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A Study on the Design of a Digital Governor

for Steam Turbines

by Song Dong-Young

Department of Electrical and Electronics Engineering
The Graduate School of Korea Maritime University

Busan, Republic of Korea

Abstract

In our modern societies, electric power is the driving force
of the industry. As many parts rely on electric power,
demand for electricity usually rises. In case of most Korean

power plants, a mechanical or electronic governor is used for



an actuator control of a turbine generator.

For the stable power distribution service, it is desirable to
change the old ones with improved governor of the steam
turbine in speed control of the steam turbine at power plant
for a long time.

In this paper, hardware and software system of a digital
governor are designed to develop a controller of the digital
type governor for the steam turbine.

Hardware in this digital governor consists of duplex [/O
module and triplex CPU module and can drive a servo valve
using 2 out of 3 voting algorithm with self-diagnostic ability.

Software in this digital governor consists of program of the
operating system and applied programs.

The algorithm of speed control of the steam turbine is
analyzed for the digital governor of Woodword Governor
Company and made up for the weak points.

Transfer function is gained from model of a target plant
and then combined into the overall transfer function. Then
parameters are estimated, through an optimum object function.

The availability of a designed controller is confirmed through

numerical simulation and desired results are attained.
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DSSM : Digital Speed Sensor Module AOM : Analog Output Module
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Fig. 2.8 Configuration of the digital governor system
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Table 2.1 Address Map

gasigion /o B4 7}

ADDRESS  |CAPACITY |f& dlolEH &9 | A &g ASSIGENMENT
00000000~
256k BYTE (D31~ DO LONG WORD EPROM
000ffffc
02000000~ BYTE,WORD,LONG
512 BYTE |D31~ DO o] E]-& SRAM
021ffffc WORD
03000000~ BYTE,WORD,LONG
512 BYTE [D31~ DO 3-8 SRAM
031ffffc WORD
04000000~
) 8K BYTE [D31~ DO LONG WORD el g SRAM
0403ffffc
05000000 o
D31~ DO LONG WORD d, =9
~05ffEfff
05000000 D7~ DO LONG WORD REALIME CLOCK
~05100000 D7~ DO LONG WORD Elo] ™
~05200000 D7~ DO LONG WORD Algd 4
AEZ&AHO B 21
~05300000 D7~ DO LONG WORD
| 22 E]
~05400000 D7~ DO LONG WORD 10 #0
~05500000 D31~ DO LONG WORD 10 #1
~05600000 D31~ DO LONG WORD 10 #2
~05700000 D31~ DO LONG WORD HERS
06000000
D31~ DO LONG WORD RESERVED
~FEEEEEEe
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Fig. 2.11 Time chart of address decoder
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% 2.2 BE/EOlE Aol & 93 M Alo]=
Table 2.2 BUS size for READ/WRITE cycle

Transfer Signal Encoding Active Data Bus Sections
Size Sizo Sizl Al AO D31~D24 | D23~D16 | D15~D8 | D7~DO
0 1 0 0 Byte - - -
0 1 0 1 - Byte - -
Byte
0 1 1 0 - - Byte -
0 1 1 1 - - Byte
1 0 0 0 Byt Byt - -
Word e e
1 0 1 0 - - Byte Byte
Long
0 0 X X Byte Byte Byte Byte
Word

® 25 57| =N
AAE CPU+ 2 out of 3 voting= +338}l7] ¢3f CPU7} 3532 4
Aol lerm=w 371¢ CPUZF & Al~®lAdA s2tslr] 98] &50]
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i
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2= 37] 329 PLD T2a9e RE9| 45 Fx3r)
@ F "= 3=H
@ F ==
SRAMS CPU RE9 & vrg2A dolHLy Hagon By
MEels g8 Ayt WMS512KX89] C&Uﬂ 1 Zko] 20[ns]=
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Fig. 2.15 Time chart of EPROM
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3 2.3 JJHHE ASSIGNMENT
Table 2.3 INTERRUPT ASSIGNMENT

Rcikong IPL2-IPLO ASSIGNMENT H] 52
7 000 Power Down Non-masking
6 001 Speed Sensing
5 010 Time Schedule
4 011 Serial Communication
3 100 Reserved
2 101 Reserved
1 110 Reserved
ODEEREDIES S EX

= -
MAR CPU BES AAZ 228 ol§8 4 U%=S RICE AHg3sr,

0 AlFE AFYAelH HE=E F2H

AAE CPUE CPUZE Hlolg n3kS ¢]she] Z8530 Serial communication
controllerg ARE3IGIth ko] wak Z8530 CMOS SCCH 78530 ESCCZ
o] gagel=rt tdstal, AF olg] A=Z7F sk, thsEAle] kst
t}. T 71154 EA X E Algo] Jbssteg CPUZE HlolE w3ks &:F 3
Qi F EEE 125M]S dgitol AT EYoidor HYolES AA3}o]
RS422 %7]*4 FEZ A8t MC340508 o]F RS422 EWAHZ
SCCe] &95 Whol & 7 CPUl HolHE EWAH 3= slqlth

-

@ YA =5
g Al I 2R= vlola2 T2 AA fHuto] A 3 Z(MAX696)E A&
sted Al 715 9 wiEE W 7E, A9 ol #A 7lE, 9AF ERO

W 7)eS ka9l
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(1) 7ha
SIO 252 controllerd] 4&E7kS ©7] 993 7|9 = 3289 2% 4
olE gt A Aletr] 9% LCD 3|25 % CRT/MODEM<S #13 A d-g4l
Aolsl == A H
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CPU ADDRESS. DATA AND'Y | DVIERFACE
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Fig. 2.17 Block diagram of SIO module
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%24 SI0 28 oy W

Table. 2.4 SIO module address map

Address & ol 99 MM~ o Assignment
Base + 0000 D24 ~ DO Long Word LCD
Base + 1000 D24 ~ DO Long Word SCC
*Base = 05400000

@ 7E B2y
A= B2t 24keydx6)E o] FojA gou], = A AL

a9 21837 )

SCEN  SCRN - SCRN 1l 2 3
. | A >
SEL  SCRN : 4 5 6
v
FAST  ADJ NEG  ¥/7 g 9
A
SLOW  AD] CLR N/ . ENTE
v

a9 2,18 719= A4
Fig. 2.18 KEYPAD

34



719 = 2= 7] #hol FAle] "AY, "C" AYE dHEE T JEFE FRo
. switch®} Transparent latch® o]Fo]AJtt. 7] 9= 72 10[ms]
2 CPU® 93] polling=o] 1 kol sl 538 SFRPES A
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LCD 3 2& ¥ 2.19¢F o] HD44780 LCD controller® AM&3}%)
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F
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Vag E DR s e o
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Fig. 2.19 Block diagram of LCD
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LCD controller= 14PINC. 2 FAEo] 9lom 7 7]%5L AHestd &

il

2.59 2.

% 25 LCD AEEHA 7%

Table 2.5 Function of LCD CONTROLLER PIN

7 W 7] & g 7] &
1 Vss A2 (0V)
2 Vdd A% (5V)
3 Vo LCD ¥t7] =4
L: 33 fgx2gr7F A9
A RS /L 55 A =g A9
H : dlo]g #HX2=E7l A9
L : WRITE (CPU — LCD)
5 R/W H/L
H : READ (CPU < LCD)
6 EN H ENABLE 4l3%
7-14 | DO - D7 H/L dlo]e A&

: tax|
- oo tar S
R/W e ¢
N ; Write o/
; | ! |
o Py ! ,rﬁ :
T =] 1 |
EMN /: AN ’Il/_
== e by |
tgr ! - oy |
Dsw r ity :
DO~D7 E >( =% ol g ;K
;r" ™ | o
| ﬁﬂfﬁ:‘g /I

a9 2.20 golE Elo|H &
Fig. 2.20 Time chart of WRITE
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olE| % F= .

RS pd X

: t [ ﬁ,AHI
R/W L 3 : FHP:
A ! READ | \‘\
5 : |
: PlWey ! < :
: 2, !
1 1 ! 1 |
ten K &/ |
| topg_ . tpmp !
W i — :
DO~D7 TS 5
¢ : ' 5
[ [ |

19 2.21 READ ElolW =
Fig. 2.21 Time chart of READ

© LCD 3=9 44
o YA 2H : LCD controller o= W& dAA2HIR)< HolH
A ~E(DR) 279 8 HIE #X2E7} glon, o] #x~E= RS(Register
Select) Al&ol o3 M T}

o BF(Busy Flag) : W# #A|2~He HE 7THo=R WHo] thg W
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Alo171E AMEEIGITE A, B F EEx BT RS232 HE7]14 ZER A

&3k, 49 258 12507 98

wired-or¥ o] JEHEA] CPUS SIO] SCC o #A=HE 215}
3

t} tx" A3 =4 B2E (DSSM)

(1) 7N &

DSSMS- t}4=9] MPU(Magnetic Pickup Unit)Z5-8 Aol QI3 £
To} &% WiskE ks Y=ol 2 CPU 289 9 Ad=R 23 E A
st 7lss Atk FAY 7 3 =&V B2 S-=4 Sdfo] &
< o83 FEE HAEsINloy, #AF Ay Fel W 9 S5 A S5
Aol Ao w==] X3k ddo] Qiglth dAAl= Azpe] wdy gEe] 11
Lol AuAd w2 AY S5 7Hx gxd WA o] FE ARgE )AL )
o &3 0A

