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SCOPE OF MANUAL

This manual is intended to provide the user of
the LARGE THERMO-VACUUM FACILITY, with
the necessary information and procedures to
operate and maintain the system.

This manual is to be used with the supporting
engineering data pack and catalogue library as
indexed in Section 6 of this manual.
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SECTION 1
PLANT DESCRIPTION

1. INTRODUCTION

This manual is intended to provide the user with the necessary detail and procedures to operate
and maintain the Large Thermo-Vacuum Facility.

The Large Thermo-Vacuum Facility is described under the following headings:

- Vacuum Vessel and Support System
- Thermal System

- Vacuum System

- Main Control and Data Acquisition

Where applicable, reference is made to design drawings, diagrams and component manuals. A
complete documentation reference index of all component manuals is provided in Section 6 of
the manual.

2. VACUUM VESSEL AND SUPPORT SYSTEM(S)

2.1 GENERAL DESCRIPTION OF VESSEL

The vacuum vessel is shown as detailed in Drawings VTFO-11000-122. The vessel is
constructed of 304 stainless steel, with a wall thickness of 20mm. The internal diameter is 4.0m
and the total length is 6.07m.

Penetrations in the rear dome (10 off), and front door (4 off) have been provided in the vessel for
the nitrogen supply and return lines. In operation, only 8 of the rear penetrations and 2 of the
front penetrations will be used, giving a total of 4 spare penetrations. The thermal system is
described in paragraph 3.

Vacuum cryopumps are attached at four penetrations equally spaced around the diameter of the
vessels shell to provide a homogeneous pressure distribution inside the vessel. The vacuum
system is discussed in detail in paragraph 4.

The remaining penetrations in the vessel allow for pressure and temperature measurement

inside the vessel, control and experiment cable lead-through and specialist equipment (such as a
collimator on the rear dome).

2.2 DOOR CRANE

The door crane is shown in Drawing VTFO-60000-03.
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The weight of the door is borne largely by a motorised wheel under the door. When the door is
to be opened, the pneumatic door clamps are released and the motorised wheel then drives on a
rail (embedded in the floor) about the crane radius, taking the door with it.

The door is supported in the vertical position by the upper arm of the crane.

Clearance is provided at the centre of the crane's axis to allow the flexible pipes (supplying the
thermal shrouds mounted in the door, with nitrogen) to move without obstruction.

2.3 TROLLEY AND PALLET

The general layout of the trolley is shown in drawing VTFO-70000-122. Details of the pallet are
shown in drawing VTFO-65000-03 and VTFO-65005-02.

The pallet is made of stainless steel and is supported by wheels with Teflon inserts (bushes).
The wheels run on machined V-rails along the inside working length of the vessel.

Each rail is supported by 6 struts. These struts pass through the penetration in the thermal
shrouds and are fixed to the vacuum vessels.

The trolley has mocked V-rails which match the pallet support rails inside the vessel. When the
pallet is to be removed from the vessel, the trolley is moved into position in front of the vessel
and the sets of matching rails are linked together. The trolley is then immobilized by support
jacks (if fitted) and the pallet is rolled out onto the trolley, which can be released and moved
away.

3. THERMAL SYSTEM

3.1 GENERAL DESCRIPTION

The thermal system comprises of the following main components as depicted in the P & |
diagram, drawing no: VTFO-30000-05:

- Thermal Generator (refer assembly drawing no. VTFO-30000-03)
L Nitrogen Injection Vessel {cooling unit)

Heater Unit

Gas Circulation Fan

Flashing Chamber

Top Manifold

Bottom Manifold

Gas Purge and Pressure Control System

Shrouds and Space Frame

Each of these main components are described in the paragraphs below and an overview of the
operating modes are also given:

Doc. No.: VTFO-00000-128 ISSUE: 1 Page 2 of 13

RESTRICTED



RESTRICTED IST

3.2 THERMAL GENERATOR
3.21 Nitrogen Injection Vessel (Cooler Unit)

The Nitrogen Injection Vessel is shown in drawing VTFO-31000-03. The unit is a pressure
vessel manufactured from stainless steel, with a stainless steel outer jacket, the cavity being
filled with polyurethane foam. Liquid nitrogen is injected by means of a lance through ten
stainless steel nozzles. The nitrogen flow rate is controlled using a proportionally control
cryogenic needle valve,

3.2.2 Heater

The heater unit is shown in drawing VTFO-31500-03. The unit is a presstre vessel
manufactured from stainless steel, with a stainless steel outer jacket, the cavity being filled with
polyurethane foam. The heating elements are able to generate 40kW of energy and are
controlled by a thyristor drive.

3.2.3 Gas Circulation Fan

The circulation fan is shown in drawing VTFO-30500-03. This unit consists of a centrifugal fan,
with a water cooling system for the motor. The motor and fan are inside the pressure system.
The motor is a standard flanged mounted type, and the fan casing shaft and impeller are
manufactured from stainless steel, with an outer jacket of stainless steel, the cavity being filled
with polyurethane foam. The inlet to the water cooling system is fitted with a solenoid valve, and
the outlet with a paddle switch and a thermocouple to monitor water flow and temperature. The
fan speed is controlled using a variable speed drive.

3.2.4 Flashing Chamber

The flashing chamber is shown in the assembly drawing VTF0-00000-01. The liquid nitrogen
level in the vessel is controlled by measuring the head pressure with a differential pressure
transmitter, which operates the liquid nitrogen control injection valve. The valve is a cryogenic
needle type, with proportional control.

3.2.5 Top Manifold

The top manifold is shown in the assembly drawing VTFO-00000-01. The unit is a 6 inch
stainless steel pipe with a stainless steel outer jacket, the cavity being filled with polyurethane
foam. This unit is connected to the following

- The gas circulation fan

- The flashing chamber (upper end)

- The gas purge and pressure control system

- Five cryogenic ball valves, proportionally controlied, each in turn connected to pipework
leading from each of the five shrouds.

3.2.6 Bottom Manifold
The bottom manifold is shown in the assembly drawing VTFO-00000-01. This unit is a 6inch

stainless steel pipe with a stainless steel outer jacket, the cavity being filled with polyurethane
foam. This unit is connected to the following:
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- The flashing chamber (Lower end)

- The injection unit (via actuated ball valve no V105)

- Five flanges which are connected to pipework feeding each of the five shrouds.

= An actuated ball valve which has a dual purpose. It is used as a vent during the nitrogen
gas purge, and also as a drain valve to remove liquid nitrogen from the system after the
flooding mode.

3.2.7 Gas Purge and Pressure Control System

This system consists of a number of valves on a stainless steel T-piece which is connected to
the top manifold. These valves are as follows:

- Gas purge valve - the is a solenoid valve which is opened to allow nitrogen gas into the
thermal system during the purging cycle.

- Pressure control valve - this is a proportionally controlled ball valve which is used to
maintain the thermal system pressure at a predetermined level.

- Manual valve - this is @ manual ball valve which can be used in case of emergencies.

- Safety relief valves - there are two safety relief valves, both preset at 6,5 bars (gauge).
These will open and maintain the system pressure below safety limits in the unlikely
event of a failure of the pressure control system

3.3 SHROUDS AND SPACE FRAME

There are five shrouds, these being housed in the vacuum vessel. These shrouds are shown in
drawings VTFO-12500-122. Two of the shrouds are disc shaped and the remaining three are
cylindrical. The shrouds may be described as two stainless steel sheets welded together,
however with a gap between the sheets. This gap is used for circulating and/or containing liquid
and gaseous nitrogen. The shrouds are connected to feeder pipes by means of a large number
of small diameter feeder tubes to ensure even distribution of gas flow. The feeder pipes are in
turn connected to the top and bottom manifolds via flexible hoses.

The shrouds are supported and held in position by a stainless steel space frame as shown in
drawing VTFO-12700-122.

34 OPERATING MODES
3.4.1 General

The cryogenic fluid used is nitrogen, both in liquid and gaseous phases. There are two modes of
operation, namely:

1) Gaseous mode

Gaseous nitrogen at seven bars (absolute) is recirculated through the shrouds by
the gas circulation fan and the nitrogen gas is cooled or heated externally to the
test vessel by the cooler and heater units respectively. The shroud temperatures
in this mode are controllable from 393 K to 123 K with a transient rate of 1.5
K/minute.
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2) Liquid (flooded) mode

In this mode, liquid nitrogen is forced into the shrouds and removes the heat
from the shrouds by boiling at atmospheric pressure. This mode is "uncontrolled"
with shroud temperatures in the region of 7888 K.

The spreadsheets of the thermal systems designed performances can be found
in the Performance Specification document no: VTFO-00000-62/2.

3.4.2 Gaseous Mode

The system must initially be flushed with gaseous nitrogen (valve V113) to remove air and water
vapour.

In operation, the nitrogen gas is recirculated by the centrifugal fan (RF100) which has a variable
speed motor (within a water cooled environment). To eliminate seal problems, the fan and motor
are both encased in a pressure vessel. The fan speed is controlled by the mean temperature
difference across the shrouds, such that this stays within the specified limits (approximately 3 K
at steady state, approximately 7,5 K in transient).

The nitrogen stream is cooled by injecting liquid directly into the gas flow (Cu100), and heating
by electrical elements in the gas stream (HU100). The injectors and heaters will be controlled by
a comparison between the required mean shroud temperature and the actual mean shroud
temperature. Flow through the different shrouds will be balanced by valves V100 to V104 which
will in turn be controiled by the individual shroud temperatures.

