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LIQUEFIER / REFRIGERATOR SAFETY

. GENERAL

Cryogenic Plants and Services designs and manufactures all of its products so they can be
operated safely. However, the responsibility for safe operation rests with those who use and
maintain these products. The following safety precautions are offered as a guide, which will
minimize the possibility of accidents throughout the useful life of this equipment.

Only those who have been trained and delegated to do so, and who have read and understand
this Operator's Manual should operate and/or maintain the helium liquefier / refrigerator. Failure
to follow the instructions, procedures and safety precautions in this manual can result in accidents
and injuries.

NEVER start the liquefier / refrigerator unless it is safe to do so. DO NOT attempt to operate the
liquefier / refrigerator with a known unsafe condition. Tag the liquefier / refrigerator and render it
inoperative by disconnecting and locking out all power at source or otherwise disabling its ability
to operate so other personnel cannot attempt to operate it until the unsafe condition is corrected.

Install, use and operate the helium liquefier / refrigerator only in full compliance with all pertinent
Federal, National, State, Provincial, and Local codes, standards and regulations.

DO NOT modify the helium liquefier / refrigerator module or the operating controls in any way
unless given written factory approval.

While not specifically applicable to all models, most of the precautionary statements contained
herein are applicable to the safe operation of the liquefier / refrigerator module and the concepts
behind these statements are generally applicable to all models.

Il. PERSONAL PROTECTIVE EQUIPMENT (PPE)

Prior to installing or operating the helium liquefier / refrigerator equipment, employers and users
should become familiar with, and comply with any pertinent safety codes and regulations,
Material Safety Data Sheets, as well as any applicable Federal, National, State, Provincial, and
Local codes, standards, and regulations relative to PPE. PPE should be considered for, but not
limited to, eye, facial, respiratory, noise exposure, and extremity protection, protective clothing,
mechanical shields and barriers, and electrical shock hazard protection. Additionally, familiarity
with any pertinent administrative and/or engineering controls is considered imperative.

lll. PRESSURE RELEASE

All relief valves, if required by Federal, National, State, Provincial, or Local codes, standards, or
regulations, are to be piped to exhausts with appropriate sizing and locations.

Whenever working on any piping, tubing or other connections, ensure that the liquefier /
refrigerator is blown-down to atmospheric pressure. Even when blown-down, caution must be
exercised when loosening connections, due to localized pressure pockets that can be
present even though all pressure gauges show no indication of pressure.



V. FIRE AND EXPLOSION
Lubricant or other combustible spills should be cleaned up immediately.

Keep sparks, flames, and other ignition sources away and DO NOT permit smoking in the vicinity
of the liquefier / refrigerator equipment.

Disconnect and lock out all power sources prior {o attempting any repairs or cleaning of the
helium liquefier / refrigerator.

Keep electrical wiring, inctuding al! terminals and pressure connectors, in good condition. Replace
any wiring that has cracked, cut, or otherwise compromised or degraded insulation, or terminals
that are worn, discolored, or corroded. Keep all terminals and pressure connectors tight and
clean.

To avoid arcing, keep grounded and/or conductive objects, including tools, away from exposed
live electrical parts such as terminats.

Keep appropriate service, fully charged fire extinguishers in close proximity when operating or
running liguefier / refrigerator equipment.

Keep oily rags, trash, leaves, paper and other combustible litter out of and away from the helium
liquefier / refrigerator at all times.

DO NOT operate any equipment with improper flow of cooling medium or lubricant, or with
degraded tubricant.

DO NOT attempt to operate the liquefier / refrigerator in any hazardous environment unless the
liquefier / refrigerator has been specially designed and manufactured for such service.

V. MOVING PARTS

Keep fingers, hands, long hair and other parts of the body as well as loose clothing away from
beits, pulleys, couplings, fans and exposed engine parts including the flywheel, pistons and valve
assembly components.

DO NOT attempt to operate liquefier / refrigerator with protective covers or guards removed.

Woear snug fitting clothing and confine long hair when working around moving parts, or hot
surfaces, of the helium liquefier / refrigerator equipment.

Keep access doors closed except when servicing or making repairs or adjustments.

Ensure all unnecessary personnel are out of and/or cltear of equipment prior to starting or
operating the helium liquefier / refrigerator.

Disconnect and lock out all power sources and verify, at the liquefier / refrigerator module, that ail
required circuits are de-energized so as to minimize the possibility of accidental start-up or
operation, prior to making repairs or adjustments. THIS IS ESPECIALLY IMPORTANT IF
EQUIPMENT IS CONTROLLED REMOTELY.

Keep hands, shoes, floors, controls and walking surfaces clean and free of oil, water or other
liquids to help minimize possibility of slipping or falling.



VI. HOT SURFACES AND SHARP EDGES AND CORNERS

Avoid bodily contact with hot oif or coolant medium, hot surfaces and sharp edges or comers.
Keep all body parts away from all points of gas discharge, including all safety relief devices.
Wear all pertinent and/or required PPE when working on or around the liquefier / refrigerator.

Always have a first aid kit in close proximity to address medical assistance promptly. DO NOT
ignore small cuts, nicks, or burns as they can become infected if left unattended.

VIL. TOXIC AND IRRITATING SUBSTANCES
Operate helium liquefier / refrigerator equipment only in a properly ventilated area.

Gases, adsorber materials and lubricants used in the liquefier / refrigerator are typical of the
industry. Care should be taken to avoid accidental ingestion, inhalation, or skin contact. In the
event of ingestion or inhalation, promptly seek medical attention. In the case of skin contact, wash
with soap and water.

REFER TO MATERIAL SAFETY DATA SHEETS (MSDS) PROVIDED WITH EQUIPMENT FOR
MEDICAL ATTENTION RECOMMENDED FOR SPECIFIC EXPOSURE EVENTS.

Vill. ELECTRICAL SHOCK

This liquefier / refrigerator should be installed and maintained in full compliance with Federal,
National, State, Provinciat, and Local codes, standards and regulations, including, but not limited
to the National Electrical Code or an equivalent code, including those relative to equipment
grounding conductors, and only by personnet trained, qualified, and properly delegated to do so.

Keep all parts of the body and any hand-held tools or other conductive materials away from
exposed live electrical parts of the electrical system. Maintain a dry footing, stand on an insulating
surface, and DO NOT contact any other portion of the liquefier / refrigerator when rmaking
adjustments or repairs to exposed live parts of the electrical system. Make all such adjustments
or repairs with one hand only, so as to minimize the possibility of creating a current path through
the heart.

Repairs should be made in clean, dry, and well-lighted and ventilated areas.

DO NOT leave liquefier / refrigerator unattended with open electrical enclosures. If necessary to
do so, then disconnect, lock out and tag all power at source so that others can not inadvertently
restore power.

Disconnect, lock out, and tag all power at source prior to attempting repairs or adjustments and
prior to handling any ungrounded conductors.

IX. LIFTING

DO NOT lift liquefier / refrigerator module, regardless of equipment used, except by ufilizing
forklift truck pockets on bottom edges of skid. Proper forklift points are located on either side of
the liquefier / refrigerator moduie and are labeled accordingly.

Prior to lifting liquefier / refrigerator module, inspect lifting points for cracked welds, and fractured,
bent, corroded or otherwise degraded members, and for loose bolts or nuts.

iif



Make certain entire lifting, rigging, and supporting structure has been inspected, is in good
condition and has rated capacity of at least the weight of the liquefier / refrigerator. If necessary,
weigh the liquefier / refrigerator modute prior to fifting.

Any lifting hooks utilized must have functional safety latches or equivalent device, and must be
fully engaged and latched in slings or other associated lifting devices.

Iif liquefier / refrigerator module is lifted using a hoisting device, guide ropes should be utilized to
preclude rotation and swinging of equipment once it's clear of the ground.

If utilizing a hoisting device for lifting liquefier / refrigerator, DO NOT lift in high wind conditions.

Keep all personne!, and their extremities, from underneath liquefier / refrigerator module
whenever it is suspended.

Lift liquefier / refrigerator module no higher than absolutely necessary to facilitate instailation.
Keep liquefier / refrigerator module in constant attention whenever it's suspended.

Ensure the liquefier / refrigerator is placed only on flat, level surfaces capable of supporting its
weight in addition to whatever lifting/transport equipment is utilized.

When moving liquefier / refrigerator module by forklift truck, utilize fork pockets, when provided,
Otherwise, utilize a pallet, if provided. Ensure that the liquefier / refrigerator is secure and well
balanced on forks prior to attempting to either raise or fransport it.

Ensure forkiift truck forks are fully engaged and correctly tited before liquefier / refrigerator
module is raised or fransportad.

When using forklift truck to move liquefier / refrigerator, it should not be raised any higher than
necessary to clear any floor leve! obstructions, and transport and cornering speeds should be the
minimai speed practical.

if the liquefier / refrigerator is to be moved while on a pallet, ensure that it is securely attached to
pallet prior to lifting or transport.

NEVER attempt to move a liquefier / refrigerator moduie, that isn't properly secured to its
transporting equipment, as uneven transport surfaces or sudden stops can cause it to fafl from
pallet possibly causing personal injury or property damage.

X. LABELS

Safety labels are not intended to provide complete safety guidance for operators, service, or
maintenance personnel. The labels are intended to guide authorized personnel to concise
information provided in the Operating & Maintenance Manual provided with each helium liquefier /
refrigerator module.

Xl. MODIFICATIONS / REPLACEMENT PARTS

Liquefier / refrigerator equipment should not be modified from its original configuration without
written concurrence of Cryogenic Plants and Services, nor should any replacement parts, other
than those specified by the manufacturer be used for service and for rapair.
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1.1

1.2

SECTION 1

INTRODUCTION

PURPOSE AND SCOPE OF THE MANUAL

This manual has been prepared for the general instruction of personnel in
the technigue of installing, operating and maintaining the Model 1630S
Helium Liquefier / Refrigerator. It also serves as a reference for standard
operating procedures and contains troubleshooting procedures for
determining the probable cause and correction of the most common types
of malfunction,

These instructions are not intended to be complete enough to permit
operation of the system by previously untrained personnel. Those
responsible for insiallation, operation, and maintenance should be
experienced in the fundamentals invoived in the care of machinery of a
similar complexity and also should have some special training by
representatives of Cryogenic Plants and Services, Inc. or by personnel
otherwise specifically qualified.

An effort is made to cover the subject in a manner that will make the
operator familiar with the equipment and with the purpose of each
operation and function. This will improve his ability to cope with unusual
situations or trouble arising from minor equipment failure or malfunction.

INTRODUCTION TO THE MODEL 16308 SYSTEM

The Model 1630S Helium Liquefier / Refrigerator is used primarily to
produce liquid helium and function as a closed cycle 4.6K refrigerator. A
built-in automatic purification system also allows the economical
production of liquid helium using recovered air contaminated helium gas.

The principal components for the complete system are the Model 1630S
Helium Liquefier / Refrigerator module, a delivery tube, and one or more
Model RS Compressors.

Model RS Compressors are described in a separate manual.
The system has a wide range of performance that can be simply adjusted.
Operation is economical because the system is operable with or without

liquid nitrogen precooling depending on refrigeration or liquid helium
preduction requirements.
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1.3

OPERATING PRINCIPLE

In operation, helium gas is compressed and delivered to the liquefier /
refrigerator module at approximately 16.5 bar (240 psig).

The gas is cooled in the liquefier / refrigerator by:

1. Liquid nitrogen when the precooler is used;

2. Heat transfer in the main heat exchanger;

3. Isentropic work extraction in the two expansion engines;
4, [senthalpic expansion in the Joule-Thomson valve.

All of these processes take place in a high vacuum insulated chamber.
The liquid helium produced is delivered to an externally located
liquefaction dewar via a removable vacuum insulated delivery tube. Cold
gas is returned to the module via a bayonet connection and optional
transfer line from an external load.

The integral, automatic, freeze out purifier in the Model 1630S Liquefier /
Refrigerator module allows operation using helium gas with up to 10% air
impurities with minimal inlet pressure of 34.5 bar (500 psig). The system
purifies by condensing and/or freezing out the impurities then by
automatically discharging them to the atmosphere. Refrigeration is
provided by cold helium gas from the liquefier / refrigerator, and no liquid
nitrogen is required.
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TABLE 1 -1
PERFORMANCE DATA - MODEL 1630 LIQUEFIER / REFRIGERATOR

The Model 1630 module will provide liquefaction or refrigeration. Capacity
depends on the number of compressors used, the power line frequency, and
whether or not liquid nitrogen precooling is used. Typical performance rates are
shown below. Rates may vary depending on individual system configuration.

Liguefaction Mode Capacity
(Liters/Hour)
60 Hz 50H=z

1 Model RS Compressor 20 ° 17
1 Model RS Compressor & Precooling 49 40
2 Model RS Compressors 21 21
2 Model RS Compressors & Precooling 70 70
1 Modei RSX Compressor 21 20
1 Model RSX Compressor & Precooling 57 49

Liquefaction rate is measured by rate of rise of liquid helium in a suitable
liquefaction dewar when the liquefier is supplied with pure helium gas having no
more than 50 ppm impurities.

4.6K Refrigeration Mode Capacity (Watts)
60 Hz S50 Hz
1 Model RS Compressor 76 64
1 Model RS Compressor & Precooling 129 110
2 Model RS Compressors 102 102
2 Model RS Compressors & Precoaling 218 180
1 Model RSX Compressor 86 76

1 Model RSX Compressor & Precooling 151 129



TABLE1-2
UTILITY REQUIREMENTS
MODEL 1630S HELIUM LIQUEFIER / REFRIGERATOR
FLORIDA STATE UNIVERSITY

Power: 480 VAC, 39, 60Hz
Dry Air: 60-120 psig, 60 SCFH
Liquid Nitrogen (Optional); 1 Liter LNz per Liter Liquid Helium

{Liguefaction Mode)



SECTION 2

DESCRIPTION

This section describes the basic components of the Model 16308 Helium
Liquefier / Refrigerator module. Also included is a description of the important
optional modules used to expand or complement the M1630S system.

2.1

MODEL 1630S LIQUEFIER / REFRIGERATOR MODULE

Note: Refer to the Flow Diagram drawing in Section 4 for details of
helium gas flow through the Model 1630S Liquefier / Refrigerator
module. Refer to System Equipment Installation / Interface drawing
in Section 4 for a flow diagram of a typical complete liquefier /
refrigerator system.

The Model 1630S Liguefier / Refrigerator module consists
essentially of the following components:

Main Heat Exchanger (E30, E31, E32, E33, E34)

Precooler (E81) / Bailer (E83)

Expansion Engine Charcoal Adsorbers (E36A, E368, E38)

Joule-Thomson Charcoal Adsorber (E41)

Expansion Engines (E37, E39)

Brake Assembly

Joule-Thomson Valve (JT-V307)

Actuated Return Valve (SV308)

Delivery Tube Gland

Vacuum System

Control Panels

Piping and Electrical Components

Automatic Purifier (E60, E62, E67)

External Bypass Regulator {V345)

Bayonet Connections (BC-1, BC-2)

Manually Operated Extended Stem Valves (SV2, SV3,
V31, V32, V33, V34, V387, V388)

Helium gas is initially compressed to approximately 17.2 bar (250
psig) by the compressor module(s) and delivered to the liquefier /
refrigerator module. At this point, the gas stream is split into two
parts. One portion is delivered to the first section of the main heat
exchanger (E30) where it is cooled by the countercurrent, low-
pressure, helium return gas.
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2.1.1
21.1.1

The second portion of the compressed stream flows through the
precooler heat exchanger (E81) where it is cooled by
counterflowing cold nitrogen vapor. At this point, both helium
streams combine and flow into the boiler heat exchanger (E83)
where the combined stream is cooled further by a liquid nitrogen
pool. The nitrogen vapor from this boiling pool is used to further
cool the helium stream.

This precoocled helium stream then rejoins the main stream. This
combined stream continues through the second heat exchanger
section (E31) and then through one of the No. 1 engine charcoal
adsorbers (E36A or E36B) for removal of trace air contaminants.
The stream again splits into two parts. One part flows through the
No. 1 expansion engine (E37) where it is cooled by isentropic
expansion and then exhausted to the low-pressure return stream at
nearly atmospheric pressure. Part two of the stream, still at high-
pressure, flows through the third and fourth sections of the heat
exchanger (E32, E33) where it is further cooled and then into the
No. 2 engine charcoal adsorber (£38) for removal of lower boiling
point contaminants. The stream again splits. Part one flows
through the No. 2 expansion engine (E39) where it is cooled
isentropically and exhausted to the low-pressure retum stream; part
two flows through the final section of the heat exchanger (E34).
The stream is then throttied to nearly atmospheric pressure by the
Joule-Thomson valve (JT307). Isenthalpic expansion through the
J-T valve further cools the gas and a fraction is liquefied.

The low-pressure liquid / gas mixture flows through the inner
channel of the triaxial delivery tube and into a dewar where liquid
helium separates and collects. The remaining vapor, along with
dewar boil-off and any vapor being displaced from liquid level rise,
returns to the heat exchanger through the annufar channel of the
delivery tube and return valve V308. The low-pressure stream
combines with the expanded engine streams within the heat
exchanger and cools the incoming high-pressure gas. It is thus
warmed to ambient temperature and retumns to the compressor for
recycle.

Internal Charcoal Adsorbers
Expansion Engine Charcoal Adsorbers (E36A, E36B, E38)
The function of the expansion engine charcoal adsorbers, located

within the vacuum chamber, is to adsorb impurities that may enter
the liquefier / refrigerator. All gas entering the No. 1 engine (E37)
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passes through one of two No. 1 engine charcoal adsorbers (E36A
or E36B). All gas entering the No. 2 engine (E39) passes through
one of the No. 1 engine charcoal adsorbers and the No. 2 engine
charcoal adsorber {E38). The element of each adsorber is a
specially treated activated charcoal. Fiberglass filters contained at
the outlet of each adsorber prevent migration of charcoal particles.

The No. 1 engine charcoal adsorber operates at less than 80°K and
adsorbs O and N. The No. 2 engine adsorber normally operates
at less than 20°K and removes H, and Ne.

The No. 1 engine charcoal adsorbers (E36A, E36B) have manual
valves, instruments, controls and electric heaters to allow for
regeneration of one adsorber while the other is in use. The vacuum
pump on the skid module may be used to evacuate the adsorbers.

Joule-Thomson Charcoal Adsorber {E41)

The Joule-Thomson charcoal adsorber (F41), located within the
vacuum chamber, operates at approximately 8°K and protects the
J-T valve from any remaining contamination or particies that could
obstruct the valve orifice. The construction of the adsorber is
similar to that of the expansion engine charcoal adsorbers.

Main Heat Exchanger (E30, E31, E32, E33, E34)

The main heat exchanger, located within the vacuum chamber,
cools incoming, compressed helium gas with the expanded, low-
pressure return helium gas. It consists of five concentric sections.
Each section is constructed with finned tubing wound around an
inner shell and enclosed by an outer shell. The incoming
compressed helium flows through the finned tubing; the expanded
return gas counterflows across the fins.

Expansion Engine (E37, E39)

The function of the expansion engines is to provide refrigeration by
isentropic work extraction. There are two expansion engines, each
one consisting of a piston, cylinder, crosshead and valves operated
through cranks and valve cams and connected to a flywheel. Roth
engines have a piston stroke of 50.8 mm (2 inches). The No. 1
engine (E:37) has a 76.2 mm piston diameter (3" OD) and normally
operates with an inlet temperature of less than 80°K; the No. 2
engine (E39) has a 76.2 mm piston diameter (3" OD) and operates
at less than 20°K.
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Piston, Cylinder and Crosshead
Note: Refer to Figure 5-1.

The expansion engine piston (2) is made of phenolic plastic. The
cylinder {1) is stainless steel.

The crosshead (7) is made of aluminum and moves within the cast
iron crosshead guide (11). It is connected to the piston with a
locking screw (5). O-rings (6), located in grooves in the outside of
the crosshead, seal the internal assembly to the crosshead guide.
Lubrication for the O-rings is supplied by felt washers {45) which
are impregnated with lubricant and installed in grooves near the O-
ring seals on the circumference of the crosshead.

A connecting rod (14) connects the crosshead to the driveshaft
crankpiece (23).

Two O-rings (8, 9) act as static seals between the cylinder and the
cover plate (44), and the cylinder and the crosshead guide. A
Teflon gasket (4) also seals between the cylinder and the
crosshead guide. A sealing washer (3) prevents leakage around
the locking screw.

Valve Assemblies
Note: Refer to Figure 5-1.

Each stainless steel valve has a plastic valve seal (54) and is
guided within the valve sheath (51) by phenolic plastic spacers (49,
92, 53). Since the valve is closed by the springs, the valve rod (48)
serves only to open the valve and experiences only tensile forces.
The springs (50) do not come in contact with any metallic part, thus
no metal particles are formed as a result of wear. The static and
dynamic seals for the valves are lubricated O-rings (43, 41).
Lubrication for the dynamic O-ring is provided by a felt (40) that has
been vacuum impregnated with a lubricant. The knurled cap (39)
retains the valve parts within the sheath tube. The valve assembly
can be removed from the sheath tube for service or inspection.

Flywheel and Cam Assembly
Note: Refer to Figure 5-1.

The driveshaft (22) is supported and held in place by the two main
bearings (24) that are mounted on the frame casting (30). The
flywheel (29) is locked to the center of the driveshaft between the
two main bearings. At each end of the driveshaft is mounted a

2-4 CPS Manual 3600138, Rev. 0



2134

21.3.5

crankpiece (23). The orientation of the crankpieces is such that the
crankpins are 180° apart. Attached to each crankpiece are the inlet
and exhaust cams (15, 17 and 37, 38) that operate the valves by
means of the valve arms and the piston connecting rod. The inlet
cams may be adjusted for optimum performance (See Table 4-1).

The valve arms (25, 28, 31, 35) are attached to the frame casting
with shoulder bolts that allow the arms to oscillate as the cam
followers (32, 34) ride on the cam surfaces. The intake and
exhaust valve rods are attached to their respective valve arms by
clamp assemblies (27). The upward motion of the valve arms
opens the valves; the valves are closed by the action of the valve
springs.

Expansion Engine Cycle

As the piston nears the bottom of its stroke, the intake valve opens
and compressed helium gas flows into the cylinder. The gas exerts
a force against the face of the piston and drives the piston upward.
The gas continues to enter the cylinder at nearly constant pressure
until the intake valve closes at cutoff. After cutoff, the gas in the
cylinder continues to force the piston upward as the gas expands.
Work is performed by the gas, and its temperature is progressively
lowered; the pressure decreases almost to atmospheric pressure.

During the upward stroke of the piston, energy is stored in the
fywheel. The energy is then used to move the piston downward for
the exhaust stroke. The exhaust valve opens to expel the cold,
expanded gas and when the piston has nearly reached the bottom
of the cylinder, the exhaust valve closes and the intake valve
reopens 1o begin the cycle again.

Brake Assembly
Note: Refer to Figure 2-1.

The brake has two main functions: (a) to absorb energy removed
from the gas and (b), to control the speed of the expansion
engines.

