 2. LT, Bulit®sicd 288
Va BXUTE H offi% Hzf(Va) 723 TER
Beyactir#%X5.

BB Va o#ifHiE, 500ft/sec 25, 50ft/sec T &,
1,000ft/sec =T, @E H ORWEI, #wik 0ft kb,
1,000ft X, 60,000ft $TE42. H2HEEBL
UBETOIRERN ZeuuRBiERolighnid,

OF FUNC5 FOR INITIAL VALUES

SUBROUTINE FUNCS(TIME,X,V0OyTHO,VA,VE, THE)

DIMENSION X{(800) :

IF(TIME.GT.0.0)

60 T0 10

VO =SQR1({VA-VE*SIN(THE*0.017453))%%2
% + (VE*COS(THE*0.017453))%%2)
THO=ATAN( (VE*COS(THE*0.017453))/
* (VA-VE*SIN(THE*0.017453)))

10 RETURN
END
* DEFINITION OF FUNCS8
SUBRDUTINE
DIMENSTUN
IF(RI.GT.1.0) GO 10 30

FOR VDOT , THEDOT
FUNCB 11 IME +X9Y1gMysH,RIyHISTRY)
X(800)sDATA(2,100)

- READ(5,10) (DATA(14+1},DATA(2,1)y1=1.+15)

10 FUORMAT(6E12.4)
RI=2.0

30 IF(HISTRY.GT.1.0) GU TO 50

IF(X{4)eGTaY1)
X(22})=0.0
X(201=0.0
RETURN

GO TO 50

50 X(22)==-X{40)%CURVE(H,DATA)}/M~-X(38)

X(20)==-X(42)/X(12)
HISTRY=2.0

RETURN

END

%* DEFINITION QF FUNC10 FOR RUN CONTROL

%* RESSETING PARAMETERS

AND

SUBROUTINE FUNC1O(TIMEsXyHyVAyFTMyHISTRY)

DIMENSIUN Xx(800)
IF(X(4).6T.20.0) GOTO30
TF{X{2)eGT4=30.016UTO20
H=H+1000.0
IF(H.GE.60000.0) GUTO8O
10 TIME=FTM
HISTRY=1.0
20 RETURN
30 CLEAR=X{4)-12.0
WRITE(6435) VA,H,CLEAR
35 FORMAT(* VA=

fr

VA=VA+50.0

GO 70 10
80 TIME=-1.0

RETURN

END

Y9F1l0e3,y? H=
IF(VA.GE.1000.0) GO TO 80

'4yF10.3,' CLEAR BY ',F10.3)

Fig. 10 BACS user-coded functions program listing for pilot ejection system
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TELIBET 1,000ft FOBF T, LANSG
EdRT DL, RiCHE%E 50ft/sec HIFT, RO
HRICEX D EZLBRABELRDZ. 54— 2—ED
WAMEO 2D, FILERELY, <54 —2—0
Vv b, 5YOIRE BXUS vEREHBING S
unssaavira—rod ETFES. Fig. 8 134
Blo7 e v 7 30%, Fig. 9 BH®B 7o 5 0%,
Fig. 10 3XPlohTHEAI N3 ERZEER RO S0 s
FLAEEFNENRST. CDAVF Yy b FOS5LT
i3, FEET Y L Py br—F VEERALEL. ERE
Bi¥% FUNC 5 Tit, V LU 0 o®BiE VO Bk
U THO #, BSMEE2MET 300, &7 vico
X—[FIFEHA NS, FUNCS T, 4oy b
BUERLT, $7b b, L—o b, BB L IcRE
->T, VBLU 0 MEREN L. Z¥ HISTRY 3,
STy RLIELV—hSEEN IS IE YY1
EN-ThH, s94 0y P IBGHPEARTT A L%
BUT 27000 TH5. FUNCSMALHERD
BIILETH 5. FUNC 10 {394 v o + DR 3%
PEENE S DERREL, RERKIERD B0
NIA=F—ZF LMYy b L, &E5iT, 5
VOMRT AT SNV—F v ThHS

1n. #

Ta T ANHEBSFE L HELTO BB, HiM
FDFA4TENY I alb—~a Vit BWRORITE
YVRVRICESTHEHETRTHY, Yiab—v
a VERBR, FTITHELL-TEL KRXTih
~7- BACS o#ifid, koMK, Fos5 3
Y7 OMERE X v, SRl A L —F
AVTVRATFADREORITHS. LichsT,
BACSBiIROF 4P ANy I ab—v a VgL
ThY, +REANTHS E0bRE.

TEHESOERULEITHIEZ, 246027V Y I
WA > T2, A¥YF4 /Y I ab—
vavREBRINE,h 708, BACSIKZ, =044
Ly T ) v awy FEGMTHIE, BACSiEA v

il

2! b2 July 1969

FAVRAYIav—Yavrussatia,

BMRDF 4PNy I ab—y a VOABRORE
i, RMHWRAOHERNY I av—~v s VESE B&
VRALY 2TV VY RFRiCkZA V54 vy 3
alb—=YavThHhr, o

AVIAVY I ab—ya v, GERA LSk,
I, FARTUABBIC 25 vay bo—n, &
KUA Ty b &N T oy sy BRELA LI TS
ERERICERS Y, oy s o - MY T
TR A RV =F 4 VY RTFLANYLETSH B,

FIREMY I aV—va VEBETI, HHAZREEO
YEIHR & —RHMERE RS 824 v 7o M B
RoOMFEMEE L.

THurylavbv—vayich#KLT, F4Y 40
Y3ialb~YaryoyDORAIL, turn around time
EaRMTHEM, LEOHEBEDOREMNE ORAESW
RT2THHS.

BACSI, =d—f#tt L IRVIERICEK - T, R
WM 7077 ADhTiR, BLRBEDOEHOD D
D—2THY, TPROEA4A LY 2T Y VI —v
2EeHEZNE, AMEomnboEni k.

¥ebbichrb, BWMEIC > ZHTRBRTE
MELHVIKR BELARER KRFENTE Bitth
KPP THER, 725 CicAoBR& (s
DT

BE X

L RSN AMUSFE: T U ATz L B
TOy I EAYSFTLAYIab—Vay, TH
o Uk, W4k, 65, 1964,

2) R. Linebarger and R.D. Brennan: Digital
Simulation for Control System Design, Instru-
ments & Control Systems, Oct. 1965.

3) R.D. Brennan and M.Y. Silberberg: The-
System/360 Continuous System Modeling:
Program, Simulation, Dec. 1968.
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