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1 PURPOSE AND SCOPE
The purpose of this procedure is to set forth the requirements for operation of the RI Beamline
Cryocooler. The scope of this procedure includes the following:

= System Startup (Pre-operations)

= System Operation

= System Shutdown

= Troubleshooting (in automated modes)

= Emergency Shutdown and Restart
This procedure does not apply to the Bruker-ASC Cryocooler, the FMB Oxford Cryocooler or the
Suzuki Shokan Cryocooler, which are operated in accordance with PS-C-XFD-PRC-012, NSLS-II
Beamline Cryocooler Operations — Bruker-ASC, PS-C-XFD-PRC-011, NSLS-11 Beamline Cryocooler

Operations — FMB Oxford and PS-C-XFD-PRC-034, NSLS-II Beamline Cryocooler Operations —
Suzuki Shokan.

This procedure also does not apply to troubleshooting and repair that includes “hardware hacking”
(e.g., breaking hoses, venting, etc.). Troubleshooting and repair beyond the automated modes shall be
performed by System Experts and/or RI Staff, and shall be planned in accordance with PS-ESH-
PRM-1.3.6, Work Planning and Control Procedure.

This procedure is performed in accordance with the Research Instruments GmbH, Cryocooler
Installation and Operation Manual (referred to herein as the RI User Manual), which is included as
Attachment A.

2 DEFINITIONS

None.

3 RESPONSIBILITIES
3.1 Authorized Beamline Staff

3.1.1 Perform system startup, operation, shutdown, and emergency shutdown of the RI
Cryocooler in accordance with this procedure.
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3.2

3.3

3.1.2 Perform troubleshooting of the RI Cryocooler within the limitations of this
procedure.

System Experts and RI Staff
3.2.1 Perform troubleshooting and repair for the Rl Cryocooler as needed.
ESH Manager and Photon Division Director

3.3.1 Permit restart of the cryocooler system after the system has been stopped using the
Emergency Stop feature for an emergency.

4 PREREQUISITES

4.1

4.2

4.3

4.4

4.5

Authorized Beamline Staff have read the Rl User Manual (Attachment A) and are familiar
with the following:

= Location of the emergency stop button

= Warnings and Alarms

= Overview schematic

= Location and description of valves and temperature sensors

The compressed air supply that is used to operate the control valves on the cryocooler is
properly connected and operating.

The nitrogen gas supply (i.e., site supplied, compressed gas cylinder or Dewar) is properly
connected and operating.

All pressure relief valves and exhaust venting valves are free of ice.

The high pressure lines to the beamline optical chamber are properly connected in
accordance with the Rl User Manual (Attachment A)

Note: Portable Dewar(s) may be used in lieu of the NSLS-11 LN, System.

4.6

4.7

The fill lines are connected to an NSLS-I1 LN, supply drop OR a portable Dewar.

The fill line is equipped with a relief valve to prevent overpressure caused by trapped
LNo.
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4.8  Authorized Beamline Staff have verified (in the following order) that the cryocooler may

be safely started, specifically:

a. All LN, drops along the beamline are in a safe configuration as directed by the System
Expert.

b. The LN, beamline supply valve may be safely opened and/or closed as directed by the

System Expert.

c. The beamline optical component may be cooled AND the optical chamber is under
vacuum.

4.9  The cryocooler is properly grounded.

4.10 The control system is properly connected (see Attachment A, Figure 7) to the cryocooler
AND powered in accordance with section 3.3 (Connecting the Control System) of

Attachment A, Rl User Manual.

4.11 Authorized Beamline Staff have completed training for Cryogen Safety (HP-OSH-025)

AND Compressed Gas Safety (TQ-COMPGASL).

4.12 The system is in the proper configuration, as shown in Figures 2 and 3 of section 3.2.2 of

Attachment A, Rl User Manual.

5 PRECAUTIONS AND LIMITATIONS

5.1  Authorized Beamline Staff shall only operate and troubleshoot the system by the
automated modes as described in this procedure. All troubleshooting and repair that
includes “hardware hacking” (e.g., breaking hoses, venting, etc.) shall be performed by
System Experts and/or RI Staff, and shall be planned in accordance with PS-ESH-PRM-

1.3.6, Work Planning and Control Procedure.