Four V-belts (16) connect the flywheel (1) to a sheave that is
mounted on the jackshaft (5). A timing belt (6) connects a sprocket
on one end of the jackshaft to a sprocket on the VFD driven motor
(7). The speed is set automatically by the VFD. The output of the
VFD is fed into two externally located resistors to dissipate the
electrical energy produced.
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Expansion Engine Inlet Pressure and Speed Control

The Model 1630S is equipped with an automatic heat exchanger
inlet pressure and engine speed control system. The system is
designed to provide optimal performance by maximizing the use of
available compressor capacity. This is accomplished by varying
the engine speed to a maximum value at which the inlet pressure is
equal to or greater than 15.9 bar (230 psig) and the engine speed
does not exceed 230 rpm.

Note: Refer to Figure 2-12.

The pressure control is a PID control loop operated by the PLC
(Programmable Logic Controller). The setpoint for this loop is 15.9
bar (230 psig) and the process variable {parameter which is being
controlled) is the pressure coming from pressure transmitter PT-1.
The output from this loop is sent to the VFD as the speed setpoint.

The control loop is direct acting; as the pressure rises, the output
from this loop will also rise. The output from the foop, in the form of
a 4-20 mA signal, is sent to the VFD. As its speed setpoint
increases, the VFD increases the motor speed untit SDP=PV.

The operator may choose MANUAL speed control if desired. In
this mode the control loop is disabled and the speed setpoint is
entered by the operator via the Operator Interface Terminal (OIT).

In the event of a power loss, the VFD will transform the rotating
motor energy into internal braking torque. This feature, called a
regenerative braking, slows the engines to a stop without the
incoming electrical power.

Engine Brake Circuit Component Description

Pressure Transmitter PT-1

PT-1 is a pressure transmitter located in the helium supply line
between V323 and the first heat exchanger. lts input range is -1.0
to +19.6 bar (-15 to +285 psig) with a linear output of 4 to 20 mA.

This output signal is sent to the PLC’s analog input module.

Speed Signal SI-1

Speed signal is supplied from the VFD. It is proportional as 4-20mA
to 0-90 Hz of the VFD power which corresponds to 0-2700 rpm of
the motor shaft.
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PLC Functions

The PLC performs all the control functions for the speed control
loops. It monitors the pressure and speed analog inputs and
executes a PID control algorithm to adjust its analog output, which
is sent to SY-1 (VFD). The PLC monitors the OIT for operator
commands and updates the display for monitoring the process.

The PLC also performs many safety checks during engine
operation, such as high and low speed conditions, low pure gas
supply pressure and transistor fuse status. In the event of an
abnormal condition, the PLC will take action to correct the problem
or shut the system down in an orderly manner.

VFD SY-1

SY-1, located on the electrical subpanel, performs several
functions. The basic is to control the motor speed to the setpoint. it
also provides linear acceleration / deceleration of the motor at step
changes of the setpoint. For detailed description of the VFD, please
refer to Hitachi VFD manual.

Engine Overspeed Safety Device

The overspeed safety device consists of a spring loaded pin built
into the flywheel and a switch mounted on the cover plate. This
prevents the engines from overspeeding in the event the VFD does
not act as a brake (e.g., belt or VFD failure). Centrifugal force
compresses the spring and allows the pin to move beyond the outer
circumference of the flywheel.

When the engine speed reaches approximately 350 rpm, the pin
will protrude encugh to trip the switch. The PLC will then close the
helium supply solenoid (V323) which shuts off the gas supply to the
engines and the engines will coast to a stop. The PLC will also
stop any other functions related to engine operation, such as
stopping the purifier and closing JT307.

After the cause of the overspeed has been comrected, the switch
must be reset manually using the reset tool provided (P/N
3824375). An overspeed alarm will be dispiayed on the Operator
Interface Terminal. After the switch has been reset, pressing the
ALARM RESET button will disable the alarm.
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Joule-Thomson (J-T) Valve (JT307)

The J-T valve liquefies helium into a customer-supplied external
dewar. It is an actuated extended stem needle valve located within
the vacuum chamber. The valve stem, enclosed in a stainless steel
sheath, extends from the valve body up through the ambient
temperature cover plate. The actuator that positions the valve is
located on the cover plate.

The J-T valve position is automaticaily determined by the PLC and
is based on the No. 2 engine inlet temperature. As the engine
temperature drops, the J-T valve opens. Manual override of the
position is provided.

Low Pressure Return Valve (SV308)

The low-pressure return valve is an actuated, extended stem,
shutoff valve located on the vacuum chamber cover plate. The
valve position is determined by the PLC. This valve isolates the
low-pressure return gas from an external dewar to the heat
exchanger in the Model 16308 Liquefier / Refrigerator module.

Vacuum System

The vacuum system provides insulation for the cold parts of the
liquefier / refrigerator and consists of the vacuum chamber, the
vacuum pump (E40) and vacuum instrumentation (VT43, VT44).

Vacuum Chamber

The vacuum chamber encloses the engines, heat exchangers,
filters, cold valves, and cold piping of the liquefier / refrigerator.
The internal piping arrangement is shown in Figure 2-2. At the top
of this chamber is a collar through which the gas piping penetrates.
The cover plate, attached to the collar, provides support for the
engines, flywheel, J-T and cold gas control valves, and the delivery
tube gland. An O-ring seals the interface between the collar and
the vacuum chamber. The engines, charcoal adsorbers, heat
exchangers and valves are designed to be readily removed as a
unit from the vacuum chamber should the occasion arise for
maintenance.

A relief valve (V346) at the bottom of the chamber protects against
over-pressure in the event of a helium leak within the chamber.
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Vacuum Pump and Piping

The insulating vacuum is produced by the 5 m%hour (3 cfm) rotary
vacuum pump {E40) and by cryopumping action. The vacuum
pump reduces the pressure in the vacuum chamber to
approximately 50 mTorr at ambient temperature. Cryopumping
further reduces the pressure below 10° Torr as the liquefier /
refrigerator cools. The control switch for operating the vacuum
pump is located on the Operator Interface Terminal. The piping
between the vacuum chamber and the pump contains a manual
shut-off valve (V336) to isolate the vacuum pump. A normally
closed solenoid valve (V348) prevents the back flow of pump oi
into the vacuum chamber if there is a power interruption.

A connection is also provided at V352 to allow periodic evacuation
of other components such as the Remote Delivery Tube.

Vacuum Instrumentation

A thermocouple gauge tube / transmitter {(VT43) is mounted in the
vacuum piping between the vacuum pump (E40) and solenoid
valves (V348) and (V350). A second thermocouple gauge tube /
transmitter (VT44) is located on the vacuum jacket. Both may be
read out on the Operator Interface Terminal.

Temperature Instrumentation

Silicon diodes and thermocouples are installed to provide an
accurate means of temperature measurement for evaluating the
operation of the liquefier / refrigerator. TE-C senses the
temperature of the gas entering the No. 2 engine (E39). TE-B
senses the temperature of the gas entering the J-T valve (JT307).
TE-5 and TE-A, used in the automatic control of the purifier, are
located on the purifier's cooling stream. TE-5 is located between
heat exchangers E60 and E62, while TE-A is located between heat
exchangers £62 and E67. TE-7, located on the bottom of the E60
purifier heat exchanger, monitors temperature at the water
blowdown connection. TE-2 indicates the temperature of the return
helium gas after passing through the last section of the heat
exchanger (E30). Thermocouples TE-4 and TE-8 are used to
monitor the heaters located on the regenerative charcoal
adsorbers.

The diodes, tagged as TE-A through TE-H, are connected to
temperature monitor TJl-1. Tdl-1 transmits these temperatures via
an RS-232 interface to the PLC BASIC coprocessor module.
Thermocouples, designated as TE-2 through TE-8, are connected
to a PLC thermocouple input module. The PLC uses these
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temperature inputs for control purposes and all temperatures are
displayed on the Operator interface Terminal. A redundant diode is
provided at all diode locations and their wires are bundled at the
rear of temperature monitor TJI-1.

Control Panels

The Main Control Panel
Note: Refer to Figure 2-3.

The main control panet! is located along the front of the liquefier /
refrigerator module and contains the instrumentation and controls
required for normal operation. All of the operator input and most of
the machine status is incorporated in to the Operator Interface
Terminal.

The main control panel also has two pressure gauges, heat
exchanger supply pressure (Pi-33) and the JT307 inlet pressure
(P1-34).

An emergency stop push-button is also located on the main control
panel. This illuminated push-button is normally in its extended {out)
position with the light off. Pressing the button will latch it in its
depressed position, the light will turn on, and all PLC outputs will
de-energize. This will return all automatic valves to their fail-safe
positions and the expansion engines will slow to a stop. The pilot
light will also turn on if the PLC is not in its “run” mode. This
happens briefly at power up and in the unlikely event of a PLC fault.

Auxiliary Panels

Located behind the right front door is an auxiliary panel containing
pressure gauges P1-32 (supply pressure to makeup regulator
V370), PI-39 (pure helium supply pressure), PI-60 {impure supply
pressure to the purifier), PI-35 (low-side pressure) and PI-308
(dewar / return pressure between RDT and V308). Also located
behind this door is the flow control assembly for manual
regeneration of charcoal adsorbers E36A and E36B. This consists
of manual regeneration valves V35, V36, V42, V43, and V44 as
well as pressure gauges PI-31 and PI-36.

Located behind the teft front door is a bracket holding the engine
run time meter ETM-1 and temperature indicator TJI-1.
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Precooler (E81) / Boiler (E83)

To obtain increased capacity, a liquid nitrogen precooling system
(Precooler E81, Boiler E83) is installed within the vacuum chamber.

[n operation, valve V808 is opened thus allowing a portion of the
incoming helium stream to the precooler (E81) / boiler (E83). This
stream is throttled by adjusting vaive V806. The precooler is a
counterflow heat exchanger that uses the latent and sensible heat
in the liquid nitrogen to cool this throttied stream to about 95°K.

The nitrogen level is automatically controlied in the ‘keep full”
manner by two sensors (LE-1, LE-2) located in the level control
tube of the boiler. LE-1 is the fow level and LE-2 the high level
sensor. The LN, level will oscillate between these two points.

There is the check valve (V802) located in the gaseous nitrogen
exhaust line. A fiquid nitrogen supply pressure of 0.7 bar (10 psig)
is necessary to insure sufficient precooler operation.

Temperature sensor TE-6, near the inlet to heat exchanger E31,
can be used to indicate the helium flow through the precooler.
Optimum precooler flow occurs when the E31 inlet temperature is
approximately 95°K.

Automatic Purifier (E60, E62, E67)
Note: Referto Figures 2-4A, B, C, D

The automatic purifier liquefies helium gas with up to 10 percent air
impurity. The major components of the purifier are: multiple finned
tube heat exchanger sections (E60, E62), a filter (EB7), three
extended stem pneumatically operated valves (V614, V615, V618),
and three temperature sensors (TE-5, TE-7, TE-A). These
components are located within the vacuum chamber of the liquefier
/ refrigerator module where they are interconnected to each other
as well as to the main heat exchanger. The PLC monitors the
temperatures and pressure of the purifier and controls all valves
required for automatic operation during cooldown, purification, and
final shutdown with enhanced regeneration.

The purifier requires a minimum supply pressure of 31.0 bar (450
psig) of impure hefium gas. A buffer volume of approximately 40
liters (1.5 cubic feet), the size of a typical high-pressure helium
cylinder, is suggested to be connected to the impure gas supply
line to minimize pressure fluctuations during operation.

2-11 CPS Manual 3600138, Rev. 0



2.1.10.1

An automated purifier purge utility is provided which can be initiated
by the operator. During this process the purifier is pressurized to
full compressor discharge pressure through valve V614 and
subsequently purged through the water and liquid air blowdown
valves, V632 and V609.

Purifier Cycle

Counterflow heat exchangers (E60 and E62) are cooled by
approximately 20°K helium gas taken from the main heat
exchanger near the inlet of the No. 2 expansion engine (E39). The
cooling stream is controlled by valve V635 when the purifier is first
turned on during the initial cooldown and is then controlled by the
makeup gas regulator V370 during all subsequent operation. Low-
side pressure tends to drop as helium is liquefied and stored into
the dewar, which causes V370 to open. Cooling stream flow is thus
a function of the liquid helium production.

When the purifier heat exchangers are cooled below preset
temperatures at TE-5 and TE-A (reference Table 2-1 for typical
values) the impure helium supply solenoid valve (V624) opens.
The incoming impure gas stream counterflows over the refrigerated
finned tubing where impurities are condensed and collected. The
maximum flow rate of the incoming gas is controlled by needle
valve (V628) so that it is slightly greater than the flow of gas
required for helium production. Incoming gas causes the heat
exchanger temperature to rise.

As the control-point temperatures rise, the impure helium supply
sclenoid valve closes and the heat exchanger cools again. The
impure-gas feed cycles continue until the collected impurities resuit
in sufficient restriction in the heat exchangers thus causing the inlet
pressure to increase significantly. The PLC monitors the inlet
pressure using a pressure transmitter (PT-60).

When the inlet pressure reaches 24.1 bar (350 psig) the PLC
initiates a regeneration cycle wherein the heat exchanger is
warmed so that TE-A reaches approximately 90°K and the
impurities are discarded automatically through solenoid blowdown
valves V609 and V632. The gas used to warm the heat exchanger
is taken directly from the high-pressure supply from the
compressor. When the warm-up setpoint of TE-A is satisfied and
impurities have been discarded, the regeneration cycle is ended
and cooldown begins again. Total regeneration time is usually
between 4 and 8 minutes.
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Manual actuation of the regeneration cycle by the Operator is
possible at any time.

Note: The inlet pressure of the purifier heat exchanger during
purification and regeneration is plotted versus time in
Figures 2-5 and 2-6.

Purifier Valve Sequence

The following valve sequence description applies when the main
heat exchanger has cooled sufficiently to commence operation of
the purifier. If the operator turns on the purifier when the main heat
exchanger is too warm, the PLC wiil automatically delay cooldown
of the purifier until TE-C is less than 23°K and TE-B is less than
8°K.

1. When the purifier is switched on, valves V614 and V616
open; valve V615 closes, and JT307 is set to a "cracked
open” position. Heater EB3 is enabled. Heater E72 is
controlled by the PLC to maintain ambient temperature
condition at the water discharge line. Valve V603 opens,
starting cooling stream flow through valve V635. When TE-5
and TE-A are sufficiently cool (reference Table 2-1) valve
V624 opens and the first cycle of impure feed initiates.
When TE-5 or TE-A rises above the desired operating
temperature, valve V624 closes completing the first impure
feed cycle.

2. After completion of the first impure feed cycle, valve JT307 is
placed in automatic mode wherein its position is adjusted to
maintain proper No. 2 engine inlet temperature. Valve V334
closes isolating the pure gas supply to the cold box. Valve
V603 closes and valve V602 opens, allowing the cooling
stream to be controlied by makeup regulator V370.

3. If at any time during purifying operation TE-5 drops below
60°K, a regeneration cycle is automatically initiated. Warm-
up prevents the cooling stream exiting the purifier from
becoming too cold and damaging soft seated valves. Pure
makeup gas solenoid valve V334 is temporarily opened to
permit stabilized recovery of low-side pressure.

4, As impurities build up and cause flow restriction, purifier inlet
pressure increases when valve V624 opens. When the inlet
pressure reaches 24.1 bar (350 psig) the PLC automatically
starts a regeneration cycle. Valves V602, V614, V816, and

2-13 CPS Manuat 3600138, Rev. 0



2.1.10.3

V624 close. Valve JT307 is placed in a cracked open
position in order to minimize helium liquefaction in the dewar
during regeneration and vyet maintain proper cold
temperature in the RDT. Valves V615 and V822 open and
the purifier pressure drops to 5.5 bar (80 psig) as gas is
drained to the helium recovery system. Valve V617 opens
and warm-up of the purifier begins.

When TE-A reaches approximately 80°K, water blowdown
valve V632 is opened for 20 seconds to drain E60 of any
water that melted during regeneration. The pressure in the
purifier drops to 3.4 bar (50 psig). After 20 seconds, valve
V632 closes.

Air blowdown valve V609 then opens for approximately 60
seconds to drain E62 of any liquid air that melted during
regeneration. The pressure in the purifier drops to 1.4 bar
(20 psig). After 60 seconds valve V609 closes.

Valves V617 and V615 close. Valves V602, V614, and V618
open. The JT valve is placed back in auto position control
mode. The purifier heat exchanger backfills with cold clean
helium gas from the inlet of the second engine through valve
V614, Cooldown of the purifier commences and
regeneration is now complete.

When the purifier is shutdown (either by the Operator or
automatically if PALL-65 is triggered by low-pressure), an
enhanced regeneration (or final regeneration) is initiated. An
enhanced regeneration is the same as the standard
regeneration described above, except the setpoint for TE-A
is 150°K instead of 80°K. After the enhanced regeneration is
complete, the purifier is backfilled via valve V614 and blown
down through valves V632 and V609 again.

Purifier System Controls

Automatic operation of the purifier is governed by the PLC, which
monitors temperature sensors TE-5 and TE-A and impure inlet
pressure transmitter PT-60.

1.

Starting the Purifier
Tuming ON the purifier (using the Operator Interface

Terminal (OIT) located on the main control panel) enables
purifier operation if there is sufficient impure gas pressure
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detected by PT-65. Both the No. 2 Engine inlet temperature
(TE-C) and the J-T valve inlet temperature (TE-B) must be
sufficiently cold (approximately 23°K and 8°K respectively)
before initial cooldown can start. The PLC will automatically
start initial cooldown of the purifier after the cold temperature
requirements are met.

Temperature Control (Reference Table 2-1)

Diode and thermocoupie temperature elements provide input
signals which in turn are monitored by the PLC such that:

a. Solencid valve V624 opens to introduce impure gas
when TE-5 and TE-A ‘“Impure Feed” setpoints are
both satisfied.

b. Solenoid valve V624 closes to stop flow of impure
helium gas when either of the TE-5 or TE-A ‘Imptire
Feed” setpoints are not satisfied.

c. The regeneration cycle is completed when the TE-A
“Regeneration Complete” setpoint is satisfied.

d. The enhanced regeneration cycle is completed when
the TE-A “Enhanced Regeneration Compiete”
setpoint is satisfied.

Purifier Pressure Control

A pressure transmitter (PT-60) allows the inlet pressure of
the purifier to be monitored by the PLC. When the
contamination build-up is sufficient such that the inlet
pressure reaches 24.1 bar (350 psig) a regeneration cycle is
automatically initiated.

Initial Cooldown Cooling Stream Flow Control {V635)

Valve V635 controls the flow of the pure gas cooling stream
from the purifier to the compressor suction return line during
the first cooldown of the purifier. Valve V635 should be set
$0 as to prevent the No. 2 engine from warming above 16°K
during the initial purifier cooldown. Valve V635 is equipped
with a micrometer handle. Typically a setting of 5 turns open
is adequate.
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Impure Feed Flow Control (V628)

Valve V628 limits the maximum impure gas feed-in rate so
as to prevent temperature overshoot. Valve V628 is
equipped with a micrometer handle. The setting of this valve
is dependent on the liquefaction capacity of the M1630S
Liquefier / Refrigerator. Appropriate settings are typically 7
turns open for use with one RS Compressor without LN,
precooling, and fully open for use with one RS Compressor
with precooling.

Purifier Shutdown

Orderty shutdown of the purifier occurs when the operator
turns off the purifier via the Operator Interface Terminal or if
the impure gas supply pressure drops too low, thereby
triggering PALL-65 (PT-65).

Purifier Purge

A Purifier Purge can be turned on at the operator's discretion
and is generally used after an extended shutdown. The
automated purifier purge cycle can be activated anytime a
compressor is running. (The liquefier can be either on or
off) Pressing the “OFF" button terminates the purge
sequence. A purifier purge is more effective when the cold
box is warm.

The valve sequence for the automated purge cycle is as
follows:

If the liquefier is not running, valve V323 is opened,
pressurizing the main heat exchanger.

Valve V614 opens for 15 seconds to pressurize the purifier
and then closes.

The liquid air blowdown valve V609 opens for 15 seconds
and then closes.

The purifier is repressurized through valve V614 for 15
seconds.

The water blowdown valve V832 opens for 15 seconds and
then closes.

Steps 2 through 5 are repeated two more times.
Vaive V323 closes if the liquefier is not operating.
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Purifier Faults

A pressure transmitter is provided to stop the purifier upon loss of
the impure gas supply. Orderly shutdown of the purifier occurs
when the pressure of the impure gas supply, as sensed by PT-65,
falls below the minimum operating limit of 31.0 bar (450 psig).

During operation, the impure supply pressure transmitter (PT-65) is
set to close on decreasing pressure at 31.0 bar (450 psig). When
the pressure falls below that setpoint, the purifier shuts off and the
makeup gas source reverts to the pure gas supply. An alarm
indication is provided on the Operator Interface Terminal.

To reset the impure supply interlock, the alarm indication must be
reset and the purifier must be switched off, then on.

A pressure transmitter (PT-32) is located in the pure gas supply
line. If the pressure falls below the setpoint, the purifier will shut off
and the liquefier will shut down.

The Piping and Electrical Connections

The tliquefier / refrigerator piping and electrical connections are
located in the cabinet. The bottom fixed panel on the rear of the
cabinet contains all the couplings and disconnects for the piping.
The electrical connections are located on the interior electrical
control panel located at the left side of the unit.

Behind the doors on the front right side of the cabinet are located
control valves, regulators, control piping, and vacuum pump. The
electrical subpanel, located inside a locking panel at the left end of
the module, contains all relays, fuses, transformers, circuitry, etc.
necessary for the operation of the control circuit.

Safeties and Alarms

The liguefier / refrigerator is designed for unattended, continuous
duty. Electrical safety switches and controls automaticaily shut the
system down if a malfunction occurs. Relief valves are provided to
prevent excessive pressure buildup. Routine operator checks are
recommended to maintain optimum performance and data logs.
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2.1.13

2.1.14
2.1.14.1

2.1.14.2

2.1.15

2.115.1

External Bypass Regulator (V345)

This regulator serves to relieve the excess high-pressure gas being
delivered by the compressor to the liquefier / refrigerator during
certain periods of operation. It does so by bypassing the extra gas
to the compressor suction. It is located on the external piping and is
supplied by Cryogenic Plants and Services.

Programmable Logic Controlier
Description

The Model 16308 has a programmable logic controller (PL.C) that
controls all functions of the liquefier / refrigerator module. The PLC
monitors all data from the Operator Interface Terminal, as well as
inputs from pressure transmitters, temperature sensors and
discrete switches. The heat exchanger inlet pressure, expansion
engine speed and the J-T valve (JT307) position are all
automatically controlled by the PLC’s internal control foops. The
PLC properly sequences all valves and updates the operator
terminal to provide a complete control package.

The PLC is located on the electrical subpane! found behind a
locking panel on the left side of the liquefier / refrigerator.

PLC Program

The Programmable Logic Controlier (PLC) executes instructions
contained in the ladder logic program.

\ WARNING! Do not remove the PLC battery with power turned

off. The PLC program will be lost!

WARNING! Do not attempt to modify or alter the PLC program

in any way. Unpredictable machine operation
may occur, resulting in undesirable actions and
possible physical damage!

Operator Interface Terminal {OIT)

General

The Operator Interface Terminal (OIT) is located on the main
instrument panel on the front of the liquefier / refrigerator. The OIT
allows the operator to monitor and control most of the module
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2.1.15.2

functions, only some manual valves and pressure gauges are not
accessible through the OIT. The OIT has a display area with touch
sensitive screen and presents information in a multi-page format.
The M1630S OIT can use up to 10 pages (page 00 through page
09), and allows the operator to view one page at a time.