3.4.3 Liquid Mode

The system is filled with liquid nitrogen from the bulk storage tank until the liquid nitrogen covers
the shrouds almost completely (measured by pressure sensor PS101). The level is maintained
at this position by topping up with liquid nitrogen (through vaive V108). As the liquid boils, the
gas is vented to atmosphere (valve V106).

With this method of fiooding, the shroud wall temperature should stabilize at or lower than 88K.

3.5 THERMAL CONTROL AND INSTRUMENTATION SYSTEM

The control of the thermal system is achieved using a Telemecanique PLC in which a number of
dedicated PID loops reside. The thermal control may be broken down into the following sub-
sections:

3.5.1. FAN CONTROL.

The fan speed is a function derived directly from the temperature of the gas stream measured
below the heater unit HU100. The colder the gas the slower the fan will turn. The warmer the
gas, the faster the fan will turn.
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3.5.2. HEATER AND COOLER CONTROL.

Both the heater and the cooler are controlled by dedicated PID loops. The required setpoint is
input to the PID loop and the process variable is selected from the probes attached to the
shrouds. When the system is heating, the system will select the highest temperature as the
process variable, and when the system is cooling, the system will select the lowest temperature.
During a transient, the setpoint for the system is automatically increased at a rate of 1,5 degrees
per minute until the required system temperature is reached.

3.5.3 SHROUD CONTROL.

Fitted to each shroud is a balancing valve and four (4) PT100 probes. Two probes are attached
to the inlet of each shroud, and two probes are attached to the outlet of each shroud. A separate
PID loop is used to balance each shroud. The average of the inlet probes compared to the
average of the outlet probes is kept to within 3 degrees Kelvin using this method. In the event
that the difference is greater than 3 degrees Kelvin the balance valve will open more. When the
shroud is within the 3 degree limit, the valve will close to a mimimum pre-determined position.

3.54 PRESSURE CONTROL.

A Pressure sensor PS100 is fitted to the system and the output of the transducer is input to a
Shimanden Loop Controller and to the PLC. The output of the loop controller is connected to
valve V106 the pressure control valve. When the system pressure approaches the setpoint level
(Approximately 7 Bar absolute) the loopcontroller will open valve V106 proportionally and thus
control the system pressure. If the system pressure rises above 7,5 bar absolute, the PLC will
automatically close the nitrogen inlet valve and open the drain valve to prevent over-
pressurisation.

3.5.5 FLASHING CHAMBER CONTROL.

A Pressure sensor PS101 is fitted to the flashing chamber and the output of the transducer is
input to a Shimanden Loop Controller and to the PLC. The output of the loop controller is
connected to valve V109 the flashing chamber inlet control valve. When the flashing chamber

level approaches the setpoint level (Approximately 2,2 meters water) the loop controller will
close valve V109 proportionally and thus control the flashing chamber ievel.

4. VACUUM SYSTEM

4.1 INTRODUCTION

Drawing VTFO-20000-05 depicts the schematic diagram (P & 1) of the vacuum system. The
numbering of the various components are as identified in this drawing.

This vacuum system consists of three separate pumping modules namely:

Module One o Fore-vacuum pumping system
Module Two e High-vacuum pumping system
Doc. No.: VTFO-00000-128 ISSUE: 1 Page 6 of 13
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Module Three o Door seal system which also serves as a backing pump for the turbo-
molecular pumps when regeneration of the cryogenic pumps are being
done.

The three modules are interconnected but are isolated from each other by valves. The
reticulation is furthermore arranged in such a way that by-passing of modules is possible. The
control of the system is done by means of a Programmable Logic Controller (PLC).

In the following paragraphs each of the above modules and its related control system are
described in more detail,

4.2 FORE-VACUUM PUMPING SYSTEM
This is a three-stage rotary mechanical pumping system comprising of:

- One S630F single stage oil sealed rotary valve pump complete with integral oil mist
exhaust filter unit (P8). A complete technical description of this pump and oil mist exhaust
filter is given in document VTFO-20000-128-09/1 and 2.

- One WSAU/WAU 2001 single stage Roots pump with built-in by-pass valve (P7). A
complete technical description of this pump is given in document VTFO-20000-128-08/1.

- One RA7001 single-stage Roots pump (P6). A complete technical description of this
pump is given in document VTFO-20000-128-07/1 and 2.

The effective volume flow rate of this system is 7000m3/h. Typically, this system will operate
from atmosphere down to pressures in the order of 5X10-ambar.

The RA 7001 Roots pump has a by-pass valve in order to improve the system conductance,
thereby reducing the initial pump down time i.e. during the first evacuation from atmospheric
pressure down to about 1 mbar.

The interconnection of the pumps is shown in drawing VTFO-20000-05 and as shown the system
is connected to the vacuum vessel through valve V1.

4.3  HIGH-VACUUM PUMPING SYSTEM

This high vacuum pumping system comprised of 4 identical parallel connected pumping systems
each consisting of:

- A type RPK 10000 N cryopump with a pumping speed of 1000 I/s (P1 to P4). A
complete technical description of this pump is given in document VTFO-20000-128-01/1,
2 and 3.

- A type RGD210 cold head forming an integral part of the cryopump. A complete
technical description of this unit is given in document VTFO-20000-128-01/4.

- A helium compressor unit (He1 to He4), for the cryogenic refrigeration of the cold head.
A complete technical description of this unit is given in documents VTFO-20000-02/1, 2,
3 and 4.
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- A type TURBOVAC 50, (P10 to P13), turbomolecular pump. A complete technical
description of this unit is given in document VTFO-20000-05/1, 2 and 3.

The interconnection of the pumps are shown in drawing VTFO-20000-05 and as shown, the
cryogenic pumps is mounted directly onto the vacuum vessel.

4.4 DOOR SEAL- AND REGENERATIVE VACUUM PUMPING SYSTEM

Primarily this pump (P5), is used as an integral part of the vessel door sealing mechanism. |t
also fulfils a secondary role of providing backing pump speed for the four turbomolecular pumps
during the regeneration of the cryogenic pumps. This is a type Trivac B; D16B single stage
rotary valve pump and is described in document VTFO-20000-128-29/1 and 2.

This pump systermn connects to the vessel flange through V10 and to the manifold into which the
turbomolecular pumps deliver, through vaive V9.

4.5 THE VACUUM CONTROL AND INSTRUMENTATION SYSTEM
451 General

A PLC is used for remote control of the various individual control modules and to capture data
measured at various points in the vacuum system.

4.5.2 Door seal and regenerative vacuum pump system
This system is connected via valve V10 to the door seal.
4.5.3 Fore-vacuum pumping system

The fore-vacuum pumping speed is increased at the commencement of pump down by the
opening of valve V2 which allows for the by-passing of P6.

Pressure switch PS3 with a SV110 transmitter as well as signals from the Perani head PH4
supply a permit via the PLC to start P6 and to close valve V2 when the chamber pressure has
fallen to 1mbar. This allows for maximum pumping speed of the fore-vacuum system.

The vacuum on the vessel side of this system is measured by a Pirani head PH2 while the
vacuum at the inlet port of Roots pump P7 is measured by Pirani head PH1.

PH1 will be controlled by the Combitron 351 and PH4 by the Thermovac vacuum instruments.
Complete technical descriptions of the Combitron 351 and thermovac are given in document
VTFO-20000-128-14/1 and VTFO-20000-128-19/1 and 2.

4.5.4. High-vacuum pumping system

4.5.4.1 Vacuum Measurement

A Pirani, a Penning and a Viscovac Rotor Friction Gauge measuring sensors are mounted on an

instrument port on the rear dome of the vessel. This port can be isolated from the vessel with
valve V4 interposed between the instrument port and the vessel.
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The Penning head reads into the Penningvac channel of the Combitron 351 while the Pirani-
head reads into another channel of a Combitron 351 instrument. Pirani-head PH3 mounted on
the manifold joining the exhausts of the turbomolecular pumps in the high vacuum system, reads
into the second channel of the Thermovac instrument.

The Viscovac Rotor Friction Gauge is a new generation high vacuum measurement system. A
complete technical description of this measuring system is given in document VTF0O-20000-128-
35/1. This is a autonomous system and will be used in parallel to the Penning head/Combitron
system.

4.5.4.2 Vacuum pump-control

There are four parallel high-vacuum pump legs in the high-vacuum pumping system, consisting
each of a turbo-molecular and a cryogenic pump. The control of the pumps in a typical leg is al
follows:

® Turbo-molecular pumps.

The turbo-molecular pump is driven by a 3 phase induction motor. A Turbotronik solid state
frequency converter is used to power the medium frequency motor in this pump. This unit is
switched on remotely by the PLC. A complete technical description of this unit is given in
document VTFO-20000-128-06/1.

(i) Cryogenic pump operation permit.

The Perani PH2 mounted on the instrument port provides a permit for the operation of the
Cryogenic pumps via the PLC.

(i) Cryogenic pump temperature measurement.

The temperature of the cold heads of the cryogenic pumps are measure by Cryotherm LT10 low
temperature instruments. Control to the helium refrigerators (He compressors) is done by the
PLC. A complete technical description of He units are given in document VTFO-20000-128-
04/1.

(iv) Cryogenic pump regeneration heating control.

HU1 heater control units are used for supplying and controlling the electric regeneration heaters
of the cryogenic pumps. The heaters are installed directly on the refrigerating stages of the cold
heads. Regeneration is controlled locally. A complete technical description of the units are
given in document VTFO-20000-128-03/1.

The above mentioned for instrument per "leg" are all mounted inside the high vacuum control
panel (HVCP). This panel is mounted on the test vessel; to be as near as possible to the items
to be controlled. See complete control system overview.

