






FLORIDA STATE UNIVERSITY 
INVITATION TO NEGOTIATE ITN5340-3 

Helium Refrigerator for Series Connected Hybrid at NHMFL 
 

I. GENERAL 
 

The Florida State University is inviting proposals from qualified firms for a helium 
refrigerator for Series Connected Hybrid at the National High Magnetic Field Laboratory. 

 
II. DEFINITIONS 
 
 Purchaser:  The Florida State University, hereinafter referred to as the University. 
 

The National High Magnetic Field Laboratory:  A department of the University, 
hereinafter referred to as NHMFL. 

 
Vendor:  The proposer who submits the successful proposal and receives a purchase 
order from the University based on and incorporating the terms, conditions and prices 
listed in this proposal. 
 
ITN:  Invitation To Negotiate. 

 
 
III. SPECIAL CONDITIONS 
 

1. Submission of Mandatory Forms:  Proposers are required to return the ITN 
“Acknowledgment Form” with their proposal.  The Acknowledgment Form shall be 
signed by a representative who is authorized to contractually bind the Proposer. Each 
person signing the Competitive Solicitation Acknowledgment Form on behalf of his 
or her company warrants that he or she is duly authorized to do so. Before the start of 
the second phase of the ITN, the university reserves the right to require written 
documentation from the company’s CEO or CFO stating that the individual 
representing the company has been duly authorized to negotiate with the University, 
and that representations made by the company’s negotiator will be binding on the 
company, when the written best and final offer is submitted for final evaluation. 

 
2. Any addenda issued by the University to participating Proposers shall include an 

“Addenda Acknowledgment Form.”  This form shall be signed by a company 
representative, dated and returned with the ITN response.  Failure to return an 
“Addenda Acknowledgment Form” for any and all addendum issued for this ITN may 
be grounds for rejection of that Proposal. 

 
3. Proposers shall submit their proposals on or before the date and time indicated in the 

area entitled “Calendar of Events” in the ITN, with all “Cost and Service Quotes” 
sealed in a clearly identified envelope, to the address listed on the “ITN Acknowledge 
Form.” 
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4. Proposers shall submit all costs and services proposed in the format specified. 

 
5. In accordance with s.119.071 (1)2.a.,, F.S., a competitive sealed reply in response to 

an invitation to negotiate, as defined in 6CR-2.015 is exempt from s. 119.07(1) and s. 
24(a), Art. I of the State Constitution until such time as the University provides notice 
of a decision or intended decision pursuant to BOR Regulation 18.002 or until 20 
days after the final competitive sealed replies are all opened, whichever occurs 
earlier. . 

 
6. No negotiations, decisions, or actions shall be initiated or executed by the Proposer as 

a result of any discussion with any University employee.  Only those communications 
which are in writing from the University Purchasing Department shall be considered 
as a dully authorized expression on behalf of the University.  Also, only 
communications from Proposers which are signed and in writing will be recognized 
by the University as duly authorized expressions on behalf of the Proposer. 
Respondents to this solicitation or persons acting on their behalf shall not contact any 
employee or officer of the Florida State University Board of Trustees, a University 
Direct Support Organization, or The Florida State University concerning any aspect 
of this solicitation, except in writing to the Chief Procurement Officer or as provided 
in this solicitation document, from the date of release of this solicitation through the 
end of the 72-hour period following the University’s posting of the notice of intended 
award, in accordance with BOG Regulation 18.002. Violation of this provision may 
be grounds for rejecting a response. 

 
7. A Proposer’s written submission in response to the ITN shall be considered  

the proposer’s formal offer.  The content of the ITN, the Proposer’s submission in 
response to the ITN, and resulting purchase order, shall be considered the entire 
agreement between the successful Proposer and the University. 

  
8. The following Paragraph supersedes Paragraph (7) entitled Interpretation of the 

General Conditions of the Request for Proposal. 
 

Proposers shall examine the ITN to determine if the University’s requirements are 
clearly stated.  If there are any requirements are clearly stated.  If there are any 
requirements which are too vague or restrict competition, the Proposer may request, 
in writing, that the specifications be changed.  A proposer who requests changes in 
the specifications must identify the University’s specifications; must provide detailed 
justification for the change, and must provide a recommended change to the 
specification.  Requests for changes must be received in the Purchasing Department 
by the close of the business day, not later than the entry noted in the “Calendar of 
Events” area of this ITN.  A Proposer’s failure to request changes by the permissible 
date shall be considered acceptance of the University’s specifications.  The University 
reserves the right to determine which changes to the ITN shall be acceptable to the 
University.  If required, the University shall issue an addendum reflecting the changes 
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to the ITN.  This addendum shall be sent to all Proposers in order that each is given 
the opportunity of submitting proposals to the same specification.  Said specifications 
shall be considered the University’s minimum mandate requirements.  Any protest 
based on the specifications must be delivered to the University Purchasing 
Department no later than the close of the business day for that event listed in the 
“Calendar of Events” area of this ITN. 

 
9. Proposers may not consider any verbal instructions as an official expression on the 

University’s behalf.  Only written communications, signed by a duly authorized 
representative of the Purchasing office shall be considered valid. 

 
10.  The absolute deadline for receiving sealed proposals is listed in the                    

“Calendar of the Events” area of this ITN.  The completed proposal must be 
delivered to the Purchasing Department, Florida State University, A1400 
University Center, Tallahassee, Florida 32306-2370.  Delivery to any other point 
on or off campus is not acceptable and shall be grounds for rejection of the 
proposal. 

  
11. A proposal Tabulation which serves as the “Notice of Award” will be 

electronically posted for review by interested parties on the University Purchasing 
Department website on or before 8:00 a.m. on the day noted in the “Calendar of 
Events” area of this ITN located at www.purchasing.fsu.edu/vendor.html .  
Failure to file a protest within the time prescribed under Rule 6C-18.055(3) FAC, 
shall be a waiver of proceedings under Section 120.57(3), (b), F.S. 

 
12.  In addition to the requirements of Paragraph (9) titled “Awards” on the attached 

Request for Proposal Acknowledgment the University shall not be liable to pay 
for information obtained from or through any proposer prior to issuing the 
purchase order to the successful Proposer.  Any proposal which fails to meet the 
mandatory requirements stated in the ITN shall be rejected.  Any proposal that 
does not comply with the functional, cost or contractual requirement in the ITN 
shall be rejected. 

 
The University reserves the right to waive minor irregularities in proposals, 
providing such action is in are defined as those that have no adverse effect on the 
University’s interest, will not affect the amount of the proposal and will not give a 
proposer an advantage or benefit not enjoyed by another proposer. 

  
13. Each proposal shall be prepared simply and economically, providing a straight  

forward, concise delineation of the Proposer’s capabilities to satisfy the 
requirements of the ITN.  Fancy binding, colored display and promotional 
material are not desired.  However, technical literature, drawings, and pictures of 
proposed equipment should be included in the proposal.  Emphasis in each 
proposal must be on completeness and clarity of contents.  In order to expedite the 
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evaluation of proposals, it is essential that proposers follow the format and 
instructions contained herein. 

 
 This section (#14) pertains only to those proposing to do work on the premises of 

Florida State University. 
 
14. The proposer shall not commence any work in connection with this agreement until 

all of the following types of insurance have been obtained and such insurance has 
been approved by the University.  Nor shall the Proposer allow any subcontractor to 
commence work on his subcontract until all similar insurance required of the 
subcontractor has been so obtained and approved.  All insurance policies shall be with 
insurers qualified and doing business in Florida.  The purchaser shall be furnished 
proofed of coverage of insurance by certificates of insurance within 10 days after 
receipt of the Purchase Order and shall name the purchaser as an additional named 
insured. 

 
The purchaser shall be exempt from, and in no way liable for, any sums of money 
which may represent a deductible in any insurance policy.  The payment of such 
deductible shall be the sole responsibility of the Proposer and/or subcontractor such 
insurance. 

A. Workmen’s Compensation Insurance 
 

 The Proposer shall secure and maintain during the life of this agreement,    
Workmen's Compensation Insurance for all of his/her employees connected                  
with the work of this project and, in case any work is sublet, the Proposer shall 
require the subcontractor similarly to provide Workmen's Compensation 
Insurance for all of the latter’s employees unless such employees are covered by 
the protection afforded by the proposer. Such insurance shall comply fully with 
the Florida Workmen’s Compensation Law. In case, any class of  employee 
engaged in hazardous work under this contract at the site of the project is not                        
protected under Workmen's Compensation Statute, the Proposer shall provide and 
cause each subcontractor to provide, adequate insurance satisfactory to the 
purchaser, for protection of is employees not otherwise protected. 

