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1.
Introduction

Fermilab will provide a 3.9 GHz cryomodule to Deutsches Elektron-Synchrotron (DESY) Laboratory in Hamburg, Germany for the Tesla Test Facility (TTF)/FLASH in an exchange of technology agreement between the laboratories.  This fully assembled cryomodule will be shipped to DESY within an enclosed wooden crate that shall provide adequate mechanical and environmental protection consistent with Military Specification (MIL-C-104C) 1 and Amendment (MIL-C-104(1))2.  This specification delineates responsibility between the packaging vendor and transport vendor and Fermilab.  
The design requirements within this specification must be met by the crate, based on the geometry, hardware and weight of the assembly.  The packaging vendor shall be responsible for the fabrication of the wooden crate per the requirements established in this document.  Incoterms (International Commercial Terms) shall be DDU (Delivered Duty Unpaid).  

2.
description

The 3.9 GHz cryomodule consists of four dressed 9-cell niobium superconducting radio frequency (RF) cavities.  This cold mass hangs from two column support posts constructed from G-10 fiberglass composite, which are attached to the top of the vacuum vessel.  The helium gas return pipe (HeGRP), supported by the two columns act as the coldmass spine, supporting the cavity string and ancillaries.  Support brackets with adjusting blocks using needle bearings on each side provide a connection between each cavity and the HeGRP.   Two aluminum heat shields (80 K and 5 K) hang from the HeGRP column supports.  
The shipment assembly consists of a cryomodule weighing 3,075 kg (6,780 lbs), an isolation fixture weighing 771 kg (1,700 lbs), base frame weighing 1,610 kg (3,550 lbs) and spreader lifting bar weighing 264 kg (584 lbs) (shown in Figure 1).  The shipment total weight, not including the wooden crate and air pallet is approximately 5,722 kg (12,614 lbs).  The center of gravity (CG) and overall dimensions are given in attached drawing 5520.000-ME-458525-B.   Spreader bar dimensions are given in attached drawing 5520.000-ME-459236-A.
 The base frame-isolation fixture suspension system shown in Figure 2 is relatively stiff and slightly under-damped with isolation which reduces shock by more than a factor of 2.  It's natural resonant frequency is between 4 and 5 Hz.  Ten helical coils, which hang in a tension-roll configuration, attenuate shock between the base frame and isolation fixture.  

3.
PREPARATION FOR SHIPPING (Fermilab)
Significant shipment preparation is required prior to enclosing the cryomodule assembly in the wooden crate.  Fermilab will provide the suspension system consisting of the base frame, isolation fixture and isolators.  The cryomodule assembly with suspension system will be readied for shipment by Fermilab personnel.  This process will include securing any piping, bellows, wiring, and cabling. Vertical, transverse and longitudinal restraints within the cryomodule proper will be applied.  Once the cryomodule end caps, top hats, flanges and all other seals have been made up, a leak check and pressure test of the system is performed.  Following leak tight certification, the areas indicated in blue in Figure 3 will be pressurized with dry nitrogen gas, 10 to 30 mBar above atmospheric pressure, with the exception of the beamline portion (shown in green) of the assembly which will remain under vacuum. 

3.1.  Cryomodule constraints and dampers (Fermilab)
The coldmass will be held rigidly to the surrounding vacuum vessel at the column supports by four clamping fixtures, which are attached at the top vessel penetration flanges given in Figure 4.  Internally, the cryomodule has two important composite design features that limit the vertical, transverse and longitudinal motion of coldmass, provide damping and act as a positive stop during events of excessive acceleration.  
The four input couplers (cold side) are fragile and susceptible to damage.  The composite damper system which connect at each input coupler partially prevents transverse motion (pendulum effect) of the coldmass as shown in drawing # ME-458525-B, Section A-A.  The composite dampers shown in Section C-C that connect to each end of the cryomodule limit longitudinal motion (rocking) of the coldmass during transport.  Both heat shields will be held in place against the outer vacuum vessel by foam at each end as shown in Figure 5.  

