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The Most Efficient Cryocoolers on the Market

Sunpower Cryocooler History

CryoTel® cryocooles are the result of moretha@4 year s of Sunpower ds technical
evolution of the fregoiston Stirling engine technology, which we invented in the 1960s. Sunpower started devel-
oping compact &ling cryocoolers in the 19%. We now sell a variety of affordable CryoTel cryocooler models
including the DS 1.9DS 2.1, MT, CT, & GT.

Applications
Thanks to the CryoTel cryocool erds r ep wahdadsatiiyn f or gL
they are being used in the following fields and more:

Medical Low-Noise Amplifiers
Pharmaceutical Processing Biological SampleCooling
Aerospace Semiconductor Manufacturing
Astronomical Telescopes Imaging Spectroscopy
Telecommunications MassSpectrometry

Research & Development Nuclear Magnetic Radiation
High-Temperature Superconductivity Refrigeration

Radiation Detection Environmental Testing
Infrared Detection Laser Cooling

Security Ultra-High Vacuum Cold Trap
Gas Ligquefaction GasChromatography

SQUID Detection Satellites

Optics RF Receivers

CryoTel Advantages

Our cryocoolers are exceptionally quiet, extremely efficient, highly reliable, environmentally frieagtycom-
petitive, have a higppower density, and require no mairdeoe so you can expect many years of fpigifor-
mance, troubldree cooling.

Reliability

CryoTel cryocoolers use our patented gas bearing technology (as opposed to flexure bearings) to produce non
contacting surfaces which eliminates wear. Gas bearingrdeare not dependent on precise piston and displacer
initial alignment as flexure bearings are. With our gas bearings, the piston and displacer are actively centered
throughout the life of the cryocooler. This design is better at accommodating adversereental conditions

such as shock, vibration, and temperature extremes. In addition to using gas bearings, we also use a hermetically
sealed working environment, and adequate design margin to ensure that our cryocoolers will have a long life.

Our commitnent to reliability has paid off, as the current Mean Time To Failure (MTTBUofegacyCryoTel
cryocoolers is over 200, 000 h o u rpsstontétnSidyy imthesAdvardcesio i nt
Stirling Radioisotope Generator, which requiseksryear mission life. CryoTel cryocoolers built using our stand-

ard manufacturing processes are currently in use on the International Space Station and in the RHESSI satellite
which has been orbiting the earth since 2002.

Efficiency

CryoTel cryocoolers are the most efficidinearcryocoolers on the market. This means that for any given cool-
ing capacity (heat lift), the CryoTel cryocooler has the smallest form factor available, and draws the least amount
of power. This is especiallyeneficial to customers who are integrating a cryocooler into their product.
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About This Manual

This manual provides installation and operation instructions for a standard CGryodat! CT cryocooler and
Gen llcontroller in typical installation configurations. Use these instructions as a guide, modifying them where
needed to address your particular installation.

This manual is subject to change without notice. All specifications are subject to change witlseuThetillus-
trations in this manual are repentative of the CryoTel modell@ryocooler and controller, but may not exactly
match your hardware.

If you have any questions about this manual, the cryocooler, or controller, or about any tests ooagpfiwati
intend to perform, please call Sunpower at (78®3-2221 or send anmail to info@sunpowerinc.com.

Export Notice

This installation and operation manual is provided at no charge.

The export of Sunpower cryocoolers is controlled by the U.S. Depantin o f Commer cedés Bur ea
Security. The c¢cryocoolerés ECCN number is 6A002.D. 2.
ocooler to certain countries. Additional restrictions may apply.

A WARNING : This product can exposey to chemicals including Lead and Lead Compounds, whiaaian to the State of California to cause
cancer and birth defects or other reproductive htrrough improper use, storage, or disposal of the product. For more information,
go to:www.p65warnings.ca.gov

A WARNING : This product can exposey to chemicals including Cumene, whictkigwn to the State of Californta cause cancer, and
N-methypyrrolidong which is known to the State of California to cause birth defects or other reproductive harm through improper usey stisEus|
of the product. For more information, go #@vw.p65warnings.ca.gov
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Revision History

Rev.

Description of Change

Date

This revisionupdates the manual to cover the latest version of theotlent
software (version 1.0.8)

We also eformatted the entire manual, added front matter pages, updated a
added photos and graphics, added a troubleshooting table, added instructio
preparing the RTD wire, added the warranty statement, added a sample finz
sheetadded performace graphsiemoved the section on the test cap assemb
added exported vibration test resultsdreplaced HyperTermin@iwith a
generic terminal emulation program.

June 112015

This revision updatethe manual to cover the latest version of the controller
software (version 2.0.0)cluding:

AChanged t he ¢ onS$SETSETOPFIdmnandén@mppgndit B

AAdded the new Avery sl owod al-ltaad n
added moreletails to the table.

ARevised the return codes of tREODEommand.

Clarified the description of the power control mode,Er@ommand, th&ET
PWOUT=<Value>command, and th8ET TBAND=<Value> command.

Added the contr ol | er 6 ®thsforit toveaanctitle pay
Madeother minor changes.

July 29, 2015

10

Replaced the passive balancer photo on pageiith a photo of the newstyle
passive balancer.

Clarified the descriptio of the controller on page3.including adding the
statement that the controller is specifically configured to control a CT cryocd
(It cannot be used to control a GT or an MT cryocooler.)

Corrected the text in the NW50 Vacuum Flange section on paded say that
only the removable NW50 vacuum flambas an @ing. (The welded version of
the flange does not have anridg.)

Added text to the air fins descriptisection on page-15to statethat air flow
should ideally also be directed over the back end of the cryocooler.

Correct ed tpharenunsberrranr160871 erl@@8&70 in tabi2 @n
page 22 and in table 4 on page 4.

Changed fAOperatingo Fr eque n2 gontrolker f
Specifications, on page2

Moved the Terminal Emul ati on& Soft\
Accessories Required but not3)tsthep pl
AOptional Equi pment & Accessories
4) on page3-2.

Added AAdditional Te mf@pticandl Bquimerd & n 4
Accessorig Offered by Other Companies, on page Jhis is for use on the col
tip if youbre using a heapoweris on t |

disconnected from the controller.

May 11, 2016

(continues on next page
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Revision History (continued)

Rev.

Description of Change

Date

Deleted the cryocooler serial number breakdown details from figlrerBpage 3
3.

Clarified the operation of an optional heater to heat the cold tip on pddest3
3,4-5,and 46. The heater should be shut off when the cold tip reaches 300

Added auserlevel maintenance task on pagé ¥ periodically clean dust and
debris from optional air fins that are installed in an open atmosphere
environment.

Added a recommendation in the troubleshooting chart on page &attach the
otherendofthe RTDtal e shield to the cryoco
structure.

Rearranged the commands in Appendix B, Command Reference by groupir
them by parameter name.

Clarified the operation of the cryocooler with a thermostat in the description
the thermostatommands in appendix B.

Added information for operation requirements relating to enapire, altitude,
and humidity

Added Chapter 6 for Troubleshooting
Made other minor changes.

11

Added California Prop65 warning. Edited thermostat switch description

September 6, 2018
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Safety Summary
Explanation of Symbols

=== DC or Direct Current

Warnings, cautions, and notes are used throughout this manual to highlight important information about using the
CryoTeP CT system. Warnings and cautiprecede the material to which they apply. Notes may precede or fol-
low material to which they apply. Failure to follow the instructions in these warnings, cautions, andayotes

void the warrantylf the cryocooler and/or controller are used in a manoespecified by Sunpower, the protec-

tion provided by the equipment may be impaired.

Warnings provide critical information to be aware of, or precautions to take to prevent serious bodily injury or
death.

provide information to be aware of, or precautions to take to prevent situations that could potentially
cause bodily injury, equipment damage, or data loss.

Impaortant This special type of note emphasizes information that is vital for you to know to émsym@per
operation of the system oralappropriate use of a CryoTel Gystem function or feature.

Notes provide additional information or useful tips to help you more easilsatper understand the CryoTel C
system.

The following warnings and caotis appear later in this manual and are repeated here for emphasis. When read-
ing through these warnings and cautions, be aware that some of the equipment and functions mentioned are op-
tional and may not be included in your installation.

Warning 1 (pg 3-9) Do not position the cryocooler, controller, supporting equipment so thaistdifficult to
operate the disconnecting device

Warning (pg 3-9)i Do not drill holes, or in any other way puncture, or attempt to modify, the pressure vessel.
Warning (pg 3-10) i Do not apply clamping pressure to the pressure vessel.

Warning (pg 3-10) i Do not puncture or otherwise damage the copper service tube.

Warning (pg 3-10) i Do not mount the T by suspending it from the passive balancer mounting bolt.

Warning (pg 3-10) i Do not rigidly attach the passive balanoesunting holeo any mounting surface.

Warning (pg 3-16) i Do not subject the electrical febdbughs pins ontheend of thf©@ s pr essur e Ve
mechanical stress, for example, axial or radial movemexitd; eadial, or any other mechanical loads; blows;

etc. because that may break the glass insulators around the pins which could cause helium to leak out of the pre:
sure vessel.

(pg 3-3)1 Do not pick up the T by the cold finger; pick it up by th@essure vessenly.
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Safety Summary (continued)

(pg 3-3)i Protect the cold finger from any unnecessary contact with anything. The slightest dent
distortionwill render the unit inoperable.

(pg 3-3)i Do not rest the T on its cold tip.

(pg 3-3)i Do notremove the protective cover from the cold weld on the end of the copper service
tube.

(pg 3-3) i When the cryocooler is placed horizontally on a level bench top or table, support the cry-
ocooler with support blocks or other methods to prevendiin frolling off the table.

(pg 3-6 & 5-4) i The RTD is an ElectrostatfSensitive Device (ESD). Use ESD precautionary pro-
cedures, tools, and equipment such as grounding straps, grounding mats, grounding tools, antistatic garments,
etc. when handlingr making mechanical or electrical connections to this device in order to avoid perfor-
mance degradation or loss of functionality.

(pg 3-6) i Do not use any kind of sharp blade, either in a maetiiieor by hand, to cut apart or
otherwise separatthe individual wires. This will cause cuts or nicks in the insulation which will cause tear-
ing and separation of the insulation itself when the wires are separated further.

(pg 3-6) i Do not use any manual (by hand) method of sanding or scraping the insulation off as a
means to separate the wires. This will cause a rough surface that will cause tearing and separation of the insu-
lation itself when the wires are separated further.

(pg 3-7)1 Do not heat the wires above 220 °C.

(pg 3-7)i Do not attempt to strip the individual leads of the RTD wire until the leads have been
fully separated as described in the previous sections.

(pg 3-10) i Do not apply a pure axiabad of more than 300 N (30.50 kg) at the cold tip.

(pg 3-10) i Do not apply a lateral load of more than 30 N (3.05 kg) at the surface of the cold tip
when the cryocooler is operating, or more than 100 N (10.20 kg) when it is not operating.

(pg 3-10) i Do not apply a torque load of more than 1416 N-m) on the cold tip.

(pg 3-11 & 4-5) i If operating below 77 K, we recommend you use a heater to heat the cold tip after
operation has stopped to avoid possible spontaneotsxsiition of the cryocooler and possible subsequent
damage. Contact Sunpower for more information.

(pg 3-11 & 4-6) i If using an optional heater to heat the cold tip after power has been disconnected
from the controllerthe cold tip temperature muse monitored by an additional sensor. When the cold tip
reaches 300 K, the heater power must be removed.

(pg 3-12) 1 Do not install thegeneration Icontroller in a location that will be subjected to a vac-
uum. The controller contains capacittitat are not vacuum rated, so they could burst if subjected to a vac-
uum.
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Safety Summary (continued)

(pg 3-12)i If the controller is installed in an enclosure, cooling must be provided.

(pg 3-16) i When reinstalling the passive balancer, ensure that none of tteefens on the balancer fac-
ing the pressure vessel are directly over either the power cable connector or the service tube elbow to avoid cryocoole
damage due to impact with the scsaluring large amplitude displacements of the passive balancer.

(pg 3-17) i When connecting theontrollerpower cable leads to the controller, verify that the correct
polarity is observed. Reversed polarity will result in damage to the controller upon startup.

(pg 4-3) i When connecting theoolerpower cable lads to the controller, verify that the correct polar-
ity is observed. Reversed polarity will result in damage to the controller upon startup.

(pg 4-3) i Do not operate the cryocooler without adequate cooling at the heat rejector. Overheating will
cause permanent damage to the cryocooler.

(pg 4-3) i When the cryocooler is not in operation, a cold tip temperature up to 360 K (87 °C) is permis-
sible, but do not operate the cryocooler unless the cold tip temperature has dropped below 310 &r(@7U°C)
ri sk damage to the c¢cryocooler. (If youdbre using a
reaches 300 K.)