 
B.   Contractor's Public Liability and Property Damage Insurance   

   
The Proposer shall secure and maintain during the life of this agreement,         
COMPREHENSIVE GENERAL LIABILITY AND COMPREHENSIVE 
AUTOMOBILE LIABILITY INSURANCE as shall protect him/her from claims                    
for damages, personal injury, including accidental death, as well as claims for 
property damages which may arise from operations under this agreement whether 
such operations be by himself/herself or by anyone directly or                          
indirectly employed by him/her and the amounts of such insurance shall be the 
minimum limit as follows: 
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     (1)  Bodily Insurance Liability:   $1,000,000 each occurrence 
     (2)  Auto Property Damage Liability: $500,000 each occurrence 
     (3)  Property Damage Liability:  $1,000,000 each occurrence 
     (4)  Other Than Automobile:  $1,000,000 aggregate operations                                        

                                $1,000,000 aggregate protective 
                                $1,000,000 aggregate contractual 
 
           Insuring clause for both BODILY INJURY AND PROPERTY DAMAGE shall 

be amended to provide coverage on any OCCURRENCE basis. 
 

(5) XCU (Explosion, collapse, underground damage)-the contractor’s liability Policy 
shall provide XCU coverage for those classifications in which they are excluded. 

 
(6) Contractual Liability - work contracts - The contractor’s liability policy shall cover 
such contracts when they are affected. 
 
C. Subcontractor’s Public Liability and Property Damage Insurance 

The Contractor shall require each of his subcontractors to secure and maintain 
during the life of this contract; insurance of the type specified above and insures 
the activities of his subcontractors in his policy, as specified above. 
 

15. In accordance with Florida Statutes, Sections 215.422(3)(b) and (5), vendors providing 
goods and services to an agency should be aware of the following time frames. Upon 
receipt, an agency has five (5) working days to inspect and approve the goods and 
services, unless the proposal specifications, purchase order or contract specifies 
otherwise. An agency has 20 days to deliver a request for payment (voucher) to the 
Department of Banking and Finance. The 20 days are measured from the latter of the date 
the invoice is received or the goods or services are received, inspected and approved. 

 
If a payment is not available within 40 days, a separate interest penalty of .03333 
percent per day will be due and payable, in addition to the invoice amount, to the 
vendor. The interest penalty provision applies after a 35 day time period to health care 
providers, as defined by rule. Interest penalties for less than one (1) dollar will not be 
enforced unless the vendor requests payment. Invoices which have to be returned to the 
vendor because of vendor preparation errors will result in a delay in the payment. The 
invoice payment requirements do not start until a properly completed invoice is provided 
to the agency. 
 
At the University’s option, Contractors may be required to invoice electronically 
pursuant to guidelines established by the University. 

 
A Vendor Ombudsman is available as an advocate for vendors who may be experiencing 
problems in obtaining timely payment(s) from Florida State University. The Vendor 
Ombudsman may be contacted at Ph: 850-644-0065, Fax: 850-645-7203, mail: Florida 
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State University, 418B Westcott, Tallahassee, FL 32306-1320 or by calling FSU 
Purchasing at 850-644-6850. 
 

16. It is expressly understood and agreed that any articles which are the subject of, or 
required to carry out the purchase order resulting from this ITN, which have been 
certified by the corporation identified under Chapter 946, F.S., shall be purchased from 
said corporation in the same manner and under the procedures set forth in Section 
946.515(2), (4), F.S.;  and for purposes of the purchase order resulting from this ITN, the 
person, firm or other business entity carrying out the provisions of this agreement shall be 
deemed to be substituted for this agency insofar as dealings with such corporation. 

 
17. The successful Proposer shall allow public access to all documents, papers, letters or 

other material subject to the provisions of Section 119.07, F.S. and made or received by 
him/her in conjunctions with the purchase order resulting from this ITN. Refusal by the 
successful Proposer to allow  such public access shall be grounds for cancellation of the 
purchase order by the University. 

            
18.  Any amendments, alterations or modifications to the purchase order resulting from this 

ITN must be by change order issued by the Purchasing Department. The validity, 
construction, and effect of the purchase order shall be governed by the laws of the State 
of Florida. The University, as an agency of the State of Florida, is entitled to the benefits 
of sovereign immunity including immunities for taxation. 

 
19. Under no circumstances shall the successful Proposer assign to a third party any right or 

obligation of successful Proposer pursuant to this proposal without prior written consent 
of the UNIVERSITY. If the successful proposer is, or during the term of the purchase 
order resulting from this ITN becomes, an individual on the payroll of the State of 
Florida, successful Proposer represents that he or she has complied with all applicable 
provisions in the Florida Statutes and Florida Administrative Code regarding outside or 
dual employment and compensation. 

  
20.   Any purchase order resulting from this ITN will be governed by and under the 

jurisdiction of the Law and Rules of Florida and any provisions in conflict there with 
shall be void and of no effect. 

 
21. In the event of extension error(s) the unit price will prevail and the proposer's total offer 

will be corrected accordingly. In the event of addition errors, the extended totals will 
prevail and the proposer's total offer will be corrected accordingly.  Proposer's must check 
their proposal for any such errors and state the discount(s) where applicable. 

 
22. The Proposer's point of contact for all matters relating to the ITN Nicholas Lybbert, 

Florida State University Purchasing Department, A1400 University Center, Tallahassee, 
Florida 32306-2370, Voice (850)645-2789, FAX (850)644-8921 or E-Mail: 
nlybbert@admin.fsu.edu.  Written questions on this ITN must be submitted Nicholas 
Lybbert. All requests for information must be in writing, and can be submitted by letter, 
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fax, or e-mail. Questions must be received by the date listed for that event in the Calendar 
of Events. After that date no queries regarding the proposal, oral or written, will be 
accepted. 

 
Each Proposer shall identify in its submittal the single point of contact for all matters 
relating to the response. 

 
23. Sealed proposals will be accepted until the date and hour listed in the Calendar of Events, 

at the Florida State University Purchasing Department, A1400 University Center, 
Tallahassee, Florida 32306-2370, at which time a public opening will take place. 
Proposals received after that date and time will be rejected.  Faxed proposals will not be 
accepted. 

 
 
24. The following Special Condition supersedes General Condition Number 21, titled 

"Liability": 
 
Vendor's entire liability and the University's exclusive remedy shall be as follows: 
 
In all situations involving performance or non-performance of machines or programming 
furnished under this agreement, the University's (the Buyer) remedy is: 
 
  (a)  the adjustment or repair of the machine or replacement of its parts by Vendor, or, 

at Vendor's option, replacement of the machine or correction of programming 
errors, or

   
  (b) if, after repeated efforts, Vendor is unable to install the machine or a replacement 

machine, model upgrade or feature in good working order, or to restore it to good 
working order, or to make programming operate, all as warranted, the University 
shall be entitled to recover actual damages to the limits set forth in this provision. 
For any other claim concerning performance or non-performance by Seller 
pursuant to, or in any other way related to the subject matter of, this Agreement 
or any order under this Agreement, the University shall be entitled to recover 
actual damages to the limits set forth in this provision. 

 
Vendor's liability for damages to the University for  any cause whatsoever, and regardless of the 
form of  action, whether in contract or in tort including negligence, shall be limited to the greater 
of $100,000 or the purchase price stated herein for the specific machines that caused the 
damages or that the subject matter of, or are directly related to the cause of action, the foregoing 
limitation of liability will not apply to: 
   

 (a)   the payment of cost and damage awards pertaining to patent and copyright 
indemnity, or to 

  (b)  claims for reprocurement costs or the cost of  cover pursuant to Rule 6C2-
2.015(23) of the Florida Administrative Code 
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(c)   claims for personal injury or damage to real or personal property caused by 

Seller's tortuous conduct. 
 
Vendor shall hold and save the University harmless for any and all suits and judgments against 
the State for personal injury or damage to real or personal property  caused by Vendor's tortuous 
conduct in the performance of this Agreement provided that: 
 

(a)   the University promptly notifies the Vendor in writing of any claim, and 
 

(b)   Vendor shall be given the opportunity, at its option, to participate and associate 
with the University in the control, defense and trial of  any claim and any related 
settlement negotiations and, provided further, that with respect to any claim, or 
portion thereof, for which Vendor agrees at the initiation of such claim that                       
vendor shall save and hold the University harmless, Vendor shall have the sole 
control of the defense, trial and any related settlement negotiations, and 

 
(c)   the university fully cooperated with vendor in  the defense of any claim. 

 
In no event, however, will Vendor be liable for: 

 
(a)  any damages caused by the University's failure to perform the University's 

responsibilities, or for 
 

(b)   any lost profits or other consequential damages, even if Seller has been advised 
of the possibility of such damages, or for 

 
(c) any claim against the University by any other party, except as provided in the hold 

harmless  provision of the preceding paragraph of this provision and except as 
provided in the entitled or non-performance or machines or programming                     
located outside the United States or Puerto Rico. 

 
 
25. This agreement no way precludes or prevents The Florida State University from 

purchasing other or additional software products or entering into agreements with other 
software vendors or providers. 