The display has two primary regions, the template region and the
control button region. A template is a graphical representation of
conventional operator devices such as status indicators {pilot lights)
and numeric displays. There are 15 template cells in the template
region, 3 rows of 5 columns, allowing for up to 15 templates per
page, although some templates may occupy more than one cell.
Along the right side of the template region is the control button
region. A control button is a graphical representation of a
conventional momentary pushbutton. Up to four control buttons
can appear vertically in the control button region.

Operation

To perform any OIT operation, the operator must go to the proper
page, activate the appropriate template, and press the desired
control button. For example, to start compressor #2 the operator
would follow this sequence:

1. From the main menu (Page 01), press the Page 02 button to
bring up the compressor control page.

2. From other pages press the GO TO PAGE control button to
bring up the numeric keypad. Press the DIR {directory) button
to display a list of the OIT pages if you don’t know which page
contains the appropriate templates. All pages use two digits,
the operator must use the preceding 0 (00, 01, 02...09). Press
02 to go to page 02, the location of the compressor templates.

3. Activate the compressor #2 template by touching the #2
template. The control buttons will now appear in the control
button region.

4. Press the top control button, START COMPRESSOR #2, to
start the compressor. At this point the compressor #2 template
would change from OFF to ON.

9. The operator can press the CANCEL button at the top of the
display to deactivate the template, or the template will
automatically deactivate after a short time delay.

With the exception of the page change buttons, activating just a
template will not result in any action on the M16308S, the operator
must also press the control button (once the template is active) to
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2.115.3

2.1.15.3.0

2.1.15.3.1

2.1.15.3.2

2.1.15.3.3

21.15.34

2.1.15.3.5

2.1.15.3.6

initiate any command. This two step process provides a safe
control system, eliminating inadvertent operation.

Organization

Each OIT page has a group of related control functions. The 10
pages for the M1630S OIT are organized as follows:

Page 00 Linde Logo

Page 00 contains the Linde company logo and is displayed after
control power is turned on. Press the logo to bring up the main
menu, page 01.

Page 01 Main Menu (Data Table and Status)

Page 01 contains a data table that displays all the M1630S
operation parameters as well as a region that displays the discrete
status of other M1630S functions. There is no control from this
page, although the operator can utilize the buttons in the right hand
column to go directly to the page that provides the desired control
functions.

Page 02 Compressor Control

Page 02 contains the templates for remote control of up to three
compressors; each compressor has its own template.

Page 03 Expansion Engine, V323

Page 03 has the controls for the expansion engine operation. This
includes the engine start and stop functions as well as the engine
auto / manual speed control selection. There is also a template for
control of the helium isolation valve V323,

Page 04 JT307 and V308 Control

Page 04 contains the templates for control and indication of valves
JT307 and V308.

Page 05 Purifier Control
Page 05 contains the templates for control of the M1630S purifier.

Page 06 Vacuum Pump and LN, Control

Page 06 contains the templates for controlling the vacuum pump
and vacuum valves. A second template is used for liquid nitrogen
control. A third template, COLD BOX CLEANUP, allows the
operator to put the liquefier in the cleanup mode.
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2.1.15.3.7

2.1.153.8

2.1.153.9

21.154

Page 07 Digital Input Status

Page 07 displays the status of certain digital signals provided to the
PLC, such as pressure switch contact signals. This page is
provided as a convenient means for observing these signals.
Normal operation of the cold box does not typically require
monitoring of this information by the operator.

Page 08
OIT page 08 is not currently used by the M16308S.

Page 09 PL.C Operational Parameters

Page 09 contains templates that allow for adjustments of various
M16308S operation parameters. These parameters have been set
at the CPS test facility and should not require further adjustments
by the customer.

WARNING! Improper setting or adjustment of these

parameters may result in undesirable machine
operation, which can lead to poor system
performance, machine damage or personal injury!

The parameter values are stored in the PLC memory and will
automatically be saved when the M1630S has no control power
applied.

Alarms / Fault Conditions

The OIT generates alarms to bring operator attention to an
abnormal operating condition. Alarms are visually displayed at the
top of each page of the OIT in the order that they occurred.
Descriptions of the cause of the alarm, along with the alarm status,
are provided in the display. A speaker also provides an audio
signal that an alarm has occurred. An OIT page number is also
indicated to reference the source of the alarm.

Alarm status can be either active or non-active, and acknowledged
or not acknowledged. If the cause of an alarm is stili present, for
example impure gas supply pressure is still too low, the alarm
remains active. If the cause of the alarm was only temporary (in
the previous example, the impure gas supply pressure has returned
to normal), then the alarm is non-active. Acknowledgment of an
alarm occurs by the operator pressing the alarm acknowledge
button on the OIT.
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2.1.16

Fauit conditions result in a device being removed from operation.
Typically a fault condition for a device has to be manually reset
from the appropriate page of the OIT, aithough some exceptions
exist. If a device is in fault, for example a fuse has blown on the
vacuum pump, a fault indication will appear on the OIT page that
controls the vacuum pump.

Some alarm conditions will require a reset button being pressed on
the appropriate page, so that the PLC will recognize
acknowledgment by the operator of the fault condition having
occurred.

Refer to Table 2-1 for a list and description of alarms and fault
conditions.

Low-Side Pressure Control System

Low-side pressure control consists of two essential functions: (a)
gas recovery to storage when low-side pressure is high; and {(b)
makeup gas requirements when low-side pressure is low. The
pressure transmitter PT-2 provides a 4-20 mA signal to the PLC
that corresponds to low-side pressure. The PLC monitors this
signal and also re-transmits it as a process variable to the interna
PID process controller that controls low-side pressure makeup
valve V370.

If the low-side pressure rises above 0.21 bar (3.0 psig), and a
compressor is operating, the PLC will automatically open valve
V378 to recover gas to pure helium storage at connection “G”.
When low-side pressure drops below 0.19 bar (2.8 psig) V378 is
closed. An operating compressor is required for automatic gas
recovery operation.

Makeup gas requirements are controlled by a dome-loaded
regulator V370. The dome pressure, which controls the opening of
the valve, is determined by an internal control loop. The output of
the control loop is a 4-20 mA signal that is converted to a pressure
signal by PY370. PY370 automatically pressurizes the dome with
instrument air as required. The setpoint for low-side pressure is
factory established and is typically set to provide 0.07 bar (1.0 psig)
operating pressure to the compressor.
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2.1.17

21.18

2.2

2.3

Bayonet Connections (BC-1, BC-2)

Two female bayonet connectors are mounted on the liquefier /
refrigerator module to allow for the connection of customer suppiied
transfer lines. Bayonet connections BC-1 and BC-2 are used for
celd gas transfer from an external load.

Bayonet blind caps containing a relief valve are supplied with the
unit. install these caps on the liquefier / refrigerator bayonets
whenever the transfer lines are removed.

Manually Operated Extended Stem Valves

Eight manually operated extended stem valves are incorporated in
the design of the Model 16308 Liquefier / Refrigerator. All contain
soft seats and are designed for minimum heat leak to the process
stream. Control knobs for each valve are located on the cover
plate. Manual valves V31, V32, V33, and V34 are used as isolation
valves for their respective charcoal adsorbers. Manual valves Sv2,
V3, V387, and V389 are used to direct gas flow during the cooling
of an external load.

DELIVERY TUBE

The delivery tube (Figure 2-8) is a rigid, triaxial stainless steel tube
assembly with two concentric gas passages surrounded by a
superinsulated vacuum space. The inner passage carries the two-
phase mixture to the external dewar. Uncondensed helium gas and
boil-off gas return through the outer passage to the retumn side of
the heat exchanger (E34) through the return valve (V308). The
delivery tube has a 25.4 mm diameter (1" OD) vertical tube section
for connection to the liquefaction dewar. The tube is removable for
convenience in positioning the dewar. An adapter containing a
relief valve supplied by CPS must be in the delivery tube port on
the liquefier module whenever the delivery tube has been removed.

OPTIONAL EQUIPMENT

Note: Refer to System Equipment Installation / Interface drawing in
Section 4.
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2.3.1

2.3.2

2.3.3

234

2.3.5

2.3.6

Additional Compressor Units

A second RS Compressor may be used with the M16308S Liquefier /
Refrigerator. Multiple compressor units cperate in parallel with
common inlet and discharge lines. Refer to manual material
supplied with compressor(s).

Storage Tank

A tank, having a minimum capacity of 14 cubic meters {500 scf) at
16 atmospheres, should be connected into the system, as shown in
Section 4 drawings, and is used to recover and store pure helium
gas. If the tank is not available, helium must be vented to the
atmosphere or gas bag via connection “G*.

Helium Liquefaction Dewars

Double ported liquefaction dewars of 100, 250, 500 and 1,000 liter
capacity are typically used with the liquefier. One port, with a gland
of 25.4 mm outside diameter (1" OD), is required for the delivery
tube; the other port, typically 15.9 mm outside diameter (6/8" OD),
is for a transfer tube.

Liquid Helium Transfer Tube

The ftransfer tube is used to transfer liguid helium from the
liquefaction dewar to a storage dewar or experimental apparatus.

Cryogenic Adsorber

The cryogenic adsorber, basically a maintenance tool, is effective
for the removal of nitrogen and other gaseous impurities having a
freezing point higher than the temperature of liquid nitrogen. It is
used to remove air and water contaminants from the compressor
and to clean up the refrigerator piping and heat exchangers after
maintenance. (The cryogenic adsorber is described in a separate
manual).

Gas Manifold(s)

Multi-station manifold sections are used for connecting high-
pressure gas cylinders into the liquefaction system. A regulating
valve (V351) with a relief valve (V395) is supplied by Cryogenic
Plants and Services, Inc. for use on the pure gas manifold. An
additional regulator (V629) and relief valve (V641) are supplied by
Cryogenic Plants and Services, Inc. for use on the impure gas
manifold.
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2.3.7

2.3.8

2.3.9

2.3.10

Ballast Tank

A tank, having a minimum capacity of 1.5-2.0 cubic meters {60-70
scf) at 16 atmospheres is used for ballast for the automatic purifier.
It is connected directly into the supply line. Gas is taken from the
tank when the purifier is being regenerated and replenished by
makeup gas from the compressor when normal purifier operation
resumes.

Surge Tank

A tank is connected directly into the impure helium gas supply line.
It is used during purifier operation to adsorb any shock in the line
when purifier solenoid valve V624 cycles.

High Pressure Helium Recovery Compressor

The high-pressure recovery compressor is used to pump gas from
the gas bag into high-pressure storage cylinders. {The recovery
compressor is described in a separate manual).

Gas Bag

The gas bag is a flexible container made from laminated plastic, It
is used to collect boil-off gas and has a control to operate a high-
pressure, helium recovery compressor.
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TABLE 2 -1

PLC PROGRAM CONFIGURATION
AND CONTROL SETPOINTS

8102760 MODEL 16308 LIQUEFIER f REFRIGERATOR |Date: 1010/2005
Custemer: Florida State University
PLC-405 PLe
ADDRESS or TAG  |DESCRIFTION INPLUT LNITS COMMENTS
ALARMS
PAH-308 Devar Return. Pressure High Alarm P V1616
PAL-3Z Pure Helium Feed Pressure Low Alamm P 1601
TAL-3 Purifier, Cooldewn Temperature Low P V16840
TAL-T Water Blowdown Temperature Law R V184t
=12 OFF Fuse Faulted or. Mot Present
COMM RS Communication te RS Compressor Failure C573
FAULTS
PLC FAULT Programmatle Logic Controller Fault Ciz20
E3-51 VED Fault Switch G451 Hargware
051 Engine Soeed High Switch Hargware
PaHH 308 Drewar Return Pressure High Fault Caa2 SP Wigti7
FALL-32 Pure Helium Feed Pressure Low Fault Ca340 8P Visa0
F5-65 Impure Helium Feed Pressure Low Fault {@C1002=0FF) Hardware
SAHH-1 Engine Speed High Fault 245 RPM
SALL-1 Engine Speed Low. Fault & RPM
CMP OFF Compressor Off A4 C265
E-STOP Emergency Stop Button Activated C445
START PERMISSIVES
IENGINE
ENG_OFF Engine is Off
hiot {PAL-32) o Pute Helium Low Pressure Alarm
CMP_On Compressar is Operating
08-1 ON Mechanizl Overspaed Switch iz ON
X512 ON Englne Covars are Present
FLC ON Mo PLEC Fault is Present
V323 AUTO Valve in Aute Mode
ICLEAN-UP MODE
[ENG OFF Engine is Off
|[PUR_PRG QFF Puritier Purge Sequence is. Off
HXFILL OFF Heat Exchanger Fili Function Is Gt
W33 AUTO Valve in Auto Mode
Y308 AUTO Valve in Auto Mode
PURIFIER
ENG ON Engine is On
PLC ON Mo PLC Fault is Present
HX_FHL OFF Heat Exchanger Fill Function is Off
V323 AUTO Vialve in Auto Mode
PURIFIER PURGE
CMP O Compressar is Dperating
V323 AUTO Vabve in Auto Mode
FPUR OFF Purifier s Off
PURIFIER REGENERATION
PUR_ON Puritier is. On
VAT JACKET ISOLATION VLV, V.348
V350 OFF V35015 Closed
ENG_OFF Engine is Off
TE-B OK TE-B=TE-B.SP24
VPMP ON 105 Vacuum Pump is Operating for. 10 seconds
VAC. JACKET ISOLATION VLV, V-350
V34E OFF V348 Is Closed
VPP OM 108 Vacuum Pump is Cperating for 10 seconds
CIBOX ISOLATION VLV, V=323 MANUAL MODE
CLNUP MD OFF  |Clean-up Mode is O
EnG_QFF Engine is Off
HXFILL QFF Heat Exchanger Fill Function. is Off
PROGRAM SETPOINTS
PLC V-MEMORY
Vigon PALL3Z SF 1020 60 psig {#4.14 bar}
w601 PAL3Z SF inse B3.psiy (4,48 bar}
V1EQ2 PC-2.5P 2270 2.0 psig {014 bar)
RAlEE] Wi Open (HIGH PRESSURE) 2416 3.0 psig [0.21.ban)
1604 V378 Close [PRESSURE OK) 2384 2.8 psig {0.14 bar}
VAG0S TE-A LN2 O 3P 230 30K
V1606 FC1.59 230 230 psig [15.86 bary
V1607 W02 Blowdown Duratien 400 40.0 seq;
V1810 VB2 Blowdown Duration 200 20.0.s8€
halakl TE-C JT. Start Ramp 1003 A00.0K
V1612 TE-6 Temp Reqgen &0 60.0K
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TABLE 2 -1

PLC PROGRAM CONFIGURATION

AND CONTROL SETPOINTS

Vig13 TE-& . Purify. Permissive N2 O 240 240K

V1614 X

V1§15 TE-7 Limit 280 280.0K

V1B16 PAH308. 5P {JT. Ramp-down} 2825 6.0 peiy (.41 bar)
VIETT PAHH306.SP (System shutdgwny 3100 8.0 psig (0.55 bar}
V1620 -2 Regan TermInation 700 700K

W16, T1-A Final Regen 1500 1500

1622 TE-B Stop Ramp JT 200 20.0K

W16z %amp Max Duration (Min) 120 120 Min

w1524 TE-B Vae/V348 Permissive 2800 250.0K

(V1625 TC-3.5P. £-53 Heater Setpaint [ LEE]

1626 S

V1627 JT. Clean-up Position 4085 100.00%

V1630 X

WIB3 X

W1 HX, Fill PT-17. Lim# 3344 230 psig {15.86 banr)
Y1633 HX Fili Tlrree. timit 100 10.0sec

V1634 ST Ramp Cpen Timer Presst 17 1.7 sec

W 1635 JIT. Ramp Clesed Timer Preset 5 0.5 sec

V1626 X

VIG37 TE-C Pemissive Initial Cooldewn Qnly 250 25.0K

V1540 TAL-2.5P Z600 TOOK,

V1841 TAL-7.EP 2700 270K

V1842 230 230K

V1643 30 8,00

WiG44 100 10K

VIE4E

164

V1647

V1650 Comp off after auto. stop. from CEOZ timer 1200 120.0 sec

V165 JT.Fixed Position a0 30%

MBSE E635P_HIST {Setpoint Histeresis) ig 10¢

V1653 X

V1654 X

V1555 TCASP LLIM 100 10.0K

V1656 TCISP _HLIM 300 30.0K

V1657 HTR31.325F HLIM 220 J20K,

V1660 X

PLC C-MEMGRY

C1002=1 {PUR. =ON} STOP ENGINE ON LOSS OF IMPURE HE

C1002=0 STOR PUR. AND SWITCH TG PURE HELIUM OFER.

C1003=1 STOP. COMFRESEDR AFTER ENGINE IS STOPFED

C1003=1 HEER RUNMING THE COMPRESSOR AFTER ENG, STOF

C1004=1 ENGINE SLOWS DOWN AT TE-A= 10K [v1644}

C1004=0 EMNGINE DOESMN'T SLOW DOWN AT TE-A= 10K [ViEdd)

CA005=1 LH2 START AUTOMATICALLY

C1005=0 LM2 STARTS MANUALLY

FiD PARAMETERS [ 1

#1 P REV.ACT SAMPL 0.1,5PLIM IN FROG FR.B1AS 50 £/2010) | 100 (V203 1) 0 (V2012
#2 P02 FORW. SAMPL_0.1,SPLIM NONE 200 (V20503 | 108 fv2051) 0 (V2052)
FITCA FORW._ SAMPL, 0.1 SPLIM IN PRG FR.BIAS RST SEC. 400 (V20) | 5500 (w2114 2002112
Ij!-ﬂ.‘l‘(‘f:i FORWY. SAMPL_D.05 FR.BIAS RST SE£C. FOO{VZISM | 3000[v2151)

RETENYIVE RANGES

W AS00-FTIT

G 1000-10%0

CTo-177

SETTING FOR MANUAL, CONTROL VALVES

V=624 with no.LN2 |5 twins

Y524 with LNZ Full open

W-535 10 Turns

V=534 To keep P1-32 just positive during regeneration Met over 40 pela (275 bar)
WV-BOE Approximately. 2.5 furns. To.keep Th2 approximately 278K

VFD Configuration.

ANG 86

A2 15

AQS3 3

8021 2

8050

BOS51 550

BO52 575

BOS4 10

Boey 30

BOg5 1

Co04 a

087 109

SoBS 2.9

Fooz iy

FOo3 100

Page 20f2
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15

14

13

Item Description Item Description
1 Flywheel 11 Delivery Tube Seal
2 Cam Follower 12 Crosshead Guide
3 Inlet Valve Arm 13 Valve Rod
4 Exhaust Valve Arm 14 Inlet Cam
5 Jackshaft 15 Valve Rod Clamps
6 Timing Belt 16 V-Belts
7 VFD Motor 17 Shoulder Bolts
8 Mounting Plate
9 Adjusting Screw
10 Cover Plate
Figure 2-1

Engine Assembly




®

.

Figure 2-2
Internal Piping




&
3

|

10
11
12
13
14
15
16
17
18
19
20
21

22

Description

Engine Filter-E36A
Engine Fiiter-E36B
N/A
N/A
N/A
No. 1 Engine Exhaust Valve Assembly
No.1 Engine-E37
No. 1 Engine Inlet Valve Assembly
Cover Plaie
Collar
No. 2 Engine inlet Valve Assembly
No. 2 Engine Exhaust Valve Assembly
No. 2 Engine-E39
Getter-E45
Low Pressure Return Valve Body-v308
Detivery Tube Valve Body
J-T Valve Body
J-T Filter-E41
Qil Trap
Main Heat Exchanger-£30, £31, E32, E33, E34
Purifier Assembly-ES0, ES2, EB7

Pre-Coocier/Boiler Assembly-E81, E83

Figure 2-2 Legend
Internal Piping



Description

Instrument Panel
Operator Interface Panel
Emergency Stop Button
Gauge, 30-0-300 psi

Figure 2-3
Control Panel
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BC1

BC-2

—— ]
—

o (]

x® £®
H
A © L®
YS v© )
CONNECTION PURPOSE CONNECTION TYPE
A INSTRUMENT AIR COMPRESSION FITTING
BC-1 HELIUM RETURN FROM LOAD BAYONET
BC-2 REFERENCE FLOW DIAGRAM BAYONET
E HELHM SUPPLY FROM COMPRESSOR SELF-SEALING COUPLING
F HELIUM RETURN TO COMPRESSOR 2 INCH FPT
G HELIUM STORAGE TANK SELF-SEALING COUPLING
H PURE MAKE-UP HELIUM SUPPLY SELF-SEALING COUPLING
L IMPURE HELIUM SUPPLY SELF-SEALING COUPLING
Vv VENT TO RECOVERY OR ATMOSPHERE COMPRESSION FITTING
w LIQUID NITROGEN SUPPLY COMPRESSION FITTING
X PURIFIER EVACUATION COMPRESSION FITTING
Y LOW SIDE TAP COMPRESSION FITTING
z GN2 EXRAUST COMPRESSION FITTING
Figure 2.7

Piping Connections at Rear of Module



TEM DESCRIPTION

VACUUM JACKET
VACUUM SPACE
GETTER

TWO-PHASE GAS PASSAGE
VACUUM SEAL-OFF

1

2

3

4 RETURN-GAS ANNULAR PASSAGE
5

6

7 COLD SEAL (TEFLON “O“-RING)

e
JPra——

ST
INEYT—

o

SIS I\‘{{’I\h‘ il

Sl S B ALY
P, SRS

“ ? " IQUEFIER END DEWAR END..L L1~

Figure 2-8
Remote Delivery Tube Cross-Section
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SECTION 3

INSPECTION AND INSTALLATION

The following section covers inspection and installation of the Model 1630S
Liquefier / Refrigerator module. The steps performed by the User are to be
completed before arrival of the Field Service Representative.

3.1 INSPECTION

Note: If any damage is noted, contact transportation carrier
and the Field Service Representative immediately for

instructions.
3.1.1 Inspecting the Liquefier / Refrigerator
1. Remove the crating and packing material.

Z!\ WARNING! Transport of the cold box module is from bottom of
S the skid only, at the forklift truck pockets provided.

2. Inspect the exterior of the liquefier / refrigerator module for
evidence of physical damage.

3. Record pressures indicated on pressure gauges PI-33 and
P1-34.

Note: If either pressure gauge reads zero, contact the Field
Service Representative for instructions.

3.1.2 Inspecting Remote Delivery Tubes (RDT)

Remove from the crate and inspect the exterior surface for any
physical damage. Make certain the leg portions of the RDT are not
deformed.
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3.2

INSTALLATION

1.

Note:

Mechanical and electrical installation drawings of the
liquefier / refrigerator module are included as part of this
manual. These drawings contain details of the system
provided.

The information on these drawings supersedes any
preliminary information received prior to the receipt of
the shipment or this operating manual.

Typical list of System Installation Data:

a. System Equipment Installation / Interface Drawing
b. System Electrical Installation / Interface Drawing
c. System Flow Diagram

d. Control System Schematic(s)

e. Model 16308 Helium Liquefier / Refrigerator Module
Instatlation / Interface Drawing

f. Compressor Installation / Interface Drawing (optional)
g. Regulator / Relief Valve Detail(s)

h. Model 16308 Helium Liquefier / Refrigerator
Operator's Manual

[tis the User's responsibility to securely mount the liquefier /
refrigerator equipment.  Also, to install all electrical and
piping interconnections including evacuation vaives, bypass
valves and bypass regulator (V345). Do not install the
delivery tube at this time.