Hedl, olefd AE WAL &% 2 % wshge] A glo] kel A
=

WUAS 7bsskAl ol 2 2.22+ BN 3| HSE



7]°JH] = Main : Slave = 6 : 4
3]AH] = Main : Slave = 4 : 6
MPU= E&59 7]ojd F&=o] 3d4E A&t dd7] 9
T59 AA 3HdgE 3600[rpmleli, FEFO 7o I
5400 [rpm]©]t}.
EF TURBINE GENERATOR
MPU |:|
Nl I
CPU
MODULE [¢1 PSSM I
\

a9 229 Hule ALy =

g

Fig 2.22 Measurement of turbine RPM

(2) A& dHdAL 373 FAL
O FEDumpA Fod SE 54
— wap| D] 50[%] 750%] 100[%]
T LT (950000 | (50001 | (7500[KW]) | (10,000 [KW])
=R
o 3709 (3.03) | 3785 (5.14) | 3840 (6.67) | 3934 (9.28)
A4 (v
A
% ) 3665 (1.81) | 3703 (2.86) | 3713 (3.14) | 3788 (5.22)
A7 (W)
#1. Fel AR £ HiEE A5ES A9 1111%]eldolok &,
2. /V{E A A3 A4(3600[rpm]) ] T}
3. TAFeH Ao AEs= 10000[KV]o] T},
o s =V Ns pigo) 2.1
N

39




o}}i

A} A

O

o AL AL :ﬂfj;—jvﬁ X 100[%] (2.2)
S
@ &% A%

EHHlo] FEFo] AZE 7|09 ol(#)a& 3070eH, HRl F53}
59 3 Y= 4:601 22 HAAZEE(3600[rpmDAA AA] MPUZ €
He 3 S 5400[rpm]eltt. o] & Fetsie] &£k A& A4S 4L
shgich. ohel Ei &wol wWE slo] 1 ol(#)¢] Cycle timed vhebdith.

E 2.6 £ Apo] 2R
Table 2.6 Cycle time of turbine
% [55% % 55 =% [#e3] = TEE
RPM | RPM C.T. T [rpm]|[rpm]| C.T. [1g] C.T. [ug
1 1.5 2[sec] 1.3[sec] 2600[3900| 769.230 | 512.820

200 | 300 | 10.000[ms] 6.667[ms] |2800/4200| 714.285 | 476.190

400 | 600 5.000[ms] 3.333[ms| [3000(4500| 666.666 | 444.444

600 | 900 | 3.333[ms] 2.222[ms] 13200(4800| 625.000 | 410.663

800 11200 2.500[ms] 1.666[ms] [3400/5100| 588.235 | 392.157

1000({1500] 2.000[ms] 1.333[ms] |3600(5400| 555.556 | 370.370

1200(1800| 1.666[ms] 1.110[ms] [3800|5700| 526.315 | 350.877

1400(2100| 1.428[ms] 0.952[ms] [4000{6000| 500.000 | 333.333

1600(2400| 1.250[ms] 0.833[ms] [4200|6300| 476.190 | 317.460

1800(2700| 1.111[ms] 0.741[ms] |4400|6600| 454.545 | 303.030

2000|3000/ 1.000[ms] 0.667[ms] [4600(6900| 434.782 | 289.855

220013300| 909.090 [ 606.060 (1] 4800(7200| 416.666 | 277.777

2400/3600| 833.333 [ug 555.555 [ug] 5000|7500| 400.000 | 266.667

o 7101 o] () (N, - 300711

o

27 &xoAe F7](Cycle time)
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Cycle Time = (2.3)

N e 2H

o Digital speed sensor E&°9 ¥ F5(f,, )= 25[M]

: —_— —_—
Cycle Time = —69—30 100 370.37 [ug (2.4)

N oori=C T x r = 37037 [0 51x25] Mzzz) = 9259.25[ 1] (2.5)

- 1 _ 1 _ f osc. _ 25x10) 6
N reeth’® C T N feefﬁxjv count” A count N reeth’® N count BOX/V count
(2.6)

o 1[rpsld el

count

_ Sae  2BLMAE]
/Vcosz_ Nfeefﬁxf_ 30><]_5 — 555,5556[7H]

2%¥=555555.6 o]m=Z °F 20bite] A=t S FH T
B Ao E AFrle] df5 AZteke] 24[bit] FHER A

3) 7 4
DSSM2 5+ 7l ol%¢] MPUZYH 489 A5 d25 45 2y
H35l7] 913 wJAA~ES] subsystem® 2 AFE-H T DSSM< Input buff
er, Select logic, Divider, One shot, Counter, Latch%2 I A Y&
ATk EHle] IHFEREEH AEWH MPU &9 A3e vz AFis
fgolnw A3 & uF3 S AA7] f& A9 T3 dHE A
7hetth EE AR ¥ AlE DSSMe| tA" Y dagel <
3 AakE ol 59 F7l= AHAE Fsto] s=dojHoezw =
Aol 7}sate

~1-
YT i

T
>

%“’2’:‘1

@ > J

ol
20

o},
% 39
=

of\ 'E

mlu

ouf, oA 9A o BEF @

AN
rlo
2
it
u
N
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‘mo

se <

A2

H}F Al O
] —

7 MP

S

7191 o] (#)

Ue 9AE Edats =3k doryg Hxd|ro] ¢

| 7JIeES A&l

9|

I 38 CPU dA

k<
“

Y, 7HH

JREEIEREE

9|

of CPUe°l| <l¥

o <]

<

B/

A

<
T

o

F

vAO

Efoll A

2

25 [He|

WMV e COUNTER [ LATCH

SELECTOR

i#1

CROET

DNVIDER
#2

p PVIEER l vy |9 COUNTER |»f LATCH

-

Ok

bk

MFUT

BUFFER

ER

MPUT
B

MPLIL [

MFUE

CIRCUIT

19 2.23 DSSM &5 theolej1s
Fig. 2.23 Block diagram of DSSM

@ 23 =4
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AR A= T2 MPUS 23 ~91F otk F A3

o

Input frequency range
MPU : 50[Hz] ~ 25[Hz]
Prox. : 0.04[Hz] ~ 2[K&]

o

Input amplitude
MPU : 1[Vims] min , 25[Vims]l max , Freq > 20
Prox. : 10[mA]

o

Input impedance
MPU : 2,000[Q]
Prox. : 2,000[®]

[e]

[solation voltage

MPU : 500[Vims]

Prox. : None

o Resolution : 0.0015[%] of range/LSB

o Speed accuracy (max) : 0.01[%] over temperature range
o Derivative accuracy (max) : 0.1[%] of range (p-p)

o Speed filter : 5 ~ 10,000[ms] (2 real poles)

o Derivative filter : 5 ~ 10,000[ms] (1 pole + speed filter)
o Acceleration limit : 1 ~ 10,000[%]1/[s]

MPUE 14| 874 A%goz o8 ~93: A4%9 315 2

gow F2 A&ET gtk MPUE o] okiio] 27)%o] P4
] q

o[



o vl Felst 7)o ol(f) Alole] o] B4% Fe AL 7ha

2 A e vy Bgde] 92} slofe] =171 L Helel o) A

T H

e

o

obelel Ml o8} EW &%, 474 9A, slo] mES T¥ F Ak
[15]1,[161,[17]

AADA () = gﬂ%@g (2.8)

RECEETY
)= 2N 42 (29

R Z& A& O e JFH
DSSM & 2x1d 2 FA 5 0o] 2o Select logice ofefje] oj=¢~w
of 93] Merojxlt

IOV, = Al Elel S| Y
Table 2.7 Select logic and address map

Address a8 dHoly 39 M~ ok Assignment
Base + 0000 D24~DO0 Long Word Channel #0
Base + 1000 D24~DO0 Long Word Channel #1
*Base = 05410000

71ol ol(#), 3 F719] 7hE7F 293 EAld JIHHE A5 E CPU
2 Bd ol 2789 Adoe] z & HolHE dE= AHBIETL 3o

AHHE A7k A2l CPUE JHHIES 8o #& dolg % Aqd
Adedi. S g3l ol & Jhel ol(Eel 3 WA HEsh= Aol o]
GHolARE 7]ofe] of(E)7hell olFk JheE el Ag WMol H AEE A
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STOP

OLE :

0SP :

1 2.24 }$E 2713} ol Aw

Fig. 2.24 Time chart of counter for initializing
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olg CLKoZ 25[Mk]e] QA olHE g3, 1Ale]Z B
40[ns]oltt MMV (Monostable Multivibrator)i= MPUZF-E ¢=H
S7F o159 R, C el o=l &4 AgF “L" = 7F=% 3ste] STOP, OLE
2 OSPe] AzE =3 AT

2

© Stop
MMV<el ONS1, ONS2E Z§3sto] Stop AleE e & Avt
ONS1 : =MMV # !ONS2 & ONSI;
ONS2 : =0ONS1 & MMV;
STOP : =IONS2 & !FULL;

Stop &9°] “H"Y wiwt 7FE7F 54 sta "L'd o ASFE2
ARSI FAlol AAe Holg S A A7]ar CPU <lEHE
(IRQ#5)E Aol deAeFa S sty

© OLE(Output Latch Enable) 2 OSP(Output Synch Preset)
AEHE W& xlo]Fo] U OSPE “H'® oA ESIY 71&HE %
ZIStAIZ1aL thA] 2 E sAhs 8%tk OLE= “H'd W 4o o&
=9gte] ®Wstar "LUold A AH @S AGEH. CPU= HA9
OC(Output Control) ©x+= "L'"& o] E3Ie] A&w doly ks 712
=3

STOP & ONSZ2 & ONSI;
OLE # FULL;

OLE
OSP

FULLS 24[bit] 7HeEle] omZ2s AZsre nef AEDw x|
o)) FFSES 278N
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gt

I
|
]
AN
W
=

MPU

ONs1

ON5Z

STOF
OLE

0sk

38 225 A3 =AM PAL =4 913
Fig. 2.25 Waveform of Speed sensor PAL

© 7HEH 325

@ 7h+H
Digiter speed sensor =59 7F+H+= 24[bit]Z FAEAAH U} .
1 RPSE 34T 45 250kl o 25o= 4 + U= HAuse

Y /72
Voo ;= 30 15 = 995555071 (2.6)

Ncosz:
FheEE= 24[bit] 2 AASG o #% 270 ute}l prescaler® QHAE
£ REEtel AEY 18 Audeldor b @ & JEs A

o X E7] FhEH WAoR= AA F 7HAT7E ] AREE A e, A

2
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g e E7 AEs WY AY B/ et gk B Aol
g A e Austgon /R Asuae 192269 2ot

CD[—]NT ||H||
ENADLE e EN
CLOCK o @ Do

Criodal coeren
0e— D2
EM
— 1
Crodas - T
< D3
; EHN
I
Cnudeg..._.,,._..,---

% 2.26 27 F7)7HH

Fig. 2.26 Synchronous binary counter

© e F4 el
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i L L)L L o L

STOP —

!