 
26. The University may terminate the Contract if the Contractor fails to (1) deliver the 

product within the time specified in the Contract or any extension, (2) maintain adequate 
progress, thus endangering performance of the Contract, (3) honor any term of the 
Contract, or (4) abide by any statutory, regulatory, or licensing requirement. University 
Regulation 6C2R-2.015 governs the procedure and consequences of default. The 
Contractor shall continue work on any work not terminated. Except for defaults of 
subcontractors at any tier, the Contractor shall not be liable for any excess costs if the 
failure to perform the Contract arises from events completely beyond the control, and 
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without fault or negligence, of the Contractor. If the failure to perform is caused by the 
default of a subcontractor at any tier, and if the cause of the default is completely 
beyond the control of both the Contractor and the subcontractor, and without the fault or 
negligence of either, the Contractor shall not be liable for any excess costs for failure to 
perform, unless the subcontracted products were obtainable from other sources in 
sufficient time for the Contractor to meet the required delivery schedule. If, after 
termination, it is determined that the Contractor was not in default, or that the default 
was excusable, the rights and obligations of the parties shall be the same as if the 
termination had been issued for the convenience of the University. The rights and 
remedies of the University in this clause are in addition to any other rights and remedies 
provided by law or under the Contract. 

 
27. The company submitting the response warrants that, to the best of its knowledge, there is 

no pending or threatened action, proceeding, or investigation, or any legal or financial 
condition, that would in any way prohibit, restrain, or diminish its ability to satisfy its 
Contract obligations, should a contract be awarded. The company warrants that neither it 
nor any affiliate is currently on the convicted vendor list maintained by any other 
University, State, or the Federal Government. The Company shall immediately notify 
the University in writing if its ability to perform is compromised in any manner during 
the negotiation period or during the term of any Contract awarded pursuant to this ITN. 

 
28. The Contractor shall not sell, assign or transfer any of its rights, duties or obligations 

under the Contract, or under any purchase order issued pursuant to the Contract, without 
the prior written consent of the University; provided, the Contractor assigns to the 
University any and all claims it has with respect to the Contract under the antitrust laws 
of the United States and the University. In the event of any assignment, the Contractor 
remains secondarily liable for performance of the contract, unless the University 
expressly waives such secondary liability. The University may assign the Contract with 
prior written notice to Contractor of its intent to do so. 

 
29. Any dispute concerning performance of the Contract shall be decided by the 

University’s designated contract manager, who shall reduce the decision to writing and 
serve a copy on the Contractor. The decision shall be final and conclusive unless within 
ten (10) days from the date of receipt, the Contractor files with the University a petition 
for administrative hearing. The University’s decision on the petition shall be final, 
subject to the Contractor’s right to review pursuant to Florida Board of Governors 
Regulations. Exhaustion of administrative remedies is an absolute condition precedent to 
the Contractor’s ability to pursue any other form of dispute resolution; provided, 
however, that the parties may employ the alternative dispute resolution procedures 
outlined in Chapter 120. Without limiting the foregoing, the exclusive venue of any 
legal or equitable action that arises out of or relates to the Contract shall be the 
appropriate University court in Leon County, Florida; in any such action, Florida law 
shall apply. 
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30. Subject to Chapter 119, Florida Statutes, the Contractor shall not publicly disseminate 
any information concerning the Contract without prior written approval from The FSU 
Office of the Vice President for University Relations, including, but not limited to 
mentioning the Contract in a press release or other promotional material, identifying the 
University as a reference, or otherwise linking the Contractor’s name and either a 
description of the Contract or the name of the University in any material published, 
either in print or electronically, to any entity that is not a party to Contract, except 
potential or actual authorized distributors, dealers, resellers, or service representatives. 

 
31. In order to ensure objective contractor performance and eliminate unfair competitive 

advantage, contractors that develop or draft specifications, requirements, statements of 
work, invitations for bids and/or requests for proposals or invitations to negotiate shall 
be excluded from competing for such procurements. 

 
32. It shall be a breach of ethical standards for any employee of the University or member of 

the University Board of Trustees to accept, solicit, or agree to accept a gratuity of any 
kind, form or type in connection with any contract for commodities or services. It shall 
also be a breach of ethical standards for any potential contractor to offer an employee of 
the University a gratuity of any kind, form or type to influence the development of a 
contract or potential contract for commodities or services. 
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1 INTRODUCTION 
 
A Series-Connected Hybrid (SCH) magnet is under development at the National 
High Magnetic Field Laboratory (NHMFL) in Tallahassee, USA. The NHMFL 
SCH will be a vertical bore, 36 T magnet and will be installed in Tallahassee. 
The SCH Magnet combines a set of resistive Florida-Bitter coils with a 
superconducting outsert coil constructed of Nb3Sn cable-in-conduit conductor 
(CICC). The superconducting magnet has 18 layers and is forced flow cooled 
with supercritical helium at a temperature of 4.5 K and pressure above 3 bar 
(absolute).  
A helium refrigerator with a capacity of 750 W at 4.5 K will be used to supply 
the cooling power. The required forced mass flow rate for the SCH is about 20 
g/s at 4.5 K. The average heat load of SCH is about 210 W at 4.5 K.  
The helium refrigerator will also be used for supplying cooling for the existing 
45 T hybrid magnet, which has an equivalent heat load about 350 W at 4.5 K. 
The superconducting coil of the 45 T hybrid magnet is bath cooled at 1.8 K.  
The rest refrigeration power of the refrigerator will be used to produce LHe. The 
LHe will be supplied to other users at the NHMFL. 
The refrigerator shall be delivered not later than January 15, 2011. The 
refrigerator and cryogenic distribution system of the SCH magnet will be 
installed and tested in six months after delivery. The first cool down of SCH 
superconducting magnet will be done in the beginning of 2012. 
This document defines the technical requirements for the design, manufacturing, 
delivery, installation, testing and commissioning of a helium refrigerator, which 
shall be able to cool down, maintain at low temperature and warm up the 
NHMFL superconducting magnets according to the operation requirement. 
The Vendor shall submit a technical proposal of the refrigerator based on this 
technical specification as part of the bid documentation. 

 
2 DESCRIPTION AND PERFORMANCE REQUIREMENT 

 

2.1 General Description of the Cryogenic System 
 

Figure 1 shows the structure of the cryogenic system with a 750 W refrigerator at the 
NHMFL. 

The cryogenic system is mainly composed of  

• Main compressor system of the refrigerator 

• Oil removal system for the compressor 

• Gas management panel containing bypass valves for the compressor, the loading 
valves from the He gas storage tank and unloading valves to the storage tank 

• Cold Box with a cooling capacity of at least 750 W / 4.5 K 
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• Three 113 m3(17 bar gauge) pure helium gas storage tanks and one impure helium 
gas storage tank,  

• One Central Distribution Box(CDB) distributing refrigeration power to different 
superconducting magnets  

• Cryogenic transfer lines from the coldbox to the CDB 

• A multi pipe cryogenic transfer line from CDB to the SCH  

• Cryogenic transfer lines from CDB to the 45 T hybrid magnet and the cell 16 
magnet 

• An LHe transfer line from CDB to the LHe dewar,  

• LN2 transfer lines from the LN2 tank to the cold box and CDB, 

• An 80 K coldbox for cooldown each magnet separately to 80 K.  

• An LN2 Dewar of 10 m3, 

• An external purifier system with a capacity of 18 g/s.  

• Recovery Compressors, used to pressurize helium gas in the gas bags into the 
impure storage tank.  

  

 
Figure 1 Cryogenic system with 750 W/4.5 K refrigerator at the NHMFL 
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Among the above equipment, the 750 W refrigerator system (including main 
compressor, coldbox, oil removal system and gas management panel), SCH magnet, CDB, 
transfer lines and 80 K coldbox are to be built at the NHMFL. The others are existing 
equipment. Only the 750 W refrigerator system shall be supplied by the refrigerator Vendor. 

The 750 W/4.5 K refrigerator cold box is used for cooling the magnets and liquefying 
helium gas, either with or without liquid nitrogen pre-cooling.  

Besides the valves in the coldbox, all of the other helium cryogenic valves and a LHe 
buffer are integrated into the CDB, which is a vacuum insulated vessel with an 80 K radiation 
shield. 

Figure 2 shows the flow diagram of the cryogenic system with the superconducting magnet 
proposed by the NHMFL as a reference for Vendors. 

 

2.2 Superconducting Magnet of the SCH 

 

2.2.1 Main Parameters of the SCH Superconducting Magnet 
 
The superconducting coil is made of Nb3Sn Cable in Conduit Conductor (CICC). It has 18 

layers which are cooled in parallel.  
Inner bore diameter     600 mm 
Highest field on the superconducting magnet  14 T 
Inlet pressure      3.7 bar (absolute) 
Inlet temperature     4.5 K 
Return pressure      3.0 bar (absolute) 
Return temperature     ~ 5.5 K 
Mass flow rate      ~ 20 g/s 
Weight of cold mass     8.0 tons 
Bore direction      Vertical 

 

2.2.2 Magnet and Helium Cryostats 
 
The superconducting magnet is suspended within the cryostat via axial and radial support 

members. The cryostat has a diameter of 2.7 meters and a height of 1.5 meters, with a room 
temperature bore in the vertical direction.  A thermal shield cooled with LN2 is installed 
between the magnet and cryostat to reduce the heat radiation losses. 

