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Experiments on the Automatic Control Equipments for
Main Turbine Bleeder Valve of Turbine Ships

Introduction

In March 1959, the Minister of Transportation made inquiry on the technical problems
and their solutions for the automation of the vessels.

In order to report to this inquiry, several research divisions were organized, and many
technical problems were brought up for the automation on the vessels.

As the one of technical problem of solution for the automation on the turbine ships,
the automation of bleeding valves was adopted at the 54th Research Committee of the Ship-
building Research Association of Japan. And the Kobe Shipyard and Engine Works,
Mitsubishi Heavy-Industries, Reorganized Ltd. was in charge of the experiments on this
automation of bleeding valves.

After several meetings of this committee, the experiments were carried out from
March to April, 1962.

Conclusion

The one of bleeding system of the common turbine ship is shown in Fig. 1 and the
plan of automation for bleeding valves is shown in Fig. 4.

Detecting the Curtis stage steam pressure, which change in proportion to turbine load,
operates a magnet valve by a pressure switch, and the automatic non-return bleeding valves
are operated by air piston. And bleeding steam and live steam are exchanged by change
valves as the bleeding valve. Opening and closing of these valves are indicated by
lamps on a valve position indicate panel. ’

Fig. 5 shows the diagram of a experiment equipment. The steam pressure are re-
duced from 40 kg/cm?® to 0~15kg/cm?, and to each pipe line through a steam receiver.
Each lines are fitted with pressure gaugss, thermometer, orifice, detecting head for oscillo-
graph, and valves.

Detail of bleeding valves and change valves are shown [Fig. 7, 8, 9.

From results of experiments, following are considerable.

1. The upper limit and lower limit of pressure switch is from 0.2 kg/cm? to about 3 kg/
cm®. So if the pressure of Curtis stage is going down when the turbine bleeded
all at once, the pressure switch is not occur the hunching.

2. In this experiment the steam flow was not suitable because a test boiler was
small capacity.

3. Air piston operating time was not suitable when the bleeding valve is open. But
it has no problem for operation of turbine plant and circle.

And if you will intend to improve this, it is better and easy to use two sets of
pres- sure switch.

4. A hand operating equipment for bleeding valve must be improved.

5. It is useful to use the air piston operated change valve for the automation of ano-
ther systems.
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Table 1. High press. line
Measuring number ‘ 1 ‘ 2 3 4 5 6
P}css. switch set position K 2 5 8 ] 10 12 15
opea) | K | = 4.76 60 | 1075 | 12.44 |« 15.37
Steam receiver press. |— - ‘ - o = - -
(shut) | K | — 4.5 7.2« 10.08 12.20 14.75
' — | — — = —
(full) + sec |  — | 1.25 1.26 125 | 127 1.26
Valve L (open) ; - :
(piston) | sec — 1 0.70 +  0.70 G. 0.70 0.70
(full) sec — 1.40 1.44 1.45 1.43 1.44
Valve L (shut) - — T —- —
(piston) | sec — 0.75 0.73 0.76 0.76 0.76
Press. of before valve L K 0 0 0 0 0 0
(full) | sec — . o011 o, o 0.10 0.12 0.10
Change valve (open) . o — —_—
(piston) | sec 1 —~ | ou 0.11 0.10 0.12 0.10
(full) ‘ sec ’ — l 0,78 0.76 0.75 0.77 0.77
Change valve E (shut) | | * - — -
(piston) | sec ! — 0.41 0.38 0.38 0.40 0.40
(full) | sec — | os | o | 05 0.52 0.55
Change valve F (shut) —m— ———— — — C— —
(piston) - sec — o L ooma booss 0.34 0.35




(Full) | sec — | a2 | o2 0.27 0.14 0.26
Change valve E (open) ;
(piston) | sec — ‘ 0.22 | 0.25 0.27 0.14 0.26
B LA D (open) & WEIARBAIS K CEN A 1 » FIFE &R,
A (shut) iE AT ERECETN A 4 » F RTIRZ 754,
HIENAA » FETR L L CRTREREINZ & -7,
(full) & W3FBH &S ZOIABRHTNT B ENA 1 » FEB L H &% b v TEEDK Tex
7o
(piston) X E X b wASEBUTIED) U7z MEHE & 72,
Table 2. Middle and low press. line
Measuring number 7 8 9 10 11 12
Press. switch set position K 2 5 8 10 12 15
(open) | K 1.45 4.15 7.27 9.35 10.95 14.07
Steam receiver press.
(shut) K 1.26 3.79 6.89 8.76 10.58 13.68
(full) | sec 1.95 1.90 1.92 1.90 1.90 1.94
Valve MN (open) — :
(piston) | sec 1.33 1.28 1.26 1.25 1.27 1.28
(full) sec 1.95 1.90 1.80 1.80 1.76 1.75
Valve MN (shut) -
(piston) | sec 1.12 1.11 1.12 1.10 1.05 1.04
Press. of before valve M K 0 0 0 0 0 0
Press. of before valve N K 0 0 0 0 0 0
6-1-4 jivi & FeBE OB
Table 3. High press. line
Measuring number 13 14 15 16 17 18 19 20 21
Steam receiver | 49 | 40 | 38 | 90 | 81 | 82 | 11.9 | 11.6 | 11.2

press.