3.2.
INSTRUMENTATION (Fermilab)
Five tri-axial recording accelerators will be used for shock and vibration monitoring during transport.  Two identical units (RD 298 Shocklog device) will be mounted, one on the base frame and one on the isolation fixture near the center of mass for each structure.  Three additional tri-axial recording units (SENSR GP1) will be mounted on the base frame, isolation fixture and within the cryomodule. Fermilab personnel will install these units previous to the sealing and pressurization of the cryomodule.  All units are to cover a full-scale range of ± 10 g’s.  During assembly of the crate by the packaging vendor, all units must be protected from being damaged. External Shockwatch devices will be attached to the outside of the crate following assembly.   All units will be tested and initialized by Fermilab prior to the shipment.  Electronic and hard copies of the post-transport accelerometer data will be provided by Fermilab to DESY.  

4. Packaging (or crating) (Packaging Vendor)

The cryomodule assembly consisting of the module, isolation fixture and base frame will be housed in a wooden crate. The spreader bar will be mounted to the crate frame assembly and the whole will be loaded onto a 2.4 m wide x 6 m long (8’ wide x 20’ long) air pallet with machine rests (or plates) in between at ICB (Industrial Center Building - Fermilab) after the pre-shipping tests have been met.  The base of this crate will have a pallet construction.  The packaging vendor shall be responsible for any loss or damage which results solely from the packaging vendor's negligence in construction, crating, and or performance of the crate but shall not be responsible for unavoidable accidents or unforeseeable acts of nature.
4.1 
PACKAGING FEATURES AND REQUIREMENTS
The final crated assembly shall incorporate the following features:

Crating Requirements:

· all crate materials must be certified for export to Europe and re-entry into U.S.

· full enclosure on all sides (including top and bottom) of the cryomodule and suspension system assembly with the exception of (4) vertical lifting lug openings
· the crate frame, sides, top and bottom shall be of sufficient structural strength and thickness to maintain its shape

· sufficient interior restraint to prevent the cryomodule assembly from shifting within the crate
· provide (1) bulkhead connector design access port on the crate’s side for external connection to the GP1 devices and vacuum gauge
· appropriate and clearly marked exterior features to allow tie down during transport and lifting by means of a crane
· design of crate shall be sized to allow lifting with a crane using the 4-point spreader bar provided and attached to the container

· internal lining using R7 foam boards (or equivalent), attached to the wooden crate  

· clear and obvious exterior labels in English, French and German indicating the presence of fragile contents along with shock and vibration recording instruments

· labels warning against tipping the crate (with international symbols) from its normal position or stacking any items on top of it 
· labels denoting DOT hazardous material code and regulations for compressed nitrogen gas containing the following; material symbol, hazardous material description and proper shipping name, hazard class or division and identification number

· appropriate and clearly marked orientation of crate during transport 

The shipping crate design is to be reviewed and approved by Fermilab prior to fabrication.  The shipping crate will be inspected by a Fermilab representative prior to being shipped.  Any load testing performed by the vendor to verify the crate design shall be witnessed by a Fermilab representative.  The fabricator shall be responsible for the ability of the crate to perform in accordance with the requirement of this specification, regardless of any implied approval by Fermilab.  

5. Transport (or shipping) (Transport Vendor)

Both the shipping crate and cryomodule assembly will be exposed to shock and vibration accelerations during handling and transport.  These are maximum values that the base frame is likely to experience according to measurements conducted by NASA3 and the US Department of Defense4 for the modes of transport; by aircraft and truck.  
· maximum transmitted vertical shock acceleration: ± 6.0 g

· maximum transmitted transverse shock acceleration: ± 2.0 g

· maximum transmitted longitudinal shock acceleration: ± 5.0 g

Fermilab assumes responsibility for maximum loads established above.  The transport vendor shall be responsible for any loss or damage which results solely from transport vendor’s or their consignee’s negligence in the actual physical handling and securing of this shipment with the exception of unavoidable accidents and unforeseeable acts of nature.