A magnet structure frame is used to preload and support the superconducting coil. The 
magnet frame is actively cooled with supercritical helium to reduce the cool down time and heat 
loads to the coil during normal operation.  

The superconducting coil is cooled with forced flow supercritical helium (SHe), which 
comes from the Joule-Thomson stream in the cold box. The flow rate in the superconducting 
coil is controlled by the cryogenic valves inside the CDB.  
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20 g/s supercritical helium from the refrigerator is cooled to 4.5 K in the sub-cooler within 
the CDB and then divided into three streams by valves. The superconducting coil is divided into 
three groups: group I consists of layers 1-4, group II consists of layers 5-10, and group III 
consists of layers 11-18. Each group is cooled with one stream of supercritical helium. The total 
supercritical helium volume in the coil is about 80 litres. 

The supply pressure of the coil is 3.7 bar (absolute) and the return pressure is 3 bar 
(absolute). The total mass flow rate for cooling the coil should be about 20 g/s at 4.5 K. The 
excess flow of J-T stream flow in the refrigerator goes to a J-T valve in the CDB which throttles 
the helium into the LHe buffer directly or goes to cool the 45 T magnet.  

The return helium after cooling superconducting magnet returns to the CDB and then is 
liquefied in the LHe buffer in the CDB. 

Excessive helium pressure at the inlet and outlet of the layers, due to AC loss in the magnet 
after power supply trip or quench, will cause venting from the magnet to the LHe buffer or to 
the atmosphere by cryogenic valves.  

There are two quench valves for the over pressure protection of the coil. In the event of a 
magnet quench the helium in the CICC will be expelled out of the layers via the inlets and 
outlets and the pressures here will increase. If the pressures here exceed the set point of 8 bar 
(absolute) then the quench vent valves will open. At the same time, the refrigerator will be 
isolated from the magnet by valves and will convert to the liquefaction mode, in which helium 
is liquefied in the buffer. 

The LHe buffer in the CDB serves to store LHe and to work as a sub-cooler for the 
supercritical helium. In order to provide a way of managing the varying heat loads an electrical 
heater, mounted in the buffer, will be used to control the helium level. The stored helium will 
enable the re-cooldown of the magnet to start after a power supply trip or a quench. The heat 
exchanger of the sub-cooler is of coil-tube type and is installed at the bottom of the buffer 
vessel. The operation pressure in the LHe buffer is designed to be not more than 1.25 bar 
(absolute). The LHe in the buffer can also be outputted to portable dewar. 

 

2.2.3 Current Leads and Buslines 
        There is a pair of vapor-cooled current leads (CL) in the SCH magnet system. The two 
current leads are installed on the top of the magnet cryostat. The current leads are made of HTS 
(High Temperature Superconductor) tapes between 77 K and 4.5 K, and copper between 300K 
and 77 K. The copper heat exchangers of the current leads are cooled with LN2 at 77.4 K. At the 
bottom of HTS section, the leads are cooled with helium at about 5 K downstream of the 
buslines. 

Two superconducting buslines, which connect the current leads and coil terminals, are 
cooled with supercritical helium downstream of the coil. 

2.2.4 Cooldown of Magnet 
 

During cooldown when the return temperature is above 100 K, the temperature differentials 
within the magnet are kept to less than 50 K. This is achieved by controlling the temperature 
difference between the supply and return streams of helium to the magnet. The supply helium, 
which comes from the coldbox, is 40 K lower than the return helium temperature during 
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cooldown. The temperature is to be controlled by the refrigerator, either by controlling with the 
turbines or by mixing a warm helium stream (300 K) and a cold helium stream (80 K). In this 
period, the total required mass flow rate for the cooling of coils is about 10 g/s, in which 5 
g/s is for the cooldown of the SCH and the other 5 g/s is for the cooldown of 45 T magnet when 
both magnets are cooldown at the same time. The supply pressure of the coil should not be 
less than 10 bar (absolute). 

Once the return helium stream temperature is lower than 100 K, then there are no longer 
any temperature differential restrictions within the magnet for the cooldown. The cooldown rate 
depends on the capacity of the refrigerator. The supply pressure to the coil may decrease as the 
temperature decreases. 

Cooldown of the SCH magnet will take nearly 15 days from 300 K to normal operation at 
4.5 K. Warm up of the magnet will be the reverse process of the cooldown. 

 

2.3 45 T Magnet and Other Users 
The 45 T hybrid magnet system, also combining superconducting and resistive magnet 

technologies for the production of 45-T steady field in a 32-mm room-temperature bore, has 
been operated successfully as a user facility for the past ten years at the NHMFL. The 
superconducting outsert is a 710-mm bore magnet with demonstrated capability for 100-MJ 
stored energy, over 14-T field on axis, and nearly 16-T maximum field at the windings.  
 The cold mass of the 45 T magnet is about 12 tons. The refrigeration system will be 
upgraded to use the new 750 W refrigerator for the cooldown and the normal operation.  
 For the cooldown, the requirement is the same with SCH. The required mass flow rate is 
about 5 g/s during cooldown. 
 During normal operation, the interfaces between CDB and the 45 T magnet are as 
follows. 

• 4.5 K supply helium: It is come from the J-T stream of the 750 W refrigerator, with a 
flow rate of 10 g/s and a pressure of 3 - 12 bar (absolute). This stream is throttled and 
liquefied into 4.5 K reservoir in the supply coldbox of the 45 T magnet.  

• 4.5 K helium return: This is the low pressure helium returning from the supply 
coldbox of the 45 T magnet. The flow rate is about 1.5 g/s less than that of the supply 
helium due to the LHe consumption for cooling of the current leads in addition to the 
LHe make up for the 1.8 K cooling loop, but the pressure is about 1.2 bar (absolute). 
The temperature is the saturated temperature at the return pressure. 

• “20 K shield” supply: 4.5 K helium will be used for the 20 K shield cooling. The 
supply pressure and temperature will be the same with the 4.5 K supply helium for the 
coil. The flow rate is about 2.5 g/s. This stream will come from the J-T stream of the 
refrigerator. 

• “20 K shield” return:  return helium is at about 10 K, 1.3 bar (absolute) and the same 
flow rate of 2.5 g/s. This stream will return to the coldbox and be mixed with the low 
pressure return helium between heat exchangers at 10 K level. The “20 K shield” 
return line after cooldown will use the same pipe with the cooldown line for the 
magnet.  

The following table summarizes the cooling requirement for the 45 T magnet. 
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Item Temperature Pressure Flow rate 
4.5 K helium supply from coldbox 4.5 - 5.5 K 3 -12 bar 10 g/s 
4.5 K gas helium return to coldbox 4.5 K 1.25 bar 8.5 g/s 
“20 K shield” helium supply from 
coldbox 

4.5 - 5.5 K 3 -12 bar 2.5 g/s 

“20 K shield” helium return to coldbox ~ 10 K 1.2 bar 2.5 g/s 
Current leads return and 1.8 K vacuum 
pump return to the inlet of compressor 

293 K 1.2 bar 1.5 g/s 

The cooling flow sheet of 45 T magnet is shown in figure 2. 
 The cooling of the “20 K shield” of 45 T magnet showed above is different from the 
original cooling method: The shield is cooled with 12 bar, 15K helium at the inlet. The flow rate 
is 2.5 g/s and heat load on the shield is 120 W. The downstream pressure and temperature is 
about 12 bar and 24 K. After the new refrigerator is installed, the “20 K shield” will work at 10 
K level.  
 The 45 T magnet and the SCH should be capable of being cooled down at the same time 
and separately. An 80 K cold box will serve as cooldown one of the magnets when the other is 
at 4.5 K operation. The 80 K coldbox uses the LN2 for the pre-cooling. 
 The other users, such as cell 16 magnet etc, are LHe users. The LHe will be taken from 
the LHe buffer in CDB. 
  

2.4 Central Distribution Box 
 

All of the helium cryogenic valves for the cooling of superconducting coils are integrated 
into a CDB. It is vacuum and MLI insulated with a 77 K thermal shield. 

 The CDB is installed close to the coldbox of the refrigerator. In the CDB, a LHe buffer 
vessel is used to store LHe when necessary, compensate the heat loads with an electrical heater 
in the dewar, work as sub-cooler for the supercritical helium, and re-cooldown the magnet after 
a power supply trip or quench.  

The volume of the buffer vessel is 500 liters. The heat exchanger of the sub-cooler is 
installed in the buffer vessel. 

The LHe buffer also acts as a liquid/gas phase separator to accommodate the liquid helium 
and recuperates the cold helium vapour (GHe) that is then returned to the refrigeration system.  

During normal operation, the pressure in the buffer vessel should be not more than 1.25 bar 
(absolute).  