(pg 4-3)i Do not control power to the cryocooler by making or breaking the power leads between the
controler and the cryocooler because the controller needs to run the cryocooler throughmstguence be-
fore it begins normal operation.

(pg 4-5) i Do not cut off power to the cryocooler by breaking the power leads between the controller
and thecryocooler.
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Chapter 1
Equipment Description

General Description

The Sunpowe€ryoTeP CT system includea CryoTel CT cryocoolera CryoTel generation Il controller, a Re-
sistance Temperature Detector (RTD), various cables, and optional equipigerd.X1 showseverything that

comes with the system. The cryocooler shown includes two options that your cryocooler may not have: an NW50
vacuum flange, antheair fins heat rejection optian

Once the cryocool erbés col d t i pspacedo ba totle ¢the thermal load)o r i
and all the other components of the CryoTel CT system are in place, including the RTD and at least one of the
heat rejection options, then the CryoTel CT system will deliver its cooling power (lift) to the therchalHida
maintaining the target cold tip temperature.

SUNPOWER

Controller

c ) V
RS-232 Serial s /,/ ¥ RTD Temperature Installation & Operation Manual
Comm Cable 0 Sensor

Figure 1-1. Sunpower CryoTel CT System Out-of-the-Box

Major Components
The rest of this chapter descrilihe standard egoiment shipped with ther@oTel CTsystem and the related op-
tional equipment tht Sunpower offers.
Standard Equipment
ACryoTel CT Cryocooler
APassive Balancer
ACryoTel Generation Il Controller
ARTD (Resistance Temperature Detector)
ARTD Cable
ACooler Power Cable
ARS-232 Serial Communications Cable

CryoTel® CT Installation & Operation Manual 1-1
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Optional Equipment
AActive Vibration Cancellation System (AVC)
ANWS50 Vacuum Flange
A4 5inch ConFla® Vacuum Flange
ACustomVacuumFlange
Awater Jacket for the Heat Rejector
Awater Jacket for the Pressure Vessel
AAir Fins
AMounting Plate for the Generation Il Controller

Interaction of Major Components

Figure1-2 shows how the ajor components of the CryoTelTGystem connect with each other and with other
equipment outside of the system.

Dewar CryoTel CT System CryoTel CT
Vessel or Cryocooler
Cryostat Cold
(optional) Finger
Heat »| Cold
Vacuum Tip
Vacuum | Flange Vacuum N :
"|(optional) e rHeat i Forced Air
(NWS0, Heat,| Air Fins System w/
4.5-inch (optional)|  air ro
ConFlat, & et
or Heat
Custom) Rejector Heat
Reject
ThLerrgaI Heat, \?J;Ee?r  Water
oa
- N Jacket Water
Passive | Vibration : \
Balancer | {optional) Pémpl:u_mg/
or Water & Heat ooling
- Pressure v System
Active o Vessel Pressure
Balancer | \/ibration Vessel
(AVC) Heat,| |y rer |Water&|
(optional) = Jacket Heat
AC Power (optional)
Heat Resistance ['CryoTel Gen I Computer
RTD r
(Temperature)' | Controller «Command with
or “ 2 Reoly = » Terminal
24V dc AVC Controller Py Emulator
24\ dc Power N )
Power (optional) Program
Supply L S
Physical Support
Gen Il Mounting
Plate (optional)

Figure 1-2. Simplified Functional Block Diagram
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CryoTel CT Cryocooler

The CT (figure 1-3) is a freepiston, Stirlingcycle-based cryocooler that incorporates a cold finger, an internal

piston and displcer, a pressure vessel, anhasive balancer, among other components, into one compact, inte-
gral unit. The linear alternator insidestpressure vessel converts electrical power from the controller into linear
motion of the piston. The oscillating pressure wave generated by the piston passes from the pressure vessel into
the cold finger causing the displacer inside the cold finger tenidve pressure wave and regenerator in the cold
finger create a temperature difference which sets up a Stirling thermodynamic cycle which moves heat from the
cold tip to the heat rejector resulting in a decreasing cold tip temperature.

The moving parts iside the @ use gas bearings to allow noantact operation. The gas bearings provide a gas

film that acts as a lubricant separating the part surfaces that are in relative motion. The gas bearings work much
like an air hockey table where the puck is supggbby a layer of air. The gas bearings require the cryocooler to
operate at a power level equal to or greater than a minimum threshold level in order for the cryocooler to produce
enough pressure t o -comatdactropestiorSeetfijue?-6bear i ngso6é non

Cold Heat Pressure Passive
Tip Rejector Vessel Balancer

} }

o

Finger T

Mounting Service
Holes Tube
(8 places)

Figure 1-3. CryoTel CT Cryocooler
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Passive Balancer

Thepassive balancer (figure4) is a removable device that attaches to the pressure vessel end of the cryocooler
with one socket head cap screw. The balancer is optimized to absorb 60 Hz vibration energy from the cryocooler.
(60 Hz is the frequency at which the cryocooler piston iedr) Themaximuma mp | i t ude of t he ba
cillation is 5 mm.

Figure 1-4. Passive Balancer
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CryoTel Generation Il Controller

The CryoTel Generation Il Controller (figureb) automatically adjusts the amount of electrm@lver it sends to

the CT based on the temperature input it receives from the RTD and on the default parameters programmed into th
controll er 6s s of tipiempemturs. (Seditablad® Ndateahatdghe ¢ontrollerIstdpped with the

CT cryacooler is specifically configured to control a CT cryocooler; it will not control a GT or MT cryocooler.

I f you want to change the controllerés parameters
youbll need to coomtrcal laec@smplut @ r c @ RB2dsahnitd communicaa t h e
tions cable, and then install terminal emulation software such as PUTTY onto the computer. That software will
allow you to send commands to, and receive replies from the controller. RAfgrandix B for details.

The controller can be positioned in any orientation and still opdratét cannot operate in a vacuuithas four
rubber feet on the bimm for freestanding operatiormhe feet can be unscrewed and remotieel) the uncov-
eredscrew holegan be usetb mount the controller to any surface by installing screws from behind the mount-
ing surface, through the mounting surface, and into the screw holes on the bottom of the cafdtotian also
purchase an optiondlat mounting gate from Sunpoer that attaches to the bottom of the controller using the
rubber feet screw holes. The plaetends beyond the edges of the controller so that you can mount the controller
with screws through the top of the mounting plate.

If the optionalactive balanceis installedon the cryocooler, then the normal CryoTel Generation Il controller is
replaced with the AVC controlle(See the AVC System Installation & Operation Manual for details.)

Figure 1-5. CryoTel Generation Il Controller

CryoTel® CT Installation & Operation Manual 1-5
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RTD (Resistance Temperature Detector)

The RTD should be attach&althe thermal load ortotheTGd s col d ti p. The resistance
tional to the temperature of the thermal load. The controller reads the resistance of the RTD and conwerts it to t
corresponding temperature for use in itegkations for controlling the T.

The RTD is supplied already attached to the RTD wire (figee The RTD itselfis a custom assembly that
consists of -lllaPkagnunBResistarcé Fherfdmetttached to a copper mounting bobbin and
encapsul ated in STYCASTE epoxy.

The four 12 in (304.81m) long polyimideinsulated sensor leads are 36 AWG, phosiinonze wires thermally

anchored to the bobbin. Teff8hubing is used as a strain relief to reit®the leadat the bobbin assembly. If

the CT is installed with its cold finger inside a Dewar vessel or cryostat (hereafter referred to as simply a cryo-
stat), then the RTD wires are connected to the feedthroughs inside the cryostat. (The corresgmatitnogidhs

on the outside of the cryostat should be connected to the RTD cable which connects to the controller. See the next
sedion.) If the CT is not installed on a cryostat, then you have to connect the RTD wire to thed®ldas in-

structed in Chapt 3.

RTD Wire

& RTD

Figure 1-6. RTD With Attached RTD Wire
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RTD Cable

The RTD cable (figurd-7) is a fourconductor shielded cable with a greersaggket connectqDigi-Key P/N
277-1434ND) attached on one end. The connector is designed to connect tpith&€ BMP connetor on the
controller(pinout in figure 29). If the CT is installed with its cold finger inside a cryostat, then the wires from
this cable connect to feedthroughs on thiside of the cryostat. (The corresponding feedthroughs on the inside
of the cryostat should be connected to the RTD wifé¢he CT is not installed on a cryostat, then you have to
connect the wires of this cable directly to the RTD wire as instruct€tiapter 3.

Figure 1-7. RTD Cable
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Cooler Power Cable

The cooler power cable (figude8) supplies electrical power from the controllethe linear alternator insidbe

pressure vessef the cryocooleto drive the piston. The cable igveo-conductor cable that has a molded plastic
connector on one end that connects to the two feedtHtft
The cable comes with an M3 X 12 socketad cap screw that is inserted through a hole in the donred into

a screw hole in the cryocooler to hold the connector onto the cryo¢bglee 3-11).

The orange and white4-gaugeconductors omtheother end of the cable come with crimp ferrules already at-
tached. The orange conductor is to be insendthe OUT+ hole in the terminal block on the side of the control-
ler (figure 312). The white conductor is to be inserted into the OWdle. It is important to ensutkat the cor-

rect conductor is inserted into the correct hole to prevent damageGa the

Figure 1-8. Cooler Power Cable

1-8 CryoTel® CT Installation & Operation Manual
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RS-232 Serial Communications Cable
The RS232 serial communications calffegure 1-9) is a 3conductor shielded cable with a standard, female, 9
pin-D molded connector on one end, and a small, blackjifemale connector on the other end.

The molded in-D connector connects to the 232 serial port of the computer that will run the terminal emu-
lation software used t®end commands the controller. (Alternatively, you may connect the cable to a USB po
on your computer via an adapter [not supplmaih aghe CoolGear Mini USB R232 Serial Adapter DB

Male. [See table 3.]) Only three of the conductors (GND_ISO [orange]; B2 TX [output] [gray], and RS

232 RX [input] [yellow]) of this cable areonnected into the connector.

The small black connect@Digi-Key P/N WM8039ND) connects to the 1gin male I/O connector on the con-
troller (pinout in figure 30).

)]

\\
): f
oy

Figure 1-9. RS-232 Serial Communications Cable
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&

Active Vibration Cancellation (AVC) System (Optional)

TheoptionalActive Vibration Cancellation (AVC) systenonsists of an AVC balancer, and AVC controller, an
overtemp thermistor cable, an accelerometer cable, a power wiring harness, and an instrumentation wiring har-

ness as showm ifigure1-10.

The AVC balancer attaches to the back of the cryocooler in place of the fdaneer (figure 1L1) and provides
significant active reduction of exported cryocooler vibratigmpplying an equal force in the opposite direction of

thecr yocool er 6 s mkhe AVR gontolemegaces thengergeration Il controller amives theAVC

balancer as well as the cryocooler.

Refer to the AVC Systembs | nst a0500a001) forrmor&detis.er at i on

Over-Temp V
& Thermistor 4 =
/i y
Cable -t L} W

/ Power
W Wiring
Harness

Accelerometer
Cable

Instrumentation

23
Wiring Harness Controller a F

Figure 1-10. AVC System (Optional)

Figure 1-11. AVC Balancer Installed on aCT

1-10
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SUN I

NW50 Vacuum Flange (Optional)

Many applications require the thermal load to be in a vacuum. To accommodate this, Sunpower offers an optiona
NW50 vacuum flange that is installed at ttasé of the cold finger so that you can attach the cryocooler via the
optional vacuum flange onto a mating vacuum flange on your cryostat so that the cold finger of the cryocooler
protrudes into the cryostat.

The optional NW50 vacuum flange can be eitheroev a bl e or wel ded depending on
movable NW50 vacuum flange (figwr#-12 & 1-13) attaches to the stainless steel &itaent plate at the base of

theCT 6 s c o (figurefl-14yvig feur supplied screws. The waed NW50 vacuurflangeis welded by Sun-

power directly onto the stainless steel attachment gihteremovable NW50 vacuum flangemes with an inter-

nal Oring. The Oring is subject to wearing out over time if the flange is repeatedly removed and reinstalled. If the
O-ring wears out, replace it with a Parker type S11882 Silicone Gring with an inner diameter of 1.864 inches

and a width of 0.07 inches.