4.5.5 Residual Gas Analyser

The Residual Gas Analyser (RGA) analyses the rarefied atmosphere in the vacuum vessel. The
instrument consists of a sensor which functions only in the high vacuum environment and
electronic circuits which operate the sensor and display its output. The sensor analyses the
residual gases by ionising some of the gas molecules, separating the resulting ions according to
their respective masses, and measuring the quantity of ions at each mass. The masses of the
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various ions/species (produced by the sensor) are used to identify the gas molecules from which
they were created; the magnitudes of these signals are used to determine the quantities of the
respective species.

The information produced by the RGA is an important aid in the efficient use of the high vacuum
system for example, indicating the presence of a leak or contaminant in the vacuum
atmosphere.

The measuring sensor consists of three parts, namely:

- The ion source (ioniser)
- the analyser (ion filter); and
- the ion detector.

The sensor is mounted on a flange which in turn is bolted to an access port on top of the vessel.
A complete technical description of the RGA is given in document VTFO-20000-128-36/1 and 2.

4.5.6 Film Thickness Controller

The Film Thickness Controller (FTC) is a micro balance which measures the mass deposited on
the face of an oscillating quartz crystal sensor. This deposited material alters the oscillation
frequency and the change in frequency is then related to the mass of material deposited.

The instrument's knowledge of the density of this added material allows the conversion of the
mass information into thickness.

A complete technical description of the FTC is given in document VTFO-20000-128-37/1 and 2.

5. MAIN CONTROL AND DATA ACQUISITION SYSTEM

5.1 GENERAL

In the description of the thermal and vacuum systems brief mention was made of PLC control.
This section provides more detailed component descriptions of the PLC network which provides
control and captures data.

The PLC is connected to a 386 computer via a MAP networking system unigue to
Telemechanique. The following functions are supported by the PLC:

- Generation of discrete output signals
- Processing of discrete input signals
- Flow control of coolant

- Control of PID loops

- Measuremert of temperature

- Measurement of pressure (vacuum)

The interface between the Main Control Panel and other subsystems are shown in the block
diagram 1, below:
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HIGH VACUUM - -
CONTROL PANEL
HvcP | EDB ;
HOUWTEQ |
MAIN CONTROL
INTERFACE
FALEES CONTROL PANEL 1 THERMAL SYSTEM
MCP-1 ICP-1 CONTROL PANEL 1
TSCP-1
FOREPUMP
< Y CONTROL PANEL
FPCP
REMOTE REMOTE
CNTL CNTL
PANEL 1 PANEL 2
RCP-1 RCP-2

BLOCK DIAGRAM 1: CONTROL PANEL INTERFACE LAYOUT

5.2 SOFTWARE
5.2.1 Computer
The computer will be driven by a number of software packages namely:

OS/2: This operating system will reside on the computer. This software is described in
document VTFO-40000-128-05/1 and 2.

Monitor 77: This program will monitor the process and allow data logging, trending and
display a mimic of the system. This software is described in document VTFO-40000-129-21/1
and VTFO-40000-128-22/1 (6.22 PLC).

X-tel:  This program will be used to program the PLC. It is important to note that the PLC
chosen allows changes to the program to be made.while the PLC is executing the program. This
facility must be distinguished from the feature where set points are altered. This software is
described in document VTF0-40000-128-17/1.
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5.3 HARDWARE

5.3.1 Computer

The computer used is a 386-At (Everex) with a clock speed of 33 MHz, 8 megabytes of RAM,

one 102 megabyte hard disc, one 1,2 megabyte floppy drive and one 1,44 megabyte stiffy drive.

Document VTFO-40000-128-01/1 and 2 contains the Owner Manual and Reference Guide.

The following hardware are located in, or are connected to the computer:

8120: This is a high performance 16 bit ATA Floppy/Embedded Hard Disc
Adapter. Document VTFO-40000-128-02/1 contains the Owner Manual

and Reference Guide.

Viewpoint N1 VGA: This is a VGA graphics adapter. Installation and User Instructions are
contained in document VTFO-40000-128-03/1 (EV-633 Version 1.0)

Mapway Interface Installation of this board connects the PC to the PLC. Installation
BOARD TSX MAP : and User Instructions are contained in document VTFO-40000-128-12/1
PC 74 (TSX DM MAP PC7 V4M)

Microsoft Serial Mouse: It is connected to the serial port of the computer. The users guide
contained in document VTFP-40000-128-04/1 describes the operation
and installation of the serial mouse.

5.3.2 Programmable Logic Controller (PLC)

Power Supply: The power supply supplies power to the cards located in the PLC card
frame. The power Supply Specifications are listed in document VTFO-
40000-128-10/1 (TSX SUP 70 manual)

Processor Module: The PLC program is stored by the processor module type TSX 67-40.
Installation and user instructions are contained in document VTFO-
40000-128-06/1 (TSX DM-PR40 TSX model 40)

Discrete Input Card: Discrete input lines are monitored and read by the 32 channel discrete
input card type DET 32 12. Installation and user instructions are
contained in document VTFO-40000-128-16/1 (TSX DET 32 12 32 point
24 VVDC input module)

Discrete Output Card: Discrete output lines are controlled by the 32 channel output card type
VTFO-40000-128-15/1 (TSX DST 3292 Interface Output Module
pamphiet)

Analog Input Signal Analog input signals are processed by the AEM 811 8 channel analog

Processor: input module. Installation and user instructions are contained in
document VTFO-40000-128-09/1 and 2 (TSX D23 001E Analog Input
Module User's Manual)

Temperature Signal :  PT100 signals are processed by the 4 channel AM 413 PT100 input
Processor: card. Installation and user instructions are contained in document
VTFO-40000-  (TSX D43 727 Temperature Probe Manual)
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Analog Output Signal : Analog output signals are processed by the 4 channel ASR 402 analog
Processor: output card. Installation and user instructions are contained in document
VTFO-40000-128-13/1 (TSX3 D23 007E Analog Output Manual)

Serial Communication Serial communication signals are processed by the two channel Signal

Processing: SCM2011 card. Installation and user instructions are contained in
document VTFO-40000-128-07/7 (TSX D43 724 and TSX D23 004 E
SCM User's Manual)

Networking Communi-: Networking communication signals are processed by the Mapway ation

cation Signal Network nodute SX MAP 107. Installation and user instructions are

Processing: contained in document VTFO-40000-128-19/1 and VTFO-40000-128-
20/1 (TSX DR MAP V4E and the TSX DM MAP 1074 E manuals)

Screen Terminal: An XBT-VA compact screen terminal is connected to the Uni-Telway bus
on the PLC Instaliation and user instructions are contained in document
VTFO-40000-128-08/1 (TSX D24 004 and XBT VA)

5.3.3 Interface Control Panel (Refer to VTFO-43000-03)

The interface control panel (ICP) is used to connect the PLC discrete signals to the system. The
unit functions primarily as a voltage interface and distribution unit. Signals received from the
PLC are fuse protected and then either fed directly to the system (24V DC) or control relays and
contactors from where the signals are fed to the system. Signals received from the system pass
through the ICP where they are fuse protected before being input by the PLC.

The main supply voltages for all the vacuum and thermal system components are switched,
isolated and protected via the ICP.
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SECTION 2

SPECIFICATIONS

1. INTRODUCTION

This section provides the specification data for all major components of the Large Thermo
Vacuum Facility.

The specifications of the vacuum system, vacuum vessel and pallet thermal system and main
control/data acquisition system, are given in the tables.

The specifications are given in these tables are for quick reference purposes of the systems,
sub-systems and components.

Please note that these tables are not complete in referring to each and every sub-component,
etc., but rather concentrate on the overall picture.

The tables are given in the following order:

1. Vacuum system

2. Vacuum vessel and pallet

3. Thermal system

4, Main Control/Data Acquisition System
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SECTION 3
OPERATING INSTRUCTIONS

1. PREPARATION PRIOR TO OPERATION

1.1 GENERAL

When the Thermal-Vacuum System (TV-system) was completely switched off and the door was in an
open position for some time, this procedure has to be followed prior to operation of the system. One
also assumes that the test equipment is already placed inside the test chamber, and that all
signal/control wires to the experiment are coupled and that electrical feed-throughs are vacuum tested.

The pre-operational activities can be divided into "Test Chamber Preparation" and "Control System
Start-up".

1.2  TEST CHAMBER PREPARATION

1.2.1  Make sure that the pallet is locked inside the vessel.
1.2.2  Clean the door and vessel flanges thoroughly with Proponol.

1.2.3  Clean the Viton O-Ring on the Vessel flange carefully with Proponol; make sure no solid
particles are collected on the O-Ring.

1.24  Close the door, make sure the door and vessel flanges meet correctly.

1.2.5 Activate the door clamps. Make sure that the door and vessel flanges close to within
acceptable tolerances. The door clamp activation switch can be switched to neutral
position, while the clamps remain clamped.

Note: 1. The system is now ready for evacuation.

2. The above switching (1.2.4 and 1.2.5) can only be done
when the control system is already running as
described in the next paragraph.

WARNING: Once the vacuum inside the vessel is better than 200
m.bar. (Pressure < 200 m.bar), the clamps must be
released to at least a distance of 20mm from the
door flange.
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1.3 CONTROL SYSTEM START-UP
The "Start-up" of the control system is done at the Main Control Panel (MCP-1). The detailed

procedure is described in paragraph 7 of this section, "Control and Supervisory System, Use of Monitor
77"

2 VACUUM SYSTEM

2.1 GENERAL DESCRIPTION

Once the Test Chamber is prepared and ready for evacuation, the pumping sequence may begin.
Basically the sequence can be described as follows:

a) Evacuation:
1) All valves closed and pumps off.
2) Door pump starts to assist door sealing.
3) Fore pump system starts and evacuates chamber.
4) At 5 x 102 mbar the turbo pumps start to assist forepump system.
5) The He Compressors start to cool down the cryopumps.
6) At cryopump temperature of 70° K, the forepumps and turbopumps stop.
7) The Test Chamber is now totally isolated from atmosphere.
8) Cryopump temperature drops to a minimum value (=9 — 13°K) for

maximum pumping speed.
9) An ultimate pressure of 1x10-® mbar and better should be reached.