Valve opening degree 5.2 11.6 12.5 13.6 15.7 18.9 19.5 19.9 24.7

Press. of before .

orifice K 4.5 3.5 3.2 8.2 7.3 7.1 11.0 10.4 10.0
Press. of after

orifice K 4.3 3.4 2.9 7.1 5.3 4.4 8.7 6.9 5.0
Steam temp. °C 153 142 139 170 163 157 178 171 165




Table 4. Middle press. line

Measuring number 22 23 24 25 26 97 28 29 30
Steam receiver )
press. K 3.1 2.0 2.0 3.9 3.4 4.0 6.5 6.5 5.1
Valve opening degree | 0 0 0 0 2.2 3.0 3.0 3.0 3.0 -
Press. of before | x| 535 | 171|162 | 3.2 | 27 | 26 | 6.4 | 6.0 4.2
orifice .
Press. of after K | 228 | 1.65| 1.75 | 2.95 | 2.35 | 2.05 | 5.85 | 545 | 3.35
orifice
Steam temp. °C 133 129.5 128 141.5 138 137 155 152 144.5
Table 5. Low press. line -
Measuring number 31 32 33 34 35 36
Steam receiver press. K 0.7 4,2 1.6 3.8 3.9 3.6
Valve opening degree 0 8.8 8.8 8.8 10.4 11.8
Press. of before orifice K 0.52 0.32 0.52 1.52 1.72 1.22
Press. of after oriflce K 0.45 0.10 0.05 0.40 0.91 0.10
Steam temp. °C 106 106 104 109.5 118 123
62 X £ B
6-2-1 fREEpkER NG &S BEER
Table 6. High press. line .
Measuring number 37 38 39
Press. switch set position T K 5 8 10
(open) K 4.33 6.98 9.07
Steam receiver press. -
(shut) K 3.94 6.62 8.69
(full) sec 1.20 1.20 1.17
. Valve L (open)
(piston) sec 0.72 0.76 0.74
(full) sec 1.44 1.42 1.46
Valve L (shut) :
(piston) sec 0.77 0.80 0.80
(full) sec 0.12 0.11 0.11
Change valve F (open)
(piston) sec 0.12 0.11 0.11
(full) sec 0.53 0.53 0.49
Change valve E (shut) -
(piston) sec 0.19 0.20 0.16




{fuil) sec 0.47 0.38 0.38
Change valve F (shut)
(piston) sec 0.27 0.22 0.20
) (full) sec 0.27 0.28 0.28
Cdange valve E (open)
(piston) sec 0.27 0.28 0.28
Press. of before orifice K 1.42 1.95 3.65
Press. of after orifice K 1.33 1.82 3.50
Steam temp. °C 146 142 162
Table 7. Middle press. line
Measuring number 40 41 42
Press. switch set position 5 8 10
(open) { 3.63 6.54 8.77
Steam receiver press.
(shut) 3.38 6.08 8.42
(full) sec 1.86 1.87 1.85
Valve M (open)
(piston) sec 1.25 1.24 1.27
(full) sec 1.85 1.85 1.82
Valve N (shut)
(piston) sec 1.07 1.08 1.05
Press. of before orifice K 0.12 0.22 0.30
Press. of after orifice K 0.04 0.05 0.07
Steam temp. °C 115 132 143
Table 8. Low press. line
Measuring number 43 44 45
Press. switch set position K 5 8 10
(open) K 4.28 7.05 9.25
Steam receiver press.
(shut) K 3.86 6.86 8.95
(full) sec 1.87 1.83 1.83
Valve N (open)
(piston) sec 1.27 1.30 1.33
(full) sec 1.76 1.83 1.86
Valve N (shut)
(piston) sec 1.07 1.09 1.11
Press. of before orifice K 0.10 0.15 0.20
Press. of after orifice K 0 0 0.05
Steam temp. °C 100 100 113




6-2:2 Ao

Table 9.
Measuring number 46 47
Press. switch set position K 5 10
(open) K 4.22 : 9.43
Steam receiver press.
(shut) K 4.01 ) 9.09
(full) sec 1.25 1.28
Valve L (open) -
(piston) sec 0.72 0.77
(full) sec - 1.54 1.56
Valve L (shut)
(piston) sec 0.86 0.90
(full) sec 1.85 1.84
Valve MN (open)
(piston) sec 1.21 1.30
(full) sec 1.84 1.82
Valve MN (shut)
(piston) sec 1.07 1.07
(full) sec 0.07 0.10
Change valve F (open)
(piston) sec 0.07 0.10
(full) sec 0.74 0.54
Change valve E (shut) .
(piston) sec 0.35 0.20
(full) sec 0.59 0.51
Change valve F (shut)
(piston) sec 0.32 0.31
(full) sec 0.22 0.27
Change valve E (open)
(piston) sec 0.22 0.27
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Table 10. High press. line
Measuring number 13 14 15 16 17 18 19 20 21