5.2  Proper PPE, in accordance with the SBMS Subject Area, Cryogenics Safety, shall be worn
to prevent personnel injury. Direct contact with LN, or exposed surfaces that are cooled
by LN, may cause a burn. The required minimum PPE for handling cryogenic liquids
include long pants, lab coat or apron, long sleeved shirt, eye protection, and insulated

gloves.




The only official copy of this document is the one online in the SharePoint Document Center. Before using a printed copy,
verify that it is current by checking the printed document’s version history log (p. ii) with that of the online version.

National Synchrotron Light Source I, Brookhaven National Laboratory

Effective Date: 05Feb2016

Doc No. PS-C-XFD-PRC-052 Author: S. LaMarra Review Frequency: 3yrs Version 1
Tile: NSLS-II Beamline Cryocooler Operations — Research Instruments Technical
5.3  System over pressurization caused by the expansion of nitrogen gas and pressure build-up

5.4

5.5

5.6

5.7

5.8

5.9

5.10

5.11

is possible. All LN, lines that can be closed at both ends shall have a relief valve to
prevent over pressurization.

If the system is not functioning in accordance with this procedure or the Rl User Manual
(Attachment A), the System Expert shall be notified.

Standing in or near nitrogen gas vapor clouds may cause hypothermia. Personnel shall
take precautions to avoid standing in or near vapor clouds.

The system may become hot during operation and cause burns. Personnel shall avoid hot
surfaces and take precautions, including the use of signs or barricades as necessary, to
prevent injury.
Purge gas shall be high purity gaseous nitrogen from one of the following:
= Site-supplied gaseous nitrogen (preferred if available)
OR
= A compressed gas cylinder of 99.999% purity nitrogen
OR
= The gas output (boil-off) of an LN, Dewar

The purge gas system shall be pressure regulated below the cryocooler manufacturer’s set
point OR a pressure relief valve shall be used to prevent over pressurization.

The cryocooler shall be positioned and set up such that it is protected from incidental
damage from equipment and personnel in the area. If the cryocooler is on wheels, the
wheels shall be locked or chocked, or equivalent.

A large amount of nitrogen exhaust gas will be generated during cool-down. The nitrogen
exhaust gas shall be ducted to a safe location to avoid risk of asphyxiation from the
accumulated gas.

All cryocooler alarms that occur during normal cryocooler operations shall be
immediately acted upon. False alarms from the cryocooler are not expected during normal
operations.
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5.12  Personnel shall follow the requirements of PS-C-XFD-PRC-006, Beamline Enclosures
and Cryogen Fill Station ODH Monitoring System Alarm Response Procedure for
response to all alarms related to the PureAire Air Check O, Oxygen Deficiency Monitors.

5.13 Only Authorized Beamline Staff and System Experts shall be inside the hutch during any
of the steps of System Startup (purge, cool-down and fill), and the hutch door shall remain
open. The opening to the hutch shall be posted indicating that no personnel are permitted
and that purge/cool-down/fill is in progress. Once System Start-up (purge, cool-down and
fill) is complete and the system is in routine operation, the entry door may be closed and
personnel may enter the hutch; however, personnel are never permitted to be inside the
hutch with the door closed.

5.14 Warm-up shall be performed prior to each time the beamline optic is accessed.

6 PROCEDURE
6.1  System Startup (Pre-Operations)

6.1.1 Perform system startup in accordance with Attachment A, Rl User Manual,
including:
a. Purge

b. Cool-down

c. Fill
6.2  System Operation
6.2.1 Operate the system in accordance with Attachment A, Rl User Manual.
6.3  System Shutdown

6.3.1 Shut down the system in accordance with Attachment A, Rl User Manual,
including:
a. Warm-up

b. Shutdown
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6.4  Troubleshooting

6.4.1 Perform system troubleshooting in accordance with Attachment A, Rl User
Manual.

6.5 Emergency Shutdown and Restart

Note: The following steps should be followed if there is an emergency (e.g., LN, leak, ODH
alarm, other safety issues, etc.) or the cryocooler appears to be heading towards an unsafe
condition.

6.5.1 Emergency Stop: Press the “STOP OFF” button for less than 1 second.
Note: The ready signal for the beamline interlock is now disabled.