 

2.5 Performance Requirement 

 

2.5.1 General Layout 
The general layout of the NHMFL cryogenic system is shown in Figure 3. The magnet 

cryostat of SCH is installed in Cell 14. The magnet cryostat and cryogenic supply cryostat of 45 
T magnet are installed in Cell 15. The compressors are installed in the compressor room, which 
is about 50 meters from the coldbox. The coldbox and CDB and their dedicated instrumentation 
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will be installed between Cell 15 and Cell 16. It is about 10 meters away from the 45 T supply 
cryostat and 15 meters away from SCH. The control system is located in the “control room”, 
which is 20 meters away from coldbox.  

The maximum magnetic field at the location of the coldbox and the CDB is 100 
Gauss. 

A PLC for the controlling of refrigerator, housed in the cold box rack, shall be 
supplied by the Vendor and will be dedicated to the control of the cryogenic plant.  

The vacuum vessel for the cold box, cryogenic CDB and transfer lines shall work at room 
temperature, with an internal vacuum value of better than 10-3 Pa. For purging and conditioning 
operations, vacuum could be realized inside any pipe. 
 

2.5.2 Environmental Conditions 
The ambient conditions indoor are: 

Temperature:  
               Cold Box design / max. / min. 23/26/18 °C 
               Compressor design / max. / min. 27/40/5 °C 

Ambient pressure:  1.013 bar (absolute) 
Magnetic field:    less than 100 Gauss 
Humidity:  

                           Cold Box design / max. / min. 50/75/20 % 
               Compressor design / max. / min. 75/85/20 % 
(noncondensing) 

Elevation:  30 m 
Radiation:  No 

 

2.5.3 Utilities 
2.5.3.1 Electric power     voltage, frequency, 
tolerances 

• For motors                                                     480 V, three phase, no neutral, 60 Hz, 4% 

• for instrumentation and control 115 V, 60 Hz, 4% 

2.5.3.2 Coolant(water) 

• supply pressure  0.3 MPa (g) 

• allowable pressure drop  0.1 MPa 

• supply temperature 
          Option 1                                      7 °C (hardness < 100 ppm) 
          Option 2                                      25 °C (  0.5 MOhm-cm) 

• temperature rise  15 °C 
2.5.3.3 Instrument air 

• supply pressure   6.0 bar (gauge) 
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• status (dew point)  -40 °C 
2.5.3.4 Liquid Nitrogen for pre-cooling purposes 

• supply pressure (to coldbox) > 2.0  bar (gauge) 

• supply status                                                 Almost saturated LN2 
2.5.3.5 Gas helium vessel 
  There are three helium gas storage vessels with a volume of 113 m3 each and a design 
pressure of 17 bar (gauge). These vessels will be plumbed to the gas management panel of the 
main compressor system. 
 

2.5.4 Standards and Codes 
 

The cryogenic plant should be of extremely high reliability since that will make a great 
impact on the magnet system operation. Provided that the user follows the Vendor specified 
routine maintenance procedure, the complete refrigerator shall be designed and constructed for 
at least 8,000 hours of continuous operation before scheduled shutdown. 
In addition, the cryogenic system shall contain all safety devices, instrumentation, process 
control, and safety interlock components suitable for unattended, stand-alone, environment 
protection operation. 
It is the Vendor’s responsibility that the whole system meets all laws, regulations and standards 
of good practice commonly accepted in the United States of America. 

 
 The system should be designed, manufactured and marked to comply with all the relevant 
USA codes and standards. 
For the pressure vessel, stamps which are necessary in USA are required. 
The detail requirements on major components of the refrigerator are described as following 
sections. 
 

2.5.5 Main Compressor System 
 

2.5.5.1 The main compressor set shall consist of water-cooled, oil injected screw type 
compressor, with variable frequency driver controller as an option, oil removal system, 
piping, gas management panel, instruments and control equipment. 

2.5.5.2 The main compressor (for the operation of cold box) will be equipped with sound-
proofed casing and oil removal system. A gas management panel shall be included as 
well. 

2.5.5.3 The compressor room is about 50 m away from the cold box. The gas exhaust and 
suction pipes (HP, LP, recovery, buffer), the water and air supply lines and the 
compressor frame must all be equipped with the necessary vibration dampers in order to 
limit the transmission of vibrations towards the magnet or the other equipment. 

2.5.5.4 In normal operation, the helium pressure in the LHe buffer shall be not more than 1.25 
bar (absolute). The compressor suction pressure shall be higher than ambient pressure. 
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2.5.5.5 The compressor instantaneous suction pressure may increase to a higher pressure during 
a magnet quench or a power supply trip. The Vendor shall provide the maximum 
allowable inlet pressure for the safety operation of the compressors and turbines for a 
short period. 

2.5.5.6 The oil removal systems shall be designed for easy maintenance (charcoal regeneration, 
exchangeable filter, etc.) and that will not affect the long term operational performance 
of the cold box. Oil shall be recovered to the oil tank in the system though oil pipes. 

2.5.5.7 The Vendor shall provide a system for the main compressor for energy saving/load 
matching capability. The adjustable range should be continuous from 50 to 100% of full 
load capacity. The Proponent shall clearly specify the system used to adjust the excess 
compressor capacity to match the cryogenic load. 

2.5.5.8 The compressor system should be leak tight. The Vendor shall provide the leakage rate 
for the system. 

 

2.5.6 Coldbox 
 

2.5.6.1 The cold box shall be vacuum insulated and should contain, heat exchangers (including 
LN2 precooling heat exchanger), turbo-expanders with gas bearings, 80 K and 20 K 
adsorbers, control valves, relief valves, instrumentation, vacuum pumps, control panel, 
and all other necessary components to produce refrigeration and liquid helium reliably. 

2.5.6.2 The operation modes of the cold box shall include the following three modes: 
refrigeration mode, liquefaction mode and refrigeration/liquefaction mixed mode. The 
performance of each mode of the cold box shall be:  

Refrigeration mode >= 750 W at 
4.5 K 

With liquid 
nitrogen pre-
cooling 

Liquefaction mode >= 185 L/h With liquid 
nitrogen pre-
cooling 

Refrigeration/liquefaction 
mixed mode 

500W at 4.5 K 
+ 60 L/h 

With liquid 
nitrogen pre-
cooling 

The normal operation is refrigeration mode. The refrigerator shall be optimized for the 
refrigeration mode. The refrigerator shall be tested in refrigeration and liquefaction 
modes at least. The mixed mode may also be tested and the data will only be used for 
reference. 

2.5.6.3 The Vendor shall supply a dedicated vacuum pumping system for the coldbox. The 
system shall consist of a turbo-molecular pump, mechanical roughing pump and all 
associated instrumentation, such as vacuum gauges, and controls necessary to maintain 
the insulation vacuum of the coldbox at all times during operation. This system shall be 
controlled via the Refrigerator PLC and monitored by remote control systems (if this is 
supplied by the Vendor). The design shall be safe under all foreseeable failure modes. 
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An isolating valve shall be used to isolate the pump from the cold box vacuum (butterfly 
or sliding valve). All of the pressure gauges shall also be equipped with isolating valves. 
The maximum magnetic field on the coldbox is 100 Gauss. 

2.5.6.4 Dual full-flow cryogenic adsorbers shall be installed in the main stream at the 77 K 
level with provision for switch over from one to another bed to allow the adsorber 
regeneration without shutdown of the cold box. The refrigerator shall be able to 
automatically switch from the saturated cryogenic adsorber off-line for regeneration to 
the second one for on-line service. The regeneration and switch out of the adsorber shall 
be implemented automatically. If charcoal beds are used, a procedure to replace the 
charcoal shall be described in the Technical Proposal.  

2.5.6.5 A full-flow cryogenic adsorber shall be installed at the 20 K level. The user guide of 
the adsorbers, including regeneration procedure, activated charcoal replacement should 
be stated in detail in the Technical Proposal. 

2.5.6.6 Three cryogenic transfer lines will be used to connect the coldbox and CDB. One is 
the helium supply line, one is the helium return line and one is the return line of 
cooldown. The length of the transfer lines shall be defined by the Buyer. The two ends 
of the transfer lines shall terminate in bayonet connection couplings. The bayonets for 
the connection to the cold box shall be supplied by the Vendor of the refrigerator and 
should include the female and male parts. The helium supply line and helium return line 
at 4.5 K can be made into a coaxial transfer line. The return line of cooldown should be 
separate. The transfer lines are of “U” shape, with about 1.6 meters length for the 
horizontal section and installation elevation of 3 meters. Final engineering drawings 
should be approved by Buyer before construction. 