COUNT START

OSP

DO

D1

D2

D3

a9 2.27 24 B BolgAE
Fig. 2.27 Time chart of synchronous binary counter

(Serial carry type)

© 7}9EH PLD 218 B2 7

S #Hx3h},
@ 447
a8 2288 AA|R PLD AAE X2 aAésle] TS 719EH 32E
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CLK

MPu ||

Mty || [
OMET

OMEZ

STOP L]

OLE M

OEF h

o (U HUUWUUUUUUUUU]
o1

oz JE ] _I—

7
I_‘
I_‘
I_‘
:

| gé

03

D4
(M]3
(Bl
ov

|

1% 2,28 29 =44 JHSESR =4 53

Fig. 2.28 Waveform of speed sensor counter circuit

o] RES CPURYFH gxd A5 E wol 9H7|7]E 98] 4~20
[mAle] T+% AFAZTE HAXNZIT. CPUE o] ZE gAY A5E w1
= YyAd dolge] 9] dgs

DAC(Digital to Analog Converter)©= TAY FS latch 3+ 5 ofd=
IO AR ASAI 73, 1 Aol 3 driver A2 AEE BT

opgRI M= AR Aert A4 FHEAL ojAo] 4~20[m] HAFE =
2% e EWAAHE Pt TRAAA &9 dF 2lsE 0.01[%
243[Q]°] A™ A= AH TEdrh

DACE resetd Wiy dleo]E 7} 000HY w 4[mA], 3SFFH & = 20[mA]

\_1
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+ 2 out of 3 voting W2
A = /O lock A& =

20[mA]), 2 out of 34

Wz
= selgnh, ohtwo FemE omd

=

¥ 28 0oldE HERE oy A AY

Table 2.8 Analog output module address selection

Address & oy 39 B~ Tk Assignment
BASE + 0000 D11 ~ DO LONG WORD CHANNEL #0
BASE + 1000 ” " CHANNEL #1
BASE + 2000 ” " CHANNEL #2
BASE + 3000 ” ” CHANNEL #3
BASE + 4000 ” ” CHANNEL #4
BASE + 5000 ” ” CHANNEL #5
BASE + 6000 ” ” CHANNEL #6
BASE + 7000 ” ” CHANNEL #7
* BASE = 05420000

(2) 3= A
/O LOCK

b

g —— - W
FROM /" DATA. ADDRESS AND a4 | 4-20(mAl
CPU CONTROL SIGNALS TAC DRIVER. + g [ CUTFUTS

"

DAC DRIVER tog

% 229 ofdRI HERE BEEL
Fig. 2.29 Analog output module block diagram
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@ Qg dolx~ =i @ vy, Ad A9y

Interface 3|ZF= CPUoA AEEH = dolHE tiZy9$ Channel
selector 3] 2ol o3 M ojx]= Adel dHeolHE HEd. iy
3|23 GALI6V10S o]83dto] REe] & base o]=e 28 Tar s}
of MEHE FHEF QT

CPU9| dHolBl= 74F2450° y-rolx HdE= o], D/A AW E 2 PLD &
Aol 242y dEH Tt

74F245+ HlolE] EWAIHEZMN Z+ZF /O locked signal®} R/W signal
o] Alojel whg} FzHett), PLD &xleli= CPU dlolE ] AE Zgh A
HE 9% deolg7t Ak

oj=#| =9} I/O Locked Signale % 3tt}e] PLD®E HY¥o] 74F138
< active A7) 2L A HW 1382 oj=d2 LSBe PLD9] ¥
H

Al E wrol 870el D/A AWEH S shuE A8st= Y selector 9

o
=
BE Ae pPLD 22 g@lS H=2o g

o

Fx)

@ D/A ZAWE 325

oAz tsge] 98l D/A HAWE 7} activeSH 128]E2] do]H
7b Sl etel] B ¥, 1o wE ofdE L glo] ZHETH

MP12082 12HME ¥, F+ /19 A7 %S 7Ix D/A HA¥EHE A}
olARIREANAE HolE M9 8/4 HE #x 4 interfacingS 3o}

MP1208 D/A converter®] Timing chart® 1% 2.303 7t}

D/A 3]Z29] glo]E Elo|W 2 CE7} oA EH 3 ©|o]E Setup time
# 2 100[ns]eol™ Wre] YACJER & dHolg &= gdo] A 90[ns]
2 52
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£
Vig N bes —""— =
TS BYTE/BYTEZ 500%]4— 50[%]
Vi
— o —»
Vg /
WR 50[%] —\ /— 50(%]
Vi
t
4 T 4y
Viz
DATA BITS 50[%]7_ 2007
Ve y
—— tr
Laum SETTLED TO
+ 0.01[%]

a9 2.30 D/A AW E el Elo|W =
Fig. 2.30 Time chart of D/A converter

I/O locked 3]=%-

o] RELS RE olgdrg ZHS AlLFH EIeE 2E D/A 7AW E
o} =l /O locked =35 98 W= 5 =S AASH /O
locked A&7} MEJBEH nlar]|g] 2o o8] F(-)= xE3}s o] AF+%
3]zl EWA2E S OFF == 3k},

@
-

B

@ A7 T5 J=2H
Current driver 32+ o]|5xA3|2¢} Bias adjust3|2, AFHASE 3
2 T4 Hodu ol 5Z2AIEE D/A ZAHE dAF{ E9S dAgow

(R

2
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% ot 715 4[mA]~20[mA] = WHSksA A543}
U A7k ddd A9 AFRVE 0o] HERE AR HAA % sl "

VoymEE (p= oA (2.10)

g Aol 0[V] U uf 4[mA] ¢ AR} BRES p2 AEFHEE
OP{4Z TLO8Zacl= walZo] AAH A4 €tk thaeol 10[V]e]
Foldtal TLO82a=# ol ~1.6[V]7t HESH p& AMES} 44
gze otz EIANAM 2Hy] die] =8 AF7F 20[nA]

o u

© Ak Ale] 3 =5
LHOO70= =k wsteh defg2o] s WA o dgAlor|=
10[V] +0.02[%]o]t},
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Al 3 A AZES S 47

of Bg3d &g TragPor FRIAC

CPU 7]soll 283 &9 T2 AUA7E & s=4lof Al
al CPUW e == 7h8 Z7|shy 9E dHolES AHetar CPU ¢
A2H, Wiy, /059 ol F7E HLEEsH, A &g AMREHE &
= sdlolB Hulo]l 25 X7)3HEt

S8 222 2ETA0d H Q3 )EE Z 2 M4, governing,

=Nye)

PID, Inter communication and voting, A28 shutdownZ=Z 13 &

SRl Els out of 3 votingS F3g3st7] ¢ "A" CPUL "C"
CPU o 985+ 2E e Inter communication ZZI13o] 23] d
o|ElE ugtsr = Q== ok, 3709 EE CPUZL €& HolHE &
w2 3kglth. 7t CPUE ¢8 X2 o3 uvoleE Agsti A
E A wgtste] S5 dHolHE Ad & F Jd=F a3

3.2 Alz®l mRoR 14

Az®l 2 FEe 8 3,17 o] el Zz2

O AZTHAE g9 9 QEHE T2 70" o] Fo

B
N
L

X

’

2
®
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MAIN COMTROL

v I S

INTER GOVERNING
COMMUNICATION KEY NPUT | | DATE PROCESS | | 08
MITIALIZE
Y r 3 !
SCC CONTROLLER ASYNG MODULE FAULT
RTC INIT || TMER IMIT
T CONTROLLER INIT CHECK
SELF TEST
|
EFROM | | RaM g TMER || RTC
CONTROLLER
NTERRUPT
v T —— !
RATE SPEED

sCC
TIMER 10(ms] | | SENSING W AYNC SCC

Oy 3.1 Al 203 AL

Fig. 3.1 Structure of system program
717 3.2 X ® 1% Rate group timing=E UERJ Ao=w
Ao

o(§8) TR 7z} Z}e] W& Rate group

o
-1 =
o] 10[ms]rtc} F718do2 a8 3.1 Wz ads FasteE 39t
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10[ms]  |10lms] [10[ms] 10lws] f10[ws] [10[ms] |1VUlms! |10lws] |10lws] | 10[ws]