6.5.2 Restart after Emergency Stop in accordance with Attachment A, Rl User Manual.

7 REFERENCES

7.1  PS-C-XFD-PRC-006, Beamline Enclosures and Cryogen Fill Station ODH Monitoring
System Alarm Response Procedure

7.2  PS-C-XFD-PRC-012, NSLS-11 Beamline Cryocooler Operations — Bruker-ASC
7.3  PS-C-XFD-PRC-011, NSLS-11 Beamline Cryocooler Operations — FMB Oxford
7.4  PS-C-XFD-PRC-034, NSLS-11 Beamline Cryocooler Operations — Suzuki Shokan
7.5  SBMS Subject Area, Cryogenics Safety

7.6  PS-ESH-PRM-1.3.6, Work Planning and Control Procedure

8 ATTACHMENTS

Attachment A, Rl User Manual

9 DOCUMENTATION

None. —END-
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1 Important Notice

In the event of any uncertainties or questions, please contact Rl Research Instruments. Only
persons familiar with the operation of cryo systems and vacuum technology shall carry out
installation and handling of the cryocooler. This manual describes the installation and the operation
of the automatic and manual functions of the cryocooler.

All information provided within this manual have been carefully checked and found correct. RI
Research Instruments, however, does not assume any liability for any and all failures and/or errors
caused by incorrect use which are not covered by the warranty provisions.

Safety warnings are posted throughout the manual, please see chapter 1.1 (Explanation of warning
notices). These warnings are designated by an appropriate symbol inside an equilateral triangle.
The level of danger is described according to an alarm keyword.
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a research
S iy

1.1 Explanation of warning notices

To avoid injuries during operation of the cryocooler the manual has warnings notices implemented
to protect the operators from injuries. Here a basic overview of the warning levels, and their
meanings.

DANGER
DANGER indicates an imminently hazardous situation which, if not avoided, will result in death or
serious injury. This signal word is limited to the most extreme situations.

WARNING
WARNING indicates a potentially hazardous situation, which, if not avoided, could result in death or
serious injury.

CAUTION
CAUTION indicates a potentially hazardous situation, which, if not avoided, may result in property
damage
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1.2  Overview of used warning signs

With the following symbols, which are used throughout this manual, potentially hazardous areas or
situations are marked. Follow the given remarks to prevent any harm to live or goods!

GENERAL WARNING
Indicates a potentially hazardous situation, which, if not avoided, could result in death
or serious injuries.

ELECTRICITY

Danger due to electricity, may result in hazardous situations which, if not avoided,
could result in death or serious injuries. All tasks referring to electricity are to be
carried out by skilled and trained people.

LOW TEMPERATURE

Indicates a potentially hazardous situation, which, if not avoided, could result in
serious injuries through e.g. cold liquids, gases or surfaces. This could e.g. happen
while refilling cryogenic liquids.

HOT SURFACE

Indicates a potentially hazardous situation, which, if not avoided, could result in
serious injuries through e.g. hot surfaces. This could e.g. happen during a Bake-Out
procedure.

> B B P
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2 System Overview

2.1 A Basic Description of the Cryocooler

The Cryo-System is designed to cool the consumer component of a consumer with liquid nitrogen.
Liquid nitrogen is supplied to the consumer via transfer pipes by means of a liquid nitrogen pump
and takes the heat load off the consumer component. Slightly warmer nitrogen is returned by the
second transfer line to the Cryo-System.

Inside the cryocooler system there is a heat exchanger. This heat exchanger is cooled by liquid
nitrogen at atmospheric pressure at a temperature of approx. 77 K. This nitrogen is stored inside a
vacuum insulated storage dewar. The storage container is part of the Cryo-System and is called
subcooler. The heat exchanger is located in between the pump and the supply line. This circuit is a
closed loop system working at overpressure to make sure the liquid nitrogen does not boil and it
supplies continuously cold nitrogen to the DCM.