2.5.6.7 The cold box shall be able to cool down and warm up the superconducting magnets 
safely to avoid excess stress in the coil, as required in section 2.2.4. To achieve the 
cooldown or warm up, additional valves and helium pipes shall be added to the 
coldbox. When the return temperature is above 100 K, the mass flow rate of the supply 
helium for cooling each of the superconducting magnets is 5 g/s (For two magnets, it is 
10g/s in total), which should be handled by the valves and pipes. The flow rate in the 
return line is the same with supply flow rate. The helium gas from the cooldown return 
line should be recovered at least two temperature levels: 80 K and 10 K, which is shown 
in the following figure. 
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2.5.6.8 The refrigerator piping, heat exchangers, adsorbers, and valves shall be designed for as 
low a pressure drop as is possible. The low side pressure drop should keep the pressure 
in the LHe buffer not more than 1.25 bar (absolute) in the normal refrigeration mode. 

2.5.6.9 The coldbox can supply cooling for the “20 K thermal shield” of 45 T magnet, which is 
described in section 2.3. 

2.6.6.10  A gas analyzer shall be supplied to monitor the impurity content of N2, O2, H2O, and 
oil-aerosol on line. An interlock signal shall be provided by automatically measuring 
the circulating helium gas impurity using this helium analyzer. The accuracy of the 
analyzer should be provided by the Vendor. If a third party gas analyser is to be used, 
the vendor and model shall be specified in the technical proposal. 

2.5.6.11 The Vendor shall provide the spectrum of vibration and noise for the coldbox. The 
Vendor shall provide the maximum allowable working pressure (MAWP) for all 
components with fluid flowing inside. 

2.5.6.12 The Vendor may quote the internal purifier as an option.  

 

2.5.7 Recovery Compressor and External Purifier 
 

     Two recovery compressors, each with a flow rate capacity of 18 g/s, already exist 
at the NHMFL. In case of an unexpected shutdown of the refrigerator, or quench of 
magnet, the recovery compressor will be used to recover all of the helium in the 
refrigerator and magnet into the impure helium gas storage tank. 

     The command for the start and stop of recovery compressor shall be given by the 
refrigerator PLC. 

The NHMFL has been building an external purifier system with a flow rate of 18 g/s for the 
cryogenic system. 
 

2.5.8 Valves 
 

All of the cryogenic valves and the room temperature valves in the helium refrigerator, 
including manual valves and control valves, must be of the metallic bellow sealed type to ensure 
a long term tightness.  

The control valves (ON/OFF valves and adjustable control valves), should be 
pneumatically controlled, with the actuators at room temperature. Electrical actuators are not 
recommended. 

The cryogenic valves shall be equipped with a long body and stem to limit the heat 
losses. The Vendor shall exclude all immersed cryogenic valves in his design. 

All of the On/Off pneumatic helium valves must be equipped with limit switches to allow 
the monitoring of their state (close/open). 
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Check valves must be used each time there is a risk of contaminating a pure He loop with 
recovered He, Air or Nitrogen and each time there is a risk of counter flow in a circuit.  
 

2.5.9 General Infrastructure 
 

Each subsystem will have its local terminal blocks collecting all the sensors and actuator 
cables. The terminal blocks shall be housed in a hermetic box.  

The NHMFL will supply all the required utilities (electrical power, compressed air, water 
and air cooling), inside the compressor room, for the compressors, their oil removal systems and 
gas management panel, as well as inside the “Cryogenic Hall” for the cold box.  

The Vendor should provide the requirement for the installation and usage to NHMFL.  

 

2.6 Instrumentation and Control System 
 
2.6.1 The Vendor shall be responsible for providing, in sufficient number and appropriate type, 

all pressure, temperature, and flow sensors/meters and associated transmitters/transducers, 
valves and actuators, and any other associated instruments necessary for operation 
convenience, diagnostics, and personnel safety and equipment protection.  

2.6.2 The devices used in the refrigerator must be standard units of proven reliability, accuracy, 
long time stability, and maintainability. These devices shall be controllable or readable via 
standard control system I/O allowing compatibility with the Buyer’s control computer. 
Acceptable signal characteristics are 0-5 V (DC), 0-10 V (DC), 4-20 mA (DC). 

2.6.3 The Vendor shall provide the PLC, the programming in PLC and the function to transfer 
all the signals from the control panel to the Buyer’s supervisor computer. The final choice 
of connection arrangement shall be discussed and agreed upon by the Buyer. 

2.6.4 The remote monitoring and control system will be provided by the Buyer on the 
supervisor computers, including engineer station and operator stations. The Vendor 
should supply the communication interface between the refrigerator PLC and the DCS 

2.6.5 The Buyer intends to control the magnet and CDB with another PLC. All of the 
instruments will be monitored and commands will be given by supervisor computers 
(Remote control system). The programming of DCS system will be done by the Buyer. 
The supervisor computers will connect to the refrigerator controller installation at the 
Buyer’s site. This remote control system will be located in the “control room”, which is 20 
meters away from the location of the cold box and 40 meters from the compressor. The 
structure of the control system is as follow: 
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2.6.6 If hard-wired interlock devices are used, a readiness signal shall be available to interface 

with the Buyer’s process control. 

2.6.7 Sufficient readout devices and gauges at the local site of the coldbox, compressor, etc. 
shall be installed to read the refrigerator’s major operating parameters and relevant 
status in case of local testing of the system or in case of power failure. 

2.6.8 The Vendor shall provide technical data sheets for each sensor and its associated 
instruments, including sensor type, manufacturer, model number, sensor accuracy, 
operating range and calibration data if applicable. 

2.6.9 All instruments and valves shall be tagged according to the Process and Instrumentation 
Drawing. 

2.6.10 Signal cables shall be properly shielded and bundled and their functions shall be 
properly independent of the ambient temperature and installed length. 

2.6.11 Proper electrical grounding and electrical noise isolation within the contained 
refrigerator is the responsibility of the Vendor. The Vendor’s detail of grounding 
requirements shall be approved by the Buyer. 

2.6.12 The sensors dedicated for measurements shall read out in units defined as: temperature 
(Kelvin), mass flow rate (gram per second), pressure (bar), vacuum (Pa or mbar). 

2.6.13 The Vendor shall provide the backup software and the installation procedure to restore 
the normal operating system and parameters in case of computer collapse and data loss. 

Refrigerator process 
equipment 

DCS 
Engineer station 

Remote Computer 1 RC 
2 

RC 
3 

RC
n 

Internet 

Printer 

PLC 

Operator panel 

Operator station 

CDB and cryostat 

PLC 

Operator station 



 27

2.6.14 Yokogawa DCS system CS3000 will be used in the remote control system. The Vendor 
shall provide the communication protocol between the Siemens PLC and Yokogawa 
CS3000.  

 
2.7 Safety and Interlock 
 

2.7.1 Safety Devices 
 

The Refrigerator shall be equipped with safety devices that meet applicable codes to 
protect personnel and equipment in any circumstance of system malfunctions and fault 
conditions. 

All volumes that can be isolated at low temperature or have the potential for 
overpressure shall be equipped with suitable relief devices. 

All relief devices shall be de-mountable for inspection and maintenance.  
 

2.7.2 Interlocks 
 

The Vendor shall design and implement all necessary safety chains and interlocks 
(including hardware interlocks) in order to prevent safety hazards and machinery 
damage under all operating or fault conditions. 

The Vendor shall provide the electronic schematic and a complete control logic 
description of the interlock system. 

A refrigerator fail-safe analysis report (functional analysis with interlocks) shall be supplied 
by the Vendor in the detailed design report and revised in the Acceptance Test Report. 

 

2.8 Operation Modes of Cryogenic Refrigerator 
 
The possible operating modes of the cryogenic system are the following:  

Mode 1, Refrigeration mode at 4.5 K, with compressor, coldbox, CDB and magnet in 
operation 

Mode 2, Liquefaction mode at 4.5 K, with compressor, coldbox and LHe dewar in operation 
Mode 3, Cooldown mode, with compressor, coldbox, CDB and magnet in operation. The 

magnet is cooled down from 300 K to 4.5 K. 
Mode 4, Warm-up mode, with compressor, coldbox, CDB and magnet in operation. The 

magnet is warmed up from 4.5 K to 300 K. 
Mode 5, Part load mode, with compressor, coldbox, CDB and magnet in operation. The 

required refrigeration power is 50% of the full capacity 
Mode 6, Liquefaction and refrigeration mixed mode, with compressor, coldbox, CDB and 

magnet in operation. The required refrigeration power is 50% of the full capacity. 
Mode 7, Refrigeration overflow mode, with compressor, coldbox, CDB and magnet in 

operation. There is LHe vaporized in the LHe buffer, so return helium flow rate is larger than 
the supply helium flow. 
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Mode 8, PS trip mode, with compressor, coldbox, CDB and magnet in operation. A large 
amount of cold helium is vented into LHe buffer and then returns to the coldbox.  

Mode 9, Quench mode, with compressor, coldbox, CDB in operation. The refrigerator is 
shifted to liquefaction mode. The recovery compressor will be started to recover the helium gas. 

The refrigerator system and control system shall be capable to handle all the operation 
modes. 