Lam

Figure 1-12. Removable NW50 Vacuum Flange (Optional)

INIIS  ¥SN OIHO 'SNIHLY NI 0¥

J3)IRW 33 UO S1310020A1I JUIIIYR ISOW By
18]0020A1) |310A)

LAWY
{IMO

Figure 1-13. CT With the Optional, Removable, NW50 Vacuum Flange
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Four M3 Mounting Holes
for Mounting a
Removable Vacuum Flange

Figure 1-14. Mounting Holes for an Optional, Removable Vacuum Flange

4.5-Inch ConFlat Vacuum Flange (Optional)

Many applications require the thermal load to be in a vacuum. To accommodate this, Sunpower offers an optional
4.5inch ConFlat acuum flange that is welded by Sunpower to the stainless steel attachment plate at the base of the
cold finger so that you can attach the cryocooler via the optional vacuum flange onto a mating vacuum flange on
your cryostat so that the cold finger of ttrgocooler prerudes into the cryostat. One advantage of the ConFlat

flange over the NW50 flange is that the ConFlat flange has a metal gasket (seadjiritegins a better vacuuiman
the Oring in the NW50.

Custom Vacuum Flange (Optional)

Sunpower willweld onto the CT any custom flange that has mating surfaces manufactured to the specifications
shown in figure 115. Custom flanges can be supplied by Sunpower or by the customer. If you are supplying a
custom flange, please allow Sunpower to review yesigh before you fabricate the flange.

NOTES:

A $30400, STAINLESS STEEL 304 ANNEALED & DIMENSIONS GIVEN FOR THE CUSTOM FLANGE ARE REQUIRED IN ORDER TO

WELD THE FLANGE
A SIZE ID OF CUSTOM SEAL DESIGN TO FIT OVER $42mm MAX CT ACCEPTOR

/ 4\ THE FLANGE FEATURES REQUIRED BY THE CUSTOMER MUST BE TO THE RIGHT OF
THE 5mm MINIMUM STRAIGHT LENGTH

/N p51859 (D%»fo | o = | {5 MIN) SHARP . 2N
_\ IS $47.70.02 ACCEPTOR OD | e , SRAIGHT (NG
1 | * ] 7
8 \I/ fa) _/
So e 06592x45° : %
-{o - = %o S - @ :
R s (4.5 —= ‘
. o ]
8 J 4.5 MIN == fa—
?—f — ' /
2N ]
CRYOTEL CT WELD INTERFACE CUSTOM FLANGE i CUSTOMER FLANGE DETAIL A

DESIGN FEATURES

Figure 1-15. Custom Vacuum Flange Specifications
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Water Jacket for the Heat Rejector (Optional)

The optional water jacket for the heat rejector (figl#i) provides a pathway for circulating water to pick up

and cary away heat from the heat rejector. Two main types of heat rejector water jackets are available: removable
(slip fit), or permanent (shrink i t ) . The two types | ook identical. | f
sel water jacket (next sectiprthen we recommend you get a special permanent version of the heat rejector water
jacket with 90degreeangle fittings(figure 1-17) that match the fittings on the pressure vessel water jacket. The
connectors on all the water jackets arinth Swagelolcompression fittings.

The removable water jacket slides otltehheat rejector using a suitable thermal grease to maximize heat conduc-
tion. The permanent water jacket is shfitted onto the heat rejector by Sunpower. Water should flow through
the wateljacket at aproximately 0.16 gal/min (1ML/s) to assure that heat is efficiently carried away from the
heat rejector.

The water supply is typically a closéabp system that pumps the water into the water jacket, cools the water
coming out of the water gket, and recirculates the water back into the water jacket. The temperature of the heat
rejector (the reject temperature) i52C warmer than the temperature of the water coming out of the water
jacket. The temperature of the water should be no higher35 °C. The cooler the water, the better the perfor-
mance, down to a pointhe lowest reject temperatusiecustomer can use for a stock S aboutl0 °C.The rela-
tionship between reject temperature and performance is reflected in the performancendtapiser 2.

y ‘>§
l @

/)

/.

e/

\

\
\

Figure 1-16. Water Jacket for the Heat Rejector (Optional)

(ryoTel” Cryocooler

T most efficient cryocoolers

Figure 1-17. CT With the Optional 90°-Angle Water Jacket for the Heat Rejector
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Water Jacket for the Pressure Vessel (Optional)

The optional water jacket for the pressure vessel (fitri@® slips over thédack end of the Tand fits tightly

over the pressure vessel (sbrunkfit) with O-rings. Water flowing through the jacket reduces the temperature

of the back end of theTCwhich results in improved cryocooler performance. The jacket is typically connected in
series with the optional heat rejector water jacket so that water from a single input line flows through one water
jacket and then the other before exiting out a singlputline. The connectors on the water jacket aiiacét

Swagelok compression fittings.
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Figure 1-18. Water Jacket for the Pressure Vessel (Optional)
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Air Fins (Optional)

The optional air fins provide a large surface area for heat from the heatréjemtoemovedirom the air finsoy

the air that is forced through the air fins. The air fins are made of copper and can be either removabée or per
nentdepending on the customer 6 s ne&lib&1-20chnesintevaraivesa b | e
that are placed around the heat rejector and then bolted together using two s@@teblédthermal grease

used between the air fins and the heat rejeéotoraximizeheatconduction The permanent air fins optias
shrunk-fit onto the heat fector by Sunpower.

In order to use the air fioption, your design must includesaroud around the firte direct the air flow through

the finsand ideally also over the back end of the cryocodlér also recommend that you install a layemadle-
ablefoambetween the shroud and the outer diameter of thedissal the gam order to ensurthat the air will

go through the fins instead of through the gap. The minimum airflow required to maintain proper cooling is 100
cfm (2.83 n¥min), soan appropately-sized fan should be used.

(ryoTel® Cryocooler
Themast effici ryocoolers on the masket
-
I et e/ s pOwerinG compaterts By

Figure 1-20. CT With the Optional Air Fins
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Mounting Plate for the Gen Il Controller (Optional)

The optional mountinglate for the controlle¢figure 1-21) is athin, flat, abminum plateslightly larger than the
footprint of the controller. lcomes with four screws to mount the controller onto the mounting plate. You can
then mount the mounting plate with the controller attached to a wall or other surface by insertinghsoreyhs
the four holes at the corners of the mounting plate and into the wall or other surface.

135+0.25
/ A2 AN
D 0 O
110+0.25
Al Bl B3 A3
S| @ @ @ o
=X all dimensions in mm
TAG X LOC Y LOC SIZE
Al 10 16.61
AL 10 2 @ 5.61 THRU
A3 125 16.61
A4 125 99.61
B1 38.93 16.61
B2 38.93 89.22 @ 3.66 THRU
B3 96.08 16.61 N/ @ 7.09 X100°
B4 96.08 89.22

SUNPOWER AMETEK'

3.184—U<7

Figure 1-21. Mounting Plate for the Generation Il Controller (Optional)
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Chapter 2
Specifications

Introduction

Table 21 lists the specifications for the Cryo®PelT cryocooler. Table-2 lists the specifications for the CryaT
Generation Il controller. gocooler perfamancechatand t he cryocool erds power ¢

Table 2-1. CryoTel CT Cryocooler Specifications

Part Number
100215

Dimensions (figure 2-1)
Length
10.3 in (261mm) (with passive balancer)
8.5in (217 mm) (without passive balancer)
Diameter
1.65 in (41.9mm) cold tip
2.0 in (52mm) heat rejector
3.3 in (83mm) pressure vessel

Weight
6.8 Ib (3.1kg) with passive balancer
5.7 Ib (2.6 kg) without passive balancer

Ambient Operating Pressure
Can operate the cryocooler in a vacuum

Cold Tip Temperature Stability
+0.1 K

Power Input Requirement
Variable AC power fronthe Gen Il controller

Nominal Cooler Input Power
160 W

Nominal Lift
11W (at 77 K cold tip temperature and 23 °C reject temperature)

Operating Orientation
Any

Operating Frequency
60 Hz

MTTF
200,000 hi(roughly 23 yr)

Cooling Technology
Stirling Cycle

(continues on next page
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Table 2-1. CryoTel CT Cryocooler Specifications (continued)

Design Life
5yr

Warranty
2 yr (see appendix C)

Usage
Intended for indoor use

Altitude
Up to 2,000 m (6562 ft)

Operational Ambient temperature range
5°C to 50C

Maximum Relative Humidity
80% for temperatures up to ¥l decreasing linearly to 50% at°4D

Pollution Degree
Pollution Degree 2

261

217

77 r®83
P48 @52
T —»A‘J; 1— A O@f )

“’I:—— - I I 3

o 1)
OPTIONAL WELD JOINT
PLEASE CONSULT WITH N
SUNPOWER I \
PASSIVE BALANCER

4X M4 X 0.7 TAPPED HOLES MOUNTING VACUUM FLANGE-

n3

81

e
=4

$300.1

CABLE TO CONTROLLER

Figure 2-1. CryoTel CT Cryocooler Dimensions

Table 2-2. CryoTel CT Generation Il Controller Specifications

Part Number
100870

Dimensions (figure 2-2)
4.6in (116 mm) length
3.9in (98 mm) width
2.6in (65 mm) height

(continues on next page
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Table 2-2. CryoTel CT Generation Il Controller Specifications (continued)

Weight
1.1 1b (490q)

Ambient Operating Pressure
Can notoperate in a vacuum

Voltage Input Requirements
24V dc

Output Frequency
60 Hz

Output Power
160 W (at 77 K cold tip temperature and 23 °C reject temperature)

Temperature Stability
0.1 K

Serial Communications Interface
RS-232
Baud Rate: 4,800 bps
DataBits: 8
Stop Bits: 1
Parity: none
Flow Control: none

Software Interface
Terminal Emulator

Control Modes
Target cold tip temperature or target output power to the cryocooler

Operating Orientation
Any

Warranty
2 yr (see appendix C)

Usage
Intended for indoouse

Altitude
Up to 2,000 m (6562 ft)

Operational Ambient temperature range
5°C to 50C

Maximum Relative Humidity
80% for temperatures up to ¥ decreasing linearly to 50% at°4D

Pollution Degree
Pollution Degree 2
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Table 2-3. Cooling and Ventilation Requirements
Requirements for Cooling Water (when using the Sunpower watgacket for the heat rejector)
Flow Rate: 0.16 gal/min (10 mL/s)
Maximum Inlet Temperature: 86
Minimum Inlet Temperature: G
Requirements for Airflow (when using the Sunpower & fins for the heat rejector)
Airflow Through the Fins100 cfm (2.83 m3/min)
Ventilation Requirements
Sufficient ventilation to keep the air around the cooler and controller below 50degC"

Figure 2-2. CryoTel Generation Il Controller Dimensions

Performance Graphs

Figures 23,2-4,& 25s how t he performance of the cryocooler exp
infigures23&24i s defined as the cryocoolerés ability to r
stated tenperature. For example, the liftrfthe CT at a cold tip temperature of 77 K and a reject tenipexaf

23 °C is 11W. This means you could have an\Wload and the cryocooler could still maint#ire cold tip and

load at 77 K.
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Figure 2-3. CryoTel CT Nominal Performance at 160 W Input Power
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Figure 2-4. CryoTel CT Nominal Performance up to 300 K Cold Tip Temperature
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Figure 2-5. CryoTel CT Cooldown Time

Power Curve

The power curve graph in figure@specifies the mamum and minmum safepoweroutputto the cryocooler
based on the cold tip temperaturee controller will keep the power within the safe rariRefer to the relate
command (Display Current Commanded Power & Power Limits comniaghpendix B.
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Figure 2-6. CryoTel CT Power Curve
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Chapter 3
Installation & Setup

Introduction

Every customer 0s differert, adtHisahaptey can anly provideegénerig ingtaflation guidance
and some common installation procedures that may or may not apply to your specific installation.

Equipment & Accessories Supplied by Sunpower

Table 31 lists the standard equipmeatcessories, and documents normally supplied by Sunpower with the
CryoTelP CT system. Table-2 lists the optional equipment and accessories offered by Sunpower. Refer to
your packing list for the actual list of items supplied with your order.

Table 3-1. Standard Equipment & Accessories Supplied by Sunpower

No. Description P/N Qty
1 | CryoTel CT Cryocooler 100215 1
2 | Passive Balancdor CT 100903 1
3 | CryoTelCT Generation Il Controller 100870 1
4 | RTD with RTD Wire 100300 1
5 | RTD Cable 100880 1
6 | Cooler Power Cable 100887 1
7 | RS-232 Serial Communications Cable 100884 1
8 | CryoTel CT Installation and Operation Manual 710MNL-01006001 1
9 | CryoTel CT Quick Reference Guid@gn process) 710MNL-01006002 1

Table 3-2. Optional Equipment & Accessories Offered by Sunpower
No. Description P/N Qty
1 | Active Vibration Cancellation (AVC) System N/A
Installation & Operation Manual for the AVC System 710MNL-05000001
2 | NW50 Vacuum Flange
ARemovable (bolted on) 100294
APermanent (welded on) 100299
3 | Custom Vacuum Flange N/A
4.5Inch ConFld® Vacuum Flange (permanémtelded on) 100780 1
Water Jacket for the Heat Rejector 1
Awith Standard Straight Fittingsemovabléslip fit) 100809
Awith Standard Straight Fittinggermaneritshrink fit) 100807
Awith 90° Angle Fittings permaneritfor use if also using a pressure ve 100793
sel water jacket)

(continues on next pape
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Table 3-2. Optional Equipment & Accessories Offered by Sunpower (continued)

No. Description P/N Qty
Water Jacket for thBressure Vessel 100836 1
Air Fins 1
ARemovable (consists of two halves bolted together around the heat 100615
tor with two screws)
APermanent (shrink fit) 100132
Mounting Plate for Generation Il Controller 100965
Final Test Sheet (ailable upon request) (figure3d TBD 1

Equipment & Accessories Not Supplied by Sunpower

Table 33 lists the equipment and accessories required but not supplied by Sunpower -4 e @ptional
equipment and accessories offered by other comptriese with the CryoTel CSystem.

