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4 A. Foreword

These procedures are intended to be used for the initial

operation of the expansion system and serve as a basis for a more

complete and revised form to be written once operating experience has

been gained.

An attempt has been made to offer a logical and systematic

presentation to facilitate operation and maintenance of the system

by t ne operating personnel. Thus, the sequence of valve actuations 

has * een presented in matrix and Check list form to minimize errors; 

this also has the advantage of Baking it easier to adapt certain

exparsion system procedures to programmed control by a process control

compi ter.

A schematic diagram of the valves and reservoirs that

drive the piston and evacuate and purge the plumbing is shown in

Figure 1. The supply lines L1-L9 originate in the floor control

Figure 2 is a schematic of this panel. A description of 

the valves, regulators and pressure gauges used in this system is

given in Table I.

These operating procedures cover the following:

1. Initial evacuation and purging of the system with 
hydrogen.

2. Setting up operating pressures on the floor control 
pa nel .

3. Filling valves and reservoirs to operating pressure

L. Filling chamber, buffer volume and cylinder head to 
operating pressure.

= Shutting down the system-
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6. Procedures for boot valve disassemblies during

7.

8.

Procedures for solenoid valve disassemblies during 
operation •

Suggested procedures for the initial operation.

e
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B* Evacuation of the .rd Purring wit?. hydrogen

The system which consists of the control panel , valves, 

reservoirs, cylinder and chamber will be initially filled with

atmospheric Gir. It is pumped to vacuum and filled with low 

pressure purified hydrogen is follows:

1. The control valve CVI is assumed to be open and the

piston position is pressurized at ICO psig. The valves are 

initially in the position shown on Valve Position Matrix B1.

2. Follow steps 1-23 on Check list 31 to evacuate and

purge the system-

Caution: when filling system with hydrogen in

steps 9 and 17 check piston position to make sure 

that the piston is not being pushed downward by gas 

pressure past the first alarm position. If the 

piston goes down too Car, reduce the rate of filling.



C • l• '.'7 Pressures t.. Jortrol par el

Once the system has been filled with purified hydrogen gas 

at gas holder pressure, the operating pressures can be set up on 

the control panel as follows:

1.

2.

3.

The valves should be in the positions shown on 
Matrix 31

Perform steps 1-45 on Check list 01.

After completion of Check list 31, the valves are 
in the positions shown on valve position Mtrix Cl 
and the valves and reservoirs can be filled with 
hydrogen gas to their operating pressures.
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*
D- Filling Valves and Reservoirs to Operating Pressure with

__________________PurifiedHvdroge; as_______________ ___

A
Once the control panel has been set up at the correct

operating pressures witn the valves in the positions shown on

Matrix Cl. the reservoirs and valves r^y be filled as follows:

Sex the piston positioner pressure at LOO psig-

2 . Perform steps 1-6 on Check list

3. After completion of Check list 01 the valves are in 
the positions shown on Matrix DI and the chamber, 
buffer volume and cylinder head can be brought up to 
operating pressure.

4



Filling Chamber, Buffer Volume and Cylinder Head with Purified 
___ ____________________ Hydrogen at Cperating -e__________ _________

the reservcirs and valves are at the correct pressures

and the valves are the positions showm on Metrix cnen the

chamber, buffer volune and cylinder _ ___may be brought up to 

pressure as fol.0wS:

Perform steps 1-7 on Check list El; note caution in 
killing chamber in step 7.

2. After completion of Cieck list El, the system is 
ready for pulsing provided the bottom piston rings 
are at operating temperature ) and the valves should 
be in their normal operating positions as showm on 
Matrix D1.