RATE
GROUF 4
RATE
GROUP 3
RATE

GROUF 2
RATE
GROUF 1
FREE
RUN

F-1 F1 F2 F3 F4 F5 Fé& F7 F8 F9
F9 F10 Fi1 Fl2 F13 Fl4 F1& Flg F17
F17
F = FRAME

/0 HANDLING

SCHEDULING

MEMORY TO MEMORY
MOVES

MCE EXECUTION TIME -

a9 3.2 =239 RATE GROUP TIMING

Fig. 3.2 Timing chart of program rate group
3.3 TR AT W&
3.3.1 SELF - TEST ~Z =213
7}. CPU TEST 22713

CPUS WE #A2Eo] dolHE el F go]E she] CPU 42
Bl o4 FEE g
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( smRr |

FAULT INFO=0

A

READ CPU REGISTER

WRITE SAME DATA

5TORE FAULT INFO

NEXT REGISTER

a2 3.3 CPU HAE Z2 7% 32%

Fig. 3.3 Flow chart of CPU test program
v F Ry HA2E 2z ad(dHelH-8 SRAM)

dlo] B8 SRAM® 2(2000000 ~ 21FFFFQO)el| A2 @95 FH=
2 dojgE =3k & 2 WA 2=3t HolHE #olE st 2=/
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([ swRr |

FAULT INFO=0

d

READ CPU REGISTER

WHITE SAME DATA

oTORE FAULT INFO

NEXT REGISTER

L 3
[ RE )
I% 3.4 dlo]H-& SRAMY 3 &%
Fig. 3.4 Flow chart of SRAM for data

o} 5 Wxe Hx
&8 SRAMY (3000000 ~ 31FFFFC)el| A~ 95 2

o] dlo|HE glolEsta luale] W mng 9ol o4 G 3ol

1
[
o

3}
o}

it
ol
ol
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T

START ]

-
START ADDR
FAULT INFO = 0

i
WRITE 000000000H
READ 00000000H

FAULT?Y

N

WRITE FFFFFFFFH
READ FFFFFFFFH

STORE FAULT INFO
il |

END = END-1

END =10

M
oTART ADDR =
oTART ADDRE + 1

b 4

RTE ]

-

1% 3.5 ¥HE SRAMO SE=

Fig. 3.5 Flow chart of SRAM for instruction

Z}. ROM H|AE Zg13
ROM w22 ¢ <(00000000 ~ 00FFFFC)¢] 7} oj=g o] dHolH =



B Akl & ROME A3 #3 Blwste] ROM W2a o] o)A
]

START ]

oTART ADDR
FAULT INFO=0

A

READ DATA

SUM=5UMDATA

5TORE FAULT INFO

YES

[ RTE ]

19 3.6 ROM HX2AES 385

Fig. 3.6 Flow chart of ROM for test
v}, wWel-g SRAM HAE 273

Wl e SRAM w2 99(4000000 ~ 403FFFC)e] EE dolHE 34t
sk & SRAMWE] AFA# vluste] AAAH HAEE 3 % dlo]ly HA X~
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2sto] HolgE Peskn e Aol Y HoleE ehol
ool o T8

4o s 9=
E 3lo] g=/glolEH dHlolHE vusto 2 wWiry 9
slol i},
START
-
START ADDR
FAULT INFO=0
READ DATA
-
SUM=SUM+DATA

ADDR=END?

STORE FAULT INFO

r

SAME ROM TEST

-
RTE

i

n
=

% 3.7 #d8 SRAMO E5%
Fig. 3.7 Flow chart of SRAM for backup

vl. RATE EfolH H|AE =273
QHAZE A Fo

rate E}o]WE Rate generator == AAst o

62



Elolt] X212 go] Aggka} wlmste] Bloluje] o] FE Helgit,

START ]
oET TMER MODE TO
RATE GEMERATOR

L

WRITE DATA
TO TMER

L

WAIT & CLOCK

L

READ TIMER
REGISTER

L

STORE FAULT INFO

a9 3.8 RATE Elol¥ 35%
Fig. 3.8 Flow chart of SRAM for data

AL Y B 25 HAE Z209

RTCe] W& wijelg] A= 2 vEgH~ER RTC W= Hx]9] HolHE

=3 5 22 wixol] =3 HolHE gho|E sho] gl=/gto]EF to]E
Hlagtom i me] g o) #FE Rl Hx dHoly #=/#
EA] W2 faulte]™ Battery bad= ehgir},



oTART ]

READ DATA
AT FIRST ADDR
-
WRITE DATA
AT SAME ADDR

-
READ DATA
AT SAME ADDR

RITE DATA
=READ DATA?

I

CHECEK RTC DATTERY

ADDR=END?

ADDR=ADDE+1

F 9

+
R

o
a9 3.9 WYely 22 58%
Fig. 3.8 Flow chart of real time clock

ok AR Ao Amge Aas 2zag
slom], Edlam vl b

olgetel s 4
A g xwste] % doleF v

2T oW RE

SCCx Fx= W
o8] Ox7EE A48} FA
sto M EHAE o 4= 9ith
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Fig. 3.10 Flow chart of serial communication controller

( START )

-
SERIAL CONTROLLER 2]
2 E SLO0PBACK
RE=R 43

-
Tzl Transmitte =H1 |
0x7E A&

-
ExiRecerve B7AHZE
Holy ¢ =

MO

l

oTORE FAULT INFO

I 3.10 gD ARYAHA AE
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Fig. 3.24 Flow chart of inter communication
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MPU MPUC2 | QVED
ACE, RESET ——|RESET =~ —— — METT | MEOZZ | QVED
. - WED . MPUZL . OVED
HOID_ST f TIMER
* s SHUTDOWN_BLOCK

a¥ 4.6 A o =5

Fig. 4.6 SHUTDOWN_BLOCK
4.1.7 ANALOG_IN_BLOCK

ANALOG_IN_BLOCK= 4~20[mA]le] AFAZTE U+ dH9 AAME
2RE gHS W= BERolt), AFASTES A" AZE vH o] A A
4,79 ANALOG_
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ga Zbzk A" /oS "C' [JOR EoiriAl "k 1
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IN_BLOCK "A" Kernel®] E5d%xo]a, 1§ 4.8 ANALOG_IN_BLOCK
C Kernel®] 7|5 EFAXolth J¥Ass ANAL INESS S3etA o
=), 7)o 77|25 E Y ), £ 34ad 9
/¥ oL, 242y et ekekaks AT o ol W
Ak o] #EC] JHEHA HW ARSS AT a, AR ACKE
o)A resets AlACF Al 7|5 oE BT o] EF

ADDEZ3 MULTIPLYEES % |
ANALOGYIE & H8 2 3 ofgfel & E50 2 HuojEt)

L

ANAL_N_4_20 ADD MULTIELY
4-20m fnputd_CARD S|
— RET = 1 1 AUTO_SFD
0o PaSEA
*3540 LO_PNT - | ¢-500, 5003 —{ 2 w100 2m - 2 ALTOSFD
* 5860 HI_PNT T PASSA
SFD REF & —| THA_&DD SFA MOLT AUTO_SFD |
ANAL IN_4.20 ADD MULTIFLY L REM_FLT &
4 20m, foputd_CARD S | ATARM
| RaT 3 1 1 SPD _REF_&
*-10000 LO_FHT (-500, 500) — 2 *1060, 200 2 EW,
*_12000 HI_FHT M CLTL,KW_&
WA —| EWA_A0D W& TOLT K CNTL
ANAL N 4.20 ADD MULTIPLY L EW_FLT_&
4 20mé fnputd CARD S | ATARM
| RaT - 1 1 EW_REF_A&
*-1000 —HHLOPNT | (-500, 500) — 2 *10(0, 200 — 2 M
-1200 ——{HLFNT 2 CHNTL . REF &,
EW REF & —I WEE &00 W& MOLT KM
AMAL_IN_4_20 ADD ADD L T T4
4- 20 fnputds CARD ™S — EW_REF_&
H maT 00 1 1 NLET
*-200 —-H LOFNT | (-500. 500) — 2 *10(0, 20— 2 FASE A
1000 —-H HIPNT -
TNIET & —‘ & _ADD & _MULT
ACE RESET —H NLET
L ML FLT A
| ALaRM
ALALOG_IN_A BLOCK L{—#LARM,

% 4.7 obgR g A B

Fig. 4.7 ANALOG_IN_A_BLOCK

AUTO_SPD_BLOCK / KW_CNTL_BLOCK / INLET_PRESS_BLOCK
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ANAL_TH_4_20 ADD MULTIFLY
42 inpubC_CARTS |
| ger _ 1 1 AUTC_SFD . PASSC
*3540 LOFNT | (-500. 500 — 2 Elﬂ m 2
* 5860 HI_PNT 0.20
SFD _FEF ¢ —| SRC_ADD SRCMOLT [ SVUID-SFD. PASSC
AUTO_SFD , EEM_FLT_C
ANAL_TN_4.20 ADD MULTIFLY L] ALARM . SFD REF.C
4-20més tnputs_CARD S ' -
— BT T 1 1 EW, CLTL, EW_C
*-10000 LOPNT | (-500, 5000 — 2 %10 -2
* 12000 HI_FNT _| {0, 20
Al KWC_ADD EWC_MOLT L rwam xwmrc
ANAL_TH_4.20 ADD MULTIFLY +— ALARM , KW REF_C
4 20mé foputC_CARD S
|| RST . 1 1 EM, CNTL, REF_C
* 1000 —HHLOPNT | (-500, 5000 — 2 w10 — 2
*
-1200 —H{HI_PNT = | {0, 20
KW REFC —‘ KWRC_ADD EWC_MOLT
1 KM, CNIL, REF_C
|AMAL_IN_4_20 ADD ADD — ATARM , KW_EEF_C
4-20mes tnputC_CARDS ]
- BST i 1 1 INLET , PASS-C
*_a00 —-H LOCPRT | (-500, 5000 — 2 *10 — 2
*1000 —-- HI_PNT _ (0. 2m
TIET_C —‘ INC_&DD TCIOLT
#CK RESET —- MLET , INL_FLT_C