Table 3-3. Equipment & Accessories Required but not Supplied by Sunpower

No. Description Qty

24V dc power supply

Controller power cable (from the power supply to the generation Il controller) 1

Water cooling/circulating system if using the optional heat rejector water jacket or the pres
vessel water jacket

4 | Air cooling/circulating system if using the optional air fins 1

Table 3-4. Optional Equipment & Accessories Offered by Other Companies

No. Description Qty

Terminal Emulation Software (such as PuTTY) installed on the connected computer 1

USB-to-SeriatPort Adapter (an adapter with a matpi D [DB9] RS232 serial connector on 1
one end, and a USB type A male connector on the other end, such as the CoolGear Mink U
232 Serial Adapter DB Male, P/N USB&32MINI from http://www.coolgeacom/prod-
uct/miniusbrs-232seriatadapterdb-9-male) to allow you to connect the RS2 serial commu-
nications cabléo a USB port on your computer

3 | Cryostat or Dewar Vessel (todase the thermal load andthe @ s col d fi nge

Heater (to heat the cold tip to supplement the thermaldaddg operatiorto meet the minimum| 1
load requirementor for after operation to speed the warmup of the co)d tip

5|Additional Temperature Sensor fleatertoWwamupo
the cold tip aftepower has been disconnected from the contijoller

Copper Braid (to attach frothecold tip tothe heat load)

Thermostat (to connect across pin 7 [Digital Input 3] and pin 10 or 12 [Onboard Isolated 5| 1

pujof the controllerés |/ O connector to s
of a desired temperature range [see the Set Thermostat Mode section in Appendix B, Con
Reference])

8 | Custom Vacuum Flange 1
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Unpack & Inspect the CryoTel CT System

Although the T is mechanically robust, it can be damaged if not handled properly. Please observe the following
warning and cations whenever you handle th& C

i Do not pick up the T by the cold finger; pick it up by th@essure vessehly.

i Protect the cold finger from any unnecessary contact with anything. The slightest distdrtion
will render the unit inoperable.

i Do not rest the T on its cold tip.
i Do not remove the protective cover from the asld on the end of the copper service tube.

i When the cryocooler is placed horizontally on a level bench top or table, support the cryocooler with
support blocks or other methods to prevent it from rolling off the table.

To Unpack & Inspect the System:
1. Carefullyremove the C, the controller, the RTD, all supplied cables, and other accessories from their ship-
ping containers and packaging material and place the items on a benchtop or table. Set aside the shipping
containers and packaging mateifatase you need to send anything back to Sunpower.

2. Check to make sure you have all the items you ordered.

3. Inspect all the items for any damage. If anything is damaged, call Sunpower.

CT Product & Serial Number Labels

Figure 31 shows the locationfahe produciand serial numbdabek on the CT and a closeup tbfe product
label Thecryocooled part number (100225s not included on the labels.

T -2
’:ﬁ?' Cryocooler Product Label
‘ ®
¢ & CryoTel Cryocooler

The most efficient cryocoolers on the market

(ryoTel” Cryocooler MADE IN ATHENS, OHIOUSA  STUUNPOWER
The most efficient cryocoolers on the market '\METEK-

WO WATHENS, OHIO USA ¢ [t I .
AMETEC patent http://www.sunpowerinc.com/patents.php

eent itp./ i Sunpowerinc com/patents php

——————
» CT1549

Cryocooler Serial Number Label

Figure 3-1. Product & Serial Number Labels on the CT
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Generation |l Controller Label

Figure3-2 showsthe location of the o n t r prddlicelabe ®n the top of the controlland a closeup of the

label The label lists the serial number of the controller, the type of cryocooleritco@fols( t he contr ol
input voltage requimaent (24V), thetype ofcoldt i p t emper ature sensor input it
software vesion number (v2.0)0 The serial number can also be displayed on the connected computer using the
SERIAL command in the terminal emulation software.

Generation Il Controller Product Label

Controller's Serial Number\

Model of Cryocooler that \S/N°50032217049
the Controller Controls —__| )
——CT 24V RTD

e

Controller's Controller's  Type of Cold
Input Voltage Internal Tip Temp.
Requirement Software Sensor

Version Input
Number Expected

Figure 3-2. Product Label on the Generation Il Controller

Final Test Sheet

The final test sheet, available upon requestudes data frorthe final test thaSunpoweiperformed on your
CT. Figure3-3 shows a sample final test sheet

The final test sheet is evidencet npower 6s i nternal product qualificat
and cold tip temperature) attained by the cooler during final testing at Sunpower prior to shipment. Final testing is

in addition to the separate bdmtesting of the cryocooteand the bursin testing of the controller. The cry-

ocooler is not shipped to the customer unless it meets the minimum performance standards set by Sunpower for
each particular model of cryocooler.

It is important to understand that the performance resadtsrded on the sheet are obtained under very specific
testing conditions and that you should not expect to exactly duplicate these results in your particular installation
since the conditions will be different.

The top part of the sheet lists the resoftsesting using a standard CryoTel generation Il controller (not the
one shipped with the unit) as the input power source. This test is to ensure that the unit works as intended with
a CryoTel generation Il controller.

The bottom part of the sheet ligie results of testing using a variac (variable -dnatosformer) as the input power
source.

3-4 CryoTel® CT Installation & Operation Manual



SUNPOWER AMETEK Chapter 3, Installation & Setup

e ——————————————————————

®
CryoTel® Cryocooler SUNPOWER
Final Test Sheet

Cryocooler Serial Number Sample

Final Test: Gen Il Controller

Test Conditions

Dewar Vacuum Level (mbar) 1x10-4
Ambient Temperature (°C) 23
Reject Temperature (°C) 35

Controller Inputs

Controller Input Power (W,) 180
Controller Input Voltage (Vpc) 23
Current (A) 10

Cryocooler Performance

Lift (W) 10

Cold Tip Temperature 77

Final Test: Variable AC Power Input (no controller)

Test Conditions

Dewar Vacuum Level (mbar) 1x 10-4
Ambient Temperature (°C) 23
Reject Temperature (°C) 35

Cryocooler Inputs

Input Power (W,) 160
Frequency (Hz) 60
Voltage (Vac) 14
Current (A) 14

Cryocooler Performance

Lift (W) 10

Cold Tip Temperature (K) 77

SUNPOWER

AMETEK

Figure 3-3. Sample Final Test Sheet
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Prepare the RTD Wire

Figure 34 shows the four leads that make up the RTD wire.

V+ Black
+ Clear

Figure 3-4. The Four Leads of the RTD Wire

You can skip this section if the length of the RTD wire is already the correct length for your application. (All

wires should be as short as possible to minimize parasitic loading on the cryocooler.) If your application does not
use a cr yo shawe totaketinto aacouryt thauléngth of the R¥EDIe in addition to the length of the

RTD wire since the RTD wire gets attached to the RTD cable in this case.

I The RTD is an Electrostatiensitive Device (ESD). Use ESD precautionary procediaas, and
equipment such as grounding straps, grounding mats, grounding tools, antistatic garments, etc. when handling or
making mechanical or electrical connections to this device in order to avoid performance degradation or loss of
functionality.

Cut the Leads
Determine the final |l ength of RTD wire that youol |l

Separate the Leads
Separate the ends of the leads using either mechanical means or heat as described below.

i Do not use any kind of sharp blade, either in ahlirgeunit or by hand, to cut apart or otherwise sep-
arate the individual wires. This will cause cuts or nicks in the insulation which will cause tearing and separation
of the insulation itself when the wires are separated further.

I Do not use anyanual (by hand) method of sanding or scraping the insulation off as a means to sep-
arate the wires. This will cause a rough surface that will cause tearing and separation of the insulation itself when
the wires are separated further.

Separate the Leads Using Mechanical Means

Individual wires can be separated using a regdimasion style mechanical stripper such as the RT2S Magnet

Wire Stripper from The Eraser Company, Inc. The rotating abrasive heads provide a smooth surface finish critical
to separatinghte wires without nicks or cuts that will cause tearing of the insulation. Automated stripping units
that use abrasive rotating heads for Afine wireo or
that you test any such unit with the intendéck first.

After the individual wires have been separated at the end, you may gently pull the wires to further separate them
to the desired length.
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Separate the Leads Using Heat
QuadLeadE wires are formed i nto a fgfiin0hiscbondingadenteid us i
soften above 160 °C to 180 °C.

T Do not heat the wires above 220 °C.

To Separate the Leads Using Heat:
1. Set a hot plate or other heater to between 160 and 200 °C.
Hot-air guns are not recommended as controldisiibution of heat to the wire is much more difficult. At
the very | east fheeé mesttpbasat AibBawdses must be
2. Take the end of the ribbon wire to be separated and place it on the hot surface.

3. Using a pair ofihe tweezers, gently push the individual wires apart.

It may be necessary to bend them or fan them out slightly while on the heater to prevent them from touching
and rebonding once they are removed from the heater.

Any wire touching the hot surface maypsaeate, so be careful when handling the wire during this process.

4. Remove the wires from the heat.
Do not try to separate the wires after removing them from the heat.

5. If needed, after the individual wires have been separated at the end, you mapugktitlywires to further
separate them to the desired length.

Strip & Tin the Leads
T Do not attempt to strip the individual leads of the RTD wire until the leads have been fully separated
as described in the previous sections.

To Strip & Tin the Leads:

1. Strip the insulation from the ends of the individual leads of the RTD wire by delicately scraping with a razor
blade, fine sand paper, or steel wool.

2. Apply a Rosin Mildly Active (RMA) soldering flux to the leads.

3. Tin all leads with a miniml amount of solder.
Use a low wattage soldering iron that will not exceed 200 °C.

4. Clean off any residual flux with rosin residue remover.

Connect the RTD Wire to the RTD Cable

Perform this step only if your applicatigioes not involve insertingthef6 s col d finger into
consists of preparing the leads of the RTD cable and connecting them to the RTD hérlength of the RTD
cable should never exceed 3.0 meters.

To Prepare the Leads of the RTD Cable:
1. Strip the insulation fronthe ends of the leads in the RTD cable.

2. Apply a Rosin Mildly Active (RMA) soldering flux to the leads.
3. Tin all leads with a minimal amount of solder.

4. Clean off any residual flux with rosin residue remover.

CryoTel® CT Installation & Operation Manual 3-7



Chapter 3, Installation & Setup SUNPOWER AMETEK'

To Connect the RTD Wire to the RTD Cable:
1. Slide a piece of heat shrink tubing onto each lead of the RTD cable down past the stripped part of the leads.

2. Join the leads of the RTD cable with the leads of the RTD wire, matching the colors as detailed ib.table 3

Table 3-5. RTD Wire to RTD Cable Connections

Lead Colors in the RTD Wire Lead Colors in the RTD Cable Function
Red Red I /Shield

Green Green Vi

Black Black V+

Clear White I+

When a cryostat is not used the RTD cable shield should be attached to the cooler body or cstrdigetive
ture being used. The other end of the shield should be connected to pin 4 of the green temperature connector.

3. Apply the soldering iron above the joint area until the solder melts, then immediately remove the iron.
See figure &.

Important i The purpose of figure & is to show how the heat shrink tubing should kb alito the wires
and how the RT[2able leads are soldered to the RTD wires, but the colors of the RTD cable leads shown in
the figure are not accurate; the actual colors are listed in teble 3

Figure 3-5. RTD Cable Soldered to the RTD Wire
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4. Slide the heat shrink tubing ouvifte solder joints and apply heat to shrink the tubing.
See figure3-6.

Important i The purpose of figure-8 is to show how the heat shrink tubing should be installed over the
solder joints, but the colors of the RTD cable leads shown in the figure axecuote; the actual colors are
listed in table &b.

Figure 3-6. Heat Shrink Tubing on the Solder Joints

Install the CT Cryocooler

ThewaytheCTi s installed is highly dependent on the cus
a generafuide to installing thE€T.

You will need to provide for some type of cooling mechanismto coifliles heat rej ector, s
vection (using a fan to blow air through the optional air fins on the heat rejector, or pumping cooling water
throughthe optional heat rejector water jacket), or a cugtohd metal conduction method.