Table 1 Overview of the parts of a cryocooler

Component Count | Parts of Component

= subcooler vessel

=  Liquid nitrogen pump
Complete - =  Valves and gauggs el
cryocooler = Over pressure relieve valves

= Heated Exhaust / vent pipe

= Junction box
Liquid n.ltrogen 13 optional
supply line
Welding adapter 1x optionaf
Transfer lines 2% optional
Control rack Optional: 19" rack mounts including
including touch 1x touch panel, power distribution included
panel crate and PLC crate
Interconnecting &y ——
cables

Refer to Figure 1 for the exact position of each part within the cryocooler.
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Figure 1: Main components of the Cryo-System

Pressure relieve valve
of closed loop

Salenoid valves

Controlvalves

Liquid nitrogen supply line
Pressure relieve valve
of heater vessel
Compressed air input
Liquid nitrogen returnline
Exhaust heater contraol Fuatat Exhalist

Junction box for signals

Control rack Junction box for power

Vacuum insulated
subcooler vessel

Wheels with brakes for
transportation

Table 2 Dimensions and Weight of the cryocooler and Control Rack

Dimensions cryocooler H200x L 120 x W90 cm
Weight cryocooler ~ 300 Kg (tare weight)

Dimensions control rack H135x L 67 xW 61 cm
Weight control rack ~ 50 kg
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Table 3 Technical Specification of the cryocooler

Operating voltage

230V (+5% / -10%)

Line frequency 50/ 60 Hz
Max. operating current <16 A
Average operating current 3-4A
Standard cable length cooler to control rack 20 m (max. 40m)
Compressed air pressure 6 bar

Compressed air connection

Tubing inner diameter 9 mm

Compressed nitrogen pressure 2 bar
Compressed nitrogen connection KF25 flange
Ambient temperature during operation 5°C-30°C

Ambient relative air humidity

95% non condensing

Liquid nitrogen connection

CGA 295, %" — 16 UNF
optional: Johnston coupling DN14 (female)

Transfer line connection

Johnston Coupling DN14 (female / male)

Max. Nitrogen flow at 80 Hz

> 15 I/min (depending on flow restriction
caused by consumer)

Max Heat Load (with consumer)

2000 W

Operating pressure in closed loop

2 - 5 bar (optional: 10 bar)

Liquid nitrogen consumption (with consumer,

Interface to control system (EPS)

consumption per 100 Watt) bl
Ligquid nitrogen storage volume 2001
Pressure stability (@ typical operation parameter) < 5 mbar (RMS)
D-Sub 9 male
4 outputs:
o ready

o failure/alarm
o high level alarm
o lowlevelalarm

2 inputs:
o cryocooler enable
o ups power ok
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3 Installation and Initial Setup

3.1 Unloading and Installation of the Cryocooler

Check the cryocooler for transportation damages after unloading and dispose packing material
according to local regulation. Also check for completeness as described in Table 1 of chapter 2.

The cooler is equipped with wheels so it can be easily transported to the test facility or to the final
destination. After unlocking the brakes transport the cryocooler to its destination and lock the brakes
again when the cryocooler is located at the final position.

Caution
' 2 persons are required to move the cryocooler safely. Lock the brakes of the wheels '
L) at the final destination. o
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3.2 Installation and Initial Setup

3.2.1 Tools and utilities for initial operation

Cryogenic Liquid
* Please make sure you wear gloves and glasses while handling cryogenic *
equipment. Please follow your local safety regulations, too.

The following utilities are required for installation and operation:
= Permanently installed LN2 supply line or a = 500 | dewar;
= Compressed air, 6 (+0.5) bar, inner @ 8 - 9 mm;
= Compressed dry nitrogen gas, 2 bar, DN 25KF;
= 230V, 50/60 Hz (+5% /-10%) Main Power supply, single phase

3.2.2 Proper connection of tubing

To make sure the system will work properly, please check that all the nitrogen lines are connected
properly as shown in Figure 2.

Figure 2: Tubing of closed loop Systems

Heater vessel vent valve line
from V20 to the exhaust pipe

Exhaust pipe
(heated subcooler
vent pipe)

Closed loop vent
valve line to the
exhaust pipe
(V17.1/V17.2)
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Also

Figure 3: Proper connecting of cabling and air supply at STOHR valve controllers (left:
Cablings might be disconnected for the transport and have to be re-connected; right: proper
setup)

The two right handed pictures in Figure 3 demonstrate a proper setup of connected cablings and air
tubes at the STOHR valve controllers on top of the cryocooler. For transporting some of the control
cables or air tubes might be disconnected (left picture) and have to be re-attached in prior to
commissioning of the cryocooler system as shown.
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