Any questions arising during installation should be discussed
and resolved prior to the arrival of the Field Service
Representative for final checkout.

It is essential that at least 1 meter (3 feet) of working space
be provided around the liquefier / refrigerator module.
Overhead clearance required is approximately 3 meters {10
feet).

3.2 CPS Manuat 3600138, Rev. 0



3.2.1
3.2.1.1

3.21.2

3.21.3

5. Power requirements for the module are identified in the
Model 16308 Utility Requirements (Table 1-2).

6. Before shipping, the liquefier / refrigerator module was
purged and back filled with pure helium gas.

Materials
Interconnecting Piping and Fittings

CPS suggests copper tube Type L is used for interconnecting the
ambient temperature piping between the liquefier / refrigerator and
its related components. Fittings should be of the Wrought copper
type suitable for brazing. Do not use cast brass.

Vibration Eliminators

The use of vibration eliminators is recommended for connecting to
the fittings provided on the liquefier / refrigerator moduie and on the
compressor(s). These allow for some flexibility in the piping for
connecting the self-sealing couplings and other fittings supplied on
the equipment. It is suggested that the vibration eliminators be
positioned at 90° with the axis of the fittings on the equipment for
ease of assembly and disassembly. Refer o the System
Equipment Installation / Interface drawings provided with the
equipment for recommendations concerning vibration eliminators.

Brazing Alloys

1. For brazing copper to copper or brass to copper
a. Brazing alloy: BAg-5
b. Flux: 4A, White flux

C. Brazing temperature range: 743°C-843°C
(1370°F-1550°F)

2. For brazing copper to stainless steel or brass to stainless
steel

a. Brazing alloy: BAg-24
b. Flux: 3A, Black flux
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3.2.1.4

3.2.1.5

3.2.2

3.

C. Brazing temperature range: 707°C-843°C
(1305°F-1550°F)

For brazing copper to copper only

a. Brazing alloy BCuP-5

b. Flux: No flux required

C. Brazing temperature range: 704°C-815°C
(1300°F-1500°F)

Joint Compounds

All pipe joints should be made up using an appropriate pipe joint
compound applied to the male pipe member only. Epoxy or
Neolube® may be used if available.

Service Valves

Service valves are required for evacuation and back fill of the
system interconnecting piping. For this application, helium leak
tight quality ball valves are ideal. All evacuation valves should be
1/2°-IPS minimum and rated for the positive pressure of the line.

Installing the Liquefier / Refrigerator

1.

A flat foundation or floor which can support the weight of the
equipment, which is approximately 1000 kg {2200 Ibs.), must
be provided since the unit must be level for proper
operation. When installing the unit, shim the base as
necessary to ensure that the unit is level and properly
supported.

Securely fasten the unit to the floor or foundation using the
holes provided on the unit. Refer to installation / interface
drawing supplied.

The unit is shipped from CPS evacuated and back filled with
pure helium gas to a positive pressure. This condition must
be maintained during installation, testing and back filling of
the interconnecting piping.
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3.2.3

Some of the more important piping connections at the rear
of the unit contain the male portion of self-sealing couplings.
{Aeroquip Inc. - Refer to manufacturer's literature located in
the appendix.) CPS supplies the mating female self-sealing
couplings.

The mating female self-sealing coupling halves for the inter-
connecting piping must be disassembled so that only the
outer body will be connected for aligning interconnecting
piping. If the internal components of the coupling half are
instalied, the coupling seal on the liquefier / refrigerator unit
will engage, and become contaminated with air. After
aligning and making up the interconnecting piping, the body
of the female coupling must be separated from the male
mating fittings on the M1630S, and its internals reassembled
prior to evacuation of interconnecting piping.

The remainder of the connections are of the compression
fitting type and may be made up during piping installation.

Installing the Interconnecting Piping

Refer to the System Equipment Installation / Interface drawing
provided with the equipment.

When installing the interconnecting piping, ensure sufficient
flexibility to allow the couplings to be disengaged without having to
move the equipment. To minimize pressure drops, helium lines
should be as short and direct as possible. Plan piping for a
minimum number of joints using as few elbows and other fittings as
possible. However, make sure to provide sufficient flexibility to
absorb any vibration. Locations where tubing will be exposed to
mechanical damage should be avoided. If it is necessary to use
such locations, the tubing should be enclosed in protective conduit.
Where considerable traffic is adjacent, it is necessary to provide
protection against impact from carelessly handled hand trucks,
overhanging loads, ladders, etc.

All helium piping practices must be in accordance with local codes
and the iatest standard of ANSI/ASME B31.5 Refrigeration Piping
Code. To ensure trouble-free operation, the following conditions
should be observed:

a. When brazing or soldering, valves are to be disassembled,

or wrapped in a wet cloth to prevent damage by heat. To
prevent formation of oxide on the inside of the copper
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3.2.4

tubing, nitrogen or inert gas must be passed through the
piping continuously while brazing joints.

b. If tubing or pipes are cut from open stock, they should be
thoroughly cleaned and deburred before they are fitted. All
lines should be flushed with a suitable cleaner / solvent
(Table 5-3) and dried out using dry nitrogen gas.

C. Never leave a dehydrated line expeosed to the atmosphere
longer than is absolutely necessary for the installation.

Contamination often results from carelessness or mishandling
during storage or assembly of the tubing and components. Al
filings, chips, flux, scale, dust and dirt must be periodically cleaned
from the piping during assembly and thoroughly cleaned after final
assembly.

For information concerning the self-sealing couplings, refer to
Section 3.2.2 and manufacturer's literature located in the appendix.

Leak Check of Interconnecting Piping

All piping that is to be used to interconnect the liquefier /
refrigerator module with other components must be leak checked
before it is interconnected.

Note: See Table 5-4, Maximum Test Pressure

If no leak is found during pressure testing, evacuate the system by
using a clean vacuum pump.

If the system is properly evacuated, the air contaminants are
eliminated before the system is started.

A vacuum pump which can operate below 50 mTorr at 3.5 m*hour
(2 cfm) displacement or better, and has an electronic gauge, is
desirable and is highly recommended for this procedure. To
properly evacuate a system and ensure maximum removal of air
and water vapor, connect the vacuum pump to the evacuation port
and open all valves in the system. Do not use too small a
connecting line between the system piping and the vacuum pump,
as it will restrict flow (minimum line size 15.9mm, 5/8 inch).

To use the vacuum pump most efficiently, a triple evacuation
procedure is recommended. This involves evacuating and back
filling the system with a dry gas three times. Warming the system
piping to approximately 38°C (100°F) while evacuating will help to
dehydrate the system. The vacuum should be broken with dry
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3.2.5

nitrogen or helium. After a final evacuation, the vacuum pump
should then be shut down and the vacuum held for approximately
12 hours. The level of vacuum should not rise beyond 500 mTorr.,

If the system does not meet the standards above, piping should be
rechecked for small leaks, repaired and the above procedure
repeated. Finally, the piping must be charged with clean helium
gas to a positive (0.07 bar, 1.0 psig) pressure. The piping will then
be ready for interconnecting with the leak tight and purged liquefier
/ refrigerator module.

Note: Final interconnections should not be made to the cold
box module or compressor(s) before the arrival of the
Field Service Representative.

Besides being sure that the connecting line between the vacuum
pump and the refrigeration system is sufficiently large enough to
prevent pressure drop, there are other precautions to be kept in
mind.

1. An ordinary compound gauge is worthless in the pressure
range of interest. It is absolutely necessary to use an
electronic gauge capable of reading in mTorr.

A good vacuum pump may pump faster than a small leak.

Initial evacuations of the interconnecting piping may result in
water contamination of the vacuum pump oil, severely
degrading the performance of the vacuum pump. Proper
ballast procedures should be employed. Refer to the
vacuum pump manufacturer's literature.

Installation Wiring

Field wiring drawings for each system are provided with the
equipment. The information on these drawings supersedes any
preliminary information received prior to the receipt of the shipment
or this operating manual. All wiring must conform with the National
Electric Code (USA) and/or equivalent Federal, National, State,
Provincial, or Local codes.
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3.2.5.1

3.2.6

3.3

Compressor Control Wiring

The liquefier / refrigerator is equipped with local compressor start /
stop controls. Field wiring is required between the liquefier /
refrigerator and the compressor starter box for these switches to
operate.

Bayonet Connections

CPS installs the female bayonet assemblies on the Model 1630S
Helium Liquefier / Refrigerator module in an insulated vacuum
jacket. The mating male bayonet assemblies are required for the
connection of customer supplied transfer lines. Contact CPS
Customer Service for assistance when ordering bayonet
assemblies.

INSPECTING THE INSTALLATION

A Field Service Representative will inspect the installation before
the final interconnections between the liquefier / refrigerator,
compressor, and related components are made. Evidence of the
pressure integrity of the interconnecting piping must be shown at
the time (ie., pressure tested according to Table 54 with no
overnight pressure decay).

When pressure integrity is demonstrated, the components should
be interconnected under the direction of the Field Service
Representative, who will make all necessary adjustments to the
liquefier / refrigerator prior to operation.

The Field Service Representative will perform an electrical

checkout of the basic control circuit during commissioning of the
system.
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SECTION 4

OPERATION

The following operating procedures are intended to supplement on-site
instructions provided by the Field Service Representative. They also describe
some of the more frequently encountered operating conditions that may require

adjustment.

Note: Refer to the drawings provided in this section for a Flow
Diagram of the Model 16308 Liquefier / Refrigerator and to
the System Equipment Installation / Interface drawing for a
flow diagram of the complete module system.

4.1 PRELIMINARY CHECKS

1. Verify the conditions as listed below and make the
necessary corrections as required:

a.

b.

All piping interconnections are complete.

The system has been decontaminated in accordance
with Section 5.5.

The control wiring to the module has been connected
and the fused disconnect has been engaged.

The three phase power supply circuits are on.

The vacuum jacket pressure is less than 100 mTorr
as indicated on the Operator Interface Terminal.

The valve clamp clearance on the engine valves is
set in accordance with Section 5.2.13.

Refer to Table 4-1 for position of inlet cams.

The toothed timing belt has been tightened to deflect
about 3 mm (1/8 inch) with a moderate force of about
4.5 kg {10 pounds) at mid-span.

The external manual bypass valve is closed.

The air supply regulator (V308) is set at 4.1 bar (60
psig) and its water drain has been blown down.
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4.2

When using liquid nitrogen for precooling, ensure that the
LN, supply is between 0.7 and 2.0 bar (10 and 30 psig) and

ready for use, and that the supply valve is closed.

WARNING! Do not allow Nitrogen Supply Pressure to
exceed 2.4 bar (35 psig).

Determine correct valve positions as follows:

a. The JT307 and V308 valves are in the “AUTO”
control mode.

b. Valves V312, V339, V397, V396 and V341 are
closed.

C.. Refrigeration valves SV2, SV3, SV8, V387, and V389
are closed.

d. One of the two charcoal adsorbers (E36A or E36B) is
opened for use by opening either valves V31 & V32
or valves V33 & V34.

e. Vacuum jacket pressure is below 100 mTorr and
vacuum valve V336 is closed.

f. A pure helium, makeup gas source is open with a
minimum pressure of 6.9 bar (100 psig).

BLOWDOWN OF THE HEAT EXCHANGER

The main heat exchanger should be blown down if the liquefier /
refrigerator has not been operated for an extended period of time
and the temperatures are near ambient. This procedure will
remove any moisture that has collected in the first heat exchanger
and in the precooler heat exchanger. The purifier should also be
blown down if it is to be used.

1.

Open valve V312 and decrease the pressure in the liquefier
/ refrigerator to approximately 0.34 bar (5 psig) as shown on
pressure gauge Pl-34.

Install the locking bar in the flywheel.

Open valve V806.
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4.3

4.3.1

4, Start a compressor.

5. Press the “HX FILL” button to energize solenoid valve V323
and allow gas to pressurize the system to operating
pressure.  Valve V323 will automatically close after
approximately 10 seconds.

6. Open valve V312 to one-half (1/2) turn to blow down main
heat exchanger. Watch for signs of moisture.

7. Close valve V312 when PI-34 reaches 1.4 bar (20 psig).

Note: If there is any possibility that water still remains in the
heat exchanger, repeat steps 5 and 6.

8. If the purifier has been in operation, press the purifier
"PURGE" button to automatically blow down the purifier heat
exchangers through the water and liquid air blowdown
valves.

COOLDOWN OF THE MODEL 16308 MODULE

Cooldown of the liquefier / refrigerator and subsequent liguid
production is an automatic process when the helium dewar is kept
at cold temperature and contains some liquid helium. In this
situation operator requirements are minimal: Starting and Stopping
the unit, and periodic monitoring for safe operation of the cryogenic
system.

Cooldown with a warm liquid helium dewar is occasionally
necessary. In this situation some manual intervention in the
operation of the J-T valve and the dewar return valve V308 is
required.

Cooldown Using A Gold Liquid Helium Dewar

1. Confirm that all conditions in Section 4.1 exist.
2. Start a compressor.
3. Observe that the compressor starts and the supply pressure

gauge PI-33 reads the setpoint pressure of the external
bypass regulator V345.

Note: it may be necessary to readjust regulator V345 to
obtain a 16.5 bar (240 psig) reading at P1-33.

4-3 CPS Manual 3600138, Rev. 0



10.

11.

12.

13.

Verify positive pressure in the low-side at PI-35.

Manually open return valve V308. Regulator V370 should
open and helium gas should flow out the RDT port.

Insert the delivery tube in the RDT port sealing gland on the
liquefier module, taking care not to engage the cold seal in
the liquefier. Do not insert the dewar end of the delivery
tube into the dewar. Tighten the sealing gland. Verify that
gas is flowing out both passages of the delivery tube. Allow
purge to continue for at least 60 seconds.

Insert the Remote Delivery Tube (RDT) into the 25.4 mm
(1” OD) gland of the dewar.

WARNING! Do not remove the dewar gland plug until

the pressure in the dewar has been bled
down to 0.0 bar (0.0 psig).

Set the delivery tube into its operating position and tighten
glands on both dewar and liquefier module making sure that
the cold seal nut is tightened. Recheck after cooldown to
make sure that the nut is still tight.

Close valve V308. After closing valve V308, ensure that it is
reset to the "AUTO" control mode.

If precooling is desired, turn on the LN, Control at the
Operator Interface Terminal and open the LN, supply valve
to the cold box.

Verify that the high-side pressure inside the heat exchanger
is less than 3.4 bar (50 psig) at PI-34. Open manual valve
V312 if necessary to drain pressure.

Remove the locking bar and reinstall the engine covers.

WARNING! Do not operate the liquefier/ refrigerator

module without the engine covers in place.

Start your engines. The heat exchanger will pressurize and
the engines start turning, gradually increasing in speed to a
maximum 230 rpm.

4-4 CPS Manual 3600138, Rev. 0



14,

15.

16.

Note: For the initial 30 to 80 minutes, a significant portion of
the compressed gas will bypass directly into the
refurn line via external bypass regulator V345. As the
heat exchanger cools, the mass flow through the
engines will increase and eventually the engine may
automatically start to slow down to maintain supply
pressure.

When the No. 2 engine reaches 100°K, the J-T valve will
automatically start ramping open.

When the J-T inlet temperature reaches 30°K, the J-T valve
will automatically control to maintain the No. 2 engine inlet
temperature setpoint. -

Adjust valve V806 to control return temperature TE-2 at
approximately 278°K. This may take some time to reach
equilibrium. Final adjustment should be made after the
tiquefier is cooled down and liquefying into the dewar.

Note: The setting of valve V808 is dependent primarily on
the compressor flow capacity of the liquefier system.
Subsequent startups should require no further
adjustment.

The liquefier / refrigerator may be left unattended for
extended periods; however, the periodic tabulating of data is
encouraged to monitor the condition of the system. (Refer
to the performance data sheet in the appendix.)

4.3.2 Cooldown Using A Warm Liquid Helium Dewar

1.

2.

Confirm that all conditions in Section 4.1 exist,

Check the dewar to see if it is decontaminated (refer to
dewar manual) and that the transfer tube is in place.

Start a compressor.,

Observe that the compressor starts and the supply pressure
gauge (P1-33) reads the setpoint pressure of the external
bypass regulator (V345).

Note: It may be necessary to readjust regulator V345 to
obtain a 16.5 bar (240 psig) reading at P1-33.
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10.

1.

12.

13.

14,

15.

Verify a positive low-side pressure indication at PI-35 greater
than or equal to 0.07 bar (1.0 psig).

Manually open return valve V308. Helium gas should flow
out the RDT port.

insert the delivery tube in the RDT port sealing gland on the
liquefier module, taking care not to engage the cold seal in
the liquefier. Do not insert the dewar end of the delivery
tube into the dewar. Tighten the sealing gland. Verify that
gas is flowing out both passages of the delivery tube. Allow
purge to continue for at least 60 seconds.

Loosen the sealing gland on the RDT port and continue
inserting the delivery tube into both the liquefier module and
the dewar. Insert the delivery tube 25 mm (1 inch) above its
normal position.

Tighten the sealing glands at the dewar and at the RDT port.
Do not engage the cold seal of the delivery tube.

Using 9.5 mm (3/8" ID) surgical rubber tubing, connect
exhaust end of the transfer tube, dewar service valve and
dewar shield flow valve with valve V339 port at rear of
liquefier. Engage the foot valve on CPS Transfer Tubes.

Note: Whenever connecting a transfer tube, or section of
surgical tubing to a clean system, it is necessary to
purge lines and connectors from both sources. Final
connection should be made with a positive flow from
each source, if possible.

Close valve V308. Leave valve V308 in “MANUAL” control
mode.

Place the J-T valve in "MANUAL" control mode, with the
valve in the closed (0% open) position.

During dewar cooldown, all gas from the dewar must be
returned through the hose to the liquefier via valve V339.

Open liquid nitrogen supply if precooling is desired and turn
on the LN Control on the OIT.

Verify that the high-side pressure inside the heat exchanger
is less than 3.4 bar (50 psig) at Pl-34. Open manual valve
V312 if necessary to drain pressure.
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17.

18.

19.

20.

Remove the locking bar, install the engine covers and start
your engines.

WARNING! Do not operate the liquefier/ refrigerator

module without the engine covers in place.

Note: For the initial 30 to 60 minutes, a significant portion of
the compressed gas will bypass directly into the
return line via external bypass regulator V345. As the
heat exchanger cools, the mass flow through the
engines will increase and eventually the engine may
automatically start to slow down to maintain supply
pressure.

During cooldown, valve V806 may be adjusted one turn at a
time so that the return temperature at TE-2 indicates 278°K.
This may take several hours to reach steady state during
cooldown with a warm dewar.

Note: Helium flow through the precooler (E81) controls the
GN2 return gas temperature. Very high flow through
the precooler can waste LN..

If more than one compressor is to be used, start the other
compressor when the engine speed falls below 220 rpm. An
alternate procedure is to start with two compressors if
economy is not a consideration or if the Operator has other
duties.

As the No. 2 engine inlet temperature (TE-C) approaches
19°K, manually open JT307 and maintain the engine
temperature to approximately 19-20°K.

Note: Ensure that the delivery tube is installed in the
liquefier gland 12 mm (1/2 inch) above its normal
position, thus allowing cold gas to flow in the normal
return passage. This will hasten cryopumping of the
delivery tube vacuum space.

When liquid air begins to form at the end of the transfer line,
seat the delivery tube in its normal position and tighten the
gland nut to engage the cold seal securely, then open valve
V308 and close the transfer tube manual valve and the
dewar service valve.
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4.4

4.4.1

21.  Adjust the JT307 to achieve and maintain the No. 2 engine
inlet temperature (TE-C) in the range of 19-20°K. However,
if the dewar pressure increases to above 0.34 bar (5 psig),
reduce the J-T opening to lower that pressure, using the
Operator Interface Terminal. As the dewar pressure falls
below 0.28 bar (4 psig), reopen the J-T valve.

Note: If J-T valve inlet temperature TE-B exceeds 20°K,
reopen the transfer tube manual valve and dewar
service valve to bypass gas flow and lower the
temperature.

22.  When the bypass flow is stopped, and the J-T temperature
is less than 10°K, cooldown is complete, close valve V339,

23, Place the J-T and V308 valves in "TAUTQ" control mode.

OPERATING THE PURIFIER

The purifier can be turned on at any time during operation of the
liquefier module. Actual cooldown of the purifier will not commence
untl the No. 2 engine is less than 23°K and the J-T inlet
temperature is less than 8°K. This will ensure liquefying conditions
exist for proper operation of the purifier. The "ON" button can be
pressed before these temperature conditions are satisfied, and the
PLC will automatically start the purifier cooldown sequence after
cold box temperatures are sufficiently cool.

Purging the Purifier

The purifier may be purged at the operator's discretion while the
engines are running. Purging the purifier may be desired if the unit
was previously operated with a high impurity content and has since
warmed to near ambient condition.

To purge the purifier, press the purifier "PURGE" button on the
Operator Interface Terminal.  Purging will be complete in
approximately 3 minutes.

Optimal purging occurs when the main heat exchanger is near
ambient temperature.
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4.4.2

4.4.3

4.4.4

4.5

Starting the Purifier

The purifier "ON" button can be pressed any time after the engines
have started. If the No. 2 engine and the J-T valve temperatures
are too warm, the PLC will wait until the temperatures are satisfied
and then automatically initiate the cooldown sequence.

1. Verify that valve V341 is closed.

2. Verify that valves V628 and V635 are open. Refer to
Section 2.1.10.3 for nominal settings.

3. Check the impure helium supply to be sure that is regulated
at 34.5 bar (500 psig), and that there is adequate gas for the
intended period of operation.

4, Turn on the purifier.

Manual Regeneration of the Purifier

Manual regeneration of the purifier can be initiated at any time at
the discretion of the operator, however it is not required for normal
operation. Pressing the "MANUAL REGEN" button will initiate a
regeneration sequence equal to the automatically initiated
sequence. The most common need for a manual regeneration is
just prior to a liquid helium transfer from the storage dewar.

Measuring Liquid Helium Production

Measurement of liquid helium production when operating with
purifier can only be made by observing the liquid level in the dewar.
TRANSFER OF LIQUID HELIUM

There are two requirements for transferring liquid helium from the
supply dewar to the receiving dewar:

(1) An insulated transfer tube through which the liquid
helium may be conducted.

{2) A pressure within the supply dewar which is higher
than the pressure at the delivery end of the transfer
tube.

The following sections describe the procedures for depressurizing
the dewar and the proper use of the CPS Transfer Tube.
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4.51

45.2

Preparing the Transfer Tube

1.

Inspect the foot valve of the transfer tube to make sure that
it is clean and dry; if necessary, use a hot-air blower to
remove any traces of moisture. Then connect a purging line
from a source of low-pressure (0.07 to 0.34 bar, 1 to 5 psig)
helium to the end of the transfer tube (the end without the
foot valve).

Open the transfer tube manual valve and pressurize the
tubing with helium gas. Next, open the foot valve by
depressing the plunger. Helium gas should flow through the
transfer tube, purging it of all contaminants. When purging
has been completed, close the foot valve, then close the
transfer tube manual valve, and finally turn off the helium
gas supply. Remove the rubber tubing from the transfer
tube.