TheCT can be installed horizontally, vertically, or in any other orientatieni ng t he mounting h
pressure vesséhlternatively, he CT can beattachedo your cryostat via the optional NW%®0 4.5inch ConFlat
vacuum flangenstalledat the base of the cold fingso that the cold finger is inserted into the cryostat, and the

rest of theCT is cantilevered from the flang€onversely, the CT can lagtached to a mounting surface via the
mounting holes in the CT6s pressure vessel, and th

TheCT6s cold finger operates best isoppledcryostatsTind vacdulend v a
eliminates possible loading of the cold finger from convection or condensation of elements in the atmosphere
such as water vapor and nitrogen.

Warning - Do not position the cryocooler, controller, supporting equipment so thaistdifficult to operate
the disconnecting device
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Warning i Do not drill holes, or in any other way puncture, or attempt to modify, the pressure vessel.
Warning i Do not apply clamping pressure to the pressure vessel.
Warning i Do not puncture or otherwise damage the copperceetube.
Warning i Do not mount th€€T by suspending it from the passive balancer mounting bolt.
Warning i Do not rigidly attach the passive balanoerunting holdo any mounting surface.
T Do not apply a pure axial load of more than 300 N (30.50 kg) at the cold tip.

i Do not apply a lateral load of more than 30 N (3.05 kg) at the surface of the cold tip when the cry-
ocooler is operating, or more than 100 N (10.20 kg) when it isperating.

i Do not apply a torque load of more than 142i§16 N-m) on the cold tip.

To Install the CT:
1.(Optional) Attach the ther mal ofmoed thelfour Mddhrehdgd t o t he
holes in the cold tip (figurg-7).
Use a thin layer of indium, or Apiezon N grease, or similar thermal grease between the thermal load and the
cold tip to ensure proper thermal conduction.

L‘ ‘\. - \
Figure 3-7. Four M4 Threaded Holes in the Cold Tip

2. (Optional) Attach one end of an optidrapper braid onto the thermal load, and the other end of the braid
onto the CTs cold tip using one of the four M4 threaded holes in the cold tip (figiire 3
Use a thin layer of indium, Apiezon® grease, or similar thermal grease between the braathachhl
load, and between the braid and the cold tip to ensure proper thermal conduction.

ImportantiThe RTD all ows the controller to measure and
RTD feedback also controls theyomo | epov@esrampup. If the RTD is not installed properly, the cool-

ing capacity of the cryocooler will be severely limited and temperature control will not furi€tios.con-

troller detects an improper RTD installed, the controller will issue a temperahs@ szror (error code

100000 [six flashes of the LEDs]).

3. Attach the round disk part of the RTEgure 1-6) onto the thermal load orontotfd6 s col d ti p usi
a through d below.

Note i For optimal temperature control, attach the RTD as ctoeetcold tip as possible.

The hole in the RTD bobbin will accommodate ad®4screw. A brass screw is recommended due to the
thermal contractions/expansions of the final assembly.
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a. Clean the threaded hole on the thermal load or on the cold tip withiemssuch as acetone followed
by an isopropyl alcohol rinse.

Allow time for the solvents to evaporate before attaching the RTD.
b. Apply a small amount of Apiezon N grease to the threads of the screw.

c. Place an indium washer/preform or a thin layefApiezon N grease between the RTD and the mount-
ing surface to ensure good thermal contact.

An overabundance of grease will increase the thermal barrier, so keep the thickness to 0.05 mm or less

d. Insert the screw through the RTD bobbin and tighten thesfirmly enough to hold the RTD in place,
but avoid over tightening. A torque of3in-0z (0.02 0.035 Nm) should be sufficient.

i If operating below 77 K, we recommend you use a heater to heat the cold tip after operation has
stopped to avoigossible spontaneous selfcitation of the cryocooler and possible subsequent damage.
Contact Sunpower for more information.

i If using an optional heater to heat the cold tip after power has been discorfneci¢lde con-
troller, the cold tip temperature must be monitored by an additional sensor. When the cold tip reaches 300
K, the heater power must be removed.

4. (Optional) Install an optional heater onto the cold tip to be used during operation to supplement the thermal
load to meet the minimutoad requirementt can also be used after opgon to decrease warap time. If
youdbre using the heater after the power has been
additional temperatur e s e wslentheocold tipteaches 300 KJ at which s o
point the heater should be turned off.

5,( Optional) Insert the CToés col d fi ngo4.5nchnCondlata cr
vacuumflang@nt o t he c¢cryostatés vacuum fl ange.

6. If you installed theCT onto a cryostat (step 5), then:
a. Attach the RTD wires to the feedthrough pins on the inside of the cryostat.
For maximum performance, wires should not touch the walls of the cryostat. Contact with the walls
will increase the heat loadingdnduction) during use and will yield lower available cooling power.

b. Attach the RTD cabl&adsto the pins on the outside of the cryosRefer to table & for connection
details.

c. The RTD cable shield should be attached to the cryostat batlyesrconductive structure being used.
The other end of the shield should be connected to pin 4 of the green temperature cdrreldngth
of the RTD cable outside the cryostat should never exceed 3.0 meters.

7. (Optional) Attach theCT to a customesupplied mechanical supporting structure via the M4 threaded
mounting holes around the circumference of bothends @@es pr essur &88vessel (fi
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MADE INATHENS,OHIOUSA  SUUNPOWER

The most efficient cryocoolers on the market
patent http://www.sunpowerinc.com/patents.php

Cryocooler
M4 Mounting Holes
(4 of 8 places)

Figure 3-8. Cryocooler Mounting Holes

8. (Optional) If usinganoptionalwater jacketdo the folbwing:
a. Connect the water jacket fittings to your water cooling/circulating system.

b. Turn onthewater cooling/circulating system and make sure that it operates properly with the water
jacket and that there are no leaks.

Water should be able to flowrtbugh the jacket at approximately 0.24 gallons per minute (15 mL per
second).

c. Turn offthewater cooling/circulating system until you have finished installation & setup and are ready
to startup the cryocooler. (See chapter 4.)

9. (Optional) If using tle optional air fins, do the following:

a. Install the fan, shroudnalleable foamand other equipment associated with your foraidooling
system.

Some heat rejection also occurs from the walls of the pressure vessel. Therefore avoid permitting any
cortainment structure for the cryocooler to hinder the heat rejection from any part of the cooler. It is
also recommended to electrically interlock the cooling fan and the controller in order to ensure that the
cooler cannot operate without also turning omfim.

b. Turn on the fan and any other equipment associated with your faicedoling system and make sure
that it operates properly with the air fins.

The minimum airflow required to maintain proper cooling is 100 cfm.

c. Turn off the fan and any othequipment associated with your foreaid cooling system until you have
finished installation & setup and are ready to stprthe cryocooler. (See chapter 4.)

10.( Optional) I f using the optional AVGQOstdlatiecn&©Oper- i nst
ation manual.

Install the Generation Il Controller

Warning - Do not position the cryocooler, controller, supporting equipment so thatstdifficult to operate
the disconnecting device
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1 Do not install the generation Il controller in a location that will be subjected to a vacuum. The con-
troller contains capacitors that are not vacuum rated, so they could burst if subjected to a vacuum.

T If the controller is installed in an emaure, cooling must be provided.

Thegeneration lkcontroller can be positioned in any orientation and still operate. It has four rubber feet on the
bottom for freestanding operatiorlhe feet can be unscrewed and remabed the uncovered screw hotes

be usedo mount the controller to any surface by installing screws from behind the mounting surface, through the
mounting surface, and into the screw holes on the bottom of the controliecan alsgurchase an optiondlat
mounting platdfigure 1-21) from Sunpover that attaches to the bottom of the controller usiegubber feet

screw holes. The plagxtends beyond the edges of the controller so that you can mount the controller with
screws through the top of the mounting plate.

Add Wires to the RS-232 Serial Communications Cable Connector (Optional)
To access some of the advanced functions of the generation Il controller, you have to add extra wires to the RS

232 serial ¢ o mmupinil/@ ennectom Some od thdseefidnstions iitdithe following. See
figure3-9f or a compl ete pinout of the controllerds 1/ 0

APin 4i Digital Out 4 (At Temperaturé) This output goes high (5 V) when the cold tip is within the set + tem-
perature band centered on the target temperaturddtaalt band is £0.5 K). When the cold tip temperature is
outside of that band, this output will be low (0 V).

APin 5i Digital Input 1 (SoftStopj Thi s i nput onl y wo-stépsontrof modehiseset o n t
Digital Input 1 (mode 1) usintheSET SSTOPM=1c o mmand. Onc e t-stap contmimtodeo | |
is set to 1, then setting this input high enables thessoyft function. The Onboard Isolated 5 V output on pin
10 or 12 on the control | er 6 sthigh S2tting this inpaitdov orrdiscona N b ¢
necting it disables the sedtop function.

APin 7i Digital Input 3 (Thermostat) Thi s i nput only works if the cont
bled (mode 1) using tHteET TSTATM=1command. Oncethecontt | er 6 s t her most at mo
setting this input high will allow the cryocooler to run; leaving the pin disconnected will shut down the cry-
ocooler. This operation can be accomplished by connecting a thermostat across this pin and pintdé or 12,
Onboard Isolated 5 V output pins. When the thermostat is closed (temperature in the desired range), pin 7 is
high (connected to the 5 V output pin) and the cryocooler is allowed to run; when the temperature goes out-
side of the desired range, the thestad opens, pin 7 goes low (no longer connected to the 5 V output pin),
and the cryocooler shuts down.

r
e

Thel/O connector on the communications cable is a Molex part number @4P(DigiKey part number
WMB039ND) . To add wir es eedtocrimfemalecontacts ontodhe wiresyaoduthée ihserin
them into the connector. Tlemalecontacts to use are Molex part number 962199 (DigiKey part number
WM2558ND). These contacts are for use oii 22 AWG wire and are made of tin/lead overkail. Different
contacts are available from the manufacturer. The crimper tool to use 8 2»8VG wire is Molex part number
638190200 (DigiKey part number WM9028ID.)
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170

— TEMP
(8) (10) @2) (14)| (male connectors
88%55%5 ( c:nfronto:‘: @@@@@@

controller)

170 Connector Pinout TEMP Connector Pinout
Pin|Function Pin|Function
1 |Digital Out 1 1 | V+ (Connected to Black lead)
2 |Digital Out 2 2 | V- (Connected to Green lead)
3 |Digital Out 3 3 | I+ (Connected to White lead)
4 |Digital Out 4 (at temperature) 4 | I-/Shield (Connected to Red lead)
5 |Digital Input 1 (soft stop) 5 |NotUsed
6 |Digital Input 2 6 | NotUsed
7 |Digital Input 3 (thermostat)
8 |Digital Input 4
9 |Isolated I/O GND

10 [Onboard Isolated 5V
11 |Isolated I/O GND (connected to orange on comm cable)
12 |Onboard Isolated 5V
13 |RS-232 RX (input) (connected to yellow on comm cable)
14 |RS-232 TX (output) (connected to gray on comm cable)

Digi-Key P/N
277-1434-ND

Digi-Key P/N/v
WM8039-ND

RS-232 Serial
Communications Cable

Cryostat
xt
PC
Figure3-9. Pinout of the Controllerds Connector

3-14 CryoTel® CT Installation & Operation Manual



SUNPOWER AMETEK' Chapter 3, Installation & Setup

Connect the RS-232 Serial Communications Cable

TheRS232 seri al communications cabl e c dfigunee3®tasithb et we
c omp ut €82cenneB@ (or USB connector through an optional adapter). See figOréoBdetails of
the wiring between the cableds connector &stopbithe i nt

no party, and no flow conbl.

To Connect the RS-232 Serial Communications Cable:

1. Do one of the following:
AConnect the female-8in-D molded connector at the end of the-B& serial communications cable to a
male R$232 serial communications port on your computer.
Ainstall an optional USBto-seriatport adapter (item 1 in tabled into a USB port on your computer. The
installation will allow you to assign a COM port for the adapter. Once the adapter is installed, connect the
female 9pin-D molded connector at the end of R8-232 serial communications cable to the adapter.

2. Connect the female 3gin connector at the other end of the-&B® serial communications cable to the male
14-pin I/O connector on the front of the generation Il cdierdgfigure 39).

GND_ISO Orange
RS-232 RX (input) Yellow
RS-232 TX (output) Gray

Female

Female
14-Pin

9-Pin D

Figure 3-10. RS-232 Serial Communications Cable Wiring Details

Connect the RTD Cable to the Controller
The RTD cable should already be connected to the RTD wire either directly, or through the feedthrough pins on &
cryostat.