Once the test is completed and devacuation is required, the basic sequence is as
follows:

b) Devacuation: (clean cycle)
1) Switch off High vacuum pumps (He Compressors).

2) Start regeneration of Cryopumps, use Turbo pumps with backing pump
function. The reason for this is to pump most of the "contaminants", as
collected on the cryopumps, out of the vessel, meaning a cleaner
devacaution process.

3) When the pressure in the chamber drops to ~5x10-' mbar, the turbo pumps
stop and purging of the test chamber with GN, starts with the forepumps still
running for a pre-set time, continuing with "regeneration” of the cryopumps.

4) After the forepumps stop, GN, purging will continue until atmospheric
pressure is reached inside the chamber.
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c)

d)

U]

5) The door opens slightly when atmospheric pressure inside the chamber is
reached and purging of GN,, will stop.

WARNING: A large quantity of GN2 will expel from the test
chamber with fatal effect to human life.

Note: Depending on the clients requirement, the vessel may
be purged with GN2 up to a pressure of ~ 200 mbar,
from where-on air can be let in by opening of a hand
valve.

Devacuation (Fast)

Stop the vacuum system (assume system is operating in high vacuum automatic control mode)
and switch to manual mode control. Open purging valves and purge till atmospheric pressure
is reached inside the chamber.

Regeneration of Cryopumps (During high vacuum condition)

Regeneration of the cryopumps is required when one or more of the cold heads are saturated
during high vacuum operation. This is done by running the turbo pumps on the cryopump(s)
with the cold head heater(s) switched on. The turbo pump/s, need/s assistance of a forepump
system.

The specific switching sequence as programmed for evacuation (pump down cycle) and
devacuation (turn off) are given below:

EVACUATIN (PUMP DOWN CYCLE) PROGRAM SEQUENCE

A limit switch is fitted to the chamber door. The vacuum sequence will not start until the limit switch
indicates that the door is closed. As soon as the vacuum sequence is started, the following will happen:

1) Cryopump 1 regeneration starts if compressor 1 is off, 7% [~/ st DS ,
2) Cryopump 2 regeneration starts if compressor 2 is off. A
3) Cryopump 3 regeneration starts if compressor 3 is off.  __ ey g .

4) Cryopump 4 regeneration starts if compressor 4 is off. ) ‘

5) Pump 5 is started.

6) Pump 5 timer is started (5 minutes).

7) Pump 8 timer is started (10 seconds).

8) Alarm sounds for five seconds.

9) If pump 5 timer is done, open valve 9. (Connect door system roughing pump system)

10) If pump 5 is running, open vaive 10. (Connect door to door pump)

11) If pressure measured by Perani 2>1,8 mB then open Valve 2 (Bypass valve for pump 6).

12) If Vaive 4 is closed. then open valve 4 (Connect instrument port to vessel).

13) If Perani 2 pressure is not smaller than perani 4 then open valve 1, else go to step 15. This
prevents the system from losing vacuum if the internal pressure is lower than the external
pressure. When the forepump pressure is smaller than the chamber pressure, valve 1 will
open.

14) If valve 4 is open then open valve 16. (Connects instrument port to the roughing pumps)

15) Open valve 17.(Connect roughing pumps to manifold).

16) If pump 8 tinizr is done, start pump 8, start pump 7 timer. (10 Seconds)

17) If pump 7 timer is done, start pump 7.

18) If perani 2 smaller 2 mBar, close valve 2, start pump & timer.(10 seconds)

!
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19)
20)
21)
22)

23)

1)

If Perani 2 smaller 1.8 mBar and pump 6 timer is done, start pump 6.

If Perani 2 smaller 1*10-2 mBar start turbo pumps and open valves 5 through 8.
If Perani 2 smaller than 7*10-3 mBar stop cold head regeneration, and start COMpressors.,
If one of the cold head temperatures is smaller than 70 Kelvin, then:

Turn turbo pumps off.

Close valve 5 through 8. (Turbo pump outlet valves).

Close valve 1.(Roughing pumps connection to chamber).

Close valve 16.(Roughing pumps connection to instrument port).

Close valve 17.(Roughing pumps connection to manifold).

Turn pump 6 off.

Turn pump 7 off.

Turn pump 8 off.

Chamber is now isolated, and the system will wait for the "STOPVAC" signal.

DEVACUATION (TURN OFF ) PROGRAM SEQUENCE (CLEAN CYCLE)

On entry to the devacuation sequence, pump 5 is running, and is connected to the manifold as well as
the door. When the PLC has received the "STOPVAC" signal, the following will happen:

1) Compressor 1 will stop, cryopump 1 regenerative heaters will turn on.
2) Compressor 2 will stop, cryopump 2 regenerative heaters will turn on.
3) Compressor 3 will stop, cryopump 3 regenerative heaters will turn on.
4) Compressor 4 will stop, cryopump 4 regenerative heaters will turn on.
5) 10 minute regenerative timer will start.
6) System will wait for timer or for pressure to rise above 5*10-3 mBar.
7 Turbo pumps 1 through 4 will start.
8) Valves 5 through 8 will open connecting turbo pumps to pump 5.
9) System will wait for pressure to rise above 5*10-% mBar.
10) Turbo pumps 1 through 4 will stop.
11) Pump 8 will start.
12) Valve 17 will open. (Connect roughing pumps to manifold).
13) If pressure greater than 1 mBar valve 9 will close.(Disconnect door from roughing pump)
14) Valve 11 will open.
15) Valve 12 will open.
16) Valves 12 and 14 can be adjusted by the operator to control the devacuation time.
17) When the sy.tem pressure rises above 100 mBar, pump 7 will start. N J
18) 30 trinute-pump down timer will-start, and serption-trap will turn on. Ve« ; > 300 Mbat 7 hen
19) Bystermrwittwait for-timer.
20) Valve 10 will close.(Disconmect door from pump 5)
21) Valve 17 will close.(Disconnect manifold from roughing pumps).
22) Pump 7 will turn off.
23) Pump 8 will turn off.
24) System will wait until door opens.
25)  Valves 5 through 8 will close. 2.t 700 e bhwt
26) Sorption trap will switch off.
27) Regenerative heaters will turn off.
28)  Pump 5 will stop. Ts loo what ¢ velo :
28) Valve 11 will close. gk ot
29) Valve 12 will close. | %~ .
30) System is now devacuated.
Yol A ( ﬁf“j Xoa/ 1 LA y D ot Y
y /
T \ vy LA ]
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(1 REGENERATION (DURING HIGH VACUUM CONDITIONS)

Note: Program sequence steps will be influenced by the clients
specific requirements and is therefore not prescribed as a
"normal” operating procedure.

2.2  DETAIL INSTRUCTION

2.2.1 Evacuation

One of the following methods may be used to start the evacuation process:

1. From Monitor 77. On the vacuum menu screen select 'START VAC'
2. On the XBTVA select 'START VACUUM SYSTEM'
3. On the XBTVB select 'START VACUUM SYSTEM'

2.2.2 De-vacuation (Clean Cycle)

One of the following methods may be used to stop the evacuation process:

1. From Monitor 77. On the vacuum menu screen select 'STOP VAC'
2. On the XBTVA select 'STOP VACUUM SYSTEM'
3. On the XBTVB select 'STOP VACUUM SYSTEM!'

2.2.3 Regeneration During High Vacuum
This process is done manually.

Fitted to each cryopump is a turbopump. The turbo pump is connected via a valve to the manifold,
which in turn is connected to pump 5, the door seal pump during the high vacuum sequence. When
the cold head temperature rises above 22 Kelvin, it is an indication that the cryopump must be
regenerated. The following sequence is to be followed in order to regenerate a cryopump:

This example will assupe that Cryopump 1 is saturated.

1. Open the High Vacuum Control panel, and turn the key switch for turbo pump 1 to the
'manual’ position.

2. Open the front panel of the High Vacuum Control panel, and press 'START' on the NT6
control panel marked 'CRYO 1'. The 'START' LED will illuminate. After approximately 30
seconds, the 'RUN' LED will illuminate.

3. From the XBTVA terminal press 'CNTL' and 'INC' simultaneously, if the terminal is NOT in
confidential mode,

4, Once the terminal is in confidential mode, select 'MANUAL MODE'.
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5. Select 'MANUAL VALVE SELECTION' and open valve V5.

6. Return to the Main Menu, and select '"AUTOMATIC MODE!' once this is done.

Note: It is important to return to AUTOMATIC MODE as soon as
possible, extended periods in manual mode may upset the
thermal control system, if the thermal system is running

.7. In the High Vacuum Control Panel, switch the heating unit HU100 marked 'CRYO 1' to
manual mode.

8. Select the regeneration period required by adjusting the timer on the HU100.

9. The temperature on the cold head will now rise, as indicated by the LT1 marked 'CRYO 1.

10. When the cryopump has been regenerated, close valve V5 from the XBTVA terminal.

1. When valve 5 is closed, select 'STOP' on NT6 control panel, marked 'CRYO 1.
12. Return the key switch position to '"AUTOMATIC' for turbopump 1.