Insertion of Transfer Tube to the Liquid Helium Supply Dewar

WARNING! Use appropriate Personal Protective Equipment

(PPE) when performing transfer tube insertion or
removal. Very cold gas will blow from the dewar
port when the plug is opened.

The pressure within the supply dewar should be reduced to less
than 0.07 bar (1.0 psig) prior to inserting the transfer tube. Then
perform the following:

1.

If the dewar is connected to a CPS helium liquefier module,
verify that low-pressure return valve V308 and JT307 are
manually closed.

Connect the supply dewar service valve to a suitable helium
recovery system.

Fully open the service valve to vent dewar gas to the
recovery system.

After the dewar pressure falls below 0.07 bar (1.0 psig), use
insulated gloves to loosen the gland on the dewar cap and
remove the plug from the opening into which the transfer
tube is to be inserted. Insert the transfer tube promptly, but
do not push it to the bottom of the dewar so that the foot
valve will remain closed. Tighten the gland nut.
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4.5.3

4.5.4

Pressurization of the Supply Dewar

When the supply dewar is connected to a liquefier and the liquefier
is running, transfers can generally be performed with the pressure
available. Itis not necessary to shut off the liquefier.

If the liquefier module is shut off, perform the following:

1. Open valves V341 and V308.

2. Set the regulating valve V370 suction pressure at its normal
setting.
3. Close all liquefaction dewar neck port valves, including the

flow meter and service valves. Building pressure in the
liquefaction dewar is necessary in order to transfer the liquid
helium to the receiving dewar.

When the supply dewar is not pressurized by a liquefier, the
operator must use an external low-pressure (0.21 to 0.34 bar, 3 to
S psig) source of clean dry helium to pressurize the supply dewar.

To pressurize from an external source, purge the pressurizing line
to the service valve on the dewar neck. Open the service valve
momentarily to pressurize the dewar to 0.21 - 0.28 bar (3 - 4 psig).

As the transfer proceeds, the operator may find it necessary to
admit additional gas so as to maintain the supply dewar pressure at
the desired level. The gas used to pressurize the dewar carries
heat into the dewar. This heat eventually results in additional boil-
off losses. Hence, the minimum amount of gas and the minimum
practical pressure should be used.

Preparing a Receiving Dewar with Multiple Service Ports

WARNING! Do not use liquid nitrogen to pre-cool a warm

dewar. Nitrogen may plug the liquid helium gauge
system, the dewar vent line, or both. Cooldown
must be accomplished either by transferring
liquid helium into the dewar or by using a CPS
Helium Liquefier equipped with an RDT.

1. Move the receiving dewar into position beneath the
discharge end of the transfer tube.
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Lower the transfer tube with extension piece attached into
the receiving dewar. It may be necessary to loosen the
gland seal on the supply dewar so that the transfer tube can
easily slide in. Do not seat the foot valve on the bottorm of
the supply dewar. Tighten the gland nuts on both dewars
after insertion. The extension piece of the transfer tube
should be lowered to the bottom of the receiving dewar.

Evacuate and purge the receiving dewar with pure helium
gas to remove all air. Purging the dewar should be done by
flowing the helium gas into a dewar neck port at low
pressure. After purging, close ail open valves on dewar
neck ports and leave approximately 0.14 bar (2.0 psig) of
helium gas pressure in the dewar.

Attach a vent line from the dewar neck port to either the
liquefier / refrigerator Jow-pressure tap at connection “Y” or
the helium recovery system.

4.5.5 Preparing a Receiving Dewar with a Single Neck Port

1.

Move the receiving dewar into position beneath the
discharge end of the transfer tube.

Remove the vent adapter from the extension tube and clamp
the bottom of the vent adapter to the outside of the neck port
of the receiving dewar,

Lower the transfer tube with extension piece attached into
the receiving dewar. [t may be necessary to loosen the
gland seal on the supply dewar so that the transfer tube can
easity slide in. Do not seat the foot valve on the bottom of
the supply dewar. Tighten the gland nut on the supply
dewar after insertion.

The bottom of the extension tube should be located near the
bottom of the receiving dewar. A gap must exist between
the transfer tube and neck port so that gas can exhaust out
of the transport dewar. This gas will vent through the vent
adapter during transfer. Clamp the top of the vent adapter
to the transfer tube extension.

Note: The discharge end of the transfer tube should enter at
least 150 mm {6 inches) into the neck of the transport
dewar to prevent excessive transfer losses. |If
necessary, raise the transport dewar with a hoist.
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4.5.6

Ideally, the extension tube should be located near the
bottom of the receiving dewar.

Connect a gas recovery line to the vent adapter. The
recovery line should be connected to a helium gas recovery
system.

Transfer of Liquid Helium Into the Receiving Dewar

1.

Lower the transfer tube and engage the foot valve on the
bottom of the supply dewar. Be certain a helium gas
recovery vent line is open from the receiving dewar to the
liquefier module or recovery system.

Open the manual valve of the transfer tube so as to allow
liquid helium to flow from the supply dewar to the receiving
dewar.

Insure that the boil-off gas is being properly recovered.

When the transport dewar has been filled, the gauge on the
extension tube will show a sharp increase in pressure. At
this time, close the manual valve.

As the pressure in the transport dewar falls, the liquid helium
within it will become more dense and will occupy less
volume. Opening the manual valve again briefly to admit
some additional liquid helium will top it off.

Disconnect the recovery line from the recovery connection
after transfer is complete and the pressure in the receiving
dewar is less than 0.07 bar (1.0 psig).

WARNING! Use Personal Protective Equipment (PPE)

when performing transfer tube insertion or
removal. Very cold gas may blow from the
dewar port when the plug is opened.

When the neck of the dewar or vent adapter is warm (a hot-
air blower may be used to hasten warm-up), raise the
transfer tube and remove the extension tube and the vent
adapter. Be certain pressure in the receiving dewar is less
than 0.07 bar (1.0 psig) before opening the neck port to
atmosphere.
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4.6

4.7

4.7.1

8.

Replace the plug on the receiving dewar neck.

9. Lift the transfer tube in the supply dewar above the liquid
helium level.
SHUTDOWN

To shutdown the system perform the following:

1.

Turn off the Purifier if it is running. Turning off the purifier
will initiate an enhanced regeneration that will take about 5
minutes to complete.

After the purifier has shut down, turn off the liquefier. Valve
V323 will close and the engines will coast to a stop. Low-
side pressure may start to rise at which point the low-side
pressure setpoints of the PLC will control gas recovery
through valve V378 to the storage tank.

After the engines have stopped rotating, stop all
COMPressors.

Install the flywheel locking bar.

REGENERATION OF CHARCOAL ADSORBERS E36A OR E36B

Only one charcoal adsorber can be regenerated (heat-up and
evacuation) at a time. The procedures are identical for both
adsorbers except for the valve numbers used.

Preparation for Regeneration

1.

2.

Select the adsorber for regeneration.

Open the inline valves (V31 & V32 or V33 & V34) fo the
standby adsorber allowing both adsorbers to operate in
parallel.

[solate the contaminated adsorber from the gas stream
using valves V31 & V32 or V33 & V34.

Blow down the contaminated adsorber as follows:
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4.7.2

a. If the adsorber is cold (below 100°K), proceed as
follows:

1. Open valve V42.

2. Slowly open valve V35 or V36 to bleed the
pressure to the return line.

3. Close valve V42, Open valve V44 if
proceeding to regenerate. (See Section 4.7.2)

b. If the adsorber is warm (above 100°K), proceed as
follows:

1. Open valve V44,

2. Slowly open valve V35 or V36 to bleed the
pressure to the gas bag or atmosphere.

3. Leave open valve V44 if proceeding to
regenerate. (See Section 4.7.2)

Regeneration

1.

Begin regeneration by selecting Adsorber Regeneration
from the Operator Interface Terminal.

Select either Heater E36A ON or Heater E36B ON from the
control function buttons. Once the heater has been turned
on, the display template will show HEATER E36A or B ON.
This will be solid while the heater is actually on and will flash
if the heater has reached the setpoint and turned off,

Start the Vacuum Pump from the OIT.

Open valve V350.

The status template will display the heater temperature
status.

Close valve V44.

Open vaive V43,

4-15 CPS Manual 3600138, Rev. 0



10.

11.

12.

13.

After the filter / adsorber has been at the temperature
setpoint for about four (4) hours, turn the heater off by
selecting E36A OFF or E36B OFF from the OIT.

Close valve V43.

Close vaive V350 by selecting CLOSE V350 from the control
function buttons.

Shut off the Vacuum Pump from the OIT.
Back fill the adsorber using either valve V32 or V34.

If it is necessary to precool the adsorber before putting it
back into service, proceed as follows:

a. Open valve V35 or V38.
b. Open valve V42.

C. Slowly open valve V31 or V33 to bleed gas back to
the return side of the heat exchanger.

Note: Do not open valve more than necessary to bleed a
small flow. Supply pressure at PI-33 will fall off rapidly
with full open valve.

d. Close valve V35 or V36.

e. Close valve V31 or V33.

{. Close valve V42,
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MATCH MARKS AT 5° INTERVALS

INLET CAM, ADJUSTABLE

BISTON CRANK
£
Kd:"] EXHAUST CAM, FIXED
D
‘Q; KEYWAY

CLAMPING SCREW (4)

#1 ENGINE #2 ENGINE
FIGURE 1 FIGURE 2

#2 ENGINE
FIGURE 2A

/ #1 ENGINE
FIGURE 1A

FIGURES 1A AND 2A ILLUSTRATE CAM POSITIONS TO DELAY INLET VALVE OPENING 10°

OPERATING MODE ENGINE #1 ENGINE #2
1 RS COMP FIGURE 1 FIGURE 2
2 RS COMP FIGURE 1A FIGURE 2

TABLE 41 POSITION OF INLET CAMS



SECTION 5

MAINTENANCE

This section contains certain procedures for the maintenance of the Model 16308
Helium Liquefier / Refrigerator module. A Lubricant Guide (Table 5-1) and a
Preventive Maintenance Schedule (Table 5-2) give the service interval of those
procedures that must be performed periodically, and are listed at the end of this
section. To order replacement paris that may be required to perform the
maintenance or repairs described in this section, refer to Section 7.

5.1

LIQUEFIER / REFRIGERATOR WARMUP

Normally, the liquefier / refrigerator is left at normal operating
temperature at shutdown. Subsequent cooldown time is reduced,
particularly if the off period is short. To rapidly warm the system for
certain maintenance procedures, it is necessary to break the
vacuum in the vacuum jacket to warm the unit to room temperature.

Note: The vacuum jacket temperature must be above 80°K before

breaking the vacuum with nitrogen gas. Allow time for the
cold box to warm and break the vacuum to 100 mTorr only.

To break the vacuum:

1.

Connect 8.5 mm (3/8” ID) surgical rubber tubing to an
external source of low-pressure (0.07-0.21 bar, 1-3 psig),
clean, dry, ambient-temperature nitrogen gas and purge the
tubing for at least 60 seconds. Nitrogen gas is preferred for
back-filling the vacuum jacket to aid the re-evacuation
process and facilitate any leak testing that may be required.

Connect the other end of the tubing to the vacuum jacket
bleed in valve V335 and pinch off the tube approximately
300 mm {12 inches) from valve V335.

Stowly, open and close bleed in valve V335 thus collapsing
the surgical rubber tubing.

Observe the vacuum jacket pressure on the Operator
Interface Terminai and verify that it reads 100 mTorr. If the
reading is less than 100 mTorr, repeat step 3. The system
will warm to approximately 200°K in 16 hours and to room
temperature in approximately 40 hours.
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5.2
5.2.1

LIQUEFIER / REFRIGERATOR MAINTENANCE

Disassembly of the Engine

1.

Remove the engine covers.

\} WARNING! All electrical power and helium gas

connections must be removed from the
liquefier / refrigerator module.

A. Do not dismantle the engine assembly until the
liquefier / refrigerator is at room temperature,
atmospheric pressure, and disconnected from both
the interconnecting piping and the electrical power
sources.

The self-sealing couplings must be capped.
B. Open valves V312 and V396 and leave open.

C. Open all four engine valves with the valve jack tools,
P/N 3824465 and P/N 3824466.

D. Check that gauges PI-33, PI-34, and PI-35 all read
zero pressure. (Verify that the snubber valves V366,
V349, and V347 are open.)

Loosen the adjusting nuts on the motor support rod.
Remove the clevis pin from the motor support rod.

Lift the VFD motor (7, Figure 2-1) and remove the toothed
belt (6, Figure 2-1).

Rest the VFD motor on the support provided.

Remove the two socket-head cap screws (16, Figure 5-1)
that secure each connecting rod to its crankpin; then,
remove each connecting rod cap (20, Figure 5-1) and outer
retaining ring (19, Figure 5-1). The crankpin bearing (18,
Figure 5-1) and inner retaining ring (62, Figure 5-1) remain
on the crankpiece.

Note: Piston should drop to bottom of cylinders. There may

be pressure inside the piston cylinders if the engine
valves are not properly opened (see Section 5.2.1 C).
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5.2.2

10.

11.

12,

Loosen the eight clamp assemblies (27, Figure 5-1) that
secure the valve rods to the valve arms, then remove each
clamp and valve rod guide (26, Figure 5-1).

Note: Do not bend the valve rods.

Remove the valve arms from the frame casting by
unscrewing the shoulder bolts (17, Figure 2-1).

Remove the four long hold-down bolts (21, Figure 5-1) that
attach the frame casting to the cover plate. Do not remove
the hex screws (60, Figure 5-1) on the main bearing mounts.

Insert the lifting bar P/N 3824271P2 in the hole located in the
side of the main casting just below one of the main bearings.
(Refer to Figure 5-2).

Lift the casting about its pivot point until it rests on the cover
plate as shown in Figure 5-2.

The piston and valve assemblies can now be removed
according to Sections 5.2.2 and 5.2.3.

Removing the Pistons

; WARNING! Do not dismantle the piston assembly until the

liquefier / refrigerator is at room temperature,
atmospheric pressure and disconnected from both
the interconnecting piping and the electrical power
sources.

Before the pistons can be withdrawn, it is necessary to perform the
preliminary disassembly as described in Section 5.2.1. This
procedure will allow air to enter each cylinder to equalize suction
pressure as the pistons are pulled out.

1.

Slip the small end of the valve spring compression tool (CPS
P/N 3824275) over one of the engine valve rods, and slide
the tool down to the knurled cap (39, Figure 5-1).

Slide a split clamp down to the top of the valve spring
compression tool.

Tighten the split clamp on the valve rod.
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4. Unscrew the valve spring compression tool. This will
compress the valve springs and open the valve. Push the
valve assembly down and remove the valve retainer.

9. Note the location of grease fittings so that the piston
assembly can be installed with the same orientation.

6. Withdraw the piston assembly from the cylinder.

Note: Take care to lift the piston assembly in a straight line
to prevent damage.

7. Loosen the split clamp from the valve rod and remove it
along with the valve spring compression tool.

8. Repeat steps (1) through (7) on the other piston.

9. Inspect and perform maintenance on the pistons according
to Section 5.2.8.

10.  Remove the valve assemblies according to Section 5.2.3.

5.2.3 Removing the Valves

/:\ WARNING! Do not dismantle the valve assemblies until the
4 liquefier / refrigerator is at room temperature,
atmospheric pressure and disconnected from both
the interconnecting piping and the electrical power

sources.

1. Before the valves can be withdrawn, it is necessary to
perform the preliminary disassembly of the engine as
described in Section 5.2.1.

2. Remove each valve retainer (39, Figure 5-1) by using the
valve spring compression tool (P/N 3824275) and a split
clamp. Compress the valve springs about 3mm (1/8 inch)
and then slide the valve retainer off.

3. Carefully withdraw each valve assembly from its sheath
tube.

Note: Inlet and Exhaust Valves differ slightly. Note their
proper location for reassembly.
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Insert a stopper in valve sheath tube to trap gas as valve
assembly is removed.

Perform inspection and maintenance of the valve assemblies
according to Section 5.2.5.

5.2.4 Cleaning the Cylinders and Valve Sheath Tubes

1.

Remove the pistons and valves according to Sections 5.2.2
and 5.2.3.

Clean the inside of the cylinders, crosshead guides and
vaive sheath tubes using clean cloths dampened in solvent.
Refer to Solvent Guide in Table 5-3.

Note: Avoid using excessive solvent to prevent it from
draining into the heat exchanger.

Note: If a rod is used to aid in cleaning, the rod must be
wood or plastic, not metallic.

Wipe away all traces of oil and solvent from the walls of the
cylinders and sheath tubes using a clean, dry, lint-free cloth.

Cover the tops of the cylinders and valve sheath tubes to
exclude foreign matter.

5.2.5 Maintenance of the Valve Assemblies

1.

Remove the valve assemblies separately according to
Section 5.2.3.

Disassemble each valve rod assembly separately and
discard the lubricating felt, O-rings, valve seal, and nylok
screw (40, 41, 43, 54, 55, Figure 5-1).

Clean the valve rod, pilots, pilot washer, spacers, and valve
springs with solvent. Wipe away all traces of the solvent.
(Refer to Table 5-3.)

Inspect each valve rod for signs of wear in the area sealed

by the O-ring. If there are signs of scratches on the rod,
replace the rod.
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5.2.6

Reassemble each valve assembly separately (Figure 7-5
and 7-6) using new O-rings, felt, valve seal and nylok screw.

Note: Use only dynamic O-ring seal grease (P/N A3542467)
on O-rings and feits.

Reinstall the valve assemblies in the sheath tubes accerding
to Section 5.2.7.

Replacing the Cam Followers

1.

Remove the eight split clamps and four valve rod guides (26,

. 27, Figure 5-1).

Remove the valve arms from the frame casting by
unscrewing the shoulder boits (17, Figure 2-1).

Using a wrench, remove the nut that secures the cam
follower to the valve arm.

Remove the cam followers from the valve arms by pressing
the stud out of the arm with an arbor press, a vise, or with a
plastic hammer.

Note: Support the valve arm propetly to prevent bending or
physical damage.

Install replacement cam followers (see Figure 7-4} making
certain that the rollers are on the proper side of the valve
arm (see Figure 5-1) and that they are properly aligned
before pressing.

Using an arbor press or vise, press the stud into the arm.

Note: Support the valve arm properly and do not damage
the grease fittings on the cam followers. A small hex
nut placed over the grease fitting will provide
protection while applying pressure.

An alternate method of installation is to use a plastic
hammer to tap the stud into the valve arm far enough
to allow the nut to be started on the threads of the
stud. The stud can then be pulled into the valve arm
by tightening the nut.
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5.2.7

5.2.8
5.2.8.1

Reinstalling the Valve Assemblies

1.

Install the vaive assemblies into their sheath tubes.

Note: Inlet and Exhaust Valves differ slightly. Note proper
location before installation.

Compress the valve springs of each valve in turn, as
described in Section 5.2.2, steps 1 through 4, and install the
valve retainers.

If the frame casting is bolted in its operating position,
reinstall the valve arms according to steps 8, 9, and 10 of
Section 5.2.12.

Maintenance of the Piston Assemblies

Inspection

Note: Long exposure to moisture will allow the phenolic to swell.

1.

2.

Remove each piston assembly according to Section 5.2.2.

Remove and discard the two lubricating felts and two Q-rings
(45, 6, Figure 5-1) from each crosshead (7, Figure 5-1).

Using a clean, lint-free cloth moistened with solvent, clean all
the surfaces of the piston assembly. (Refer to Table 5-3.)

Inspect the outside surfaces of the piston assemblies and
seal grooves for scratches and other signs of abnormal
wear. Remove all particles of foreign material and smooth
out any scratches on the phenolic-plastic pistons using fine
emery cloth.

Loosen the set-screw on the connecting rod that secures the
wrist pin (accessed through the small hole in the crosshead).

Remove the wrist pin (12, Figure 5-1) by placing the
assembly in an Arbor Press. Insert a 15 mm X 100 mm (5/8”
OD x 4 inch) steel pin into the wrist pin bearing with cover
removed. Press the wrist pin out.

Note: Opposite bearing may come out. Remove connecting

rod from inside the crosshead. Using the proper wrist
pin bearing tool, press out the wrist pin bearings.
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7. Refer to Section 5.2.9 for Wrist Pin and Wrist Pin Bearing

Instaliation.
5.2.8.2 Reinstalling Piston Felts and O-Rings
1. Install lubricating felt strips (45, Figure 5-1) in each of the

two inner grooves. Press the strips into each groove until
they are firmly seated around the entire diameter of the
crosshead (7, Figure 5-1). Overlap the starting end of each
strip with the finishing end; then make a diagonal cut of the
finishing end with a sharp knife so that the two ends come
together flush in the groove. No portion of the felt strip
should protrude above the groove.

2. After fitting the felts on the crosshead, construct a sheath
tube from a 0.8 mm (1/32 inch) thick manila folder {or
material with equivalent smoothness and stiffness) with a
length of 100 mm (4 inches) to wrap around the piston and
slide over the felts. This will let you know if the felts are
instalied correctly. Remove any extra felt material that is not
in the felt groove of the crosshead.

3. Install two new O-rings (6, Figure 5-1) on each crosshead
using the following procedure:

a. Stand the piston assembly on a flat work surface with
the crosshead end down.

b. Construct a sheath tube from a 0.8 mm {1/32 inch)
thick manila folder (or material with equivalent
smoothness and stiffness) long encugh to encircle the
piston and a length of at least 150 mm (6 inches).

C. Slide the two O-rings over the top of the phenolic
piston (2, Figure 5-1).

d. Wrap the sheath around the piston and slide O-rings
onto the sheath tube.

e. Slide the sheath tube with the two O-rings over the

crosshead until the sheath tube covers the crosshead
grooves.
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5.2.9

f. Push the O-rings off each end of the sheath so that
they are beyond the outer O-ring grooves. Remove
the sheath tube.

q. Invert the piston assembly on the work surface so that
the crosshead end is up.

h. Partially fill O-ring grooves with O-ring grease (P/N
A3542467).

I, Siide the two O-rings into the two outer O-ring
grooves on the crosshead. Using the stick end of a
cotton swab or equal, get in back of the O-ring lifting
the O-ring from its groove. Slide the stick around the
inside diameter of the O-ring approximately two times.
This will assist in removing any O-ring twist incurred
during installation.

j Lubricate the O-rings with grease (P/N A3542467).

k. Remove excess grease from felts and O-rings.

Installing the Wrist Pin and Wrist Pin Bearing
Note: Refer to Figure 5-3 for tools.

1. Using a heat gun, preheat the small end of connecting rod
(14, Figure 5-1) for approximately 3 minutes.

2. Insert small end of connecting rod into crosshead and align
wrist pin holes. Be sure the set-screw of the connecting rod
is aligned with the access hole in the crosshead.

3. Support crosshead in a V-block and use an arbor press to
press the wrist pin into the connecting rod until end of wrist
pin is within about 6 mm (1/4 inch) of surface of crosshead.

4. Place the appropriate wrist pin inserting tool over the end of
the wrist pin, and press on the tool until it rests against the
side of the connecting rod. This will center the wrist pin in
the connecting rod.

5. Remove ali metal chips surrounding the wrist pin with dry
compressed air.
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10.

11.

12.