To Connect the RTD Cable to the Controller:
1. Connect the green femalepéh connector on the end of the RTD cable into the green naile @nnector
on the front of the controller (figure 3.
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Connect the Cooler Power Cable to the Cryocooler

Thecryocooler is shipped with tr@oler power dale already attached to the cryocooplaut if for some reason
the cable has been removed, then use the procedure below to reconnect the cooler power cable to the cryocooler.

To Connect the Cooler Power Cable to the Cryocooler:
1. If the passive balances installed on the pressure vessel, you must remove it to access the electrical feed-
through pins on the end of the pressure vessel. To remove the passive balancer, remove the M5 screw from
the center of the passive balancer.

Warning i Do not subject the electrical febdbughs pinsonthe endofth# @ s pr essure vesse
chanical stress, for example, axial or radial movements; axial, radial, or any other mechanical loads; blows;

etc. because that may break the glass insulatotsd the pins which could cause helium to leak out of the
pressure vessel.

2. Align the two holes in the molded plastic connector on the one end of the cooler power cable with the two feed-
through pins on the end of tbboenecCthe@anneptor @igBell)r e vesse

3. Insert the retaining screw into the connector and use a hex key to tighten the screw.

) 0‘/ + Feedthrough

@<— Threaded Hole for Power
. Cable Retaining Screw

—Feedthrough

Service Tube Elbow

Power Cable
Connector

Power Cable
Retaining Screw

Figure 3-11. Attaching the Cooler Power Cable to the Pressure Vessel

Caution’ When reinstalling the passive balanceruemshat none of the four screws the balancer facing
the pressure vessel are directly over either the power cable connector or the service tube elbow to avoid cry-
ocooler damge due to impact with the scredsring large amplitude displacements of the padsalancer.

4. Place the passive balancer back onto the end of the pressure vessel then reinstall and tighten the M5 screw
onto the balancer.
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Connection to the Supply

The customesupplied controller power cablemnects the customsupplied 24/ dc power supply to the gener-
ation Il controller. Figur&-12 shows the function and layout of the terminals on the power connector (terminal
block) on the side of the controller. This is where the controller end of the controller power cable is connected.

Important i The powersupply end of the controller power cable should not be attached to the power supply
until after you install and configure the terminal emulation software later in this chapter.

To Connect the Controller Power Cable to the Controller:
1. Enaure that the controller power cable is not connected to the 24 V dc power supply.

2. Instdl crimp ferrules, such as Digfey P/N 2881101-ND onto the two wire leads of the custorsepplied
controller power cable usj a crimping tool such as Ditfiey P/IN288-1163ND.

T When connecting the controller power cable leads to the controller, verify that the correct polar-
ity is observed. Reversed polarity will result in damage to the controller upon startup.

3. Insert the power return (ground) lead cfthc ont r ol | er poiwett ecanbh nal i mntine i td
connector (terminal block) opening on the side of the controller.

4. Insertthe+24/ | ead of the controller power <cable into
minal block) gening on the side of the controller.

5. Insert the end of a small flaead screwdriver into the screw access slots on the top of the controller and
tighten the two terminal block screws onto the two wires of the controller power cable.

6. Ensure that theustomersupplied 24V DC power supply is tu off and disconnected frons isource.

7. Connect the power supply end of the custesugaplied controller power cable to the custosgoplied 24V
DC power supply.
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Wire Color
Inserted into
Terminal |Function Terminal
1 | Out=] ac power output | White
2 | out+f to cryocooler Orange
In— finputto controller Likely Black

Controller
Power Connector
(Terminal Block)

Crimp Ferrules (4 places)

==
Cooler Customer- From the )
S Power Cable Supplied gzs\sog::e%a%?psl;fd I
To the Cryocooler’s Controller pply

Power Connector Power Cable

Figure 3-12. Controller Power Connector (Terminal Block)

Install & Configure Terminal Emulation Software

I f you dondét already have t er)imgtalied bnthe computertconnesteddoo f t wa r
the controller, then download, install, and configure the software. This section contains general instructions for
downloading, installing, and configuring PUTTY (a free terminal emulation program).

Important i Thefollowing steps ar¢o be done with the controller power cable disconnected from the power
supply and the cooler power cable disconnected froragh&oller.

To Download, Install, & Configure PuUTTY:
1. Download the latest release version of the PuTTY itexh@mulation software and its Help file from
WwWw.putty.org.
2. In Windows®, click on the Sart button, and choose Control Panel>All Control Panel ltems>Device Manager.

3. In Device Manager, open the Ports (COM & LPT) device and make note of what COMiptduer is as-

signed to the poihto which the serial communications cable is pluhde the example in figure-B3, it is
COM4.
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4. Launch PuTTY.exe.
PuTTYds Session Configuraddion Panel is displayed

5. Follow the steps on figure B4.
PuTTY6 s Ser i al Panelnsfdisptayed (Ggureb)n

6. Type in the numbers and seléoe options shown in figure B5 for the serial connection to the controller.

7. Click on the Open button.

A connecton window (figure 316) will open. This is thevindow into which you will type in commands to
send to the controller, and the window in which responses from the controller are dispheyadndow
will not work until power is supplied to the controller in the neattion.

o]

File Action View Help

&> @/ E HE

Bl MKitzmiller-w7
@ Batteries

2)| Biometric Devices
9 Bluetooth Radios

-8 Computer
a Disk drives
; Lo %, Display adapters
j—? DVD/CD-ROM drives
U;%"j Human Interface Devices
‘g IDE ATA/ATAPI controllers
-@ IEEE 1394 Bus host controllers
&2 Keyboards
'-ﬂ Mice and other pointing devices
{=] Modems
&/ Monitors
l f"'i Network adapters

l @] PCMCIA adapters

‘? Ports (COM &LP
"? USB Serial Pirt (COM4)
+-4_Kk Processors

-‘@ SD host adapters

[/ Security Devices

+)-g8 SM Driver

1;] Sound, video and game controllers
(-7 System devices

a Universal Serial Bus controllers

\L@ | _L[C_.} ii,& <Lb

Figure 3-13. Identify What COM port is Assigned to the Controller
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Category:
[=]- Session l Basic options for your PuTTY session |
&3- Teminal Spefcth.rthe destination you want to connect to / 1. Select Serial.
... Keyboard Serial line Speed /
Bl com4 |4800
- Features Connection type:
= Window " Raw " Telnet in " SSH J % Seral
[ .
gzg:‘a,,::rce ~ Load, save or delete a stored ses&‘ 2. Typein the com
- Translation Saved Sessions port number for the
-~ Selection | port where the serial
c;' Colours Default Settings Load communications
i g —_— cable is connected.
- Data Save
- Proxy —_
- Telnet Delete
- Rlogin — -
- SSH 3. T\/pe in 4800 for

. Seri the speed.
e ‘\ Close window on exit: P

Never ¢ Only on clean exit

About Help Open Cancel 4. Click on Serial.

Figure 3-14. PuTTYbds Session Configuration Panel
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35‘2' PuTTY Configuration l

2| x|

Category:
[=)- Session | Options controlling local serial lines |
I_.ogglng — Select a serial line
[=)- Teminal
- Keyboard Serial line to connect to |COM4
- Bell
B — — Configure the serial line
=) Window Speed (baud) |4800
- Appearance )
- Behaviour Databis |8
- Translation Stop bits f1
- Selection .
- Colours Earty INone :.I
(=) Connection Flow control INone _:I
- Proxy
- Telnet
- Rlogin
- SSH
& Serial
Mot | Heb Open Cancel
Figure 3-15. PuTTYds Seri al Configuration Panel
3-21
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4 coMa - PuTTY B

Figure3-16. PuTTYO6s Open Session Screen

Power Up the Controller

For this section, the controller end of the custesugplied controller power cable should already be attached to
the controller and theontrollerend of the cooler power cable should already be disconnected frawmritneller

To Power Up the Controller:

1. Connect the power supply end of the custesugplied controller powerable to the customesupplied 24
V dc power supply.

2. Ensure that the power supply is connected to its power source.

3. Turn on the power supply if it has an-ofi power switch

Verify Proper Communications Between the PC & the Controller

Before connecting power to the cryocodtarthe first timein the Startup section of chapter 4, you must first en-
sure that the terminal emulation software on the&Ccommunicate properlyithv the controller. This section
lists the general instructions for ensuring propenicwinication.

Important i The following steps are to be done with the custesogplied controller power cable connected
between the controller and the power supply, &eddntrollerend of the cooler power cable disconnected from
thecontroller.

3-22 CryoTel® CT Installation & Operation Manual



SUNPOWER  AMETEK Chapter 3, Installation & Setup

To Verify Proper Communications:

1. If not already runningind configuredlaunchthe terminal emulation software, and usinggshe f t war e 6 s
face, opera serialkconnectiorto the COM port to with the controller is connected. (See lingtall & Config-
ureTerminal Emulation Softwarsection.)

2Cycl e power to the controller either by disconne
power suppl yd Byugng theon/offpaner switch on the power supply if it has one.
The following reply from the controller should be displayed intémminal emulatdy window:

*** 2nd Generation CryoCool er2.0.0 *kk
where2.00 s t he control henbed.s software version

3. Typeacommandsuch3a€( t he ADiI-FippaVe@pédat ur ed econinmarn d)e miun |
window and press the Enter key to make sure the serial communications are working.

An appropriate reply from the controller should be displapetiét e r mi n a | wiadow. (Ifgauor 6 s
typedTC, the current temperature of the cold tip [RTD] in kebshould be displayed in therminal emula-
t o wibdew.)

4Shut off power to the controller eitherpbwedi sup
power cable, or by using the on/off power switch on the power supply if it has one.

The CryoTel 0 system is now set up and ready to be started up using thepsfaxcedures in chapter 4.
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Chapter 4
Operating Instructions

Introduction

Before starting up and operating the Cry&TET system for the first time, ensure that it has been installed and
set up properly as outlined in chapter 3. We also recommenbefuaie startig up and operating the CryoteT C
system for the first time that you watch the operating videos that Sunpower will be posting on our website.

Controls & Indicators

Neither the controller nor theTCcryocooler has a power switch or any othgerator controls; the controller be-
gins its stadup sequence as soon as power is applied to its power input terminals. Once-thesstgutence is
completeal, the controller operates thd €ryocooler based on the preferences set in the controller thomumg-
mands from the userb6s computer.

The only indicators on th€ryoTel CT system are the two status LEDs, one green and one red, on the front of the
controller. Table 4L lists the LED states that may occur and their meaning. Tebldentifies the erns indi-
cated by the LED flashes describedamw four of table 41.

Table 4-1. LED Legend

LED State Description Meaning

Both LEDs are lit and steady. | The controller is starting up.

The green LED is off. In thetemperature control mode, this means that the cryocooler ¢
The red LED is lit and steady. | tip is not within the set + temperature bandteezd on the target
temperature, and hence the Digital
connector will be low (0 V)In the power control modéhis means
that the cryocooler is not running.

00 00

. The green LED is lit and steady In the temperature control mode, this means that the cryocooler
O The red LED is off. tip is within the set + temperature band centered on the target te
aturer, and hence the Digital Ou
nector will be high (5 V)In the power control mode, this means th
the cryocooler is running.

<~ The green and red LEDs are| At least one error has occurred. The combined number of short

“71v flashing in unison in a repeat] flashesplusthe long flash in the series identifige error that has oc
v, ing series of flashes consistir curred as defined in table24 If more than one error has occurred,
of stort flashes and a long this series of flasheis followed bythe Rapid Alternate Flashing

flash. statedescribed irthe next row othis table.
~g ' a The LEDs are alter- | Rapid Alternate Flashing: More than one error has occurred. (To
e Q nately flashing be- find out what other errors are occurring, useERRORommand in
@ tween green and red | the terminal emulator program.)
n ;?Op\;\(lilly, orvery Very Slow Alternate Flashing: Soft-stop shutdown has been initi-
C ._> y: ated so the cryocooler is being slowed down and the piston park|
O Both LEDs are off. Electrical input power to the controller has been turned off or dis
O nected from the controller.
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* The target temperature can be set usingte€ TTARGET=<Value> command.
The + temperature band can be set usingtB&€ TBAND=<Value> command.

Table 4-2. Errors Indicated by the Simultaneous LED Flashes

Number of LED Flashes*| Name of the Error Indicated**
Over Current
2 FET Driver Error
3 Serial Communications Error
4 Non-Volatile Memory Error
5 Watchdog Error
6 Temperature Sensor Error
* This number includes the short flashes and the final long

flash.

** Refer to the Troubleshootirgpction in Chapter 5 for more
information on these errors.

Operating Modes
The controller operates tl&T cryocooler in one of two modes: temperature control mode, or power control

mode. The temperature control mode is the factory default operating nithdefactory default target tempera-
ture of 77 K.