L[ ALARM MIET_C
ALALOG IN_C_BLOCK

a8 48 olgE T 8 C EE

Fig. 4.8 ANALOG_IN_C_BLOCK

4.1.8 CONTACT_INPUT_BLOCK

o] B o) HAYH-AA} MES AL 290G 2ae
= So-2AL B4 B $Ashs /15 K BEolth 9ve 44
of 22 "A" 0%} 'C' 0] PEnEE Fa Soloq, Azte] AUe

N
olr
T
ui
o
il
i
g
i)
)
i,
Aui

of

o]l CONTACT_INPUTES2 sloldddy =dgox T HAd AL
of met EFE st LOWES] 9ol vkt gk
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START / TRIP / RATED SPEED ENABLE / SPEED RAISE LOWER
REMOTE CONTROL ENABLE / OVERSPEED-TEST ENABLE KW
CONTROL ENABLE / POWER SUPPLY #2 STATUS GEN. BRK.
STATUS POWER SUPPLY #1 STATUS
HIGHES2] 9432 v 2k

REMOTE RESET / HYDRAULIC FILTER HIGH DP

78 4.9% CONTACT_INT BLOCK_LOW?®] 7' E=Axo]a 18 4.10
2 CONTACT_INPUT_BLOCK HIGHS] EZX%o|t}. o}7]A4] Hydraulic
filter high DP= oiFpellolH® 7k ¢ ekeldel ZH e Asks A8k
Jglog W Ho}

RTART

TR

RATED SFEFED ENABLE
SPEED RAISE

SPEED LOWER

REMOTE CONTRCL ENABLE
OVERSFEED TEST ENABLE
KW CONTRCL FNABLE
GENERATUR BREARER STATUS
POWER SUPFLY #1 STATUS
POWER SUFFLY #2 STATUS

& _CARD channal #1

AN _LOW

&
&

A_CARD chamnal #3

A_CARD chamnel #2

A_CARD chamal #5

A_CARD chamal #4

{— SFD_REF . ST_PULSE
{ SHUTDOWN . HOLD .

SHUTD OWH - MAR_T

A_CARD channal #7

#_CARD channal #6

A_CARD channal #8

& _CARDchannal #9

4 _CARD chammal #11

A_CARD channs] #10

BlooopooCCRe
MabzzzabeE=b

{ — EFD_REF RATED
— &FD_REF . DLE

— &FD_REF RE_EFD
| SPD_REF. LWR_SFD

SPD_REF , IWR_SPD
[— SPD_REF, OST_FER
— SFD . BEF. OST_TER
[— SFD_REF. RATED
[— SFD.REF, RE_SFD
|— SPD+REF, IDLE_CMD

C_CARD cheusal #1 1CHI | AUTO_SPD, DSBL_4
C_CARD chanmel 2 2 CH2
J e
C_CARD cheuzal #3 4Cma | RW_CHIL, SER_EVE
C_CARD chounal #5 5 CNS GEN.BRE
C-CAED chonnsl #6 6 C_IN_6 — KW_CNIL , ENEL DB
C_CARD chauasl #7 7Cm PELFAL
C_CARD cheusal #8 3 CI8 = [ SHUTRC . BOTH.
C_CARD chaxzal 49 5 Cms 1 ALARM . PSLFLT
C_CARD chonnal #10>— 10 C_IN_10
1 cmu FaFall | — sraRM, PS2FLT
e

+— SHUTDOWN , BOTH

CONTACT _INPUT_BLOCK_LOW

Y 4.9 1Y 9 2 55

Fig. 4.9 CONTACT_INPUT_LOW_BLOCK
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C_IN_HIGH
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01 =W oo [= 00 0 e 0
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N

03 O =R o [ 00 00
LRt b B R R It (e Iy}

HI.C

A_CARD channe] #13

A_CARD chamne] 12

A_CARD channe] #13

A_CARD channel #12

CONTACT INPUT _BLOCE_HIGH

REMCTE EESET ——
HYDRAULICFILTER
HIGH DF

I% 4.10
Fig. 4.10 CONTACT_INPUT_HIGH_BLOCK

4.1.9 CONT_OUT_BLOCK
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2o 7hsettt o714 57449
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COM_OUT_3
A_DISCR_IO CH#L
ALARME 1 v
HOLD _ALARM 2
3 A _DISCR_IO CH#1
GOV _ALM
CON_OUT_3
1 DISCR_TO CHE2
SHUTD 0N
. SHDN_MCT 7
3 C_DISCR_I'O CHi2
TRIP_QUT
CON_OUT_3
SFD_CHTL 1 & DISCR_FO CH3
. BLNE._CR 2
3 C_DISCR_FO CH#3
CVERSED LT
CON_OUT_3
D 1 A DISCE_TO CHE4
, TO_RATED 2
3 C_DISCR_IO CHi#d
RATED_ENE
CON_QUT_3
- A _DISCR_IO CHES
SHUTD O
. GOV_RUN 2
3 C_DISCE IO CH4S
GOV_RUNIN
CONT_OUT_BLOCK

a4 411 1Y 29 &5

Fig. 4.11 CONTACT_OUT_BLOCK

4.1.10 SERVICE_BLOCK

o] 52 F 7IA9 FTFE U= 71 b sy Service alarm

category®| il 3}y Monitor category®|t}. Monitor categoryoll A=

OAY 247) yRe] ZRad A wrse gEe Wy 2L 2% ks
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3ol T.‘}ij}g] CONT_INEZo|A 2] J&Ho] obd serviceREo|Alo] &
A m=ol WA Fo] 7}sskA "tk ©] Monitor category?l AldEE
ol 2jf ?z”:}.

SHUTDOWN / RESET / SPEED / INLET PRESSURE / KILOWATT
HIGH VALVE LIMIT / STATUS
o7 F)5EE Aofwae] Aol 22 ostel 4Bk - SE H7]

HomM Pske FHOE o5 T 47t A Ark

A7 NE OAY 24718 A2 LS Yol Fo T G T
S B 715 RREY 9 53 A4Sl A o) /55 B
e tha Adadsh @ A5 Ade dAR, 1 A A
v o] BEA AL 2o EHL HEE AY Holth ofstol
4y 7550l 44 CPU REUS Mz o7l st /%5 =
2agond JReyE ¢HE A5se oW Yo A A

.

4.2.1 AI_MPU (ANALOG INPUT DIGITAL MPU CHANNEL)

o] &5 Digital speed sensor H/WEHEZHEH &S vt} oA
= F A E89ES AAE & ded, shve SR vlHete HEH
HZ]I/} [rpm]o]al, Bh& shvb= &% oty vl &9 29 [Hz] W

m]e] Wahgolil, DERIV_EN®| 2ol f3o= Hdesjold 4 gl

mlru

1jr. wkok H 47} High set point (HL.SP)E doi7}A W High
latch output(HI_LATCH)7} true® 7}Al ¥t} High latch outputs ¢
Ho] HL.SPE {1 ¢+ ¢S RSTY J=€o] #AGo] AL trues



A

ot

t}, "ok 29lzlo] High set point ©lst® W#7FAl F v et% High
latch output2 Reset input®] true = wj7}x] 7|t} ),

1 %9 High latch output® false® 7}4 ¥t Low set point
(LO_SP) 988 T34 HeY Y=#Ho] falseo|H, Low latch output®] true
7} "ok 2k Low-limit override 993 9] trueo|™, Low latch outpute
true7t & 4 |tk

Low-limit overrided ¥ % High latch outpute] o}Fd F&S FX]
&=t} Low latch output®] true® 7FAl W 4=#Ho] Low set point®
SIS S AlE true® YA Frh ke 9lglo] Low set point XU}
=A ¥ resete] truee|™ Low latch output® falsez® 7}A ¥t}
Low latch outputo] false® 74 A& f-*dtel™ Low-limit override
inputS true® sl resetYdH-S true® 3foF 3} 7HeF Reset input©]
trueo]™ High latch® Low latch output® Non latching® t}. latch”}
true® 7F= 89S AAA 7Y 4EH8S Set point & LATCH_DLY A
ZEvk ol AA sjef gt wkek HILATCH® LO_LATCHY 2.
output®] trueo|W (&4 =Ho| truezt & Aolx, 1¥Ex ¢gow
falseo] .

board 25 outputS FEHGF =HOR trued A ZZA A
Digital speed sensor H/W board®] EAzjdo] o] wtla A Ak
th o oH g Ade 1 HE T3 o F FHS truex 7HA Sk

block®] | == o] FREQ_RNGE #k¢] FHujgko] Htt. gk HAgE
FREQ_RNGE9] HAzko] Har 1 o]tz YdZ2 4% MIN_SPEED H#-&
<= E90] true7l @Th monitor 8 ZEEo| = AMEEHA Za &
= AAgozvt AbgEY. S_FILT9 D_FILT 93> Speed filtere}
Derivative filtere] AlA42ta & 4 vl S_FILT9 D_FILTS FHA#
2 aliasing® noise WAE ¢aiA AL MPU MOE_BLOCK®] Rate group
sample timeX.Thi= HF=A] Aopsttl, ACCEL LIM 982 A(+)ol F(-)
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4.2.2 LAG (LAG FILTER BLOCK)

o] 5L LAG_TAUNA d=HE = 3ol webd A dx 7= E5o)t)
DERIV &9 fielde J=9 W3lgo|t},
OUTPUT / INPUT = 1 / (1+ST)
o]7]14, T=1 / 2nf = LAG_TAU (1x} A|7A <)