 
3  SCOPE OF SUPPLY 
 
3.1 Equipment to Be Supplied by Vendor 
 
3.1.1 A rotary screw type main compressor, with the variable frequency drive controller as an 

option , able to supply the cold box in all of the different operation modes 

3.1.2 An oil removal system for the main compressor 

3.1.3 A gas management panel to regulate the high pressure and low pressure, make up or 
recover helium gas for the refrigerator. 

3.1.4 A cold box with the refrigeration power of 750 W at 4.5 K and functions described in 
this specification 

3.1.5 Instrumentation for the above equipments 

3.1.6 A gas analyzer for in-line measuring N2, O2, H2O, and oil-aerosol 

3.1.7 A fully automatic, Programmable Logic Controlled (PLC) system (hardware + software) 
to control the entire refrigerator system, with an operator interface terminal for process 
visualisation, local control and possible access to the program source as well as an 
interface for remote control. 

3.1.8 Three cryogenic transfer lines from cold box to the CDB as an option 

3.1.9 Spare parts for turbines and other equipment 

 
3.2 Services 

3.2.1 Delivery 
        A complete refrigeration system, including the equipments listed above and as specified in 
the preceding sections 

        The packaging and transportation is from the Vendor site to the NHMFL site. 

 

3.2.2 Packing 
 



 29

The Vendor shall be responsible for the packing and delivery including the incurred costs. 
The subsystems shall be delivered assembled and ready for use, each with an individual 
marking. 
The storage of the equipment in its original packing can be envisaged for a period of several 
months after the fabrication, either in the Vendor premises or in the NHMFL site. Therefore the 
packing shall be able to ensure the protection of the equipment during this period.  

All materials used in the packaging should comply with all relevant US Customs 
regulations and specifically must comply with ISPM 15 “GUIDELINES FOR REGULATING 
WOOD PACKAGING MATERIAL IN INTERNATIONAL TRADE”.  All costs involved in 
complying with these regulations must be included in the response. 
 

3.2.3 Transportation 
 

The Vendor shall include in the ITN response the transport from the factory to the 
NHMFL site (1800 E. Paul Dirac Dr., Tallahassee, FL, USA, 32310) and will be responsible for 
the goods until the delivery; the transfer of responsibility shall take place when the equipment is 
accepted at Buyers designated site. 
 
If damages are detected after the delivery, their repair would be at expense of the Vendor. 
 

3.2.4 Installation Supervision 
The installation of the compressor system, coldbox and piping shall be done by the 

NHMFL. The Vendor shall provide the supervision for the installation. All the drawings of the 
interfaces for the installation should be provided by the vendor. 
The Vendor shall provide all information in sufficient detail for the installation of the 
refrigerator at the NHMFL, including the weight, height, and sizes of each component. The 
Vendor shall provide all applied special mounting parts. 
 

3.2.5 Commissioning and Test on Site 
 The Vendor should be responsible for the commissioning and test of the refrigerator. 
 

3.2.6 Operator Training 
 The vendor should provide the training for the NHMFL operators in the process of 
manufacturing, commissioning and test.  
 
3.3 Documents 

 
The Vendor shall provide the mechanical drawings of all of the assembly of major 

components and the electrical schematics necessary for maintenance of the refrigerator.  
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The Vendor shall perform and provide all of the required calculations (mechanical, 
cryogenic, etc.) and complete the design in order to insure a good working system, in 
accordance with the applicable standards.  

Manufacturing and factory test reports will be delivered together with the equipment. The 
on-site installation process and tests will also be documented by the Vendor. 

The Vendor shall provide a document with all of the subsystem interfaces (lists of control 
signals, cables and terminal block connections, fluid circuits and connections, etc.), according to 
a nomenclature that will be defined in agreement with the NHMFL. This will also include a 
clear definition of all of the utilities to be supplied by the NHMFL.  

The control system will also be precisely documented by the Vendor with in particular, 
the control logic diagram and a copy of the PLC source program.  

More generally, the Vendor shall supply all of the documents needed for the installation, 
commissioning, operation and maintenance of the cryogenic plant. 

A complete set of documents should be provided with two copies and the documents will 
be written in English. 

An electronic copy in an open unlocked format of all of documents, drawings, source 
code, logic diagrams, operating instructions etc. will be provided as well as a hard copy. 

 
3.4   NHMFL Supply and Interface 
 

3.4.1 Electrical Power 
 

The Buyer will supply the required electrical power, which is shown in 2.5.3.1.  
The requirements on the electric power source feature shall be defined in the Technical 

Proposal and proper design of interlocks shall be implemented.  
 

3.4.2 Cooling Water 
 

The Buyer will supply close-cycled cooling water flow requested by the Vendor in the 
Technical Proposal. The cooling water parameters are shown in 2.5.3.2. The Buyer will install 
the water temperature gauges, water pressure gauges, and/or water flow meters in the inlet and 
outlet water pipes of the individual components. 
Vendor shall ensure that condensation due to cooling water in normal operating conditions at 
the Buyers site does not occur on critical components. 
 

 

3.4.3 Liquid Nitrogen 
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The Vendor shall specify the maximum required liquid nitrogen consumption rate and pressure 
for operation.  
 

3.4.4 Instrument Air System 
 
The NHMFL will provide instrument air specified in 2.5.3.3. If the Vendor has a different 
requirement, he shall specify it and the requested maximum and nominal instrument airflow 
rate. 
 

3.4.5 Helium Gas Tank 
 
The NHMFL will provide the helium gas tanks and piping. 

  

3.4.6 Interface for Piping Connection 
All the interfaces for piping connection of the refrigerator such as fittings, flanges, couplings 
and bayonet ports, including the vacuum ports, shall be supplied by the Vendor with the 
completed males/females mating parts. 

 

3.5 Acceptance Tests 
 
Final acceptance test plan shall be defined by the Vendor and approved by the Buyer. 

 

3.5.1 Factory Tests 
 
Factory test may be an option. The Vendor shall quote the cost for the factory test. 
 

3.5.2 Site Acceptance Tests 
 
The Vendor shall ensure a careful verification of the piping and cabling for the complete system 
and especially for the parts installed by the NHMFL. 

 
3.5.2.1 Compressor tests 
 
The compressor shall be tested with careful check of the instrumentation, in particular the local 
PLC. During normal operation, the tightness of the flanges and connections will be tested with a 
helium leak detector. The temperature on different parts of the compressors, the maximum mass 
flow rate and the pressure stability (high pressure and low pressure) will be measured in a 
closed loop. All of the safety interlocks will be properly set (high pressure, gas or oil 
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temperature, etc.). The oil removal systems will also be checked. A gas analysis (H2O, N2, O2 
and oil) will be carried out during these tests. 

 
3.5.2.2 Cold box tests (LHe production to the dewar only) 
 
After the preliminary starting verification, the liquefaction and the refrigeration capacity of the 
cold box will be evaluated with the production of LHe in the dewar. The liquefaction capacity 
will be measured with increasing LHe level. The refrigeration capacity will be measured at 
constant LHe level using the immersed heater. The integrated performance of the refrigerator 
shall be based on the test for two days and shall not be worse than each performance mentioned 
in section 2.5.6. 

 
3.5.2.3 Acceptance 

The provisional site acceptance will be made after the tests at the NHMFL and the helium leak 
tight inspection, demonstrating the specified performance with the cold box connected to the 
LHe dewar only.  

 

3.6 Guarantee 
 
The performance should be guaranteed in the testing of the refrigerator on site. 
The whole system should be guaranteed for at least 12 months from the date of final acceptance 
test of the goods. 
 
4 TENDER CONTENTS 
 
4.1 Cost 

The Vendor shall provide a quotation with a price break-down shown in table 1. 

 

4.2 Documents and Performance Data and Figures of the Refrigerator  
The Vendor is to provide 7 copies of the proposal and provide the following information in 

their proposal (the original and each copy shall be in separate binders, with the original signed 
copy clearly marked): 

4.2.1 General design of the helium refrigerator system with a description of the operating 
conditions and guaranteed performance 

4.2.2 The cold box description and turbo-expander technology, adsorbers and automatic 
regeneration 

4.2.3 The parameters of the main helium compressor system, including maximum helium mass 
flow rates (g/s), the suction/discharge pressures, electrical power of the motor, the size of 
the compressor, noise level and oil loss rates in steady state operation 
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4.2.4 The expected efficiency (COP) for each operation mode (Watts of compressor 
power/Watts of 4.5K refrigeration), with and without liquid nitrogen pre-cooling 

4.2.5 The performance curves of liquefaction capacity (L/h) vs. refrigeration capacity (W), 
refrigeration capacity flexibility and energy saving efficiency 

4.2.6 The temperature–entropy (T-S) diagrams of the refrigeration process at the designed 
refrigeration mode, liquefaction mode and mixed operation modes, showing the 
temperature, pressure and mass flow rate of each node 