13. Regeneration is complete, and CRYO 1 will cool down.

3 THERMAL SYSTEM

3.1 PURGE SYSTEM
3.1.1 General Description

This cycle is used to purge the thermal system of any impurities (e.g. moisture) with nitrogen gas prior
to start up. The purging cycle must be initiated in the following circumstances:

- If the system has not been in use for an extended period

- After any maintenance has been carried out, especially if such maintenance involved
opening of the thermal system.

- Any chance of getting air/moisture into the system.

Warning :  Moisture in the system can cause ice blockages when
the system is operating at sub zero temperatures.

The purge cycle consists of four separate sub cycles. Each of these sub cycles purge a different part
of the thermal system. The purge cycle starts with an initial status set up for certain components and
valves. This is as follows:

Doc. No.: VTFO-00000-128 ISSUE: 1 Page 6 of 31
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COMPONENT

NO DESCRIPTION STATUS
RF 100 Fan Off
HU 100 Heater Off
V 107 Cooler Valve Closed
V 109 Flooding Valve Closed
V 106 Exhaust/Pressure Control Valve Closed
V113 Purge Valve Closed
V 100 -V 104 Shroud Control Valves Open
V 105 Main Inline Valve Closed o
V111 Drain Valve Open
V 123 Flashing Chamber Valve Closed
\V 128 Pressure Relieve Valve (hand) Closed
V130 Fan Purge Valve Closed

First sub cycle:

The first sub cycle purges both manifolds, the shrouds and all pipework between the manifolds and
shrouds. This involves opening valve V 113 for 3 minutes.

Second sub cycle:

The second sub cycle facilitates purging of the flashing chamber by closing valves V 100 - V 104 and
opening Valve V 123 for one minute.

Third sub cycle:

The third sub cycle allows purging of the injection unit, heater unit and gas circulation fan. This is done
by closing valve V 123 and opening valve V 105. The third sub cycle lasts three minutes after which
valve V 111 closes. The system pressure is then allowed to build up to the required set point
whereafter valve V 113 is closed. The system is now ready for operation.

All the above sub cycles are automatically initiated from the controf desk as described in paragraph
3.1.2 below.

Fourth sub cycle:

The fourth sub cycle allows purging of the fan motor compartment, and is done manually by opening of
valve V 130 for one minute. The system is now ready for operation.

3.1.2 Detailed Instructions

1. From the Main Menu in Monitor 77 select the "PROFILE MASK' menu. CF 7)

2. From within the profile mask menu, select the purge function. (FQ)

3. The system will now purge automatically as detailed in the purge mode flow diagram.
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Note: The high alarm level on the system pressure controller must be set
to setpoint 5,5 bar, and the system pressure must be set to 5,8 bar.
Failure to do so will not allow the purge sequence to complete!

4. When the purge sequence has completed, valves V100-V105 will open and valve V123 will
close.

5. Select the thermal mimic and verify the status of the valves.

6. From the thermal mimic use the mouse to click on the PS100 icon. The system pressure

should be approximately 5,5 bar (6,5 bar absolute).
7. If the pressure is as stated in the above step, the purge cycle is complete.

Refer the purge mode diagram:
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3.2 THERMAL CYCLE(S)

WARNING: Complete Purge Cycle before proceeding with thermal
cycle(s).

3.2.1 General Description
The thermal system has two basic modes of operation as follows:

Gaseous mode ("Controlled")

Gaseous nitrogen at 7 bar (absolute) is circulated through the shrouds by the gas circulation fan and
can be heated or cooled in the heater and injection (cooler) units respectively. The cooler and heater
units are controlled by comparing a set point temperature with the average temperature of all five
shrouds. Balancing of the five shroud temperatures is done by comparing each individual shroud's
average temperature with the average temperature and using this data to control valves V 100 - V 104,
The shroud temperature in this mode is controlled from 393 °K to 123 °K with a transient rate of 1.5
°*Kiminute average. It is also possible to hold the shrouds at a constant temperature at any point within
the range 393 K to 123 K for any length of time ("Soaking Period"). Thus it is possible to program the
system to follow a predetermined profile which may include any number of transients and soaking
periods. Paragraph 3.2.2 describes the basic program/sequence steps. Paragraph 3.2.3 gives the
detail operators instructions for running the system in the automatic mode.

Liquid (flooded) mode ("Uncontrolled")

Liquid nitrogen is gravity fed into the shrouds from the flashing chamber. The flashing chamber is in
turn fed with liquid nitrogen via valve V 109. The flashing chamber is allowed to fill and gravity feed
liquid nitrogen to the shrouds until the shrouds are completely filled with liquid nitrogen. During this
mode valve V 123 is opened to vent gaseous nitrogen from the flashing chamber and valve V 105 is
closed in order to prevent liquid nitrogen reaching the heater unit's elements. In the shrouds the liquid
nitrogen is allowed to boil off at atmospheric pressure. A differential pressure sensor facilitates the
control of valve V 109 such that this level of liquid nitrogen is maintained in the system. This operating
mode is uncontrollea in both the transient from the gaseous mode to a flooded situation, as well as in
the steady state flooded mode. During the flooded mode the shroud temperatures are in the region of
78°K to 88°K. Paragraph 3.2.4 describes the basic program/sequence steps. Paragraph 3.2.5 gives
the detail operators instructions for running the system in the automatic mode.

3.2.2 Gaseous Mode Program Steps

The basic steps of the automated program are as follows:

Note: This cycle is always preceded by a purge cycle. This means
the thermal system is already on "set" pressure and valve
status remains as per end of purge cycle. Pressure control
valve V106 is active.

- Open V100 — V105 (shroud control valves) 100% open.
- Start recirculation fan (RF 100).

- Depend on pre-programmed thermal profile (mask) the heater or cooler units will
become active to heat up or cool down the recirculation gas.
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3.23

3.2.4

Note: . To follow transient profiles (AT/min) within acceptable
tolerances, both heater and cooler units are used in a
"cooled down", and in a "heat-up” transient.

. The system is well interlocked to prevent undesirable
scenarios. See paragraph 4 for "Interlock conditions".

V100 — V104 (shroud control valves) will be controlled by a independent software
subroutine, and strive to be at maximum valve openings at all times.

Warning:  When the cooler unit is functioning, mass (LNz) is injected
into the system. That means mass in the form of gas (GNz)
has to be released to keep mass/pressure balance inside the
pressure boundary of the thermal system. If for instance the
exhaust/pressure control valve is stuck in a closed position,
and LN: is still injected into the system, the pressure will
build up and result in blowdown of the safety valves. For this
scenario, the cooler injection valve V107 will be interlocked
on high pressure signal. (Valve V107 will close).

Gaseous Mode Detail Instruction

Before the thermal system will start, data must be entered into the profile mask. Refer
section 7.2.7 as to how this may be done.

Once the data has been entered, select the thermal mimic, and press 'F1' to start the
thermal system.

The thermal system will proceed from setpoint to setpoint automatically, until either the
operator selects 'F2' to stop the thermal system from within the thermal mimic, or the
system encounters both a time of 0 minutes and a setpoint of 0 degrees.

Liquid Mode - Basic Program/Sequence Steps & Philosophy

The basic steps of the automated program for the liquid mode are as follows:

Note: This cycle is always preceded by a automatic controlled gas mode
cycle, ended at an average system temperature of 1230 K (-1500
C). All valve status as per gas mode operation:
1. Switch heater unit (HU100) off.

2. Switch GNj recirculation fan (RF100) off.
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3. De-pressurize thermal system to atmospheric pressure. This
is done manually" at thermal system's control panel (TSCP-
1), this will automatically control V106.
Note: System's temperature will drop immediately.

4. Open valve V100 — V104 to 100% open position (shroud
control valves).

5. Open flashing chamber valve V123.

6. Close large in-line valve V105 to protect heater and cooler
units against LNy

7. Make sure drain valve V111 is closed.
8. Close purge valve V113
9. Close cooler unit's spray valve V107

Note: The system is now ready to be flooded with LN,

10. Control LN2 injection with flooding valve V109 with AP signal
to obtain set point level of LN, inside shrouds. % 2200~ ~

Note:- High set point level is reached when shroud 2
and/or shroud 4 most upper temperature
probe(s) respond to LN, temperature of -190°C.

- If possible, fill system quickly with LN, to upper
temperature probe level of shroud'4 and 5. From
here to reach set point level as described in Note
above, LN, must be injected at low rate.

- Care must be taken not to overfill the shrouds, in
order to prevent LN, built-up in shroud outlet
pipes, and hereby block the five boiling-off gas -
escape routes to the top manifold.

11.  Once the set point level is reached, start timer count down
for flooding mode duration required.
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3.2.5 Liquid Mode: Detail Operators Instruction

Two methods may be used to engage liquid mode.

2 X Enter a setpoint of -160°C or lower into the profile mask. - $\&;\> W\} owd 5'7/{"")(;
* m)fd Ceerl
i 2 Cool the system down to -150°C by entering a setpoint of -150°C. When the setpoint of -150°C
is reached, select 'SUPER COOL' from the profile mask, by pressing 'F3'".

When the system enters liquid mode, it will automatically wait for the operator until the following
conditions are met:

1. Valve V105 must close. If valve 105 is stuck, the system will not proceed until the valve
is closed.

Once valve 105 is closed, the system will wait for the operator to adjust the system
pressure to 0 bar from within the thermal control panel.

Once valve V106 is open, i.e.: the system is depressurising via valve V106, the system
will ensure that the cooler valve V107 is closed. If the valve is stuck, the system will wait for
the operator to close the vaive.

The shut off valve controlling valve V109 the flashing chamber iniet valve will only open once
the system pressure is lower than 1 bar (2 bar absolute). If liquid nitrogen is poured into the
system too quickly, the system pressure may rise. In the event that the system pressure rises
above 2 bar (3 bar absolute) valve V109 shut off vaive will automatically close until the
system pressure drops below 1 bar (2 bar absolute).