Transport Requirements:

· internal crate inspection (meeting TSA guidelines) shall occur at Fermilab, prior to securing crate 

· coordination of crate inspection with Packaging Vendor is the responsibility of the Transport Vendor

· final crated assembly shall be attached to the air pallet by air carrier and coordinated by Transport Vendor

· all overland transport shall be on air-ride suspension trucks due to shock sensitivity of equipment 

· the transport vendor shall use an air pallet and roller truck combination for all overland transport

· the transport vendor is responsible for providing the air pallet and roller truck

· air craft hull shall be heated and pressurized

· transition points shall be minimized
· transport company shall be bonded and insured

5.1
transport mode and destination (Transport Vendor)
After loading the cryomodule transport crate onto air-ride truck at ICB (Fermilab) to MKS Hall 3 (DESY), the shipment becomes the responsibility of transport vendor.  Direct air freight overseas transport shall be used.  Transport by rail and/or ship is not allowed.  This shipment shall be accompanied by an escort during all modes of transport and transition by either authorized Fermilab personnel or designee.   Crating, internal bracing, and lift point shall be in accordance with Figure 1.  The planned European port of entry (POE) is Paris, France and DESY is the final destination.   German Customs (or import-clearance) will be considered either at POE or after arriving at DESY.  Efficient routing will minimize ground transport time and distance in Europe.  Lifting shall be done by crane or hydraulic lift only.  Lifting by forklift is not allowed.  Movement at transition points shall be done by using a roll-on/roll-off technique over flush surfaces.  All shipping routes shall be approved by Fermilab or DESY in advance.


5.2
TRANSPORT FEATURES (Transport Vendor)
In addition, the transport vendor shall also apply the following features and requirements:

· maximum over-the-road speed shall not exceed 55 mph (US) and 90 Km/hr (Europe)

· protect against large temperature gradients, maintain < 3 K/ hr (6 degrees F/hr)

· shipment shall be covered with a tarp during over-the-road transport

· escort shall ensure that requirements of transport are met (such as observing speed limits, proper handling, shipment is properly secured and protected after transition)

· copies of bills of lading and packing lists 

· escort shall maintain logbook with copies of custodial documents (hand-off)

· within logbook note conditions of handling and any unusual occurrences (i.e. rough handling)

6.
ACCEPTANCE CRITERIA

After arrival at DESY, the cryomodule assembly will be visually inspected by Fermilab staff or designee prior to acceptance.  As previously indicated, successful delivery of the 3.9 GHz cryomodule to DESY is dependent upon satisfying all of the requirements listed in the Shipment Acceptance Criteria and Traveler Document (a Fermilab Engineering Note).  Furthermore, the shock load limits specified in this document must not have been exceeded as indicated by the accelerometer records.  If any of the acceleration limits are exceeded, the 3.9 GHz cryomodule may still be accepted providing that the post-transport tests do not reveal damage to the hardware, nor the cavity string misaligned relative to each cavity by more than 0.1 mm.  Fermilab or its designee will assume the responsibility for returning Shocklog devices and the cryomodule end caps to Fermilab from DESY.  Shocklog devices will be returned to Fermilab via "return shipment."

7.
REFERENCES
[1] U.S. Department of Defense, “MIL-C-104C Crates, Wood: Lumber and Plywood, Sheathed, Nailed and Bolted,”  (March 30, 1992).

[2] U.S. Department of Defense, “MIL-C-104C(1) Amendment to Crates, Wood: Lumber and Plywood, Sheathed, Nailed and Bolted,”  (June 24, 1993).

[3] Anon., “Structural Design Criteria Application to a Space Shuttle,” NASA Space Vehicle Design Criteria   (Structures), NASA SP-8057, (1971).

[4] U.S. Department of Defense, “MIL-STD-810F Method 516.5 SHOCK,” p. 5-3 (January 2000).
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Figure 1:  Solid model of transport assembly.  
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Figure 2:  Isolation (suspension) system layout.
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Figure 3: Internal cryomodule pressure/vacuum configuration during transport.
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Figure 4: Column support vertical constraints.
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Figure 5:  Heat shield damper design at each end.
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