Temperature Control Mode

In temperature control mode, the controller increases or decreases the electrical power to the cryocooler as needed to
keep the temperature of the cold tip at the-defined targetemperature (as set by t8&T TTARGET=<Value>
command). The controller reads the temperature of the cold tip from the RTD that is installed on or near the cold tip.

Power Control Mode

In the power control mode, the controller provides power to the cojercat the target power output level set by
the user (using thBET PWOUT=<Value>command) as long as the target power output level is within the
currently-calculated allowable operating power range of the cryocooler as shown uskhgatmnand. Referot

theE command section in appendixf@& details on how this range is calculated. In this mode, the controller does
not attempt to maintain the cold tip at any target temperature.

Startup

Before starting up and operating the CryoTe&lsystem, ensure thithas been installed and set up properly as
outlined in chapter 3. The configuration of the system aftepsstd prior to startup includes thresbles con-

nected to the controller (the RTD caltlee RS232 serial communications capéand the controller power cable),

the serial cable connected to the PC, and the RTD in place and connected to the RTD cableptublitbeend

of the cooler power cable disconnected fromatwetroller(on initial startup only), and the power supphdeof

the controller power cable either disconnected from the power supply or the power supply turned off. The termi-
nal emulation program should have already been configured and should be open and running on the PC.
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Connect the Cooler Power Cable to the Controller

Figure3-12 shows the function and layout of the terminals on the power connector (terminal block) on the side of
the controller. This is where the controller end of the cooler power cable is connected.

To Connect the Cooler Power Cable to the Controller:
T When connecting the cooler power cable leads to the controller, verify that the correct polarity is ob-
served. Reversed polarity could result in damage to the cryocooler upon startup.

1. Insert the white wire on the end of the coolewpor cabl e iontteertnienal OUTsi de t
nector (terminal block) opening on the side of the controller.

2l nsert the orange wire on the end of the cool er
nector (terminal block) opengnon the side of the controller.

3. Insert the end of a small flaead screwdriver into the screw access slots on the top of the controller and
tighten the two terminal block screws onto the orange and white wires of the cooler power cable.

Ensure Proper Connection to the Supply

See Chapter 3 Connection to the supply (pat)é)3

Start up the CryoTel CT System

To Start up the CryoTel CT System:
1. If using a vacuum, start the vacuum pump.

i Do not operate the cryocooler without adequate coolingeateat rejector. Overheating will
cause permanent damage to the cryocooler.

2. (Optional) If using the optional pressure vessel water jacket and/or the heat rejector water jacket, do the fol-
lowing.
a. Ensure that air is removed from the water jacket tyifhg water through the cooling system for sev-
eral minutes.
b. If it appears that air is still trapped in the water jacket, try carefully tilting the cooler in the direction
away from the cooler discharge tube.
This will raise the level of the dischargé&uand allow any trapped air to escape.
Trapped air will decrease heat rejection and cooler performance.
Water should be flowing through the jacket at approximately 15 mL per second (0.24 gallons per minute).
3. (Optional) If using the optional air fingtn on the fan and any other equipment associated with your forced
air cooling system.
The minimum airflow required to maintain proper cooling is 100 cfm (2.8&m).
T When the cryocooler is not in operation, a cold tip temperature up to 88D 1C) is permissi-
ble, but do not operate the cryocooler unless the cold tip temperature has dropped below 310 K (37 °C) or

you risk damage to the cryocoolérl f youdre using a heater on the ¢c
cold tip reaches 300 K.)

T Do not control power to the cryocooler by making or breaking the power leads between the con-
troller and the cryocooler because the controléerds to run the cryocooler through a stgrtsequence be-
fore it begins normal operation.
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4. Ensure that the customsupplied controller power cable is connected between controller and tbmeus
supplied 24/ dc power supply, and that the power sugplgonnected to its power source; then turn on the
power supply if it has an eoff power switch.

The controller will immediately begin its startup sequence which lasts 7 to 10 seconds.
The following reply from the controller should be dis@dyin thetemrminal emulationwindow:

***  2nd Generation CryoCooler 2.0.0 *kk

where200 s t he controllerdés software version number.

The controller then applies an AC voltage to the cryocooler causing the piston to move back and forth, which
in turn begins the coolingrocess.

Assuming the controller is set to temperature control mode, the controller will apply the proper amount of
electrical power to the cryocooler based on the target temperature setting and the cold tip temperature read
from the RTD.

Importanti Ifthe cryocool er does n o-$topstateanmmay have peen sethoel, c ont r «
thereby preventing the cryocooler from starting up. (To check thetegftstate, enter tHET SSTOP

command into the terminal emulator program on your computérits pl ay t h e -stopostate.dfol | er 6
the softstop state is set to 1, then use 8tel SSTOP=0command to start up the cryocooler.)

5. Enter theT C command into the terminal emulator program periodically during thedmeh period to mon-
itor the decreasing temperature of the cold tip.
The resulting temperature reading should stabilize at the target temperature. The default target temperature is
77 K. (Use thésET TTARGETcommand to display the target temperature. UsSHE
TTARGET=<Value> commando change the target temperature.)

Proper operation of th€T cryocooler requires a minimuimput power of 60 W which equates to a thermal
load of about 4 W @ 77 HKi this minimum load requirement is not met, the stabilized cold tip temperature
will be below the target temperature.

Operating Tasks

Once theCT has been started up, its operation is essentially automatic. This section lists some of the more com-
mon tasks that can be performed during operation. All these tasks involve sending commanadstooties via

the terminal emulation program on your computer. Appendix B contains a complete listing of all the possible
commands that you can send to the controller. The appendix also includes command descriptions and examples.

The following conventionare used in this section:

ARCR> i s a styrepbeseht the saiabe return character. The controller requires the carriage return
character at the end of each <CRVbmamsduslend ttlhhe eemphmaps
quiremenand t o mean fApress the Enter keyo. (Pressing t

line feed character to the terminal emulator program, which only sends the carriage return character to the
controller.)

AicValue> 0 means fdttylpat tyheu vaeamute t he command to useo.

AThe first line in the examplesdé computer display bec
press the Enter key. The second line is the information returned from the controller after you presskég. Enter
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Display Cold-Tip Temperature
Use theTC command to display the current temperature of the cold tip in leelmirmore specifically, the tem-
perature that the controller calculates based on the resistance it detects across the RTD leads.

Example:
You type: TC<CR>

The computer display] TC
295.21

The295.21 returned in this example indicates tha cold tip temperature is 295.K1

Display Target Temperature

Use theSET TTARGETcommand to display the target cold tip temperature that the controller willimgke

the cryocooleattain, +0.1 K, when the controller is in temperature control mode. The default target temperature
is 77 K. (You can use tHeET TTARGET=<Value> commando change the target temperature.)

Example:
You type:SET TTARGET<CR>

The computer display| SET TTARGET
077.00

The077.00 returned in this example indicates that the target tempersstinegis 77 K.

Set Target Temperature
Use theSET TTARGET=<Value> command to change the target cold tip temperature that the controller will
try to attain, 0.1 K, when the controller is in temperature control mode. The default target temperature is 77 K.

Example:
You type:SET TTARGET=86<CR>

The computer display] SET TTARGE¥E86
086.00

The086.00 returned in this example indicates that the target temperature setting is 86 K. If the controller is
in temperature control mode, then the controller will adjust the power to the cryocooler as needed to try to at-
tain a cold tp temperature of 86 K £0.1 K.

Shutdown

There are two methods of shutting down the CryoTel CT sydtensoftstop method (recommended), and the
Airemove power from the c¢ ont-stapméthod, the corarollér first rarips tiotvre r n a
power to the cryocooleparks the pistagrthen removes power from the cryocooler. Once that occurs, the user

may remove power from the controller, or keep itlarthein r e mov e power f method, theluser c on
removes power from the controliehich results in thénmediateremoval of power from the cryocooler.

T Do not cut off power to the cryocooler by breaking the power leads between the controller and the
cryocooler.

T If operating below 77 K, we recommend you use a heateeat the cold tip after operation has
stopped to avoid possible spontaneousesatitation of the cryocooler and possible subsequent damage. Contact
Sunpower for more information.
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T If using an optional heater to heat the cold tip after pdwarbeen disconnecté@m the control-
ler, the cold tip temperature must be monitored by an additional sensor. When the cold tip reaches 300 K, the
heater power must be removed.

Soft-Stop Shutdown Method (Recommended)

This section describes the recommenaedhod of shutting down the CryoTeT system. This method uses the
softstop comman&ET SSTOP=1to slowly ramp down the cocooler, park the piston, and stop the cry-
ocoolerbefore the user turns off or d@nnects the customsupplied 24/ dc power supply. This method mini-

mi zes Vvibration. It also allows the controller to
that the controller can be used to monitor the cold tip temperature as it rises to room temperature.

Note i If you use this sofstop method of shutting down the system, the controller will retais 8l EOP=1
state so that the next time you power on the controller, it will notugtatte cryocooler until you change the soft
stop state back to 0.

To Shut Down the System Using the Soft-Stop Shutdown Method (Recommended):
1. Enter theSET SSTOP=1command into the terminal emulator program.
The controller willslowly ramp down the cryocooler, park the piston, and stop the cryocooler. During the

soft stopthecold tip temperature will begin to increase. The controller will remain on so that you can moni-
tor the cold tip temperature (using th€ command) or issue other commands.

2. (Optional) Turn off or disonnect the customaupplied 24/ dc power supply fronits power source, or if
that is not possible, disconnect the custesugplied controller power cable from the power supply.

The controller will turn off.

r

3. If using an active cooling systemtocooltE6s heat rejector, then turn of
4. If using a vacuum, stop the vacuum pump and open the vacuum.
5. If using a heater on the cold tip (optional), then turn it off when the cold tip temperature reaches 300 K.
Alternate Shutdown Method
This section describem alternatenethal of shutting dowrthe CryoTel @ system, which is to remove power
from the controller by turning off or discoacting the customesupplied 24/ dc power supply. This in turn re-
moves power from the cryocooler.
To Shut Down the System Using the Alternate Shutdown Method:
1. Turn off or disconndahe customesupplied 24/ dc power supply from its power source, or if that is not pos-
sible, disconnect the custorrgipplied controller power cabilieom the power supply.
The controller will turn offwhich in turnwillcutoffpower t o t he cryocool er. The
stop moving and the cold tip temperature will begin to increase.
2. If using an active cooling systemtocoolttéE6s heat rejector, then turn of

3. If using a vacuum, stop the vacuum puamal open the vacuum.

4. If using a heater on the cold tip (optional), then turn it off when the cold tip temperature reaches 300 K.
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Chapter 5
Maintenance and Inspection

Directions for Cleaning

Prior to cleaning, the cryocooler and controller must be powered off and the input power cable connecting the
controller to the power supply must be disconnected. The cryocooler should be allowed to return to room temper-
ature.

All of the Warnhgs and Cautions in Chapters 3 and 4 must be much be followed.

The cryocooler and/or Generation Il controller can be cleaned by adding small amount of isopropyl alcohol di-
rectly to a rag and lightly rubbing the surface of the crgteoor case of the cawtler.

Maintenance and Inspection Precautions

Prior to any maintenance or inspection the cryocooler and controller must be powered off, and the input power
cable connecting the controller to the power supply must be disconnected. The cryocooler shlitadtdeo
return to room temperature.

All of the Warnings and Cautions in Chapters 3 and 4 must be much be followed.

Following any maintenance or inspection, the cryocooler and controller should be checked to ensure they are set
up according to Chapter Bhe Startup instruction in Chapter 4 should be followed prior to running the system.

Service personnel should be cautious of the cryocooler rolling, which could cause it to fall and cause injury.

Integration into customer systems including but not limitedewars, mounting hardware, and wiring could
cause further risks. In larger systems the cryocooler and controller must be kept within the rated ambient condi-
tions or further hazards could be created

User-Level Maintenance and Inspection

There are no usdevel maintenance tasks required for the basic cryocooler or the controll€TThhes movi ng
parts (except for the passive balancer) are enclosed inside the welded pressure vessel. The controller is also self
cortained and has no moving parts.

If you have the optional, removable water jacket or removable air fins for the heat rejector, then the thermal
grease used between the water jacket or air fins and the heat rejector should be refreshed periodically because it
will dry out over time.

If you have the optional air fins installed in an open atmosphere environment, they you should clean the fins peri-
odically to remove any dust or debris that may have accumulated in or around the fins.

If you have an optional removable NW50 vacuum flange, youlmag to eventually replace the internati@p
if the flange is repeatedly removed and reinstalled over time. Tiveg@s aParker type S1138-@32 Silicone ©
ring with an inner diameter of 1.864 inches and a width of 0.07 inches.