The system will remain in the liquid mode until the operator selects the Drain Mode by pressing the F4
key from within the profile mask menu.

Refer the liquid mode flow diagram.

/ | SALel it  # 4\ s o~ \aeo v /8¢
T R A, L g AL N

%MZ»U Clskoe Lovel ARO0 i~
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3.3 DRAIN CYCLE

3.3.1 General Description:

Pressure in the system can be created by gas forming (boiling off of GNz when the system is flooded
with LNz If the set pressure cannot be sustained by boiling of gas (too little gas forming), the purge

system (GN= supply) will become active to stabilized at "set" pressure. The liquid is drained through
the drain valve and collected in the boil-off vat outside the building.

3.3.2 Drain Cycle - Basic Program/Sequence Steps and Philosophy

The basic steps of the automated program are as follows:

Note: This cycle is always preceded by a liquid mode cycle. This means
that the system is filled with LNz and is close to atmospheric
pressure at initiation of the drain cycle. The in line valve V105 is
closed and the pressurised system is set to "rear" atmospheric
pressure (V106 is open, or controlling slight pressure inside the

thermal system).
SE&T LEVEL CONTROL. AT O waw~ RO

1. Clos‘emz injection valve V109 to flushing chamber.
2. Set pressure control system to 0,5 bar.

Warning:  Never close (override) exhaust valve V106 during the
drain cycle. Even with the drain valve open, a "too
high" pressure may build up.

3. Open drain valve V111

4. Increase pressure setting to 2,5 bar on pressure control
system inside the thermal system control panel. This higher
pressure setting can be created by GN: boiling off, or
purging through valve V113 that opens. If the system
pressure doesn't rise to set point level, exhaust valve V106
will remain closed, and GN: injection valve (purging valve)
V113 remain fully open. This situation is normal.

5. Continue until the average temperature is ~ - 150°C.
Note: If one of the shrouds reaches -150° C and the

other shrouds not, this means that that specific shroud is dry
(all LNz has boiled off), most of the GN= will now escape
through that shroud, with little further heat-up effect on the
other shrouds. The thermal system can now be "switched
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off" for natural "heat-up" making sure that valve V11 1/4
is closed and V105 is open and pressure setting is set at
atmospheric pressure. If a quicker "heat-up" is required,
steps 6 -9 are to be followed. This can be done manually or
in a controlled fashion.

6. Close the shroud balance valve (V100 to V104) of the shrouds
that have reached -150° C. Continue till all five valves are
closed.

Note: A shroud that has reached -150° C, may partly be filled
up with LNz blown out of the other shrouds and which has
collected in the lower manifold.

7. The moment the last valve closes, all shroud balancing
valves (V100 —V104) have to be opened.

8. Open in-line valve V105.

9. Set system pressure to atmospheric pressure. This means
the GN: injection valve (purge valve) V113 is also closed.

10.  Let system naturally heat up for approximately 8 hours to
allow residual LNz in shrouds to boil off. A controlled gas
mode can be initiated during heat up cycle if the next
warning is complied with.

Warning:  Before termination of the purge cycle to go into
a controlled gas mode, all shrouds temperatures must be > -
120° C. (>150°K)

3.3.3 Drain Cycle Detail Operators Instruction. o FiesT, Thew
. -~ T -h
oSET LEVEL J“T‘;\Itgm:‘w f'%zm\*“:& AT % BAR THev!
Once the operator wishes to exit the liquid modg, 'DRAIN MODE' must be selected. In order to enter
drain mode, the operator must first select the profile mask menu from the main menu by pressing the

F7 key. From within the profile mask menu, the operator must then select F4, drain mode.

Once drain mode is initiated, the system will remain in this mode until the average inlet temperature 1s
greater than -1ROVC. ~887 ~/20%

When the drain mode is complete, the system will automatically purge, and the alarm will sound for 5
seconds. The systeru will continue purging until the operator adjusts the system pressure setpoint to
5,8 bar and the high alarm to 5,5 bar.

Refer the Drain Mode flow diagram:
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OPEN V100
OPEN V101
OPEN V102
OPEN V103
OPEN V104

'
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'
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'
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VALVE 106

'

OPEN
VALVE 111

y
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RETURN
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PURGE
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4 INTERLOCK CONDITIONS FOR LARGE THERMOVACUUM FACILITY IN
AUTOMATIC OPERATING MODE.

FAN: Motor temperature > 70 Centigrade } *\34@“‘:
No water flowing at flow switch. ackion !

HEATER: Gas temperature > 135 Centigrade

System pressure < 5 Bar absolute

Valve 105 closed
Fan not running S X Sﬂj-:;?

Gas temperature 60 degrees Centigrade
higher than temperature at shrouds i.e.: Low
flow rate.

SYSTEM PRESSURE > 7.5 BAR Drain valve will open
ABSOLUTE: Thermal system will reset
Gaseous Nitrogen inlet will close
Liquid Nitrogen inlet will close.

VALVE 106 CLOSED: In kettid mode the system will wait until Valve |X doclech
106 is open. This is to prevent the system

from over pressurising.
VALVE 107 OPEN: In ltgeid mode this valve must be closed, as  [X W

liquid is injected into the system via Valve
109. The system will wait until Valve 107 is
closed.

VALVE 105 STUCK: in ligtre-mode, this valve must be closed to //W
isolate the fan, heater and cooler. The system
will wait until Valve 105 is closed.

CHILLED WATER: The system will switch off if the chilled water
supply is interrupted.

COMPRESSED AIR: The system will switch off if the compressed
air supply is interrupted.

S
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5 ALARMS FOR GASEOUS AND LIQUID MODES

ALARMS FOR GASEOUS
AND LiQUID MODES

ACTION

MODE

System pressure > 7,5 Bar
absolute.

1. Drain valve will open.

2. Thermal system will reset.
3. Gaseous N2 inlet will
close.

4. Liquid N2 inlet will close.

Manual and Automatic

Vacuum system starts. Alarm will sound for 5 Automatic
seconds.

Fan temperature > 70 Celsius | Fan off. Manual

Fan temperature > 70 Celsius | Fan speed to 30% Automatic

No flow at flow switch Fan off

Gas temperature > 135 Heater off Automatic

Celsius

System pressure < 4 Bar Heater off Automatic

absolute

Valve 105 closed Heater off Manual and Automatic

Gas temperature 60 degrees | Heater off Automatic

Celsius higher than shroud
temperature

Valve 105 stuck

Supervisory system Alarm
Banner Line (ABL) indication

Manual and Automatic

System pressure > 7 Bar
absolute and Valve 106
closed

Supervisory system ABL
indication

Manual and Automatic

Chilled water off 1. Vacuum and thermal Automatic
systems will turn off
2. Supervisory system ABL
indication

Chilled water off Supervisory system ABL Manual
indication

Compressed air off 1. Vacuum and thermal Automatic
systems will turn off
2. Supervisory system ABL
indication

Compressed air off Supervisory system ABL Manual
indication

ALARMS FOR LIQUID ACTION MODE

MODE OPERATION

Valve 106 closed System will wait until Valve Automatic
106 is open

Valve 107 open System will wait until Valve Automatic
107 is closed

Valve 105 stuck System will wait unti} Valve Automatic

105
is closed,
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ALARMS FOR DRAIN ACTION MODE
MODE OPERATION

Compiletion of a Liquid mode | Status indication to operator Automatic

cycle, the system is in drain that Gaseous mode may

mode and the average inlet resume

temperature exceeds -120
_degrees centigrade.

6 MANUAL MODE OPERATION.

6.1 PURPOSE OF MANUAL MODE:
The purpose of the manual mode function, is to allow the operator to test various components of the
thermovacuum facility before and after profile tests, but NOT during an active profile. In the event that

a profile is active and manual mode is entered, the system may be damaged, as the safety interlocks
between automatic and manual mode differ as listed below.

6.2 INTERLOCKS ACTIVE IN MANUAL MODE:
6.2.1 FAN:

The fan is interlocked to the motor temperature only, and not to the cooling water. This is to enable the

operator to test the fan for a short period of time if the cooling water is disconnected. If the motor
temperature exceeds 70 degrees centigrade, the fan will turn off, and the alarm will sound.

6.2.2 HEATER:
The heater is ONLY interlocked to valve 105. If valve 105 is closed, the heater will not energise. It is
VERY important to note that it is the operator's responsibility to ensure that the fan is running, and that
valves 100 to valves 104 are open BEFORE testing the heater. The reasons for the lack of interlocks
are;:

1. The system need not be pressurised.

2. To facilitate ease of testing.

6.2.3 OVER PRESSURE:

In the event that the system pressure is to rise above 7,5 bar absolute, the following will happen:

1. The thermal system will be shut down.
2. The drain valve will open.
3. The Nitrogen inlets will close, both gaseous and liquid.

6.2.4 VACUUM:

The Forepump system may be started with the chamber door open. In automatic mode, the chamber
door must be closed.
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6.2 OPERATION OF MANUAL MODE

1. Engage manual mode by selecting manual mode on either of the two terminals by
selecting confidential mode on the XBTV terminals.

To engage confidential mode on the XBTVA terminal, press CNTL + INC simultaneously.
After a few seconds a message will appear at the top of the screen "CONFIDENTIAL
MODE"

To engage confidential mode on the XBTVB terminal, turn the key switch to the
"CONFIDENTIAL" position.