4.2.3 SUBTRACT
o] =2 wiAslE o A ¥ 7tolA S wl Al o)

OUTPUT = IN_1 - IN_Z
= MINUEND INPUT - SUBTRAHEND INPUT

4.2.4 ABSOLUTE

of B2 el HY9 Adghe At Lotk o] B FL
G4 e B350l BAgle] Foln

4.2.5 HSS_BUS (HIGH SIGNAL SELECT BUS)

=92 gt 7P e i3 A, S0l Hoigt2 High limit
(HI_LIM)EE} 2] €31, Low limit indicator &4 &= (LO_LIM_I)
° w=e] Higkel HILLIMEY =A =4
< true7} Hr.

o] 7[ =&

3L

Q.
HI_LIMo] %E—a‘—% AAQSHA ¥a HILLIM_I ¥4 &4

o] HSS9| 7z}zte] <91=ell:= In control inpute] o]

J% ro
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e AdYste] e ddshe Fe oS ol trueZt ®rh

4.2.6 AND
BE d¥ol trued A5ol®t FHo| trueolth. o dfuteo] 1o
falseo]™ &2 falseo]|th. F7F4<Ql Y4H OS2 repeat BHE AFE3t}

(A4 60071)

4.2.7 OR

il
ins
)
-0

o] 559 FH2 true’l ¥tk &
(]

[e)
o ah
false 7§ o] BEZ9 &L falseZ} Hrh F714Q dH o2 repeat

e

AH(triggen)S H31 A7t Yol trued o
kel olgdo] falseo]al RSTVF trueo]d &€&

o true7t EH 282 true’t Ho] gdE€L RSTO

o

o] 22 Actuator driver block®.® 7}al, 71 Driver blocks =
ZA 3%}, Actuator driver block Z}Z} A wlt}h Actuator driver &
L5 E9o ddEo] gt} AFololy EH(ACT_1_OUT, ACT_2_OUT)

7}7ko] MFoolE] drivere] YHo= AAF o] Qdrt. dFeolE HH =Y

| )
10,



(ACT_1_ALM, ACT_2_ALM)> ¥A|ah= vj=w QJ=o] true® 7FH HFHE
=83t g8 0~100[%] Alele] gkoltt.

ZYARST) Yol trueold, At F=w = (FEEDBACK_I,
FEEDBACK_2)¢] falsed A% AH =92 false’} ®t}. shutdowny
(SD_1, SD_2)o] #olH ¥## 1.SDY ACT_2_SD2 022 7HA
Ft}, o]+ Intergrating actuator®% ZHEmA] k=

it
>
@
—

4.2.10 ADD

4.2.11 DITHER

o] BE2 Software dither®} calibration & 7H4] 7]5< 7FIt}.
Software dither 7] oPg®I E¥5 dither( INPUTDIIN)®| ¢4 ¥
ol whet = Alse] etz E 77 fs AR o'l A=
permissive®} enable ¥ (CAL_ENBL¥ CAL_PERM)7} falsed wj 7}
5ottt calibrations & = = A&7t 24E& =efolHshy] fE 5

EHAZ FHoglojop k. o] AEli= CAL_ENBL¥ CAL_PERMo| =5
trued -5 7535t

Dither rate(D_RATE) ¥-& ditherd F3+= AA3r o2t 4
& CAL_ENBL9] falsed 79 true® 7M @th. ALMES o] np4
W 7}A] trueZ 7}al RST e o] true® 2 wW7hA] trueE 4 o}
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SEL_X¥ 7Fg we 949S 7M. ramp’t €& olE H|EL DFLT
_RATE, R_SEL_X¢} R_SP_Xel ¢J3] ZAdrt. wkeF R_SEL_X¢ R_SP_X
7F gl rampe DFLT_RATEC 93] &2t} ®keF R_SEL_X¢} R_
SEL_19] 7F¢ =2 $-4521E 7144 |tk
RAMP OUTPUT = REF x (&A1) ¢35
wok USE_REV INPUT = F, REV_RAMP= 0
nkel USE_REV INPUT =T, REV_RAMP= (P.SEL X)(&4] RAMPZL +
(P_SEL_1)
ramp® &¥o] F7FstH MOVING UPe] T=Z il &™o] 7HASHH
MOVING_DNe®] true7} ®t}, ojwdt 7]27|7} Agsojx]x] gkow 7]
gtol Abs o2 AAdnt. X 7E71E F7HE A9 repeat HE S
ARESTh 18R] S5 E SAEHAE Fobzth rampZt P_LIM_Xe
oaf deiE fx|olH true’t H&=ul 1 YXAE HojuA =W P_LIM_X

4.2.13 LSS_BUS (Low Signal Selector BUS)
522 Low signal select?] =85 F33r}. 5L AHze] A

S AEEtal High limitet Low limit Afo]o] &xjgtt}. whef
Z2zko] Low limit2 ot wrom 3z WH U 3, High limitR o} =0
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Hogskgks &8%t. £k 229 Low limit indicator(LO_LIM_D<}f

High limit indicator(HI_LIM_I)7} true® ¥ Tt}.

4.2.14 ONE_SHOT

Aol truez HAS wl, 4o 5H A

3 & o] A AZE St true® o}
Al AJko] 2y RESETO] truet W™, o] ox3] trueolt g}
T EYE false® It 48 Vles Al s E false® 7FoFst
3 reset falseZ} Fojobgt it} whek XJAA|zto] Eu}r] Fof ¢= o]
falseZ 7} reset INPUT(RST)O] true® 7}#] o X AJ7Hs<t

3L true® 7H ¥tk R_TIME(OUTPUTD)S =3 7|5 Alfto] E4
V7A@ AlRbe e

4.2.15 AN_COMPARE (Analog Comparison)
B wef sladH B A&7k 0oH
1 &

(IN_De] (IN_2)Rt ZAY A 4 true’l il
IN_1)o] (IN_2)Ht} Zowm false”} H}

L %9

~

A9 20 F8e (IN_2)°o] IN_DET IAY 27 =W false?} ¥aL
(IN_2)e] (IN_D)ET 229 true?} Eoh.
qhoF 3] ~E| g Al 27t F(POSITIVE)e|H
35 1 & (IN_De] (IN_2 + HYSTER®T ZAY 24 =9 true?t

)
= a9
ar, (IN_Deo] (IN_2)Ht} #row false’} F ).

AS- 2 =48 (IN_2)°o] AN_DRET IZAY 24 =3 false’} 5
(IN_2)°o] (IN_1 + HYSTER)®R.t} 2o true’} @t}

ek s ~E P A 27t S(negative)o] W

A9 3 &892 (IN_Do] (IN_2)Ht} AAY ZA =W true’t a1,
(IN_Do] (IN_2 + HYSTER®] ddjgh Rt} 2to ™ false’} o)
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AL 4 0 8S (IN2e] IN_1 + HYSTER®] Auizhrrt =AY 24 =4 false
7F 5an, (IN_2)e] (IN_D)XE.t} o™ truert Hrh.

4.2.16 PID

o] B2 Azt wet vE(P), vd-HEPD = vld-AE-n)
. |o] 715 FshAl ok AA > Al2a'e] 23} HluE
wWAE Z9(0~1009] scale)e] #AE A2 HYH EHHA Hrt

G =P (x4 AH8)
G=P(I/s+ 1)
G=P(I/s+ 1)(Ds+ 1)

A7|A,
D=1/ { (SDR)D) } =&
D= SDR / 1

4= PROP_GN PID=5 &9 vleol5S AA3T). o)== dAl 7]
2 24&719] o599 AL Erh JEINT_GN2 PID &5 S99
Hol5& AAsI} ol 7AA F£7]9 resetd] XAYE Frh 9
59 FA(Integral gain minimum)#k 2 = A
9] 7]5o] vHl#E Ao]d ATk AFEHT o] PIDESFo] Hld Ao
o] 715 9ks A 18 PROP_ONLY®©] true ©]i, INT_GN¢ <
&k
[e]

L

O

(2

y H
o] INT_GN_MIN®] f#zgtrtt zofop gh. o8 S_ DR &
£ (Speed derivative ratio)2A] 559 gHo| uFa8 kel <
#th. S_D_R2 PIDA|O]7]7} Q785 Lol ARk AR5 a1, o
5.002 HAHY. S_D_RS Aok 0oy 1 o]et= AA S| A]

o Mo o H
o

flr By o
oL o

1

oo XoAr g N om gf 2 X

S DR=1~100 & W, D=1/ {(SDR)(D}-----~- (#8 ©A)
S DR=001~1<Y 9, D=SDR /I —~————————~ (A& gk ©A)
122k threshold® o] E2¢ Z#o] 101[%]ALSSY 1[%](HSS)ZE 7}
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7] Aol gwpnkFe]l eaH A wH =H A A7t s&EH=vME AAs e
d], o]ul= o] E5F9] = LSS bustt HSS busE FAsHA| &=t} whef
threshold Y& o] 0.2 MEH I, o] 559 &3] LSS bus® 7}al 9
dl, buse] =AS ﬂ , 559 92 101[%]= 7HA €0k wheF
LSS busth4l HSS bus® E%9] &%o] 7}al, threshold#ke] 04 o, ©]
E59] HSS bus? A% %‘]71] HH E59 292 1[%]= 7HA #} o]
+ threshold®] #<= 002 A Est:= Ao] uigzlslx] b 21s UEhd
oh HAR2 A scale> 0.01~1.0[%]1Hell lojokstar, tiFie] BE A
S/doll A9 threshold AEZF Hdl =AY gto = 7hoksit}, threshold”7f
0RTh A MES S w, PIDEFS] 244 o] dojube ofm gk
o] o7} 2 WA= 101[%I 1[%]% 744 =t} threshold®] ¢!
Sk oxte] ok AA g PIDESS] &3 ofgiel & AHE whtol
qho] 101[% 1Y 1[%]= 2 5 )T
PIDEZo] LSS bus® &S L J& o,
qkok AAFE < 7]E3k ol
(AAZE = 714k > Threshold °©]il
IN CONTROL # &t = False °|4,
=92 101[%]= 7HA €5