Note: Check for proper alignment of wrist pin to connecting
rod by using a grease gun containing Molub-Alloy
grease {P/N A3542548). Grease the lube fitting on the
connecting rod. Grease must exit through both end
holes in the wrist pin.

Tighten the set-screw on the connecting rod to secure the
wrist pin (accessed through the smali hole in the crosshead).

Place the appropriate bearing locating tool so that the forked
ends are down around the wrist pin between the connecting
rod and the crosshead.

Pre-lubricate the needle bearings with Molub-Alloy grease
(P/N A3542548). Place a needle bearing over one end of
the wrist pin and press it into the crosshead. Use the
appropriate wrist pin inserting tool and press the bearing in
until it seats against the bearing locating tool.

Install the other needle bearing, using the above procedure.
Remove the bearing locating tools from the crosshead.

Check to ensure sufficient side-play between the connecting
rod and sides of the crosshead. Approximately 1.5 mm
{0.060 inch) clearance on each side of the connecting rod
with the rod centered.

Grease the wrist pin bearings using a grease gun containing
Molub-Alloy bearing grease (P/N A3542548). Remove
excess grease.

Replacing the Crankpin Bearing

1.

2.

Remove the bearing retaining cap (36, Figure 5-1).

Using the crankpin bearing removal tool (P/N 3839217),
remove the crankpin bearing (18, Figure 5-1).

Note: Do not damage the crankpin.

Remove the spacer ring (61, Figure 5-1) and inner retaining
ring (62, Figure 5-1).

Clean the crankpin thoroughly with solvent. Refer to Solvent
Guide in Table 5-3. '
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Note: It may be necessary to polish the crankpin with very
fine emery cloth so that the new bearing can be
pressed onto it.

Note: Do not use lubricant when installing the bearing on
the crankpin. The presence of oil or grease usually
accelerates fretting corrosion.

5. Reinstall the spacer ring (61, Figure 5-1) with the chamfered
side toward the crankpin.,

6. Reinstall the inner retaining ring (62, Figure 5-1).

Note: inner retaining ring must not rest on the crankpin shaft
when installing crankpin bearing.

7. Press on crankpin bearing (18, Figure 5-1), using the
crankpin bearing installation tool (P/N 3839286).

8. Reinstall the bearing retaining cap (386, Figure 5-1).

Reinstalling the Piston Assemblies

1. Apply a light coating of Ronex MP or Lidok Grease (CPS
P/N A3542293) to the widest diameter of the crosshead.
(The upper 76 mm or 3 inches of the crosshead oniy).

Note: Use only Ronex MP or Lidok grease. Be sure that no
other lubricant contacts the surfaces of the crosshead
guides because wear will result.

2. Carefully insert the piston assembly into the cylinder with the

grease fittings facing toward the valve assemblies.

Note: When installing a new piston, it is imperative that a
0.30-0.50 mm (0.010-0.020 inch) clearance is
established between end of piston and the cylinder
bottom. Piston end must be machined to achieve the
required clearance.

3. Lower both piston assemblies to their bottom position.

4. Using one finger, wipe the excess Ronex MP or Lidok

Grease to the upper inner surface of each crosshead guide.
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Final Reassembly of the Engines

10.

Rest one connecting rod in the forward position in the
crosshead guide, and the other connecting rod in the
opposite direction in its crosshead guide.

Turn the flywheel so that each crankpin will be oriented with
its mating connecting rod when the frame casting is rocked
back to its normal operating position.

Using the lifting bar P/N 3824271P2, rock the frame casting
forward about its pivot point until it rests on the cover plate.

Note: When lowering the frame casting, observe each
crankpin and its relationship to its mating connecting
rod as they approach each other. Do not allow any
interference.

Reinstall the four hold-down bolts (21, Figure 5-1) and
torque them to 54 N-m (40 Ib-ft).

Engage each crankpin with its connecting rod by rotating the
flywheel. Reinstall the outer retaining ring (19, Figure 5-1).

Align the mark on each Connecting rod cap with the
corresponding mark on the connecting rod and fasten the
cap to the rod with socket head cap screws (16, Figure 5-1).

Wipe all excess grease from the surfaces of the inlet and
exhaust cams (15, 17, 37, 38, Figure 5-1) and cam followers
(32, 34, Figure 5-1).

Stide each valve arm (25, 28, 31, 35, Figure 5-1) over its
valve rod and attach it to the frame casting with the shoulder
bolt. Be certain that the arms are in their correct locations.
All valve rods should be vertical,

install the valve rod guides and clamps (26, 27, Figure 5-1 ).

Set the valve clamp clearance according to Section 5.2.13.
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5.2.13

11.

12.

Raise the VFD motor assembly (7, Figure 2-1) and install the
toothed belt (6, Figure 2-1), making sure that the teeth
engage all sprockets.

Position the motor support rod over the lug on the motor
base; then, reinstall the clevis pin. Set belt tension so that
the belt will deflect 3 mm (1/8 inch) with a moderate force of
about 4.5 kg (10 pounds) at mid-span.

Setting the Valve Clamp Clearance

1.

Push the ENGINE STOP button.

\. WARNING! Do not rotate the flywheel if the engine

pressure (PI-34) is above 0.7 bar (10 psig).
Engines could start. Reduce the pressure
using valve V312.

Rotate the flywheel so that the cam follower is positioned on
the flat of the cam.

Rotate flywheel manually and insert the proper valve setting
shim between the bottom surface of the clamp and the upper
surface of the valve rod guide. Ensure that a clearance of
0.20 to 0.35 mm (0.008 to 0.014 inches) exists when the unit
is cold and 0.63 mm (0.025 inches) when the unit is warm.

Note: Use valve setting shim P/N 3824270P2 (0.254 mm,
0.010 inches) when the unit is cold.
Use valve setting shim P/N 3824270P1 (0.635 mm,
0.025 inches) when the unit is warm.

If the clearance is not correct, adjust the position of the split
clamp as required.

Note: Do not bend the valve rod.

Remove the valve setting shim when the valve clearance
has been checked.

Use the above procedure to set the valve clamp clearance for each
of the Inlet and Exhaust valves.
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5.2.14

5.2.15

Lubricating the Engine Assembly

Using a grease gun filled with Molub-Alloy grease (P/N A3542548),
lubricate the listed components as per the following schedule:

LUBRICATION SCHEDULE

Component Lube Fitting lLocation (Hours Operation)
Crankpin Bearings Connecting Rod 250

Wrist Pin Bearings Connecting Rod 250

Main Bearings Under Bearing Nameplate 3000
Jackshaft Bearings Jackshaft Bearing Block 3000

Note: Do not over lubricate the bearings. Wipe off excess grease
from the cam followers.

Lubricate the valve arm bushings with light machine oil after every
1000 hours of operation. There is a 3 mm (1/8” OD) hole located
on the top section of the valve arm where the shoulder bolt rests.

Lubricating the Crosshead Guide

If the engines are being operated at speeds of less than 200 rpm,
grease must be applied to the crosshead guide after every 1000
hours of operation. If the engines are being operated at speeds
greater than 200 rpm, grease must be applied after every 500
hours of operation.

The best way to lubricate the crosshead guide is to stop the
engines and proceed as follows:

1. Open valve V312 to bleed down pressure at P1-34 to 0.3-0.7
bar (5-10 psig).

2. Turn the flywheel by hand until the piston reaches the
bottom of its stroke.

3. Apply a light coat of Ronex MP or Lidok grease with fingers
to the wall of the crosshead guide.
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5.2.16

4.

Perform steps 2 and 3 for the second Crosshead Guide.

Note: Use only Ronex MP or Lidok grease. Do not add an
excessive amount of grease.

Checking Engine Valve Leakage

Push the ENGINE STOP button.

WARNING! Do not rotate the flywheel to install the
locking bar if the engine pressure (P1-34) is
above 0.7 bar (10 psig). Engines could start.
Reduce the pressure using valve V312.

Rotate the flywheel so that the 15.9 mm (5/8” OD) diameter
hole in the flywheel is aligned with the 15.9 mm (5/8” OD)
diameter hole in the frame casting. Insert the flywheel
locking bar P/N 3824271P1 through the holes, thus locking
the flywheel.

Adjust the valve clearance using 0.635 mm (0.025 inches)
valve setting shim so that all four valves are closed with the
locking bar in place.

If the clearance is not correct, adjust the clamps.

Note: Do not bend the valve rod.

Remove the valve setting shim when the valve clearances
have been checked.

Start a compressor. Press the HX FILL button. Valve V323
will open momentarily and increase high-side pressure.

Confirm valve V323 is closed.

Using the valve jacks P/N 3824465 and P/N 3824466, open
the valves as indicated on Engine Valve Leak-Check Data
sheet. Trial |, Table 5-5.

Using a stopwatch, record the data on a sheet similar to

Table 5-5.
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5.2.17

5.2.18

10.  Repeat steps (6) through (9) for Trials II, Il], IV, and V using
Table 56-5, and record data.

11. Open valve V312 and bleed off the pressure, until Pi-34
reaches 0.7 bar (10 psig).

12. Remove the flywheel locking bar.

13.  Rotate the flywheel so that the cam follower is on the flat of
the cam. Reset the valve clamp clearance as required per
Section 5.2.13. Use this procedure for all valves.

14.  Ifthe engine vaive needs replacement, use Section 5.2.5.

Checking Setting of the Overspeed Safety Device

The overspeed safety device pin assembly was set at the proper
spring compression before shipment and normally it is not
necessary to readjust it. However, check the setting in accordance
with the following procedure.

1. Measure the force to compress the spring of the overspeed
safety device to slightly displace the pin.

2. If the measured force equals approximately 2.04 kg (4.5
pounds), no adjustment is necessary. If the force is not
equal to approximately 2.04 kg (4.5 pounds), readjust the
preload on the spring.

Note: The PLC is programmed to stop the flow of gas to the
engines in the event that the flywheel overspeeds.

Resetting the Overspeed Shutdown Switch

The overspeed shutdown switch assembly (58, Figure 5-1) is
mounted on the cover plate directly beneath the flywheel. it is set
to trip at approximately 300 rpm. The end of the assembly may be
viewed by removing the engine cover and looking under the
flywheel from the left end of the liquefier / refrigerator. Use the
reset tool P/N 3824375 provided for resetting the switch.
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5.2.19

5.2.20

5.2.21
5.2.21.1

Maintenance of the Vacuum Pump {E40)

The oil level should be about midway on the sight gauge when the
pump is at low inlet pressures. If the vacuum jacket has been
opened to the atmosphere, a large quantity of moisture may enter
the pump during pumpdown. if the oil becomes cloudy {mixed with
moisture), open the gas ballast valve on top of the vacuum pump.
if ol does not clear up while balasting for 12 hours, change the oil.
For detailed maintenance instructions, refer to the vendor's manual
in the appendix.

Checking the Main Shaft Bearing Clearance

The main shaft bearing should be inspected every 3000 hours. If
bearing play exceeds 0.13 mm (0.005 inches), replace the bearing.
Clearance can best be checked by taking a dial indicator reading
on the top cam surface while the No. 1 piston, and alternately the
No. 2 piston, are forced upward by pressurizing the cylinder. Use
Section 5.2.16 to pressurize the cylinders. Replace bearing per
Section 5.2.21 if required.

Replacing the Main Bearing(s)

Removing the Main Bearing(s)

1. Disassemble the engine as specified in Section 5.2.1.
2. Remove the crankpin retaining cap (38, Figure 5-1).

3. Remove the crankpin bearing (18, Figure 5-1) using crankpin
bearing removal tool, P/N 3839217 (Figure 5-3).

4. Remove the crankpin bearing spacer ring (61, Figure 5-1)
and the inner retaining ring (62, Figure 5-1).

5. Remove the four {4) socket head clamping screws that
secure the exhaust cam and remove the exhaust cam (17,
37, Figure 5-1) from each engine.

0. Remove the inlet cam {15, 38, Figure 5-1) from each engine.

7. Remove the four (4) jackshaft assembly hold-down bolts (5,
8, Figure 7-8).
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5.2.21.2

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Separate the jackshaft V-beit sheave pulley from its hub,
{Remove the two clamping screws located on the side of the
V-belt pulley. Use one of the screws removed as a jacking
screw by inserting it in the middle hole. Turn this screw
clockwise, separating the pulley from its hub.)

Remove the jackshaft assembly by slipping the assembly
under the flywheel V-belts.

Tilt engine frame casting back to its normal working position.

Remove two (2) socket head cap screws from each main
bearing pillow block (18, Figure 7-7).

Lift the flywheel assembly from the frame and place on a
bench. (Note the orientation of overspeed pin on flywheel.)

Remove four (4) hex screws (60, Figure 5-1) from each main
bearing pillow block cap. (Note: Mark orientation of pillow
block housing with frame.)

Remove the pillow block cap and saddle from each bearing
(24, Figure 5-1).

Remove flat head screw from each crankpiece.
Remove each crankpiece (23, Figure 5-1) using a wheel or
gear puller (apply heat to crankpiece as needed). Remove

woodruff keys from driveshaft (22, Figure 5-1).

Remove two {2) set screws from each bearing collar.
Remove the collar from each bearing.

Measure and record the distance between the end of the
shaft and inner race face of each main bearing.

Remove the main bearing(s) from the driveshaft using a
wheel or gear puller.

Polish the driveshaft if needed with fine emery cloth.

Installing New Main Bearing(s)

1.

Remove collar from the new bearing and slide bearing on to
the driveshaft with the collar flange facing the end of shatt.
(If bearing does not slide freely on the driveshaft, preheat
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10.

1.

12.

inner race of bearing with a heat gun or use a tube and place
it over the shaft and rest on the inner face of the bearing.
Lightly tap fube to position the bearing.) Position the bearing
on the driveshaft to the dimensions that were recorded when
old bearing was removed.

Install bearing collar, aligning the two set-screws with the flat
spots on the driveshaft used to position the bearing collar.
Tighten the set-screws.

Reinstall the bearing pillow blocks in the same orientation as
removed. Tighten the hex screws (60, Figure 5-1) to 40 N-m
(30 Ibt).

Reinsiall the flywheel V-belts.

Reposition the flywheel assembly on the engine frame. Note
the orientation of the overspeed trip pin (13, Figure 5-1) and
the overspeed switch (58, Figure 5-1).

Secure the main shaft bearing pillow blocks to the engine
frame with two (2) socket head cap screws (18, Figure 7-7)
for each bearing block.

Reinstall the jackshaft assembly on the engine frame. Place
the V-belts on sheave pulley.

Reassemble the jackshaft sheave and hub on shaft (see
Figure 7-8).

Note: Make sure jackshaft sheave is aligned with flywheel.

Tension flywheel V-belts per CPS Specification A3545485,
located in the appendix.

Heat crankpieces (23, Figure 5-1) in an oven to 260°C
(500°F), for 2 hours.

Place woodruff keys (15, Figure 7-7) on the driveshatt.

Bring the flywheel assembly as close as practical to the oven
heating area.

Note: If too much time is lost going from the oven to the

flywheel area, the crankpiece will cool and will not go
on the driveshatt.
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5.2.22

5.2.22.1

13.

14.

15.

16.

17.

18.

19.

20.

21.
22,
23.

24.

Install crankpieces on each end of driveshaft.
Reinstall flat head cap screw in each end of shaft.

Note: Allow the crankpieces to cool to ambient temperature
before continuing with reassembly.

Reinstall the inlet cam(s) (15, 38, Figure 5-1).

Note: Make certain that correct cam is on each engine.
Reinstall the exhaust cam(s) {17, 37, Figure 5-1).

Note: Make certain that correct cam is on each engine.

Line up the "0" mark on the inlet cam with the scribe marks
on the exhaust cam. Tighten the four (4) socket head

clamping screws.

Reinstall the spacer ring (61, Figure 5-1) on the crankpin
journal.

Note: Beveled larger diameter of spacer ring faces the
crankpiece face.

Place inner retaining ring (62, Figure 5-1) over spacer ring.

Install the crankpin bearing (18, Figure 5-1) and secure with
crankpin retaining cap (36, Figure 5-1).

Reinstall engine assembly on top of the cover plate.
Reinstall valve assemblies per Section 5.2.7.
Reinstall piston assemblies per Section 5.2.11.

For final reassembly of the engines, see Section 5.2.12.

Replacing the Jackshaft Bearing (s)

Removing the Jackshaft Bearing (s)

1.

Disassemble the engine as specified in Section 5.2.1.
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5.2.22.2

Loosen the four (4) jackshaft assembly hold-down bolts (5,
8, Figure 7-8).

Separate the jackshaft sheave pulley from its hub (14, Figure
7-8). Remove the two clamping screws located on the side
of the V-belt pulley. Use one of the screws removed as a
jacking screw by inserting it in the middle hole. Tumn this
screw clockwise; separating the pulley from its hub.

Loosen the set-screw on each bearing collar (6, Figure 7-8).

Using a spanner wrench, loosen the collar and remove from
the bearing.

Slide the shaft through the bearings.
Note: If the shaft is fretted, replace.
Remove bearings from bearing block by placing the shaft
back into the bearing approximately 6 mm {1/4 inch) and

tiiting the shaft upwards. Bearing has to rotate 90° from
original position to be removed from the pillow block.

Installing the Jackshaft Bearing (s)

1.

install new bearings in the same manner as you removed
them.

Slide shaft through the bearings, sheave pulley and its hub.

Note: When sliding shaft through bore of the bearing inner
ring, be sure the counterbore of eccentric collar "A” is
toward eccentric boss "B" on the inner ring (see
Figure 5-4).

Turn eccentric collar "A" in the direction in which shaft will
rotate. Hand tight is often sufficient but a spanner wrench or
drift pin may be inserted into the spanner wrench hole "C"
and used 1o set the collar {(see Figure 5-4).

Note: Do not use a direct hammer blow to set the collar as
such a blow may fracture the inner ring.

Tighten the set-screw in eccentric collar firmly against the
shaft to 7.9 N-m (70 Ib-in).
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5.3

Reassemble the jackshaft sheave puiley to its hub.
Note: Make sure jackshaft sheave is aligned with flywheel,

Tension flywheel V-belts per CPS Specification A3545485,
located in the appendix.

MAINTENANCE OF DELIVERY TUBE

Outgassing from the surfaces within the vacuum jacket will in time
raise the pressure to a level sufficient to degrade the insulating
effectiveness. The vacuum jacket must be re-evacuated in
accordance with the following procedure:

1.

10.

Warm the delivery tube to room temperature. Tube may
need to be removed from liquefier module and dewar.

Remove the plastic dust cap from the pump-out fitting.
Install the pump-out valve operator (Appendix F, G, H).

Connect a mechanical vacuum pump to the valve operator
pump-out port and evacuate the interconnecting line to a
blank-off pressure of less than 20 mTorr.

Pump-out valve operator handle must be pushed into its
body until it bottoms; then, screw clockwise 2 or 3 turns to
engage the seal plug. When the handle is pulled back out,
the port will be open.

Open the pump-out valve and evacuate the tube jacket to
less than 20 mTorr.

Close the pump-out valve by pushing the handle in.

Open the vacuum pump line to atmosphere. This will keep
the pump-out plug in its proper location.

Turn handle on the pump-out valve operator counter-
clockwise 6 turns to disengage from the pump-out plug, then
remove the pump-out valve operator.

Observe port to ensure the seal plug remains in the port.

Use vacuum grease P/N 0579847 to fill the pump-out port
before installing plastic dust cap.
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5.4

LOCATING AND REPAIRING LEAKS

Leakage through a suspect component is revealed by either
leakage of helium gas to atmosphere or leakage across a valve
seal from high-pressure to low-pressure. The following section
describes techniques for location and repair of minor component
failure.

If a leak is suspect within a heat exchanger (high-pressure to low-
pressure) or to vacuum, consult CPS Customer Service for
assistance in location and repair of the leak.

The most effective means for leak detection is a mass
spectrometer. If such equipment is available, carefully scan all
parts of the defective component. Bear in mind that the most likely
points of leakage are mechanical joints, connecting fittings, O-rings,
brazed joints, and welded joints. In many cases, evidence of
mechanical damage will offer starting points for the testing
procedure.

If a mass spectrometer is not available, the next most effective
method is a bubble test with Leak-Tec®, P/N 0209942 or an
equivalent substance.

WARNING! Do not exceed the tabulated pressures shown in

5.4.1

5.4.1.1

Table 54 when pressurizing the system
components.

Note: Solutions such as Leak-Tec® may be corrosive and
must be rinsed from parts after using. Avoid solutions
containing chloride.

Locating Leaks

The following two sections describe methods for location of leaks.
Section 5.4.1.1 should be referred to for situations where helium
gas is leaking from high-pressure to low-pressure. Section 5.4.1.2
should be referred to for situations where a leak to atmosphere is
suspect.

High Pressure to Low Pressure Leak

Verify the following preliminary steps are completed:
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1. Disconnect all connections at the back of the module.

2. Drain ali pressure in the system. Gauges PI-33, PI-34, PI-35,
and PI-60 show 0.0 bar (0 psig).

3. Install the locking bar through the engine flywheel.
4. Close all manual valves.

Pressurize the high-side to 13.8 bar (200 psig) at PI-33 and PI-34.
Drain any remaining helium in the low-side through V339 to 0.0 bar
(0.0 psig). With V339 and V640 closed, and a balloon on the gas
bag vent connection “V”, monitor the high-side pressure at PI-33
and Pl-34 for loss of gas. Monitor the low-side pressure at P1-35, If
the low-side pressure increases and high-side pressure decreases
in this condition, there is a high-to-low leak. The possible leaks to
the low-side could be in the engine valve seals, JT307 / V308 path
through the RDT section, or the purifier to the low-side via V616
and V615. The amount of time necessary to verify that there is no
leak from high to low can be as much as 1 hour, depending on the
volume of piping, etc. Determining the exact location of the leak
can be done by the following steps:

1. Perform an Engine Valve Seal Leak Check. Refer to Section
5.2.16.

2. Purifier V616 Test

The first step is to drain all the pressure from the system.
The compression fitting at collar penetration #10 must be
capped with a 13.8 bar (200 psig) pressure gauge. V616 is
a normally closed valve. The path to the low-side is through
the normally open V615. Disconnect the 6.3 mm (1/4” OD)
brass compression fitting to V615 and attach a helium
cylinder regulated to 10.3 bar (150 psig) and pressurize.
This will cut off the path to the low-side. Pressurize the high-
side through V312 and observe the pressure gauge at collar
penetration #10. If this gauge increases, then there is a leak
through V616. If the gauge does not increase and PI-35
does increase, then the leak is elsewhere.

3. JT307 / V308 Test
This leak must travel through the JT307 valve first and then

through V308. This is an unlikely path for a high-to-low leak,
but it must be checked.
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5.4.1.2

5.4.2

Remove the RDT. Once capped, observe the pressure at
PI-308. If the pressure stays at 0.0 bar (0.0 psig), this
confirms tight, leak-free valves. If the pressure climbs only
as high as the low-side pressure, then this confirms a V308
leak. If the pressure climbs to 0.7 bar (10 psig), then this
confirms a JT307 leak.

Leak to Atmosphere

External piping leaks to atmosphere are generally found when the
consumption of pure gas exceeds normal limits. Leaks are found
by pressurizing all piping and using a soap solution such as Leak-
Tec® or Snoop®. Apply an even coating of the solution using a
soft, camel's hair or sable artist's brush. [f the leak is small, apply
the coating to several joints at one time and wait approximately 5-
10 minutes.  Carefully look for small areas of white foam.
Extremely small leaks can be located by employing a magnifying
glass and considerable patience. If the leak is large, apply the
coating to one joint at a time; then watch for one or two large
bubbles to form as the brush passes over the leak.