2. Select one of the menus applicable i.e.:
2.1 Pump Menu.
2.2 Valve Menu (Open/close control).

23 PID Menu (Proportional control).

3. The following pumps may be controlled:

3.1 Pump 5.
3.2 Pump 6.
3.3 Pump 7.
3.4 Pump 8.

4. The following valves may be controlled:

4.1 Valve 1.
4.2 Valve 2.
43 Valve 4,
4.4 Valve 5.
4.5 Valve 6.
4.6 Valve 7.
4.7 Valve 8.
4.8 Valve 9.
4.9 Valve 10.
410 Valve 11.
411 Valve 12.
412  Valve 16.

413 Valve 17.

414 Valve 18.

415 Valve 105 shutoff,
416  Valve 111 shutoff,
417 Valve 112.

418  Valve 113 shutoff,
4.19  Valve 123 shutoff.
4.20 Valve 100 shutoff.
4.21 Valve 101 shutoff.
422 Valve 102 shutoff.
4.23  Valve 103 shutoff.
4.24 Valve 104 shutoff.
4.25 Valve 107 shutoff.
426  Valve 109 shutoff.
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Note:

1. Valve 106 cannot be controlled, as the PLC will automatically keep
the shutoff valve open, and the PID controller in the Thermal control
panel will control the proportional position of the valve.

2, The shutoff valves are located in the Thermal control panel and are

the electro-pneumatic type.

5. The following proportional devices may be controlled:

5.1 Valve 100.

52 Valve 101.

53 Valve 102.

54 Valve 103.

55 Valve 104,

56 Valve 107 (Cooler or LN2 injection system).
5.7 Fan (Speed).

538 Heater (Output).

Pressing increment will increase the output to the selected device by 2,5% each time. Pressing
decrement will increase the output to the selected device by 2,5% each time.

Valves 106 and 109 cannot be controlled from this menu as their control signals are wired directly from
the PID controllers in the Thermal control panel. Their menus are included in the event that their
control signals should be routed via the PLC.

7. MONITOR 77 - OPERATOR INSTRUCTIONS

7.1. START UP PROCEDURE.

7.1.1.  Ensure that the printer is on line.

7.1.2.  Atthe DOS command line prompt type "RUN". After a minute or two Figure 1 will be
displayed on the computer screen.

7.1.3.  Ensure that the Combitron and the Thermovac are turned on.

7.1.4. Press "PANIC ABORT" to reset the PLC.

7.1.5.  Press the "REM" button on the Combitron. The LCD bar above the "REM" switch should return
after one or two seconds

7.1.6. Press the "REM" button on the Thermovac. The LCD bar above the "REM" switch should
return after one or two seconds.

7.1.7. Ensure that the LED's in the High Vacuum Control panel flash sequentially on each card.

7.1.8. Ifthe LCD bar in steps 3 and 4 above do not re-appear or the LED's do not flash as
described in step 5 repeat steps 2 to 5.
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7.2.  MAIN MENU DESCRIPTION.
There are eleven (11) selections which may be made from the main menu.
7.2.1 F1 Panic Abort

This function will reset the PLC and all the setpoint data previously entered will be lost. The system will
automatically return to a safe state.

7.2.2 Shift F1 Help Page

Selecting this option will display a brief help page as displayed in Figure 2.

7.2.3 F3 Automatic Manual Mode Selection

This function allows the operator to toggle between Automatic and Manual mode without having to
access one of the XBTV terminals. The system mode will appear in the block. i.e.: In automatic mode,

"AUTO" will be displayed and in manual mode "MAN" will be displayed. Manual mode should ONLY be
selected when components of the system wish to be tested.
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7.2.4 F4 Tune Pid Loop

Pressing this function will display an image similar to Figure 3. The following data is displayed:

| DATA DISPLAYED

| UNITS

| FUNCTION

| SETPOINT

| | Degrees Centigrade.

Displays the moving setpoint

during a transient and the
final setpoint when the
system is in a steady state.

|PROCESS VARIABLE

| | Degrees Centigrade.

Displays the temperature

measured by the PLC.

| %HEATER OUTPUT | [Percentage. | [Displays the value output to
the heater.

[HIGH ALARM | |Degrees Centigrade. | Maximum temperature limit
setting.

|LOW ALARM | |Degrees Centigrade. | Minimum temperature limit
setting.

[YELLOW DEVIATION | [Degrees Centigrade. | Deviation around the

setpoint. (Deadband control)

| ORANGE DEVIATION

| @egrees Centigrade.

Deviation around the

setpoint.
% COOLER OUTPUT l LPercentage j Displays the value output to
the cooler.
|P TERM | Engineering units. | Alters the gain of the PID
loop.
|I TERM | |Engineering units. j [Alters the integral term. I
ID TERM I LEngineering units. ] |Alters the derivative term. |
7.2.4.1 Pid Reset.

Pressing F1 will reset the PID loop with the default values stored in the PLC constant words.

7.2.4.2

Next Screen.

Pressing F7 will display the Cooling loop PID screen, refer Figure 4.

7.2.4.3

Acknowledge Alarm.

F8 will acknowledge the alarm displayed in the Alarm Banner Line above.
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7.2.4.4 Alarm Page.

Fo will display the Alarm page with all listed alarms
7.24.5 Exit Page.

F10 will return the operator to the Main Menu
7.2.5 F5VACUUM MIMIC

Selecting F5 from the Main Menu will display the vacuum menu similar to Figure 5. The following
options are available from this menu:

7.2.51 F1 Start Vacuum.

Selecting this function will start the Vacuum system.

7.25.2 F2 Stop Vacuum.

Selecting this function will stop the Vacuum system.

7.2.5.3 F3 Vacuum Trends.

Selecting this function will display an image similar to Figure 6. The trending chart will display the last
three hour vacuum trending data. The scale on the left hand side applies to the Perani heads, and the
scale on the RHS applies to the Penning head. Select F10 to return to the Vacuum Mimic menu.
7.254 F7 Cryopump Temperature Trends.

Selecting this function will display an image similar to Figure 7. The trending chart displays the last
three hour cryo pump temperature data. Each pump may be identified by the Trend Legend box. The
current temperature The current temperatures are displayed in the Current Value box.

7.2.5.41 F7-Historical trending.

Refer section 3 for a detailed description on the use of this function.

7.2.5.5 F8 Acknowledge Alarm.

If an alarm appears in the Alarm Banner Line, pressing F8 from any menu displayed, will accept the
alarm.

7.2.5.6 F9 Alarm Page.

If the operator wishes to view the list of alarms, pressing F9 from any menu, will display the alarm page
to the operator.

7.25.7 F10 Exit.

Pressing F10 will return the operator to the Main Menu.
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7.2,6 F6 PLC Diagnostics

Selecting F6 from the Main Menu will display the PLC diagnostic menu similar to Figure 8. If any of the
components in the PLC fail, i.e.: Hardware failure on one of the interface cards on the PLC, the status
box opposite the failed component will turn red. If the component is serviceable, the status box will be
green.

7.2.7 F7 Profile Mask

Selecting F7 from the Main Menu will display the profile mask menu similar to Figure 9.
The following functions are available from this menu:

7.2.71 F1 Data Input.

Selecting this option will display the Data Entry menu, similar to Figure 10. The following procedure
describes how data is entered or inserted:

7.27.11 Writing New Data
UPDATE PROFILE VALUES BOX:

Enter the required setpoint steady state time in minutes.
Enter the required setpoint value in degrees Celcius.
Enter the required stage number.

Press F1 to transfer the data to the PLC.

PON =

DEFAULT PROFILE VALUES BOX:

After a few seconds, the data entered above will be displayed in the default profile values box.
7.2.7.1.2 INSERTING A STEP:

UPDATE PROFILE VALUES BOX:

Enter the required setpoint steady state time in minutes.

Enter the required setpoint value in degrees Celcius.

Enter the required stage number.
Press F2 to transfer the data to the PLC.

mON =

CURRENT PROFILE STATUS BOX:

This box will display the current thermal stage number, the final setpoint and the remaining time for
that stage number if the steady state conditions have been met. The data displayed in only valid if the
thermal system is running.

DEFAULT PROFILE VALUES BOX:

After a few seconds, the data entered above will be displayed in the default profile values box, and all
the data below the inserted stage will be moved down. i.e.: A stage was inserted at stage 4. Stage 4 will
now become stage 5, stage 5 will now become stage 6 etc.
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7.2.7.2 F2 Purge Mode.

Selecting F2 will purge the thermal system.
7.27.3 F3 Super Cool.

There are two methods to engage liquid mode:

7.2.7.3.1. Enter a temperature lower than or equal to -160 degrees C in the
Data Update Menu.

7.2.7.3.2. Press F3 to engage liquid mode, regardiess of the temperature in
the thermal system.

7.2.7.4 F4 Drain Mode.

Press F4 in order to stop the liquid mode. The system will automatically enter the drain mode, and
remain in this mode until the average inlet temperature is greater than -120 degrees centigrade. The
drain mode function will only engage if the system is in liquid mode.

7.2.7.5 F5 Skip Step.

Pressing F5 will force the system to start the next stage number, regardless whether the system is in a
steady state or not.

7.2.7.6 F8 Alarm Page.

Pressing F8 will display the alarm page, with a list of all the alarms.
7.2.7.7 F9 Acknowledge Alarm.

Pressing F9 will acknowledge the alarms detected by the system.
7.2.7.8 F10 Exit Page.

Pressing F10 will return the operator to the Main Menu display screen.
7.2.8 F8 Alarm Page

Selecting F8 from the Main Menu will display the alarm page to the operator. A list of all alarms will be
displayed.

7.2.9 F9 ACKNOWLEDGE ALARM

Selecting F9 from the Main Menu will acknowledge the alarms displayed in the Alarm Banner Line.