PIDE 0] HSS busZ &9&
qkof AAZE > 73k o]z,

(AA gt - 71F%) >Threshold ©] iz,
IN CONTROL H#&W4 = false ©]H,

=92 1[%]2 7HA At
PROC(Process input)< EF02 7l A9 &
=
o)

=

o)
I Qs o,

th SP(Set Point)= 7IEd#Ho|H, 2502 <
A Wt=% gtolth In control signal ¥t Y= =,
' Fst= SEL_1 &9 oJojofyt gt} o] In control signal PID

71 busE AEA HW trueolil, L buseol HiE] AJE sHA &
false7} ¥t} PIDESo] LSS bustt HSS bus% o= A5 HulA ¥
W, In control signal<> true® 7}Al ¥t Rate control =2 wH]E7}

E{_\-g_l
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P EREA S AFEE W trueololoF Ft}. o= PIDAA ] &¥
= MIAN7IE A E AAsE 92E sk "k

4.2.17 N_SW (ANALOG SWITCH)

o] =& CTRLYHo] falseol™ oldz1 o] N.CE E9°j7} =9
2 4 9lA 3l CTRL Y= o] trueolAl HW ofd=1 YHo] N.O=E
CTRL = T : OUTPUT = N.O.
F : OUTPUT = N.C.

(@)
—
Z8)
.
[

4.2.18 _FILP FLOP

o] BEe EaTe] EPBEOL dAE B2 Qg Tl 29 Ed &

4.2.19 DEAD BAND

o] 59| 7|52 &4 ©]al enable°] truee]™ VALY DEMANDE o}
dlsh ol FaHL),
(DEMAND VAL) > (DB_1) , RAISE_VAL = True
(VAL DEMAND) > (DB_1) , LOWER_VAL = True
(ABSOLUTE DEMAND VAL) > (DB_2) , EXCD DB_2 = True
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K, m>50

Main steam control valve flow—lift curve

N I | I I

LY —"w— St am flow ¥ first stage _[re

5§ \ _O_ Steam_flog 7 walye_lift .5/“

N 2 s
10 o h‘\ d / 0

e,
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o

0 10 X0 4| 40 1)
Steam flow [Ton/hour]

% 5.2 Aojwre F2 A

Fig. 5.2 Operating characteristic of control valve
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Febal, olE 2418 she] AYHSE A 7] Hul welq A4 %
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h

Q in v Qoui

a9 5.3 $7] vessel

Fig. 5.3 Steam vessel

7] Vesseldl gt A& w422 thga o] 1dE).
dw _ ydp
dt dt (5.3)
= n Q(mt

o, W = weight of steam in the vessellkg] = )
v = volume of vessel[m®]
p = density of steam[kg/m”]

¢ = steam mass flow rate[kg/s]
183 VesselZ25-EH 9 F7] &S Vesselo| A9 F=H o] H]# 3o}
i 7Hg R S,
@

o, P = pressure of steam in the vessel[kP]
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P, = rated pressure
Q, = rated flow out of vessel

RHd Vessel o] 2=7F dAsittar dvbd vha-o] dA 4 o] A Heh

dp _ dP op
dt dt oP (5.5)
aga oWl eErt FAHS W (9pbP) WE F719 PEWsE
S1RENE & S glrh 4(5.3)-(5.5) 25 F
_ _ 1 0p dP
Qi Qout VaP dt
— ap PO onut
- Vap QO dt (5.6)
T dQ{)m‘
Po _&
W74 L= Vs (5.7
Qo
Qout _ 1
Q, 1+1Ts (5.8)

A71A T,= 7] Vessel®| A& oltt.
g S7IEN delA Y EF, S 24 sl deEe I
=71 frEnlol vl g

1, = K@,y K=v1&d=r) (5.9)

)

2. #47
Buls wdv)2 pAEE fdde] AgugAowyy AARA 7,

B AZNET 7o Aol7h Sre) MRS sAeA W vge dud
e Hd5e 29 Basole $AE Y A,
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T..= Mechanical torque
T.= Electrical torque

e

Tn + 1 e T.= Accelerating torque
’®_> —> . . .
_ Js+b J = Equivalant intertia moment
b = Equivalent frition coefficient
T. & = Roter speed

a9 5.4 &E9F E A9 A
Fig. 5.4 Relation of speed and torque

Actuator Control Turbine Generator
valve
u Qin Kt :
Ka LM 1 @
— Ko | Bk, | — _,(‘ ?_> | &
1+T,s . RS Js+b
1.

a9 5.5 Alejggel BEAE

Fig. 5.5 Block diagram of control target

K, KK
(1+Ts)1+ T;s)(b+ Js)

2(s) = U(s)—(;TQ(s) (5.10)

b+ Js)

5.1.2 Aol vhetvlH
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5

Y3} o) FY0] Havl HNuE, 5 ) FHEY0| A2H
54 AAAAES ASYor wa seheE 25 At

PROCEDURE OF THE HYBRID GENETIC ALGORITHM
Set k= 0
Create an initial population randomly;
Decode mdividuals into parameter vectors;

Evaluate fitness incarporating the scaling window scheme and determine the besty
WHILE < the termunation conditions are not met >
Assign a new vector to each individual using the gradient-like formuia;
Encode the now vectors into structures to form mating pool;
Crossover and mutate,
Decode mdividuals into parameter vectors;
Evaluate fitness incorporating the scaling window scheme

and determine the best(output the potential solution at this step);
Set k= k+1

END WHILE

29 56 solBel= s 4374

Fig. 5.6 Process of H.G.A.

u ]
Al o "
o
,
- +
s k]
- _rl'l_ Eé! Irz"lr
; —
s
A2 WAUE

O™ 5.7 Ao Alage] setvE F4 AR

Fig. 5.7 Diagram of parameter for control target
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4, & 2 NMAZREYH Hostd vgeivgHE Add 2de] deS Hrtet
7] Ysle] BAGFE DR sty Ages o] BH3rEE A A3
At o1, 221 FAS 47 Hste HAEFE fFeAIgE Skt
AxtE = o3 22 28 o] &3
k
J() = |w(j) — wy (4) | (5.11)

dolg fw$o] Arlolth Wel A7) FAge] Aémel AN A}
ololx Hdal EgElel AuEY, delne= FUduEL BARSy

o gol A2k HES w B 2P itk

5.2 2&7]9] AA Ldud=

1) normal speed/load control
2) overspeed control
3) overspeed trip
4) start—up/shutdown control
olglef] ta=o] FHl VeEe] F7FE ¢ Atk Speed/load Alol=
AFololy JHASTE AFFoEH o]Foxn, 53] LLAolE Yo}
= oAM=, Al2EIREe] AA G Feldd o R whRany oA 54

g9AdS QEA 4~5[%] I F7HA] adstal Qo™ Speed/load Al
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Fig. 5.8 Control system of SPEED/LOAD algorithm
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ALg-&A o ugt 371K & T 1 dRE 253 538 PAlo], PI A
o}, PD #A|ojgta 3t, %55 ¥k u= PID Ao}l gt} o]y 3 &
A Z =

e stEslo]l B sz EdoHoR g FAE P A7), PIAY

AoYH & Azrd ol A 2(5.12)% thehfol At

t
u(t) = Kple(t) + = [e(rar+ 1,9} (5.12)
1Y t
21 (5.12)¢] PID Aloj&23ts Forddos xAskH 2(5.13)3 2t
Uls) = Kp(l a T1 L Es) (5.13)
7S

I% 5.9% PID 49 3 o5 HoFa Stk

0 2 4 B

Time [ms]

2% 5.9 PID A9
Fig. 5.9 PID control
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5.2.3 PID 3}g}njEle] o 3xZglel %

PID Alof7]19] dteinle], & nlgo]5, AR, vlEAgke] 47k gt
S Agar] Ad A3& PID Alo]7]19] FXE(tuning)et gtk o] A& A
A e R Rt %uﬂr# SHEG % Yyew

T vk

PN

2

i

7} 28 SHEA ] og )

MFZ Aol A Aol &9 =53t JEs 7hs) Aot
2RSHS T R ZeAAE A (5.14)9 o] 1A =53
AR A Ao w ZARsE & = glonw ~¥ggoREH K T, L
S Yt 2FSHS ditFoR AaRojEge] Mo w yehdtt
oA S LR M g Molg} gt} o] Ao M V& 77F FE -
I, 5 da3dA AAS Lo ojwje 7]&7]E Relgtal gtk o3&
WS gtue BT ool g% vhib= A4S L ool shal, o]
AL =F(delay)elgtal FEH. Aloj=keo] HFHow Axd weo] s
ol Solg}t st o] A& K& 4.