No other maintenance necessary. If service is required, all parts not mentioned above are required to be exam-
ined or supplied by Sunpower, Inc."
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Chapter 6, Troubleshooting

Troubleshooting

Table 51 lists some problems/error conditions that may occur, their possible candeghat to do if they occur.
a problem after | ooking at
(740)5942221. Before contacting Sunpower, if possible, ruf@RATEcommand and record the results. This

I f you canot

infformat i on may

SUNPOWER AMETEK

Chapter 6
Troubleshooting

resol ve

hel p Sun

t

he

power s engineering personnel

Table 5-1. Troubleshooting Chart

Symptom/Error
Condition

Possible Causes

Actions

Cold tip temperature is
fluctuating or is erratic.

Electrical noise on
the RTD cable

Ground the shield on the shielded RTD cable to the coi
ler. If possible, attach the other end of the shield to the |
ocooler body or to the cryostat structurbere is not a dec
icated pin on the control
connecting the shieldhut you can connect the shield to t|
IT wire at pin 4 of the connector on the RTD cable.

Faulty RTD Check for any broken, shorted, or disconnected RTD w

wiring RTD cable wires, or connectors between the controller
the RTD including the finavires attached to the RTD it-
self.

RTD failure Test the RTD using the steps in fhest the RTBection at
the end of this chapter. If the test points to a defective |
then replace the RTD.

Pressure vessel is hot to | Normal Thecryocooler can operate indefinitely with the pressur
the touch. operation vessel at 80 °C or below without damaging the cryocoo

however, performance of the cryocooler will be affecteq
temperatures over 80 “@hd damage may occuin. this
case, we recommend that youyide some form of cool-
ing such as air or water circulation or solid conduction f|
the pressure vessel. Cont
partment at info@sunpowerinc.com for ideas on remov|
heat from the cryocooler.

(continues on next pape

6-3
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NPO  AMETEK Chapter 6, Troubleshooting
Table 5-1. Troubleshooting Chart (continued)
Symptom/Error
Condition Possible Causes Actions

Cryocooler does not start
up after power is applied
to the controller.

Soft-stop state is
set to 1
bl edo) .

Use theSET SSTOPcommand to display the sedtop
state.

Alf the returned value is 1, then start up the cryocoole
ing theSET SSTOP=0command.

Alf the returned value is 0, then the problem lies elsew|

Faulty power ca-
bles or

Check for any broken, shorted, or disconnected power
wires, powercables, or connectors between the cryococ

connectors the controller, and the power supply.
Cold tip temperature Faulty RTD Check for any broken, shorted, or disconnected RTD w
doesnobt S e e I wiring RTD cable wires, or connectors betweendbetroller and

the RTD including the fine wires attached to the RTD it
self.

Using the wrong
temperature sensd

Check that youdére using t
Lake Shore model RT11 platinum resistance thermomet;
part of thecustom RTDthatwas shipped with theTCsys-
tem

RTD failure

Test the RTD using the steps in fhest the RTBection at
the end of this chapter. If the test points to a defective |
then replace the RTD.

Cold tip is not maintaining
the target temperature.
(The coldtip is too cold.)

Not enough ther-
mal load on the
cold tip

The cryocooler has a minimum power operating threshi
(figure 26). The controller establishes the minimum lev;
and will not allow the cryocooler to operate below that
point. This is necessary arder to maintain the gas beari
system that is used for the moving parts. If the minimur|
cooling power (lift) of the cryocooler at the target tempe
ture is greater than the thermal load, then the cryocoole
system will not be able to maintain the targnhperature.
The cold tip temperature will drift down until equilibrium
is reached between the thermal load and the cryocoole
In this situation, you could install a small resistive heatg
on or near the cold tip to compensate, or increase your
mal load. (This problem, however, may indicate that a ||
powerful cooler might be more appropriate for your app
cation.)

Cryocooler body or heat
rejector temperature is
greater than 80 °C.

Inadequate heat re
jection

Increase the cooling of the heajector.

Candt changgé
parameters in the terming
emulation program

Userlockable
commands are
locked.

Unlock the usetockable commands using the
UNLOCK=<Password>command.

Loss of communi-

cation between

Verify proper communications between twmputer &
controller (page 22).
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computer and
controller

(continues on next page

Table 5-1. Troubleshooting Chart (continued)

Symptom/Error
Condition

Possible Causes

Actions

Error Code 000001 or
1 flash of the LED%S

Overcurrent

If the controller detects an overcurrent, it will immediate
shut off power to the cryocooler.

Check for any broken, shorted, or disconnected wires, C;
bles, or connectors between the controller and the cry-
ocooler.

Error Code 000010 or
2 flashes of the LED's

Jumper Error

Power cycle the controller.

Error Code 000100 or
3 flashes of the LED's

Serial
Communication
Error

Communication with the controller may not be possible
ter a serial communication error.

Power cycle the controller.

5 flashes of the LED's

Error Code 001000 or Non-Volatile Power cycle the controller.
4 flashes of the LED's Memory Error
Error Code 010000 or Watchdog Error | Power cycle the controller.

Error Code 100000 or
6 flashes of the LEDs

Temperature
Sensor Error

1. Check for any brokershorted, or disconnected RTD
wires, RTD cable wires, or connectors between the (
troller and the RTD including the fine wires attached
the RTD itself.

2. Check to see if the controller is reporting an appropri
temperature; if not, do one or bothtbé following:
ACheck that youdre usin
sor: a Lake Shore model FIIL1 platinum resistance
thermometer, part of theustomRTD that was
shipped with th&CT system

ATest the RTD using the steps in thest the RTBec-
tion at hie end of this chapter. If the test points to &
defective RTD, then replace the RTD.

If the RTD has intermittent problems, the error code wil
remain in the controller even if the wiring starts function
properly again. The controller must be power oydhe
clear the error code.

Both LEDs are off.

6-3

Customersupplied
power supplys
turned off or
disconnected.

Check to make sure the power supply is turned on, con
nected to a power source, and connected to the control

Faulty power cablg
or connectors

Check for any broken, shed, or disconnected power
wiresor connectors between the controbed the power

supply.
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Faulty power Check for proper power output from the power supply.
supply
Faulty controller | Power cycle the controller.
*The number of flashes includes the short flaghlasthe final long flash.

Test the RTD

To test the RTD after it has been installed, youdl

Caution’ The RTD is an Electrostatiensitive [vice (ESD). Use ESD precautionary procedures, tools, and
equipment such as grounding straps, grounding mats, grounding tools, antistatic garments, etc. when handling or
making mechanical or electrical connections to this device in order to avoid perferdegradation or loss of
functionality.

To Test the RTD:

1. Place the RTD in a room, enclosure, or area in which the ambient temperature is 20 °C and wait a few
minutes for the RTD to adjust to the temperature.

2. Measure the resistance acrosstheV+dBta) | ead and the VI (Green) | ea
the I'T (Red). lead (figure 5
The resistance should be 1001 0 q; i f it isndét, the RTD is 1ikel

'4 Red
V- Green

V+ Black
H+ Clear

th

Figure 5-1. The Four Leads of the RTD Wire
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Appendix A
Exported Vibration Test Results

Exported Vibration Test Summary

Exported Vibration refers to the vibration produced by the cryocooler. This information is important for applica-
tions that are sensitive to vibration, such as optics. This information should madierif@ayou to integrate the
cryocooler into your application.

This appendix includes the results of three tests (suspended orientation, soft mount, and hard mount) that were r
onseveralCryoTeP CT cryocoolers at Sunpower in June of 2013 usi@yyaTel Generation Il controller. Each
cryocooler was fitted with a standard, single (60 Hz), passive balancer. All testpeviarmed with full power

(160W) to the cryocooler.

Figure A1 shows the % y-, and zaxes orientation, relative to the cryocootbgt was used in reporting the re-
sults.

For the peak acceleration charts in this appendix, the acceleration is measured in thousands ofga @r (onsHi
mg) where g is the standard value of gravitational acceleration (9.80665 m/s2).

For the peak forceharts in this appendix, the force is measured in newtons (N).

<

Figure A-1. Axes Orientation
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Suspended Orientation Test Setup

The cryocooler/Dewar assembly was suspended from the cryocooler test rig (figuréh® tethers supported
thecryocooler/Dewar assembly, but were not attached to it \@atattent points or an adhesi¥a accelerome-
ter (PCB Piezotronics 352C65) was attached to the top of the cryocooler usingtd epoxy.

Figure A-2. Test Setup for the Suspended Orientation Test
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Suspended Orientation Test Results

Figure A3 shows the average of the peakede@tion (Az) results for fownryocoolers tested in the suspended
orientation. Thesaxi s of the chart shows the frequency =spect
axis. Theyaxi s of the chart shows the aver agaxisgeachfte- acce

quency.

The Root Mean Square (RMS) of the acceleration results was calculate8i@@®emg, and the standard devia-
tion was catulated to be 24.6&g.

350

300

250

200

150

Acceleration (mg)

100

50

q : | l i | | . |

0 60 120 180 241 301 361 421 481 541
Frequency (Hz)

Figure A-3. Average Peak Acceleration (Az) for the Suspended Orientation Test

CryoTel® CT Installation & Operation Manual A-3



I
Appendix A, Exported Vibration Test Results SUNPOWER AMETEK'

Soft Mount Test Setup

The cryocooler/Dewar assembly was mounted to a dynamometer (Kistler 9272) which was mounted to an optical
table via four rubber cushion mounts (McMaster @&905K37) (vibration isolation bushings with a durometer
hardness of 58A) (figure-4). An accelerometer (PCB Piezotronics 352C65) was attached to the top of the cry-
ocooler using 8ninute epoxy.

Figure A-4. Test Setup for the Soft Mount Test
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Soft Mount Test Results

Figure A5 shows the average of the peak acceleration (Az) resutisdaryocoolers tested in the soft mount
configuration. Thexaxi s of the chart shows the frequency specf
z-axis. Theyaxi s of the chart shows the aver agaisag eahKre-ac c ¢
quency.
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Figure A-5. Average Peak Acceleration (Az) for the Soft Mount Test

Figure A6 shows the average of the peak force (Fx) resulthfes cryocoolers tested in the soft mount configu-
ration. Thexaxi s of the chart shows the frequency =sxsectr L
Theyaxi s of the chart show t he ave raxigateapfequéncyf or ce r

25

L
[0

Force (N)

[y
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300
Frequency (Hz)
Figure A-6. Average Peak Force (Fx) for the Soft Mount Test
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Figure A7 shows the average of the peak force (Fy) resulthfeecryocoolers tested in the soft mount configu-
ration. Thexaxi s of the chart shows the frequency ®s¥sectrum
Theyaxi s of the chart show t he ave raxigateaghequdéncyf or ce r ec

2.5

15

Force (N)

0.5

0 A\ : A r\ y - A A o~ -,
0 60 120 180 240 300 360 420 480 540 600
Frequency (Hz)

Figure A-7. Average Peak Force (Fy) for the Soft Mount Test

Figure A8 shows the average of the peak force (Fz) resulthfeecryocoolers tested in the soft mount configu-
raton.Thexaxi s of the chart shows the frequency -=axsectrum
Theyaxi s of the chart show t he ave ragsigateagfrequdncyf or ce r ec
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Figure A-8. Average Peak Force (Fz) for the Soft Mount Test
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Soft Mount RMS Acceleration & Force
Table A1 lists the Root Mean Square (RMS) of the peak acceleration and peak force results for the soft mount test.

Table A-1. Soft Mount RMS Acceleration & Force

Peak Acceleration or
Peak Force RMS Value
Az 25.28mg
Fx 0.38N
Fy 0.44N
Fz 2.31N

Hard Mount Test Setup

The cryocooler/Dewar assembly was mounted to a dynamometer (Kistler 9272) which was bolted directly to an
optical table(figure A-9). An accelerometer (PCB Piezotronics 352C65) was attached to the top of the cryocooler

using 5minute epoxy.

Figure A-9. Test Setup for the Hard Mount Test
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Hard Mount Test Results

Figure A10 shows the average of the peak acceleration (Az) resuftaufarryocoolers tested in the hard mount
configuration. Thexaxi s of the chart shows the frequency spect
z-axis. Theyaxisofthebart shows the average peak aaxicatbkaehrfra-t i on
quency.
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Figure A-10. Average Peak Acceleration (Az) for the Hard Mount Test
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Figure A11 shows the average of the peak force (Fx) refrlfseur cryocoolers tested in the hard mount config-
uration.Thexaxi s of the chart shows the frequency =spectr
axis. Theyaxi s of the chart show t he averaigaeagireqéncyf or c e

Figure A-11. Average Peak Force (Fx) for the Hard Mount Test

Figure A12 shows the average of the peak force (Fy) resulfefiocryocoolers tested in the hard mount config-
uration. The axis of the chart shows the frequency spectrumedfthv i br ati ons recoyr ded i
axis. Theyaxi s of the chart show t he averaigaeaghdregbench.or c e

Figure A-12. Average Peak Force (Fy) for the Hard Mount Test
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