Repairing Leaks

If the cause of leakage is an O-ring, disassemble the particular
component and clean the O-ring groove with a clean cloth
moistened in solvent (refer to Table 5-3).

Inspect the groove carefully, looking for scratches or other damage.
If such defects are found and cannot be repaired readily, contact
the CPS Customer Service Representative for assistance. When
the groove has been put in satisfactory condition, lightly coat the
replacement O-ring with grease and install it.

Repairing a thread seal always requires the disconnection of
compression fittings and the removal of the leaking section. The
leaking thread seal must be disassembled, cleaned, and
reassembiled with a proper thread sealant.

If the leak is at a mechanical joint or a self-sealing coupling,
carefully tighten the joint using two wrenches. When the joint has
been tightened, retest for leaks as before. If the coupling still leaks
and if it is the gasket type (e.g. Aeroquip), remove the gasket and
O-rings. Then clean and inspect the sealing surfaces carefully. If
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5.5

5.5.1

5.5.2

5.5.3

there is no evidence of damage, replace the O-rings and gasket
and retest for leaks as before. If necessary replace the fitting.

WARNING! Only qualified personnel must perform the repair

of brazed or welded joints. Contact CPS
Customer Service Representative for advice if
such repairs are necessary.

Carefully clean the area in which the repairs were made making
sure that no contaminants are left either on the inside or the outside
of the component.

SYSTEM DECONTAMINATION

All the components in the Model 1630S system must be free of air
and moisture and contain only pure helium at the time of use.
Components of recovery systems need not be decontaminated to
the same degree as the basic system components.

The following sections detail methods for removing contaminants
from the system components.

Purging the Compressor

If the compressor pump has been opened for repair and the oil
exposed to the atmosphere for more than 8 hours, the compressor
module must be evacuated and purged to expel any traces of air
and moisture. Short-term exposure of the pump internals to the
atmosphere must be followed by evacuation; however, purging may
be omitted. Refer to the compressor instruction manual for
decontamination procedure.

Liquefier / Refrigerator Cleanup Using a Cryogenic Adsorber
Cryogenic Plants and Services recommends the use of a cryogenic
adsorber. Refer to the cryogenic adsorber manual for instructions.
Cleanup When Cryogenic Adsorber Is Not Available

This procedure is performed whenever the liquefier / refrigerator

has been opened to atmosphere and a cryogenic adsorber is not
available.
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10.

11.

12.

13.

14.

Plug the delivery tube sealing gland.

Using the Operator Interface Terminal, place valves JT307
and V308 in MANUAL and open them. With the LN, supply
isolated, activate the LN, precooling so that solenoid valve
V808 opens.

Close manual valves V341, V339, V312, V396 and V397.
Install the locking bar in the flywheel.

Connect the vacuum pump to valves V339 (connection "Y")
and V397 and open the valves.

Evacuate to 50 mTorr as measured at the vacuum pump.

Backfill with pure helium gas to greater than 0.0 bar (0 psig)
as indicated on PI-35, using valve V341: then, close valve
V341. Repeat evacuation and backfill 4 to 5 times.

Note: Prior to final backfill, open all 4 engine valves and
pump the engine cylinders for a period of 15 minutes
maximum. Remove the valve jacks after final backfill.

Using the OIT, close the J-T valve (JT307) and the return
valve (V308).

Push a COMPRESSOR START switch on the OIT.

Push the HX FILL (V323) button on the OIT. This will
energize valve V323 for 5 seconds and fill the precooler,
boiler, main heat exchanger, engines and charcoal fiter with
pure helium gas.

Blow down manual valve V312 to 0.7 bar {10 psig) as
indicated on PI-34. Check for signs of moisture.

Repeat steps (10) and (11) at least three times.

Press the PURIFIER PURGE button on the OIT, this will
initiate the automatic purifier blowdown routine. This routine
alternately backfills the impure side of the purifier via valves
V323 and V620 and blows down through valves V832 and
V809 (2 times each).

System is now ready for operation.
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554

5.5.5

Heat Exchanger Blowdown After Temporary Shutdown

This procedure is performed if the system is at room temperature
and has not been opened to atmosphere but left in a shutdown
mode over night or over a weekend.

Repeat steps in Section 5.5.3 except steps (1) and (5) through (8).

Evacuating the Interconnecting Piping

The interconnecting piping between the compressor(s) and liquefier
/ refrigerator must be evacuated in the following manner to remove
air and moisture, if the piping was open to atmosphere.

1.

10.

Disconnect the self-sealing couplings on the supply and
retum lines at the compressor and liquefier / refrigerator
connections. Install dust caps and plugs.

Close valve V201 on the RS Compressor or, if using Model
1400 Compressors, disconnect the self-sealing coupling at
the compressor suction and install dust caps and plugs.

Open the manual bypass valve on the interconnecting
piping.

Connect a vacuum pump to the evacuation valve on the
interconnecting piping. Use a 3.5 m%hour (2 cfm) minimum
displacement vacuum pump with a blank off pressure of 25
mTorr or better.

Evacuate the piping to 100 mTorr or better.

Backfill the interconnecting piping with helium gas to a
positive pressure.

Repeat steps (5) and (6) three times.
Close evacuation valve and shut off the vacuum pump.

Close the manual bypass valve on the interconnecting
piping.

Reconnect the piping and open valves as required.
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5.5.6

5.5.7

APPLYING THREAD SEALANTS

A recommended procedure for the application of all thread sealants
is described below. This procedure is to be used in conjunction
with any recommendations of the sealant manufacturer. It is
applicable to all semi-permanent threaded joints, (i.e., epoxy, or
Neoclube®).

1. inspect both male and female threaded sections for dirt or
damaged threads.

2. Thread mating parts together hand tight to ensure both male
and female threads fit property.

3. Apply sealant to the male thread whenever possible, taking
care not to get sealant on first one half of thread.

4. Make up the threaded assembly hand tight; then remove and
apply additional sealant as in step (3).

5. Make up the threaded assembly hand tight; then, fully seat
the components with appropriate wrenches.

6. Tighten the fitting into proper orientation. Do not "back-off*
the fittings to obtain proper alignment.

7. Clean excess sealant from the external threads to give a
neat appearance.

8. Allow time for curing or setting of the sealant before
pressurizing the component,

REMOVING EPOXY-SEALED THREADED CONNECTIONS

Epoxy resin is used, as a sealant, on some components of the
system for threaded connections that are not likely to be
disengaged. It provides a reliable seal that does not age or loosen.
Disengaging such joints should be avoided whenever possible
because there is considerable risk of damage to the parts.
However, if a joint must be replaced, heat the epoxy joint to over
93°C (200°F); then using two wrenches, disassembly the fitting.

If the parts are to be reused, thoroughly wire brush the threads to
remove any old epoxy before reassembling with new sealant.
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ltem

Number Description
i Cylinder
2 Expansion - Engine Piston
3 Seailing Washer
4 Teflon Gasket
5 Locking Screw
6 O-Ring
7 Crosshead
8 O-Ring
9 0O-Ring
10 Wrist-Pin Needle Bearing
11 Crosshead Guide
12 Wrist-Pin
13 Overspeed Safety Device
14 Connecting Rod
15 No. 1 - Engine Inlet Cam
16 Cap Screw {Connecting Rod Cap)
17 No. 1~ Engine Exhaust Cam
18 Crankpin Bearing
19 Quter Retaining Ring
20 Connecting Rod Cap
21 Hold-Down Boit
22 Driveshaft
23 Crankpiece
24 Main Bearing
25 No. 1 - Engine Exhaust Valve Arm
26 Valve Rod Guide
27 Spiit Clamp
28 No. 1 - Engine Inlet Valve Arm
29 Flywheel
30 Framing Casting
31 No. 2 - Engine Inlet Vaive Arm
32 Inlet Cam Foliower

ltem
Number Description

33 Grease Fitling (Inlet Cam Follower)

34 Exhaust Cam Follower

35 No. 2 - Engine Exhaust Valve Arm

38 Retaining Cap

37 No. 2 - Engine Exhaust Cam

38 No. 2 - Engine inlet Cam

39 Knurled Cap (Valve Retainer)

40 Valve Rod Lubricating Felt Washer

41 O-Ring

42 Valve Rod Pilot Washer

43 O-Ring

44 Cover Plate

45 Lubricating Felt Washer

48 O-Ring

47 O-Ring

45 Valve Rod

49 Upper Spacer

50 Valve Spring

51 Valve Sheath

52 intermediate Spacer

53 Lower Spacer

54 Vaive Seal

55 Nylok Screw

56 Upper Valve Rod Pilot

57 Lower Valve Rod Pilot

58 Overspeed Safety Switch Assembly

58 Grease Fitting (Exh. Cam Follower)

6C Hex Screw

61 Spacer Ring

62 Inner Retaining Ring

Figure 5-1 Legend
Expansion Engine Cross Section



Item Description

1 Engine Lifting Bar
2 Pivot Shaft/Saddle
3 Frame and Flywheel Assembly

Figure 5-2
Rocking Frame & Flywheel Assembly On Its Pivot Shaft



WRIST

PIN BEARING LLOCATING TOCL (3%

ITEM N[ DESCRIPTION PART
NIUMEBER
i CRANK PIN BEARING REMOVAL TOOL C2839217
2 CRANK PIM BEARING INSTALLATION TOOL 33835284
. WRIST PIN INSERTING TOOL, B3839211
WRIST PIN BEARING PRESS TOOL (3%
. WRIST PIN INSERTING TOOL, 52839210
WRIST PIN BEARING PRESS TOOL (27
3 WRIST PIN BEARING LOCATING TOGL (243 03835212
$

C3839zic

WRIST PIN AND CRANKPIN BEARING TOOLS

FIGURE 5-3




ITEM DESCRIPTION

1 Eccentric Collar "A"

2 Eccentric Collar "g8*

3 Set Screw

4 Spanner Hole "C"
JACKSHAFT BEARING

FIGURE 54



TABLE 5 -1

LUBRICANT GUIDE
Component Lubricant Part Number
Cam Followers Molub-Alioy A3542548
Main Bearings Molub-Alloy A3542548
Jackshaft Bearings Molub-Alloy A3542548
Wrist-pin Bearings Molub-Aligy A3542548
Crankpin Bearings Molub-Alloy A3542548
Piston O-Rings Dynamic O-Ring Grease A3542467
Valve Rod O-Rings Dynamic O-Ring Grease A3542467
Crosshead Guides Lidok or Ronex A3542293
Valve-Arm Bushings Light Machine Qil
Start Motor Qil SAE-10
Vacuum Pump Motor Cil SAE-10

Overspeed Trip Pin Light Machine Oil



TABLE5-2

PREVENTATIVE MAINTENANCE SCHEDULE

Every 250 Hours

Lubricate wrist-pin bearings (Section 5.2.14)
Lubricate crankpin bearings (Section 5.2.14)
Lubricate cam followers (Section 5.2.14)

Every 500 Hours

Lubricate crosshead guides for operating speeds greater than 200 RPM
(Section 5.2.15)

Every 1000 Hours

Lubricate crosshead guides for operating speeds less than 200 RPM
(Section 5.2.15)
Lubricate valve arm bushings (Section 5.2.14)

Every 3000 Hours

Lubricate main shaft bearings (Section 5.2.14)
Lubricate jackshaft bearings (Section 5.2.14)
Inspect the main shaft bearings (Section 5.2.20)

Every 5000 Hours

Replace wrist-pin and wrist-pin bearings (Section 5.2.9)
Replace crankpin bearing (Section 5.2.10)

Inspect and maintain valve assemblies {Section 5.2.5)
Replace cam followers (Section 5.2.6)

Inspect and maintain piston assemblies (Section 0.2.8)

Every 3 Years

Replace Vacuum Pump Oil
Clean and Lubricate Overspeed Trip Pin



TABLE5-3

SOLVENT GUIDE

CPS suggests the use of any one of the solvehts, or equivalents, listed below:
DuPont Vertrel® MCA
ZepSolv
Zep PowerSoly 5000
Note:

1.) Cleaning with any of the above solvents should be followed with a heated,
60° C/140° F, dry nitrogen purge/dryout.

2.) As with any solvent use, reference to Material Safety Data Sheets, as well as
Federal Environmental Regulations, is recommended.

3.) Zep PowerSolv 5000 can also be obtained in 20 ounce aerosol cans, if so
desired.



TABLE5-4

MAXIMUM TEST PRESSURE
Pressure
PSIG  KG/CM?

Supply Line 300 21.1
Return Line 30 2.1
Recovery Line 300 21.1
Pure Helium Supply 300 21.1
Purifier - Low Side 300 21.1
Purifier - High Side 500 35.2



TABLES5 -5

ENGINE VALVE LEAK CHECK DATA

Date:

Time:

Engine - Warm: Cold:

No. 1 ENGINE No. 2 ENGINE
TRIAL INLET EXHAUST INLET EXHAUST

| C C C 0
i C C O C
I} C @] C -C
v Q C C C
Vv C C C C

Coliet

Clearance:

Notes:

1. “C"indicates vaive closed; “0O” indicates valve open.
2. The inlet valves are on the large diarmeter cams.

3. Valve ieakage may be observed if significant change occurs.

PRESSURE CHANGE

J-T PRESSURE (PI-34)

0 sec. 10 sec. 30 sec.

DURING TRIAL VALVE LEAKING
i No. 2 Inlet
I No. 2 Exhaust
il _ No. 1 Intet
v No. 1 Exhaust

A pressure change of less than 5 psi in 30 seconds indicates small valve leakage that has
negligible effect; however, significantly greater pressure changes may result in noticeable

performance degradation.



7.1

SECTION 7

SPARE PARTS

ORDERING INSTRUCTIONS
This section contains the following information for the ordering of
spare parts:
a. Engine / Cover Plate Assembly, Figures 7-1 through 7-10.
b. Gas Operated Extended Stem Valves N.C., Figure 7-13.
c Gas Operated Extended Stem Valve N.O., Figure 7-14.
d. Delivery Tube Assembly, Figure 7-15.
e. Delivery Tube Adapter, Figure 7-16.
f. Self-Sealing Couplings, Figure 7-17.
g. Extended Stem Valve (1/2” 0.D.), Figure 7-18.
h. Extended Stem Valve (3/4” O.D.), Figure 7-19.
i Model 1630S Equipment List, Table 7-1.
When ordering a part, always include the part number, the
description, and quantity desired as well as the serial number
and model number (if any) of the applicable liquefier / refrigerator.
All orders should be forwarded to:
CRYOGENIC PLANTS AND SERVICES
A DBivision of Linde BOC Process Plants LLC

945 Keystone Avenue
Port of Catoosa, Oklahoma 74015

Telephone: (918) 379-7817 or (918) 266-5709
Fax: (918) 266-1777
E-mail: verna.harrisocn@lindebocpp.com

CPS reserves the right to provide replacement parts that are
interchangeable but not identical with the original equipment.

CPS Manual 3600138, Rev. 0



FIGURE 7-1
ENGINE ASSEMBLY

(EXPLODED VIEW)




ltem Part ' Qty.

Number Number Description Req’'d
1 Engine Assembly 1
2 Figure 7-2 Overspeed Safety Switch Assembly 1
3 0521140 Cap screw, Socket Hd., 10-32 x 5/8" Lg. 2
4 3839034 Valve Sheath Seal 4
5 0580462 O-ring, 2-020 4
& 0580306 O-ring, 2-018 4
7 0521429 Cap screw, Socket Hd., 8-32 x 3/8" Lg. 12
8 8029389 Saddle 2
9 Figure 7-3 Pistom\Crosshead Assembly 2
10 Figure 7-6 Exhaust Vaive Assembly 2
11 Figure 7-5 Inlet Vaive Assembly 2
12 3839071 Frame Assembly 1
13 Figure 7-7 Flywheel and Cam Assembly 1
14 Figure 7-8 Jackshaft Assembly 1
15 0579416 V-belt - Matched Set of 2 Belts 2-Sets
16 0579318 Timing belt 1
17 Figure 7-9 Motor and Base Assembly 1
18 Figure 7-10 Valve Arm Assemblies - Inlet and Exhaust 2-Each
19 0520133 Dowel, Stl., 3/8" Dia. x 1" Lg. (Not shown - 2

locates driveshaft bearings on Frame.)

20 8054003 O-ring, {Not shown - located between Collar 1

and Vacuum Chamber.)

Figure 7-1 Legend

Engine Assembly
(Exploded View)



FIGURE 7-2
OVERSPEED CUT-OFF
ASSEMBLY



Item
Number

1

2
3
4
5

Part
Number

3839140
3839097
3839141
0579403
0813088

Description
Overspeed Cut-Off Assembly
Pawl
Pawl Screw, 2" Long
Ball Plunger
Limit Switch, Micro Switch ITB1-2

Figure 7-2 Legend
Overspeed Cut-Off Assembly

Qty.
Reqg'd
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FIGURE 7-3
PISTON/CROSSHEAD
ASSEMBLY



[tem Part
Number Number

0O-Ring, 2-043

1
2 *3839118
3 3839202
4 0581487
5 3839047P1
6 @ 0520238
7 & 0527070
8  3833206P2

o agooma
10 3839062P1
M 0586437

12 0526079
13 309928261
14 202531
15 0521404
16 0517048
17 0519713
18 0561230
19 0521406
20 8029059
21 3839208
22 3839204P2

Connecting Rod Replacement Kit

Wrist Pin Bearing

Cap Screw, Soc Hd, 8tl, ¥4-20x 1 3% Lg
Crankpin Bearing

Lube Fitting

Retaining Ring

Cap Screw, Soc Hd, St), 5/16-18 x 4 Lg
Spacer Ring

Retaining Cap

Connecting Rod

*Available on special order. Should be instalied by field representative.

Figure 7-3 Legend

Piston / Crosshead Assembly

1

2
2

N R =

Description ggi’d
Piston / Crosshead Assembly 2
Piston 1
Crosshead — == 1
O-Ring, 2-334 2
Lubricating Feit 2
Washer, Seal L
Cap Screw, Soc, Stl, Long-Lok %2 -20 x 1% Lg 1 ===
Wrist Pin 1
Crosshead Guide Assembly I
Gasket, Téﬂon, (;fosshéad Guidé 1

2
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FIGURE 74
CAM FOLLOWER ASSEMBLY



Item
Number

1

2
3
4
5

Part
Number

3839153
0528139
38391562
0517016
3839151

Description
Cam Follower Bearing Assembly
Screw, Fl Soc Hd, Stl, Long-L.ok 1/4-20 x 1/2 Lg
Retainer, Bearing
Bearing, Sealed

Stud, Bearing

Figure 7-4 Legend
Cam Follower Assembly

Qty.
Req'd
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FIGURE 7-§
INLET VALVE
ASSEMBLY



Item
Number

1

w oo~ o o AW N

P N V. W G
(o) B 1 B N e =

Part
Number

8029808G3
8029908
3550169
3839113
3760077
0579661
3760076
38392037P1
3760060
0580311
0581424
38392383
3839284
3839122
0560275
3838121

Description
Inlet Valve Assembly
Valve Rod Assembly
Screw, Binder Hd, SStl #5-40 x 1/2 Lg, Nylok
Valve Seal
l.ower Spacer
Compression Spring
Intermediate Spacer
Upper Spacer
Lower Valve Rod Piiot
O-ring, 2-112
O-ring, 2-006
Pilot Washer
Lubricating Felt
Upper Pilot
Retaining Ring

Valve Retainer

Figure 7-5 Legend
Inlet Valve Assembly

Qty.
Reqg'd
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FIGURE 7-8
EXHAUST VALVE
ASSEMBLY



ltem
Number

1

O o~ O O B W M

N i Y
o o AW = O

Part
Number

8029808G5
3029808
3550169
3839113
3760077
204859
3760076
3838037P1
3760060
0580311
0581424
3839283
3839284
3839122
0560275
3839121

Description
Exhaust Valve Assembly
Valve Rod Assembly
Screw, Binder Hd;SSti #5-40 x 1/2 Lg, Nylok
Valve Seal
Lower Spacer
Combression Spring
Intermediate Spacer
Upper Spacer
Lower Valve Rad Pilot
O-ring, 2-112
O-ring, 2-006
Pilot Washer
Lubricating Felt
Upper Pilot
Retaining Ring

Valve Retainer

Figure 7-6 Legend

Exhaust Valve Assembly

Qty.
Req'd



FIGURE 7.7
FLYWHEEL AND CAM
ASSEMBLY



item
Number

OO WN =

1. Part Number is dependent on customer’s configuration. Consult with
CPS before ordering part.

Part
Number

See Note 1
0528292
3839302
See Note 1
3839299
8028059
See Note 1
3838301
3839106
0521652
0521616
0579072
0521142
3839300
0579413
3839011P4
0521364
0520133
8060971
3542341P2
0521329
3839479
0579303
0524615

Flywheel and Cam Assembly

Screw, Soc Hd, Sti, Nylok #10-32 x 5/8 Lg
Exhaust Cam, No. 1 Engine

Inlet Cam, No. 1 Engine

Description

Crankpiece

Spacer Ring, Crankpin (Not Shown)

Inlet Cam, No. 2 Engine

Exhaust Cam, No. 2 Engine

Modified Hex Head Screw

Washer, Lock, Sti. 1/2

Washer, Flat, Stl, 1/2

Tran-Torque Bushing

Screw, Fl Hd Soc, SStI, Nylok 3/8-16 x 3/4 Lg

Drive Shaft

Key, Woodruff, 3/16 x 7/8

Ftywheel (bronze)

Screw, Socket Hd, SStI, #10-32 x 1 1/2 Lg
Dowel, Stl, 3/8 OD x 1 Lg
Bearing Block, Modified

Bearing

Screw, Socket Hd, SSH, Nylok #10-32 x 3/8 Lg

Trip Pi

Spring, Compression
Nut, Hex, SStl, 3/8-24

n

Figure 7-7 Legend

Flywheel & Cam Assembly

Qty.
Req’d
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FIGURE 7-8
JACKSHAFT

ASSEMBLY



Item
Number

(6 RN - R C - N

-5

10
~11
A2
A3
14
15
16
17
18

Part
Number
3839333G8
3839048
205021
205022
0521111
0515073
0521111
0521117
8029752
0524636
3839055
3839114P1
3839114P2
204927
0579319
0579495
0579414
0520102

Description

Jackshaft Assembly

Jackshaft Mounting Plate

Washer, Flat, Stf, 3/8

Washer, Lock, Sti, 3/8

Cap Screw, Hex Hd, St 3/8-16 x 1 1/2 Lg
Bearing and Collar

Cap Screw, Hex Hd, Stl 3/8-16 x 1 1/2 Lg
Cap Screw, Hex Hd, St 3/8-16 x 4 Lg
Washer

Nut, Hex, FLEXLOC LIGHT, 3/8-16
Jackshaft

Inboard Key

Qutboard Key

Sheave, 3 0.D. x 1 Bore

Timing Belt Pulley, Jackshaft

Taper Bushing, Jackshaft

Pitlow Block Bearing Assembly ? -

Dowel, Sti, 1/8 0.D. x 3/4 Lg

Figure 7-8 Legend
Jackshaft Assembly

Qty.
Req’d
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FIGURE 7.9
MOTOR AND BASE
ASSEMBLY



Item
Number

DR O D oD oS W

14
15
16
17
21
22
23
24
25
26
28
38

Part
Number

204825
0521622
0520646
3545421
3839060
0527062
0579417
0520773
0524647
0505749
3838053
0578248
0579489
05794989
3940802G1
3839084
0620778
0521060
0521622
0521631
8065233
3940796

Description

Screw, Hex, SStl, 3/8-16 x 1.75 Lg
Washer, Lock, SStl, 3/8 dia.