Doc. No.: VTFO-00(:00-128 ISSUE: 1 Page 27 of 31
RESTRICTED



RESTRICTED IST|

7.2.10 F10 Thermal Mimic

Selecting F10 from the Main Menu will display an image similar to Figure 11. The following functions
are available from this menu:

7.210.1 F1 Start.

Pressing F1 will start the thermal system, if data has been input into the Update Profile Menu.
7.2.10.2 SHIFT F1 Help Screen

Pressing Shift F1 will display a brief help screen similar to Figure 12

7.210.3 F2 Stop.

Pressing F2 will stop the thermal system. The thermal system will stop automatically if the next stage
number data it loads from the internal PLC table contains a zero in the time and temperature data
fields.

The following "HOT AREAS" are available for selection using the mouse:

7.210.4 PS100 icon.

Selecting this icon, will display the PS100 Trending menu, similar to Figure 13
The following options are available:

7.2.10.4.1 Acknowledge Alarm.

Pressing F8 will acknowledge the alarm displayed in the Alarm Banner Line above.
7.2.10.4.2 Alarm Page.

Pressing F9 will display the Alarm page with all listed alarms.

7.210.4.3 Exit Page

Pressing F10 will return the operator to the Thermal Menu.

The system pressure trends will be displayed on the trending chart.
7.2.10.5 PS101 icon.

Selecting one of these icons, will display the Average Trending menu, similar to Figure 14
The following options are available:

7.2.10.5.1 Acknowledge Alarm.
Pressing F8 will acknowledge the alarm displayed in the Alarm Banner Line above.
7.2.10.5.2 Alarm Page.

Pressing F9 will display the Alarm page with all listed alarms.
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7.2.10.5.3 Exit Page.
Pressing F10 will return the operator to the Thermal Menu.

The flashing chamber trends will be displayed on the trending chart.

7.2.10.6 The areas marked "AVG"

Selecting one of these icons, will display the Average Trending menu, similar to Figure 15
The following options are available:

7.2.10.6.1 Historical Trending

Refer Section 3 for a detailed description of this function.

7.2.10.6.2 Acknowledge Alarm.

Pressing F9 will acknowledge the alarm displayed in the Alarm Banner Line above.

7.2.10.6.3 Alarm Page.

Pressing F8 will display the Alarm page with all listed alarms.

7.2.10.6.4 Exit Page.

Pressing F10 will return the operator to the Thermal Menu.

The trending chart displays the last three hour average shroud temperature data. Each shroud may be

identified by the Trend Legend box. The current shroud temperatures are dispiayed in the Current
Value box.

7.2.10.7 The areas marked "PT1d", "PT2d", "PT3d", "PT4d" and "PT5d".

Selecting one of these icons, will display one of the Temperature Trending menus, similar to Figure 16.
The following options are available:

7.2.10.7.1 Historical Trending

Refer Section 3 for a detailed description of this function.

7.2.10.7.2 Acknowledge Alarm.

Pressing F8 will acknowledge the alarm displayed in the Alarm Banner Line above.
7.2.10.7.3 Alarm Page.

Pressing F9 will display the Alarm page with all listed alarms.

7.2.10.7.4 Exit Page.

Pressing F10 will return the operator to the Thermal Menu.
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The trending chart displays the last three hour individual PT100 temperature data. Each probe may be
identified by the Trend Legend box. The current temperatures are displayed in the Current Value box.

7.2.11 Shift -F10 System Shut Down

Selecting SHIFT-F10 from the Main Menu will transfer the operator to the RUN-TIME menu. From this
menu the operator must select F2 and then press ENTER, (or the password and then ENTER if
enabled) to shut the system down. This is the only method that must be used in order to shut the
system down in an orderly sequence. Failure to do so may result in a loss of data!

7.3. HISTORICAL TRENDING FUNCTION.

When the operator has selected F7 the Historical Trending menu similar to Figure 17 will appear. The
method of operation is as follows:

1) The data displayed in the trending screen is data recorded over a three hour
data period. Any data older than this is automatically saved on the hard disk.

2 Three functions are available to retrieve and view the data that has been
recorded:

(2.1)  Minute.
(2.2) Day.
(2.3) Zoom.

3) Retrieving data using the "MINUTE" method.

(3.1)  Select F2 to turn History On.

(3..2) The Historical Trending Time Box displays the START and END times.

(3.3)  Pressing F7 will increment the START time.

(3.4) Pressing F8 will decrement the START time.

(3.5)  When the period has been selected pressing F2 will retrieve the data,
and update the trending area.

(3.6)  Pressing F3 or F4 will move the cursor over the trend, displaying the ¢
current cursor value in the cursor value box.

(3.7)  When the trend has been viewed, restore the START time to the most
recent time available by pressing F7 until the START time no longer
changes.

(3.8) Press F1 to return to Real Time mode.

(3.9) Press ESC to return to the previous menu.

4) Retrieving data using the "DAY" method.

(4.1)  Select F2 to turn History On.

(4.2)  The Historical Trending Time Box displays the START and END times.

(4.3)  Pressing F5 will increment the START time.

(4.4)  Pressing F6 will decrement the START time.

(4.5)  When the period has been selected pressing F2 will retrieve the data,
and update the trending area.

(4.6)  Pressing F3 or F4 will move the cursor over the trend, displaying the
current cursor value in the cursor value box.
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(4.7)  When the trend has been viewed, restore the START time to the most
recent time available by pressing F5 until the START time no longer
changes.

(4.8) Press F1 to return to Real Time mode.

(4.9) Press ESC to return to the previous menu.

The Zoom function is used to display the data logged over a long period of time, in
order to display a complete historical trend of the system performance.

(5) Retrieving data using the "ZOOM" method.

(5.1)  Select F2 to turn History On.

(5.2) The Historical Trending Time Box displays the START and END times.

(5.3) Pressing F10 will increment the START time.

(5.4) Pressing F9 will decrement the START time.

(5.5)  When the period has been selected pressing F2 will retrieve the data,
and update the trending area.

(5.6)  Pressing F3 or F4 will move the cursor over the trend, displaying the
current cursor value in the cursor value box.

(6.7)  When the trend has been viewed, restore the START time to the most
recent time available by pressing F9 until the START time no longer
changes.

(5.8) Press F1 to return to Real Time mode.

(5.9) Press ESC to return to the previous menu.

Note: The time scale is not applicable when the ZOOM function is in use.

7.4  CONVERTING LOG FILES TO LOTUS FORMAT.
7.41 Path Setup.

Before using this function, the following must be in the path of the computer:
Path=C:\FLINK\EXE;C:\LOTUS;C:\

The data logged by the system, is logged to the following directories: C:\FLINK\PRINTER and
C:AFLINK\SPOOL. Each of the files logged can have a suffix of .000 to .999, eg:PRINTER.000.

7.4.2. Converting the file.

Select the logfile which you wish to convert, e.g.: PRINTER.000, and enter the following:

“DIF PRINTER.000." The DIF formatter program will automatically convert the file to a DIF format
which may be imported into LOTUS.

7.4.3 Importing the file.

At the DOS command line type "123" The LOTUS menu will appear. Select Import, and select DIF
format. Enter the name of the file, in this example, PRINTER.DIF. LOTUS will import the document,
and it may be viewed in the LOTUS spreadsheet.

For further information regarding the use of the DIF formatter, refer the Monitor 77 handbook
section 13.5.
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SECTION 4

MAINTENANCE INSTRUCTIONS FOR THE LARGE THERMAL VACUUM
FACILITY

1. INTRODUCTION

The maintenance requirements for the Vacuum System, Thermal System and Control System are
given in the tables included in this paragraph.

The tables prescribe the required routine/preventative measures to be taken to maintain the system
operatable. Guidelines are also given for breakdown repair. Detail instructions to follow are
available in the refered documents/catalogues. Simple and logic maintenance actions like checking
a valve operation etc, are not supported by detail instructions

Note: The descriptions given in the tables ask for "what" to do and not "how" to do.
The "How" to do are given in the refered documents/catalogues. This
maintenance instructions cover only the maintenance prescriptions of the
Major Functional Components and sub-components of the system.

Maintenance intervals (time in hours, months, years, etc) refer to actual operating time. When the
system is not in operation for long periods, certain maintenance is also required.

Where maintenance time intervals (hours, months, years, etc.) are not given direct or indirect,

symtoms will indicate when necessary maintenance/repair is required. The catalogues often refers to
such symptoms.

Warning: The client is responsible to keep his own appropriate logbook(s) of
individual components, systems, sub-systems, etc.

The Maintenance Instructions are given in the following tables:

1. Table A . VTFO - Maintenance Descriptions for the Vacuum System

2. Table B : VTFO - Maintenance Descriptions for the Thermal System

3. Table C - VTFO - Maintenance Descriptions for the Control System
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RESTRICTED IST

SECTION 5

TROUBLE SHOOTING

1. INTRODUCTION

This section provides information for the identification and solution of all major failures experienced
on the large thermo-vacuum facility.

The failure symptom or problem, actual failure or fauit, detection method, probable cause and
solution to the failure or fault is given in the tables hereto.

The tables are given in the following order:

1. Vacuum System

2. Thermal System

3. Main Control and Data Acquisition System

Doc. No.: VTFO-00000-128 ISSUE: 1 Page 1 of 1
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RESTRICTED ln'

SECTION 6

DOCUMENTATION REFERENCE INDEX

1. INTRODUCTION

This section provides a quick reference documentation index, of all the catalogues as refered to in
this manual. These catalogues are associated with the detail description, operation and maintenance
of the individual components in subsystems of the Large Thermo-Vacuum Facility.
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