G(s) = 1 fTs e (5.14)
olglg 3709l werlE, &2 L& AL 2704 AvHE 7HA]
3 PID xﬂOM A-S AAsA Dot Ziegleret NicholstE A3 oz%
El, PID Aloj9o] wetvE & R, L 3 #AAA]oA AAs= A4S Ak

shodvh. 13l & 519 P

¥ 5.1 Ziegler—-Nichols?®] ~®-$w2S o] &3 %
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A )= J_FZ/’ 2((328 (5.18)
o714 dE o] Aoj7]e] EH Aot} o]u] AlxElo] Ao HE ]
548 7 e AFole 2AilEe Ar]e SAMH R A (5.19)¢
2A do

a=2L| GGt (5.19)

BN
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rir
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so] A

A2 4 (5.200,6.2D)¥ 2.

argG(i2nf,) = = (5.20)
4d 1
K = — — (5.21)
o] Wtylow Ko 7.7} FaAA Ziegler-Nicholse] A=l 2
g TxHE A8E + 3

5.3 Algdold % &
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% 5.3 A&l Jehr Yy
Table 5.3 Parameters for simulation

TR g2} B
2o} 7] K,=055 T,=05 T,=0.125
Ao ol & K,=1.0 &,=1.00 A~=1.0 72=0.21

5) Alo171e] Fads dlshrfal A7l S EE o83k MatLab
simulink® Al Edo]AE g agizAe] S=-HRQ= 195,804 Ao

2zl ¢/, 7F Control inpute]t}. Controlled output2 =352 o ©Jth
6) 19 5.11v =3 Exdse] dek F=(ERY &%) eH
3, AN EE JER AL vt 7)) Initial value=0, Final value=1%

AAEE QM A3 BEENY FASHSHUEE Ao NE DF
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123



o}
B

o
i

4l

N2
=2
Hr

0
N

)

|

Ashz Al Aol

124



P
1
H

:
1
:
;

...“5..‘.“....1:.-.“.“.

[}
mmam funnsaas
}

.,._..i.,...._h:p...

T e RN

u
'
¥
__p
:

Jama

ln)

4
P
i
4
1
'
' '
T e It ettt iy
i i i
'
g
i
'

[d] mdul (o407

Time|s]

(a) Control input

40

1
i
[
e -
H
.
i
it g el e e e SE B e e e e Im
"
H
i
wn o o\ heenrasee = 1
1
H
EE-. . AR . B
ok i
i
|
1
H
0 SR Bl A e - U
-
i
!
g4 :.v—r::.:-.. <aidrc ——
-
H
j H
“// _
i |
TR T B AR T g | TP i
i
H
| - '
1 T—
m —— ]

|
— [Ts}
[ =]

[mdQ0gg =] paadg

=

Time[s]

(b) Controlled output

Fig. 5.11 Step response

125



Control input [poul

o

Speed [x 3600rpm]

)
i
E.....
o

H 1 i i i
........ fesmsiddikandasadqaisanann o bais ctleei e meia
' ! 1 | '

H H H H
e e e o o P L
H | i 1
i | i
1 1 {
i

Frsr S o i n e p P e s s Ee e S e e S e o S S RS

..... e

i i ; i
: i i
SRS NP L TR [OREERLE (PSR

# i ! i |
r : i i ! : E
T : ; ; i
! i ! : ! :
: : : ; ] i :
: i i i

20 5
Time [ 3]

(a) Control input

Acx

1.5 I T L] T T T
| ! H | | :
H H H H H .
H i 5 H i i

H H i : :
H H . ' i
H H H ¥ !
i v B . ' :
H a ' H i
i

i

3

i

v

H

H

i
remprrmran
'

Time [ =]
(b) Controlled output
9 5.12 =¥t 9 @e vhE

Fig. 5.12 Step response to the perturbation
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<zzaf 1. o=d2s g3y PLD 213>

“Input
BCLK PIN 1;
A31,A30,A29,A28,A27,A26,A25,A24 PIN 2,3,4,5,6,7,8,9;
TS, TA PIN  10,11;
"Output
DRAM,IRAM,BRAM,ROM,IO PIN 23,22,21,20,19 istype
"REG,INVERT ;
BBCLK PIN 14 istype
'COM";

Declarations
ADDRESS = [A31...A24];
OUT = [DRAM,IRAM,BRAM,ROM,IO];

Equations

ROM = I((ADDRESS=="h00) & (TS&ROM) &TA);
DRAM = ((ADDRESS=="h02) & (TS&DRAM) &TA);
IRAM = I((ADDRESS=="h03) & (TS&IRAM) &TA);
BRAM = ((ADDRESS=="h04) & !(TS&BRAM) &TA);
10 = I((ADDRESS=="h05) & TS&IO) &TA);
BBCLK == 1(!'BCLK)

<=z 13 2 WAIT GENERATOR PLD LOGIC T=213>
“Input
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BCLK,RAMD,RAMI,RAMB,ROM,IO, TA, TS  pin 1,3,4,5,6,7,8,9
"Output

BTA, TEA Pin 23,22 istype REG,INVERT ;

Count0.Count1.Count2,Count3,Count4, Pin 17,18,19,20,21istype
"REG,INVERT ;

STAT Pin 14 istype REG,INVERT ;
Declarations

Cnode0 = CnodtO # Cnodtl;

Cnodel = CnodtZ # CnodO;

Cnode2 = Cnodt3 # Cnodel;

Cheader = [Count4.CountO];
Equations

STAT =(TS&STAT) # ITA#!ITEA;

CountO  :=(!CountO $ STAT)#(TA#TEA);
Countl  :=(!Countl $ CountO)#('TA#TEA);
Count2 :=(!Count2 $ CnodeQ)#(!TA#TEA);
Count3  :=(!Count3 $ Cnode )#(ITA#TEA);
Count4 :=('Count4 $ Cnode2)#(!TA#TEA);
BTA =(RAMD & RAMI # CountO)
& (Count2 # RAMB)
& (10 # Count2 # Count3)
&(ROM # CountO # Count2)) # !TA# !TEA;
TEA = (Count3 # Count4) # !TA # !TEA;

<EZ 2 3. tholyy] Alo]l= Alo] PLD 22 X213

"Input
SIZEO,SIZE1,A0,A1, RAMD,RAMI pin 2,3,4,5,6,7;
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"Output
RAMD_UUD,RAMD_UMD,RAMD_LMD,RAMD_LLD pinl19,18,17,16
istype ~COM™;
RAMI_UUD,RAMI_UMD,RAMI_LMD,RAMI_LLD  pin 15,14,13,12
istype ~COM™;
Declartions
RAMD_OUT =[RAMD_UUD,RAMD_UMD,RAMD_LMD,RAMD_LLD |;
RAMI_OUT =RAMI_UUD,RAMI_UMD,RAMI_LMD,RAMI_LLD];
Equations
RAMD_UUD= ((IAO&!AD#(ISIZE1&!SIZEO)#(SIZE1 &SIZEO)#RAMD;
RAMD_UMD=!((AO&!AD#(A1&SIZE1D)#(SIZE&SIZEO)
#(ISIZE&!SIZEO)#RAMD:;
RAMD_LMD=!(AO&AD#(!SIZE1 &!SIZEO)#(ISIZE1 & !SIZEO))#RAMD;
RAMD_LLD=!((AO&A D#(A1&SIZE1D)#(SIZE&SIZEO)

# (ISIZE&!SIZEQ))#RAMI;
RAMI_LMD=!('AO&AD#(SIZE1&SIZEO)#(!SIZE1 &!SIZEO))#RAMI;
RAMI_LLD=!((AO$AD#(A1&SIZED)#(SIZE1 &SIZEO)

#(\SIZE&!SIZEO0))# RAMI;

KR 4, 25 F7] PLD X213>

"Input
CLK,A_CLK,B_CLK,C_CLK,A0,A1.ENA pin 1,2,3,4,5,6,7;
"Output
CLK_OUT,BENA pin 19,16 istype ~COM";
CS_REGO,CS_REG1 pin 18,17 istype "REG,INVERT";
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Equations
CLK_OUT=!((CS_REGO&!CS_REG1&A_CLK)#(!CS_REGO&CS_REG1&B
_CLK)

#(CS_REGO&CS_REG1&C_CLK));

<z=z71% 5, SIO 939 PLD LOGIC Z=1>

“Input

A19,A18,A17,A16,J0_0 pin 2,3,4,5,6;

"Output

ouT pin 19 istype ' com’
Equations

'OUT = A19 & 'Al18 & 'A17 & !'Al6 & '10_0;

<z=za9 6. Ad A8 y3E PLD LOGIC ZZ1%>

“Input
A19,A18,A17,A16,J0_0 pin 5,0, A AN
"Output
ouT pin 19 istype'com';
Equations

'OUT = 1A19 & 'A18 & 'A17 & Al6 & !'I0_O;

<=z 7. 7k+H PLD LOGIC Z=13>

CNODE1l = DO & DI
CNODEZ = CNODE1l & DZ;
CNODE3 = CNODEZ & D3;
CNODEZ1 = CNODE20 & DZ2I;
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CNODEZZ = CNODEZ1 & DZ2Z;

DO = STOP $ DO;
D1 = DO $ DI;
D2 = CNODEl $ D2;
D3 = CNODEZ $ D3;
D21 = CNODE20 $ D21;
D22 = CNODE21 $ D22
D23 = CNODE22 $ D23;

<EZg 3 8 WE selection PLD LOGIC 2= 13>

“Input

A19,A18,A17,A16,10_0,10_1,10_2 pin 2,3,4,5,6,7,8;
"Output

ouT pin 12 istype 'com'
Equations

'IOUT = 'A19 & 'A18 & 'A17 & 'Al6 & '10_0 & 10_1 & 10_2;
end U4
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