Nut, Hex, SStl, 3/8-16

Motor, Variable Frequency Drive
Bearing Biock

Cap Screw, Soc Hd, Stl, 5/16-24 x 1.75Lg

Cylinder Clevis

Quick Release Pin

Nut, Hex, Sstl, 7/16-20

Threaded Rod, Stl, 7/16-20 x 12 Lg
Spacer Standoff

Turnbuckle

Pulley, Motor Shatft

Taper Lock Bushing, Motor Shaft
Base Mounting Plate Assembly
Shaft, Mounting Plate

Roll Pin, St, 1/8 OD x 1.5L.g
Screw, Hex, SStl, 3/8-16 x 1.5 Lg
Washer, Lock, 3/8 dia.

Washer, Flat, 3/8 dia.

Plate, Mounting

Mounting Plate, Modified for VFD Motor

Figure 7-9 Legend

Motor & Base Assembly

Qty.
Req'd
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FIGURE 7-10
YALVE ARM ASSEMBLIES



item
Number

1
2
3
4
5
§]
7

- —=38
9
10
11
12

Part

Number
3839308
3839309
3839355
3839343
3839102
0510398
0510399
0578281
3839153
0578298
3839075
0524633

Description

No. 1 Inlet Valve Arm
No. 2 Inlet Valve Arm
No. 1 Exhaust Vaive Arm
No. 2 Exhaust Valve Arm
Washer, Valve Arm

Plain Bushing

Flanged Bushing
Shoulder Bolt

Cam Follower Assembly
Sptit Clamp

Valve Rod Guide

Nut, Hex Flexioc 1/2-20

Figure 7-10 LLegend
Valve Arm Assemblies

Qty.
Req'd
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FIGURE 7-13
GAS OPERATED X-STEM VALVE
N.C. (V614 AND V616)



ftem Part Qty.

Number Number Description Req’d
1 3824328G1 Extended Stem Valve 614, 616 1
2 0580454 O-ring, 2-016 1
3 3824215 Valve Stem Assembly 1
4 0581494 O-ring, 2-008 1
5 0582449 O-ring, 2-218 1
6 0579640 Threadseal 1
7 0520644 Nut, Hex, SStl, 1/4-28 1
8 3542534 Spring, 1 /20D x 187 WD x 1 1/2 LG 1
9 0521661 Flat Washer, SS#l 1
10 0582472 O-ring, 2-030 1
11 3824326 Body 1
12 3824324 Piston 1
13 3824325 Cap 1

Figure 7-13 Legend
Gas Operated Extended Stem Valve N.C.
{(V614, V616)



FIGURE 7-14
GAS OPERATED X-STEM VALVE

N.O. (V615)



ltem
Number

w o0 N O AW N

[ U U
w N - O

Part
Number

3824327G1
0580454
3824215
0581494
0582472
3542543
05682449
0579640
0520644
0521661
3824326
3824324
3824325

Description

Extended Stem Valve 615
O-ring, 2-016

Valve Stem Assembly
O-ring, 2-008

O-ring, 2-030

Spring, 1 OD x 187 WD x 1 LG
O-ring, 2-218

Threadseal

Nut, Hex, SStl, 1/4-28
Flat Washer, SStl

Body

Fiston

Cap

Figure 7-14 Legend
Gas Operated Extended Stem Valve N.O.

(V615)

Qty.
Req’d
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FIGURE 7-15
DELIVERY TUBE
ASSEMBLY



[tem
Number

S B

Part
Number

0582490
0580304
0515487

Description

Delivery Tube
O-ring, 2-110, Teflon
O-ring, 2-012

Evacuation Valve Operator

Figure 7-15 Legend

Delivery Tube Assembly

Qty.
Reqg’d
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FIGURE 7-16
DELIVERY TUBE
ADAPTOR



ltem Part Qty

Number Number Description Req-’d
1 3824254G2 Delivery Tube Adapter 1
2 0580328 O-Ring, 2-214 1

Figure 7-16 Legend
Delivery Tube Adapter
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FIGURE 7-17
SELF-SEALING
COUPLING COMPONENTS



Item Part

Number Number Description
1 - Connection “E”
1a 0510487 Bust Cap
1b 0524639 Jam Nut
1c 0523667 l.ockwasher
1d 3788020P3  Washer
1e 0511585 Self-Sealing Coupling Half
1f 0581036 Gasket
1g 0582458 0O-Ring, 2-028
2 - Connection “G”, "H”, & “L.”
2a 0510475 Dust Cap
2b 0524622 Jam Nut
2c 0523642 Lockwasher
2d 3788020P2  Washer
2e 0511588 Self-Sealing Coupling Half
2f 0580168 Gasket
2g 0581482 0O-Ring, 2-023
4 s o Mating Coupling for Connection “E”
4h 0511071 Dust Plug
4i 0581036 Gasket
4 0511587 Self-Sealing Coupling Half
4k 0582458 O-Ring, 2-028
5 ———— Mating Coupling for Connection “G”, “H”, & “L”
5h 0511059 Dust Plug
5i 0580168 Gasket
5} 0511586 Self-Sealing Coupling Half
5k 0581482 O-Ring, 2-023

Figure 7-17 Legend
Self-Sealing Coupling
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;’ s — % Item Part
— ' Number Number Description
725\ '-
¢ g 1 8029617G1 Stem & Tip Assembly
2 0561231 Retaining Ring
3 0580309 'O-Ring, 2-110 Buna-N { ¢ )
4 0586488 O-Ring, Tefion
5 3824508 Valve Seal Tip

Valve Numbers: V387, V389
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t FIGURE 7-18
112”7 0.D. EXTENDED STEM VALVE



Item Part
Number Number Description
1 3824541G1 Stem & Tip Assembly
2 0561233 Retaining Ring
3 0580313 0O-Ring, 2-114 Buna-N
3 4 0586488 O-Ring, Teflon
5 3824543 Valve Seal Tip

Valve Numbers: V31, V32, V33, V34, SV2, 8V3
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FIGURE 7-19
3/4” O.D. EXTENDED STEM VALVE



TABLE 7-1 EQUIPMENT LIST
MODEL 1630S HELIUM LIQUEFIER / REFRIGERATOR

FLORIDA STATE UNIVERSITY

Tag No. Description CPS Part No. Remarks
BC-1 Fernale Bayonet, 3/4"0.D. 8054224 Cryenco #B6511-3

with Vacuum Jacket

Bayonet Cap and O-Ring 0519691 Cryenco #B102023

w/ Relief Valve — 140 psig 0514497 Circle Seal
BC-2 Female Bayonet, 3/4"0.D. | 8054224 Cryenco #B6511-3

with Vacuum Jacket

Bayonet Cap and O-Ring 0519691 Cryenco #8102023

w/ Relief Valve — 140 psig 05144097 Circle Seal
BR-1 Engine Brake Resistor 204678 Automation Direct 400W, 500
BR-2 Engine Brake Resistor 204678 Automation Direct 400W, 500
£30 - E34 | Main Heat Exchanger 8054223 O.EM.
E36A Regenerative Charcoal 3824486 G4 3” Diameter

Filter / Adsorber with 77W / 120V Heater
£36B Regenerative Charcoatl 3824486 G4 3" Diameter

Filter / Adsorber with 77W / 120V Heater
E37 Expansion Engine No. 1 3839339 G2 3" Bore x 2” Stroke
E38 Charcoal Filter / Adsorber 3824485 3” Diameter
E39 Expansion Engine No. 2 3839332 G2 3" Bore x 2” Stroke
£40 Rotary Vacuum Pump 204650 BOC Edwards

{Spare Oil CPS P/N 204816)

E41 JT Charcoal Adsorber 3824105 G2 O.E.M.
E45 Getter Assembly 3824166 Q.EM.
E46 lon Tube Port 0512592 A&N SB-75K

Vacuum Coupling {Located on Vacuum Jacket)
ES1 VFD Motor 3545421 Marathon Electric

Page 1 of 10

CPS Manual: 3600138, Rev. 0



TABLE 7-1 EQUIPMENT LIST

MODEL 18308 HELIUM LIQUEFIER / REFRIGERATOR
FLORIDA STATE UNIVERSITY

Tag No. Description CPS Part No. Remarks
E6O Purifier Heat Exchanger 8055238 O.E.M.
£62 Purifier Heat Exchanger 8054278 G2 O.E.M.
E63 Heater Cartridge, 150W 205120 Watlow
E67 Purifier Fiiter 3824632 O.EM.
E72 Heater, 20 Watts 203268
E81/E83 | Precooler/Boiler Assembly | 8054944 O0.E.M.
F60 Filter 0540415 Hoke (Replacement Element
CPS P/N 0540471)
F61 Gas Line Filter— 1" FPT 8037003 AMF-CUNO (Replacement
10 Micron Element Element — CPS P/N 0540462)
F62 Filter 0540415 Hoke (Replacement Element
CPS P/N 0540471)
HTR-31 Blanket Heater 77W, 120V | 8037079 Electro Flex
HTR-32 Blanket Heater 77W, 120V | 8037079 Electro Flex
LE-1 Level Element Sensor 204737 JC Controls
LE-2 Level Element Sensor 204737 JC Controls
0S-1 Overspeed Switch 3839140 O.E.M.
PI-31 Pressure Gauge 0540107 Ametek #L.LMC500
30-0-300 psig
P1-32 Pressure Gauge 204772 ENFM #7529UPR
30-0-300 psig
P1-33 Pressure Gauge 204772 ENFM #7529UPR
30-0-300 psig

Page 2 of 10

CPS Manual: 3600138, Rev. 0



TABLE 7-1 EQUIPMENT LIST
MODEL 16308 HELIUM LIQUEFIER / REFRIGERATOR

FILORIDA STATE UNIVERSITY

Tag No. Description CPS Part No. Rermarks

P1-34 Pressure Gauge 204772 ENFM #7529UPR
30-0-300 psig

PI-35 Differential (Magnehelic) 35421377 Dwyer Instruments
Pressure Gauge 0-10 psig

PI-36 Pressure Gauge (0540107 Ametek #LMC500
30-0-300 psig

PI-39 Pressure Gauge 204772 ENFM #7528UPR
30-0-300 psig

PI-60 Pressure Gauge 204773 ENFM #7529UPR
0-600 psig

PI-308 Pressure Gauge 204770 ENFM #7529UPR
30-0-15 psig

PT1 Pressure Transmitter 205030 Endress + Hauser
(-300 psia PMC 131

PT2 FPressure Transmitter 205029 Endress + Hauser
0-30 psia PMC 131

PT32 Pressure Transmitter 205030 Endress + Hauser
0-300 psia PMC 131

PT34 Pressure Transmitter 205030 Endress + Hauser
0-300 psia PMC 131

PT60 Pressure Transmitter 205062 Endress + Hauser
0-500 psia PMC 131

PT65 Pressure Transmitter 205296 Endress + Hauser
0-1000 psia PMP 131

PT308 Pressure Transmitter 205029 Endress + Hauser
(0-30 psia PMC 131

PT309 Pressure Transmitter 205029 Endress + MHauser
0-30 psia PMC 131

CPS Manual; 3600138, Rev. 0
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TABLE 7-1 EQUIPMENT LIST
MODEL 16308 HELIUM LIQUEFIER / REFRIGERATOR

FLORIDA STATE UNIVERSITY

Tag No. Description CPS Part No. Remarks
PY370 |/ P Pressure Controller 204152 Beilofram

4-20mA In, 0-15 psig Out
Sv1 Snubber 0513474 Midwest instrument
Sv2 Extended Stem Valve 3824540 G1 O.E.M.

3/4” O.D.
Sv3 Extended Stem Valve 3824540 G1 O.E.M.

3/4” 0.D.
SV7 Relief Valve — 30 psig 0514458 Circle Seal
SV Ball Valve — 3/4” Brass 0514478 Jamesbury
SV308 Actuated Low Pressure 3545472 Kammer

Extended Stem Valve
3Y-1 VFD, Variable Speed Drive | 3545422 Hitachi
TE-A Temperature Diode 3999962 Scientific Instruments
TE-B Temperature Diode 3999962 Scientific Instruments
TE-C Temperature Diode 3999962 Scientific Instruments
TE-E Temperature Diode 3999962 Scientific Instruments
TE-H Temperature Diode 3999962 Scientific Instruments
TE-2 Temperature Element [ ~---n-a- (Thermocouple)
TE-3 Temperature Element 204648 Watlow
TE-4 Temperature Element | «-we---- (Thermocouple)
TE-S Temperature Element | --cne-an (Thermocouple)
TE-6 Temperature Element | -------- (Thermocouple)
TE-7 Temperature Element [ ocwe---- {Thermocouple)
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TABLE 7-1 EQUIPMENT LIST
MODEL 1630S HELIUM LIQUEFIER / REFRIGERATOR

FLORIDA STATE UNIVERSITY
Tag No. Description CPS Part No. Remarks
TE-8 Temperature Element | -----... {Thermocoupie)
TJi-1 Temperature Indicator 205328 Scientific Instruments #9300
w/RS-232 Option

V31 Extended Stem Valve 3824540 G1 O.E.M.

3/4” 0.D.
V32 Extended Stem Valve 3824540 G1 O.EM.

3/4" O.D.
V33 Extended Stem Vaive 3824540 G1 O.E.M.

3/4” O.D.
V34 Extended Stem Valve 3824540 G1 O.EM.

3/4” 0.D.
V35 Needle Valve 0511478 Whitey / Swagelok
V36 Needle Valve 0511478 Whitey / Swagelok
V37 Snubber 0513474 Midwest Instrument
V38 Snubber 05613474 Midwest Instrument
V40 Relief Valve — 300 psig 0514468 Generant
V41 Relief Valve — 300 psig 0514468 Generant
V42 Needle Valve 0511478 Whitey / Swagelok
V43 Needle Valve 0511478 Whitey / Swagelok
V44 Needle Valve (0511478 Whitey / Swagelok
V305 Relief Valve — 70 psig 0514433 Generant
V306 Regulator - 1/4" FPT 300435 Marsh Bellofram Type 50

0-125 psig 5 micron Filter
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TABLE 7-1 EQUIPMENT LIST
MODEL 1630S HELIUM LIQUEFIER / REFRIGERATOR
FLORIDA STATE UNIVERSITY

Tag No. Description CPS Part No. Remarks

V350 2-Way Solenoid Vaive 35421585 Spare Coil: P/N 0579086
3/8" FPT N.C. Brass Rebuild Kit: P/N 0828526

V351 Relief Vailve ~ 10 psig 0512477 Circle Seal

V352 Needle Valve 0511478 Whitey / Swagelok

V353 Check Valve 0513483 Generant

V354 Snubber 0513474 Midwest Instrument

V355 Snubber 0513474 Midwest Instrument

V357 Ball Valve — 1/4” Brass 203141 Whitey / Swagelok

V364 Check Valve 0513483 Generant

V366 Snubber 05613474 Midwest Instrument

V368 Snubber 0513474 Midwest Instrument

V369 Snubber 0513474 Midwest instrument

V370 Regulator 204885 GO, Division of CIRCOR

V371 Snubber 0513474 Midwest Instrument

V372 Snubber 0513474 Midwest Instrument

V374 2-Way Solenoid Valve 35421346 Spare Coil: P/N 0579085
3/8” FPT N.C. Brass 23l £ Rebuild Kit: P/N 0579078 1¢<9)-

V378 2-Way Solenoid Valve 202624 Spare Coil: P/N 0579085
3/8” FPT N.C. SST Rebuild Kit: P/N 203379

V379 Needle Valve 0515425 Deltrol

V387 Extended Stem Valve 8029619 G1 O.E.M.
172" O.D.
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TABLE 7-1 EQUIPMENT LIST
MODEL 16308 HELIUM LIQUEFIER / REFRIGERATOR
FLORIDA STATE UNIVERSITY

Tag No. Description CPS Part No. Remarks
V389 Extended Stem Valve 8029619 G1 0.E.M.
1/2" 0.D.
V390 Relief Valve ~ 300 psig 0514468 Generant
V383 Snubber 0513474 Midwest [nstrument
V395 Check Valve 0515424 Generant
V396 Needle Valve 0511478 Whitey / Swagelok
V397 Needle Valve 202848 Whitey / Swagelok
V398 Ball Valve — 2" Brass 0515483 Jamesbury
V399 Snubber (0513474 Midwest Instrument
V400 Relief Valve — 10 psig 0512477 Circle Seal
V602 2-Way Solenoid Valve 35421348 Spare Coil: P/N 0822093
1/4” FPT N.C. Brass Rebuild Kit: P/N 0579079
V603 2-Way Solenoid Valve 35421348 Spare Coil: P/N 0822093
1/4” FPT N.C. Brass Rebuild Kit: P/N 0579079
V606 Globe Valve 205192 Poweli
V609 2-Way Solenoid Valve 35421297 Spare Coil: P/N 0579085
1/4" FPT N.C. Brass Rebuitd Kit: P/N 0579081
V614 Actuated Extended Stem 3824328 G1 O.EM.
Valve, N.C.
V615 Actuated Extended Stem 3824327 G1 O.EM.
Valve, N.O.
V616 Actuated Extended Stem 3824328 G1 OC.EM.
Valve, N.C.
V617 2-Way Solenoid Valve 35421348 Spare Coil: P/N 0822093

1/4" FPT N.C. Brass

Rebuild Kit: P/N 0579079
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TABLE 7-1 EQUIPMENT LIST
MODEL 1630S HELIUM LIQUEFIER / REFRIGERATOR
FLORIDA STATE UNIVERSITY

Tag No. Description CPS Part No. Remarks

V618 Auto Regulating Valve 3542394 Watts

V620 3-Way Solenoid Valve 35452022 Spare Coil; P/N 0579086
1/8” FPT N.C. Brass Rebuild Kit: P/N 300060

VE22 2-Way Solenoid Valve 35421347 Spare Coil: P/N 0823098
1/4” FPT N.C. Brass Rebuild Kit: P/N 0579076

V623 Relief Valve —~ 450 psig 0513496 Generant

V624 2-Way Solenoid Valve 35421347 Spare Coil: P/N 0823098
1/4” FPT N.C. Brass Rebuild Kit: P/N 0579076

V628 Metering Valve 0513482 Nupro / Swagelok

V630 Relief Valve — 20 psig 300561 Circle Seal

V631 Relief Valve — 50 psig 204084 Nupro / Swagelok

V632 2-Way Solenoid Valve 35421640 Spare Coil: P/N 0579086
1/8” FPT N.C. Brass Rebuild Kit: P/N 0579092

V633 Relief Valve - 80 psig 3542410 Generant

V634 Auto Regulating Valve 203507 GO, Division of CIRCOR

V635 Needle Valve 0513476 Hoke

V636 Check Valve 0514437 Generant

V640 Ball Vaive — 1/4” Brass 0511464 Jamesbury

V644 Snubber 0513474 Midwest Instrument

V645 Check Valve 203306 Swagelok

V646 Snubber 0513474 Midwest Instrument

V802 Check Valve 0514480 Superior Refrigeration
7/8" Q.D. Teflon/Brass
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TABLE 7-1 EQUIPMENT LIST

MODEL 16308 HELIUM LIQUEFIER / REFRIGERATOR
FLORIDA STATE UNIVERSITY

Tag No. Description CPS Part No. Remarks

V805 2-Way Solenoid Valve 203787 Spare Coil: P/N 203215
3/8" FPT N.C. Brass Rebuild Kit: P/N 203788

V806 Needle Valve 0515490 Deltrol

V807 Relief Valve — 35 psig 0514479 Circle Seal

V808 2-Way Solenoid Valve 35421343 Spare Coil: P/N 0822093
3/4” FPT N.C. Brass Rebuild Kit: P/N 0579057

VT43 Vacuum Gatge 205075 Digivac Model 22W
Transmitter Assembly

VT44 Vacuum Gauge 205075 Digivac Model 22W
Transmitter Assembly

Page 10 of 10
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VED CONFIGURATION

iy
© ¢ fagly= T NEW DEFAULT  DESCRIPTION
s - AQD3 50 U Eﬁt} USA) BASE FREQUENCY
o« -AOD4 BB 60} 235 RPM
o AO4 Y {0) {AUTO TORQUE BOOST)
5 . ARY 100 (15 SECOND DECELERATION, 1 SEC.
oy -BOSY M {00} {ENAHLE REGEN AT POWER LOSS)
(X BOSL 280 {00 {DC BUS VOLTAGE TRIGGER)
20 w8052 300 {00} {O-YOLTAGE TRIGGER DURING POWER LOSS)
1o @053 30 {10m {DECELERATION TIME DURING POWER LOSS)
1,00 -BO54 10,00 {00) IMTIAL GUTPUT FREQUENCY DECREASE @ POWER LOSS
yow -80S0 100 {0) (DYNAMIC BRAKING YUSAGE RATIO)
T BOAS O (om {BRAKING ONLY DURING RUN)
2% 0004 09 {n SECOMD DECELERATION BY INPUT 44
to 0087 125 80 SPEED SPAN GAIW ADJ ON ANALOG QUTPUT
4,0 FO02 30 30 ACCSLERATION PERICD
5.5 FON 1000 30 DECELERATION PERICD
NOTE: SET OPT. CODE 007 W,
15V HOT £12 115V NEUTRAL
FROM LINE 1240 FROM LIME 1390
pl2dz {!!'-Ilﬂ 1 5300 11 FELACK PA7 EX-1 PA7 £BLUE z RECERERATION
b {—1F —b 4 b HEATERS
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'
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e gsw0 w8 ceso P71 PAT  muow 2| RECENERATION
R ” s ¢ . FRd e
290
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CORANGE P/a7 E32-1-5 rAT [HE 7| RECENERATION
b > W + HEATERS {SPARE}
7 . £2-1-5
£32-2-5
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COLORED MRE ARE CABLE C-P/U 7
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CRYOGENIC PLANTE AND SERVICES
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8522 Cost 61t Street Tulze, Odgheme 74133-1323 USA.

lostite-

ELECTRICAL SCHEMATIC DIAGRAM
MODEL 1630S
FLORIDA STATE UNIVERSITY

UNIESS OTHERWSE SPEQFIED

REM{WE ALL BURRS

10 KHOW WHO BY THE USE HEREDF | DIVENSIONS ARE BY DHCHES. THD PLACE DECRIAL * 00 RO1 SEXE TS ORAWKG_J ST ¢ [0V, WO, 55655 REV,
DALEDGE CPS UWNERSHP AND AGREE | TORERAsCLS: THREE PLACE DECHAL * Ty B0S565 2
VAN TS GFCRUATGN AND DESN | FRACTGRAL * FINSHED SURFACE RS ARGLE .@

BT CONFIENCE MGXARMACH * 0°-30 BERD * 2° | BREAK CORVERS M, QUE | PROECRON CAD FLE MO, 8055655/65555  |SCAE  NONE  [S™ET 5 OF &