Press. ‘(’Lﬁg‘jifr‘r’ff orifice | 45 | 35 | 3.2 g2 | 7.3 | 7.1 | 1.0 | 10.4 | 10.0
Press. ‘(’ig‘}fgz)"“ﬁce 43 | 3.4 | 2.9 71 | 53 | 44 | 87 | 69 | 5.0
Steam temp. (°C) 153 142 139 170 163 157 178 171 165
Specific gravity (kg/m?) | 2.87 | 2.38 | 2.22 4.66| 4.22|. 4.05| 6.00| 572 5.53
Press. diff. (kg/cm?) 0.2 0.1 0.3 1.1 2.0 2.7 2.3 3.5 5.0
(P, —Py)/P, 0.05 | 0.03 | 0.09 0.13| 0.27| 0.38| 02| 0.3¢| 0.50
: 0.98 | 0.98 | 0.97 0.95| 0.90| o0.86| "0/92| 0.88| 0.83
q m3/h 292 226 408 520 698 792 642 775 890

g kg/h 838 536 892 | 2,425 | 2,950 | 3,200 | 3,850 | 4,440 | 4,920 '

18 —



Table 11. Middle press. line
Measuring number 22 ’ 23 24 25 l 26 27 28 ;~ 29 \ 30
P kg/cm? 2.32 1.71] 1.82 | 3.20 \ 2.70 ‘ 260 | 6.40 1‘ 6.00 ] 4.20
P, 2.28 1.65| 1.75 ' 295[ 2.35 | 2.05 5.85| 5.45 3.35
Steam temp. (°C) 133 | 129.5 * 128 ’ wrs |owss | e 155! sz 1aas
Specific gravity (kg/m?) 1.79 1.47 1.52 ‘ 222" 1.97 | 1.92 3.80 | 3.60 l 2.77
P,—P, kg/cm? 0.04 0.06 | 0.07 0.25 ’ 0.35 | 0.55 | 0.55] 0.55 ‘ 0.85
(P —Py)/ P, 0.01 0.02 | 0.02 0.06 ‘ 0.09 0.15 ’ 0.07 } 0.08 . 0.16
€ 1.0 0.95| 0.95 0.98 I 0.965 | 0.945 L 0.97 ] 0.97 0.945
g m3/h 282 382 ‘ 405 653 | 810 1,005 % 735 ‘ 755 1,040
g kg/h 505 562 | 616 | 1,450 1 1,600 ’ 1,930 \ 2,790 ‘ 2,720 1 2,880
Table 12. Low press. line
Measuring number 31 32 ‘ 33 } 34 ‘ 35 \ \364
Py kg/em? 0.52 0.32 0.52 1.52 1.72 1.22
Py, 0.45 V 0.10 0.05 0.40 0.91 0.10
Steam temp. (°C) 106 106 104 109.5 118 123
Specific gravity (kg/ms3) 0.86 0.75 0.86 1.36 1.47 1.23
P —P, kg/cm? 0.07 0.22 0.47 1.12 0.81 ‘ 1.12
(P\— P/ Py 0.05 0.17 ) 0.31 0.45 0.30 0.51
c 0.98 0.94 0.90 0.85 0.90 0.84
4 m¥/h 1,005 1,960 2,600 3,020 2,610 ’ 3,140
g kg/h 942 1,470 2,240 4,110 3,850 ‘ 3,860
Table 13. Al line
Line I-Iig:h press. Mid(l;, ple% l,(:v-\; I)rcss.—'
Measuring number 37 ' 38 7 39 40 41 0 42 43 44 45 )
1’—11{g/cm2 1.42 1.95 3.65 0.12 0.22 0.30 0.10 —0.15 0.20
Py o 1.33 1.82 3.50 0.04 - 0.05 0.07 0 A 0 0.05
Steam temp. (°C) 146 142 162 115 132 143 100 100 113
Specific gravity (kg/m?3) 1.33 1.60 ‘ 1.95 0.64 0.70 (.94 - 0.63 0.66 0.69
Py~ Py kg/cm? 0.09 0.13 } 0.15 _ 00_8_ 0.17 0.234 70.1() 0.15 0.15
(P1=P2)/ P, 0.04 | 0.04 | 0,03 | 0.07 | 034 | 0.18) 0.00 0.13 o3
z 0.99 0.99 0.99 0.98 0.95 0.94 0.97 0.96 0.96
@ m/h 290 318 310 | 6ss 932 710170 1,316 1,790 | 1,750
& kg/h 386 510 605 1 440 | 652 l 770 953 | 1,180 1,210-
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