3
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F. Shutting Down the Svstem

During operation' of the expansion system the valves are

normally in the positions show on Matrix Dl. If it is desired 

to stop pulsing and keep the chamber at pressure, tie valves should 

remain in that position. If it is desired to bleed the chamber 

and reservoirs down and Pill with gas holder nitrogen, proceed as

follows:

1. Perform steps 1-34 on Check list F1. 
caution in step 2.

Observe the

2 . After completing step 34 the system is filled with 
hydrogen at gas holder pressure and the valves are 
in the positions shown on atrix 31 -

The system may now be put back into operation as in

Section C or it may be pumped out and filled with gas holder 

nitrogen by performing steps 35-43 on Check list Fl. at the 

completion of check list F1, the valves are still in the 

positions shown on Matrix 31 -

) 
«
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G . Srrvici" Hoot Valves Zuriy- ' - rr-tior.;

The bodies of the boot valves, VI, V2, V3 and 5 may be

opened and reclosed while‘keeping the chamber at operating pressure

by using the following procedures. In every case it is assumed

that the valves are initially in their normal operating positions

as shown on Matrix Di.

6" Expansion Valve, VI

a. To open valve body

(1) Isolate the valve from the system and fill the 
case and core with gas holder nitrogen by 
performing steps 1-25 on Check list G1.

(2) After completion of Check list Gl, the case of 
VI may be' opened and the valves are in the 
positions shown in Vatrix G1 -

b . Valve Reass emb l y

After VI has been 
in Matrix G1 posi
hydrogen gas and put back in 
steps 1-28 on Check list G2.

reassembled with the valves 
ion, it is filled with purified

service by performing

(2, When Check list G2 has been completed the system 
is ready for operation and the valves have been 
restored to their normal operating positions as 
shown on Check list Dl.

II. 2 1/2M Inlet Soot Valve, V3

a . To open Valve 3c dy

(1) Isolate the valve d reservoir and fill with
gas ’.older nitrogen by performing steps 1-19 or 
Check list G3 .

V3 may be Op 
positions sh

tion of Check list G3, the case of 
ened and the valves are in the
o.n in Mtrix G3.
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b. Vulve Reassembly

(1) ~fter .3 has been reassembled with the valves 
in atrix 32 position, it is filled with 
purified hydrogen gas and put back in service 
by performing steps 1-23 on Check list. GL.

(2) ihe n Check 
system is 
have been

list Cl has been completed, the 
ready for operation and the valves
restored to their

positions as shown on Pitrix
normal Operating 

. Di.

2 1/2” Exhaust Hoot Ulve

a. To Open Valve Body

(1) Isolate the valve, 
with gs holder ni 
1-22 on Check list

5, from the system and fill
regen by perQC orminE steps

(2) After completion f Creek list 35, the case of 
3 my be opened and the valves are in the

positions si cwt in Jatrix G5 .

b - Valve Resse mbl y

(1) After V5 nas been reassembled with the valves 
in Matrix G5 position, it is filled with 
purified hydrogen and put back in service by 
performing steps 1-25 on Check list G6.

(2) After completion of Check list G6, the system 
is ready for operation and the valves have been 
restored to their normal operating positions 
as shown on atrix 11.

IV. 4," Recompr-ssion Boot Valve, V2

a . To Open Valve Body

(1} Isolate the Ive free, the system and fill with
gas holder nitrogen by performing steps 1-17 
on Check list G7.

(2) After completion of the procedure in Check list 
G7, the valves are in the p* 
Matrix G7 and the case of V:

osition.s S hown O n
2 may be cper.ed.
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b. Valve Reassemoly

11)

(2)

After V2 nas beer, reassembled with the valves 
in Matrix 07 position, it is filled with 
purified hydrogen and put back in service by 
perfcrming steps 1-19 on Check list G8.

when Check list 08 has oeen completed, the 
system is ready for operation and the valves 
have been restored to their normal operating 
positions as shown on Matrix D1.



H. Servicing the Solenoid V>lv Ineraticr.

The three solenoid valves VIA, VB and V2A nay be disassembled

while maintaining operating pressure in the chamber by following 

these procedures. In every case it is assumed that initially the 

valves are in their normal operating positions as indicated on 

Check list D1.