4.2.7 The P&ID of the refrigerator system 

4.2.8 The liquid nitrogen consumption rate for the Required Performance of this Technical 
Specification 

4.2.9 The detailed refrigerator process description of cooldown and warm up of the 
superconducting magnet. 

4.2.10 The Control logics description for the control of refrigerator operation and cooldown of 
the magnet with a list of the instrumentation interlocks, analogue and digital 
inputs/outputs for computer controls 

4.2.11 The vibration and noise level of major components in the refrigerator, such as 
compressor and turbines 

4.2.12 The helium inventory in the refrigerator both for cold and warm conditions 

4.2.13 The helium leak rate or process usage rate of the individual components (including main 
compressors, cold box, oil removal system and gas management system, internal adsorber, 
etc.) per operating year 

4.2.14 The drawings, main dimensions and weights of components (including main 
compressors, cold box, oil removal system, gas management system and transfer lines) 

4.2.15 Installation/interfaces drawing 

4.2.16 The requirement for the test on-site at NHMFL 

4.2.17 Description of the required electrical power, compressed air and water supply (pressure, 
flow, temperature) as well as services (cabling, piping, etc.) to be provided by the 
NHMFL 

4.2.18 Main maintenance and continuous operation time between scheduled maintenance 

4.2.19 List of the suggested spare parts and quantities 

4.2.20 Detailed description of the quality assurance proposed by Vendor that controls the 
design, procurement, manufacturing, construction, delivery, installation and test activities 

4.2.21 Description and costs of possible maintenance contracts (quoted as an option) 

4.2.22 Delivery time and a detailed time schedule  
 
5 OTHER NOTES 
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After receiving the proposal response, the Vendor may be asked during negotiations to 
discuss any open technical issues with the NHMFL and suggest minor modifications of the 
proposed specification, provided that such changes are within the general scope of the ITN. 
However, any deviation from this specification must be first submitted to the SOLE point of 
contact according to the calendar of events for approval.  

 
5.1 EVALUATION PROCESS 
 
Step 1: Solicitation and evaluation of written responses leading to the selection of a “short list” 
of companies with whom the university will negotiate. Companies not selected for negotiations 
at this time may be called upon later in the process, should negotiations with the firms originally 
selected fail to result in a satisfactory contract. 
 
Step 2: Negotiations with short listed companies including the further refining of exact 
specifications, terms, conditions and pricing algorithms. Following the negotiation period, 
companies with whom negotiations have progressed satisfactorily will be asked to submit a Best 
and Final Offer. 
 
Step 3: Evaluation of the best and final offers and posting of award. 
 

Completeness of the proposal is a consideration in the short-listing process.  This 
contract cannot be split among more than one vendor, it is important that vendors address all 
areas of the technical specifications and is, therefore, complete.  All proposals will be evaluated 
by the ITN Evaluation Committee members to determine a short list of vendors whose written 
responses best address the requirements of this ITN.  Those selected for the short list will 
continue forward in the process, which will include proposal presentation, negotiation, and 
evaluation of a vendor’s “best and final offer”. 
  Any response that is not complete, accurate, and detailed or which indicates the vendor’s 
preference to defer releasing details or other related information until some later point in the 
process may be declared non-responsive and rejected without further evaluation. 
   The evaluation process for purposes of establishing the short list of vendors will be 
based primarily upon an evaluation of the technical merits and completeness of the vendor 
responses.  Vendor pricing may be considered by the ITN Evaluation Committee members, but 
tempered with the understanding that the ITN negotiation process tends to nullify the impact of 
initial price proposals.  Evaluation consideration for the short list will be based on: efficiency of 
operation, cooling power available in three modes, efficacy of operation in cool down/warm up 
mode, vibration and noise spectrum, operation modes of the refrigerator, minimize electrical 
power – cooling water and liquid nitrogen requirements, helium leak rate/process usage rate, 
scheduled periods for maintenance, and fully automatic control.  Chart below has rankings of 
each stating its importance in the proposal. 
 
5.2 NEGOTIATIONS 
 
 The ITN Evaluation Committee fully intends to engage in a single negotiation session 
with each short list vendor.  It is not anticipated that multiple negotiation sessions will be 
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necessary.  At the completion of the negotiation sessions, the vendors will be given a due date 
for submission of best and final offers.  No revisions to any vendor’s response may be made 
after the best and final offer is submitted. 
 
The ITN Evaluation Committee will use the original written response as well as the best and 
final offer of each vendor for purposes of formulating a recommendation of award.  The 
recommendation will be based upon the technical merits of the proposal, the responsiveness of 
the proposal to the stated objectives of this ITN, and pricing. 
 
Once the contract award is determined, the successful vendor and Florida State University will 
enter into a final contract document, i.e. a Purchase Order. The Contract award arising from this 
ITN shall contain all the terms and conditions agreed upon by the parties, which terms and 
conditions shall govern all transactions between the University and the Contractor. The Contract 
may only be modified or amended upon mutual written agreement of the University and the 
Contractor. No oral agreements or representations shall be valid or binding upon the University 
or Contractor. No alteration or modification of the Contract terms, including substitution of 
product, shall be valid or binding against the University. 
 
At no time during the life of the contract awarded pursuant to this ITN may a Contractor 
unilaterally modify the terms of the Contract by affixing additional terms to product upon 
delivery (e.g., attachment or inclusion of standard preprinted forms, product literature, “shrink 
wrap” terms accompanying or affixed to a product, whether written or electronic) or by 
incorporating such terms onto the Contractor’s order acknowledgement, invoice, or fiscal forms 
or other documents forwarded by the Contractor for payment, or included on a website. 
 
The University’s acceptance of product or processing of documentation on forms furnished by 
Contractor for approval or payment shall not constitute acceptance of the proposed modification 
to terms and conditions. 
 

The Vendors are encouraged to make recommendations that may lead to an improvement 
in performance, efficiency, reliability, safety or a reduction in cost. However gross changes to 
the Buyer specified configuration should be noted as exceptions to the specification in the 
proposal. 

The complete system shall be completed and delivered at the NHMFL site within 16 
months after the contract of the order.  

The acceptance test shall be started within 6 months after delivery of the goods. 
The Vendor shall provide a fabrication and factory test schedule in accordance with the 

above defined milestones.  
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Proposal Paragraph Description Performance Characteristics of 

Most Concern 1 being highest 
importance 

2.5.5.7 & 4.2.4 Efficiency of Operation 1 
2.5.6.2 & 4.2.5, 4.2.6 Cooling Power available in the 3 

modes 1 
2.5.6.7 Efficacy of Operation in Cool-

down/Warm-up  2 
2.5.6.11 & 4.2.11 Vibration and Noise Spectrum  3 
2.8 & 4.2.9 Operation Modes of the 

refrigerator 1 
3.4 & 4.2.8, 4.2.17 Minimize Electrical Power. 

Cooling Water and Liquid 
Nitrogen requirements 

1 

4.2.13 Helium leak rate/process usage 
rate 1 

2.5.4 & 4.2.18  Scheduled Periods for 
Maintenance 2 

2.6 Fully automatic control  1 
4.2.18 Proven reliability of system 1 
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CALENDER OF EVENTS 

- FSU releases ITN:      07/10/2009 
- Last day for vendor questions:   08/05/2009 
- Addenda Release (if necessary) to answer questions 08/12/2009 
- Last day to protest specifications:   08/14/2009 
- ITN Proposals due:     08/27/2009 
- FSU Committee Review of Proposals  TBD 
- Negotiations with Finalists, start   TBD 
- Best and Final Offers Due    TBD 
- Committee Reviews Best and Final Offers  TBD 
- FSU Posts Intent to Award, on or about  TBD 
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Figure 2 Flow diagram of the cryogenic system for the SCH and 45 T 
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Figure 3 Layout of cryogenic system for the SCH  
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Table 1 Price break-down table 
Price break-down table 

Item Cost (USD) 

Cold box 
 - With additional cryogenic valves for cool-down and 
warm up of magnet( and 20K shield return) 
 - With two 80 K adsorbers 
 - With a 20 K adsorber 
 - With LN2 pre-cooling 
 - With bayonet connection of four cryogenic transfer 
lines: LN2 supply line, 4.5 K supply line, 4.5 K return 
line and cooldown return line 
 - With the male part of bayonets 

 

Main helium screw compressor  
- With  electrical motor 

 

Oil removal system and gas management panel  
Gas analyzer for N2, O2, H2O, and oil-aerosol  
Refrigerator Control system (including PLC, Local 
operation panel and all instruments) 

 

Supervision of the on site tasks (piping and cabling)  
Commissioning and performance tests on site with 
fixed price 

 

Factory tests to dewar (refrigeration and liquefaction 
performance) 

 

Training of operator  
Spare cartridges for turbines  
Other Spare parts *  
Package and shipment FOB, NHMFL, 1800 E. Paul 
Dirac Dr., Tallahassee, FL 32310 

 

Total  

 
 

Options  

Remote control system  
VFD for the main compressor  
Internal make-up purifier   
Three cryogenic transfer lines from the coldbox to 
CDB 

 

Second year warranty for the refrigerator system  
*:  A detailed list of the components is required. 




