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Direct Digital Control Experiments in a Once-through Boiler
By
Kenji Kurosu, Toshimasa Wada and Michiyuki Kobayashi

In this paper, the D.D.C. experiments in a mono-tube boiler by a digital computer are reported.
The test boiler used was a once-through mono-tube boiler with pressurized furnaces.

The digital process control computer is installed instead of conventional analog controllers, and
the boiler is operated by this Direct Digital Control device. The algorithm used in these D.D.C.
experiments was a PID control, ratio control and feed forward control.

From these experiments, the following results are obtained:

1. The performance obtained by the D.D.C. system is good.

2. An operator is able to change the control mode and adjust control constants easily, if it is
necessary. So an operator can select the suitable control mode and constants during the boiler
operation.

3. D.D.C. system is stable, practical and accurate enough for the boiler operation.

B r

§1 F X 25 Eevvveerreri 1 §5 HEER FE Bl 9
§2 DDC DRI -wrrerrerermrinreiiie 1 §5:1 MODE-1 iz X B3ZERFER oovoeevveennes 9
§3 DDCDHIHIR LHIHEE — Feerrererrrenens 3 §5:2 MODE-2 iz X B5EERFER «ooovvereeenens 10
§3-1 IR ereerer 3 §5-3 MODE-3 |z X 55EEBREER «-ovvveveenees 11
§3:2 KRERITH VT B S T Loveererireenens 4 §5:4 MODE-4 {z X 53BREETE wooveerreroos 13
§3:3 HUIHI T — Foverrerrrimme 5 §55 ele|m BT — Fic L AEREER oo 13

§3:4 T LU g Ve 6 §5:6 5

[ N6

§4 5}25&%@ .......................................... 8

§1 £ 2 N &
1963 4 H, 7 2 Y #ieB T “DDC iz % Guide
Line” 3%EINTH» 5, DDC i+ 28%%, A&
ENRB L Thbd X572, bREIREWT
3, ZhigtdULEBhT, WL 250 DDC F4ItmEt
BHORR, BXUETAL 7 v &5t e L7-DDC
KRBT RbIL 2255, THHDIFEALFEES
FVYLMERRELEDDOTHDINE, £HhEEFR

OREEDVEST, 5% DDC 13h 5D 558k
BT e d 5, 20X 5 BBRKR»S, APIEFRDO
EBRRERS 1 72 H#Hx5 & LT, DDC 0K S
5V OO RIET 5 BT, ERET
v, —ERET Lo THE T 5.

§2 DDC O &

ﬂ

DDC (%, Direct Digital Control OB T/AZEIZ T,
HIEBEDHRT, FIORABRRE, MLHLORTT

(79)




print out

P

operator

fhd

D.D.C. device

RN

controlled constants settings

process signal
control signal

Process

Fig. 2.1 D.D.C. system schamatic diagram.
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Table 3-1 Programming sheet.

XA/TEMP; A/PIDI;
B/TSET: ST/PIDI;
ST/EIN: XA/ERA;
MD/EIN: B/ERB:
XJ/% ST/DI1I ;
MA/KP 3 MD/DII 5
FS/173 XJ/s
ST/DIOS MA/TDs
ST/ERA; D/pTs
MD/DIOS QA/ 5
XJ/; A/DIC:
MA/DTs A/PIDI;
D/TIS ST/EQUT;
QA/ XA/ERA
ST/ERB;
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(a) Response following step input.

10 Kp 2 1.0 sec
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(b) Response following ramp input.
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Fig. 3.3 Typical response of difference type
PID controller.
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Without over shoot PI Kp=0.35 T/KT;,
and minimum 77 T=12T
i Kp=0.6 T/KT
PID Ti=T
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20% over shoot P Kyp=0.6 T/KTg
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i 0.2a PID T=1.35Tg
Tr o~ T=0.47 Ty
T : Process time constant.
Tz : Dead time. K : Gain.

Table 3.3 Optimum settings of controllers
by Ziegler, Nichols’ method criterion.

K, Ty Tp

0.5 Kc — —
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0.6 Kc|0.5 Tc| 0.125Tc

P control
PI  control
PID control

Kc and Tc is gain and period
at stable limits.
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Fig. 3-8 Effect of sampling interval on
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(Numerals in the figure are sampling intervals AT (sec))
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Fig. 3:11 Simulation study of the system

with a reverse response.
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Fig. 4.1 D.D.C. system block diagram.

Table 4.1 Control computer (HOC-300).
Program stored memory.
Word Fixed point. 34 bits.
Instruction 26 (standard). 141+ 1/2 address.
Index 2.
Memory Magnetic drum. 8192 words.

Clock frequency

230 ke/s.

Computing velocity Add and subtract 0.3 msec.

Error check

Input

Output

AD converter
DA converter

Type

Test condition

Fuel

Multiply and divide 11.2 msec.
Over flow check.

Parity check.

Program check.

Zero error.

ADC error.

Scanner error.

Table 4.2 Process input and output device
(HOC-300).

Analog 100. Binary 16.

Analog 5. Binary 100.

2-10mA. 11 bits.

10 bits. 2-10 mA.

Table 4.3 Once through boiler (chracteristics
and experiment conditions).

Supper charged mono-tube boiler.
50 kg/em?.
Steam temperature 400°C.
Evaporating rate 600 kg/h.
Heavy oil A.

Steam pressure
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Fig. 5.4 Experiment results by Mode-1.
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Fig. 5.7 Pressure set point change experiment
result by Mode-3.
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Fig. 5:20 Control logic with saturation.
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