I. 3/4" Inlet Solenoid Valve, VIA

a. To open valve body

(1)

(2)

Isolate the valve and its reservoir from the 
system and fill with gas holder nitrogen by 
performing steps 1-21 on Check list Hl-

After completion of the procedures or. Check 
list Hl, the valves are in the positions shown 
on Matrix Hl and the valve body may be opened.

b. Reassembly of VIA

(1)

(2)

After V1A has been reassembled with the valves 
in latrix Hl position, it is filled with 
purified hydrogen and put back in service by 
performing steps 1-15 on Check list H2.

when Check list H2 has bean completed the 
system is ready for operation and the valves 
have been restored to the normal operating 
positions shown on Matrix D1.

II. 3/4" Exhaust Solenoid Valve, VIB

a • To open valve body

(1) Isolate the valve and its reservoir from the 
system and fill with gas holder nitrogen by 
performing steps 1-21 on Check list H3 .

(2) After completion of the procedures on Check
-*- ositions shownlist H3, the valves are in the p 

on Matrix H3 and the body of VIB may be opened.
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b. Reassembly of VIB.

(1)

(2)

After VB has been reassembled with the valves 
in Matrix H2 position, the valves and reservoirs 
are filled with purified hydrogen and put back 
into operation by performing steps 1-14 on 
Check list Hl.• •
When Check list H4 has been completed, the 

. system is ready fur operation and the valves 
have been restored to their normal operating 
positions as shown on Matrix D1.

III. 1 1/4" Recompression Solenoid Valve, V2A

a. To open valve body

(1)

(2)

Isolate the valve and its reservoir from the 
system and fill with gas holder nitrogen 
by performing steps 1-19 on Check list F 5-

After completion of the procedures on Oheck 
list H5. the valves have been placed in the 
positions shown on Matrix J 5 and the body of 
V2A may be opened.

b. Reassembly of V2A

(1) After V2A has been reassembled with the valves 
in Natrix HL position, the valve and reservoir 
are filled with purified hydrogen and put back 
in operation by following steps 1-22 on Check 
list F6 .

(2) When Check list H6 has been completed the 
system is ready for operation and the valves 
have been restored to their normal operation 
positions as shown on check list D1.

♦
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I. Suggested Procedures for initial operation

The first time that the piston is pulsed, the chamber may 

or may not be filled with liquid. However, if there is gas in 

the chamber the piston is not to be pulsed unless the bottom rings 

have been cooled to at least 80•K since they are not sized for room 

temperature Operation-
If the bottom rings have been cooled to proper operating 

temperatureand the solenoid valves have been tested for proper 

actuation,the following procedure is suggested for initial pulsing.

1. The system is pumped and purged with hydrogen

according to these instructions.

2. The chamber, buffer volume and cylinder head are

filled to 90 psia with the following operating pressures:

P1

P2

P3

PL

P5

P8

125 psig

115 psig
140 psig

140 psig

75 psig

75 psig

75 psig

Not Used

P9 Kot Used

100 psig
3. The piston is then moved up and down slowly from the 

control panel by venting and filling the cylinder head from L-5.



a -14-

L- If the piston responds in a satisfactory manner 

to the pressure changes from the control panel, then proceed to 

pulse the piston with the solenoid valves. It is recommended 

that the initial expansion be slowed down by throttling the 

exhausts of VIA and VIB and the piston excursion limited by a 

short solenoid valve actuation time. Thus, make the following 

settinEs:

a .

b.

Close 17 about 3/1 of the way

Close v19 about 3/1 of the way

c . Time sclenoid valves as follows:

,1)
(2;

Start expand
Stop expand
Start recompress
Stop recompress

1ms
10ms
15ms
25ms4

5. Using manual trigger, pulse the piston once with 

the above settings. Examine the oscilloscope traces of the 

pulse and proceed accordingly.
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