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Introduction:

A vacuum furnace is needed to conduct R&D on the assembly and bonding of the Next Linear Collider (NLC) RF structures at Fermilab (FNAL). A structure consists of 206 RF disks. The disks are 61 mm diameter and 8.75 mm thick. They are made of OFE C10100 Class I Copper. Disks are machined with sub-micron tolerances in a single crystal diamond turning machine. The surface finish of the disks is 50 nanometer and they are cleaned to be used as Ultra High Vacuum (UHV) products. The current method used to assemble them together is diffusion bonding. A brazing operation is also done to bond the peripheral components such as couplers, water-cooling lines etc. The furnace will be used as a diffusion bonding and brazing furnace for the complete assembly of NLC RF Structures.

Safety Requirement:

This vacuum furnace shall meet all applicable (such as OSHA, ANSI, ASME) codes and standards. Preferences will be given to the offerors who meet Factory Mutual and Industrial Risk Insurers Insurance requirements. The furnace shall be in conformance with all applicable electrical, fire and safety standards. 

Technical Requirements:

Configuration

: Horizontal front loading

Usable hot zone
: 12-inch wide x 12-inch high x 15-inch long (minimum)

Heaters

: Molybdenum

Shields


: Molybdenum (first inner and second layers) + Stainless Steel

Temperature

: 1200 degree Celsius 

Vacuum 
: 10-5 Torr or better at 1000 degree Celsius with the load in the hot zone

Vacuum pumps
: Mechanical Pump + Cryo or Turbo Pump, all with Cold Traps


Gas Circulation
: Hydrogen + inert gas mixture with 4-5% hydrogen

Controller
: Programmable controller and a recorder (PC link or a floppy drive is preferable)

Operation
: Pumping and heating sequences have to be done automatically    with the controller

Gauges
: Temperature, Vacuum, workload temperature uniformity thermocouples (3 output)

Thermocouples
: Controller, over-temperature, 3 auxiliary for temperature uniformity monitoring

Water cooling
: Furnace wall will be cooled with a pond water at Fermilab site


The pond water chemical analysis is attached to this specification    sheet 

Delivery needed
: 8 – 10 weeks

Hydrogen issues:

The furnace shall be able to be operated as a hydrogen furnace under partial pressure   (10-1 TORR to 1 TORR). The volumetric concentration of the hydrogen inside the furnace will be 4~5%. A mixture of an inert gas and hydrogen will be used to achieve the safe level of hydrogen use without further safety equipment and precautions such as burner, emergency release spring port etc.

The vacuum furnace shall be able to bake out completely under vacuum the hydrogen introduced during thermal cycle.

Hydrogen safety issues shall be explained in the proposal and shall be implemented completely to the furnace by the vendor.

Cleanliness issues:

The furnace shall not have any insulation or any other components, which can create dust or any other particles inside the vacuum vessel. Parts which will be diffusion bonded or brazed in the furnace will be used in UHV applications. Excessive dust or particle generation by any main or sub-components of the furnace shall be eliminated, by replacing them with the ones that will have less probability to create excessive dust and particles.

Safety devices:

The furnace shall be fitted with alarm devices for over-temperature for every hot zone that will be implemented to the furnace. From the control cabinet, the maximum temperatures corresponding to these alarms shall be able to be adjusted manually by the operator, up to the maximum working temperature of the furnace.

A thermo cycle shall be stopped automatically in case of:

· Over-heating of the vacuum vessel

· Over-heating of one of the high current feed-throughs

· Lack of vacuum level

· Lack of water flow

· Lack of water pressure

· Lack of air pressure

· Hydrogen leak

The control cabinet shall be fitted with a flashing light for all of the security devices.

The total number of alarm devices and the levels of the alarms listed above shall be defined by the vendor in order to ensure safety conditions for the furnace.

Fabrication:

The vacuum chamber shall be made according to the usual codes, industry standards and good practice engineering for the construction of high vacuum vessels. At the end of fabrication, the vacuum chamber shall be cleaned according to common UHV practice.

Information and documentation management:

The vendor shall deliver two complete sets of technical documentation, which provide for safe operation and proper maintenance of the furnace system. The documents shall contain:

· The operating instruction manual of the furnace

· The manuals of all the equipments used such as pumps, valves, recorder, controller etc.

· A complete set of drawings of all parts of the furnace including the vessels, the resistors, the screen etc. as well as the frame

· A detailed list of spare parts showing the number of elements installed and making reference to the drawings in the technical documentation

· The wiring diagrams

Installation and Tests:

The vendor shall install the furnace at Fermilab site and connect to the Fermilab utilities as specified in the vendor’s quotation. Installation shall be quoted as a separate line item in the offer.

Test to be carried out at the Vendor’s premises:

Before the shipment, the furnace shall be made available for acceptance tests at the Vendor’s premises.

The furnace shall be completely assembled including all connecting cables and piping. The entire furnace shall be subjected to:

· A leak check based on the static pressure increase method

· A leak check based on the mass spectrometry (Helium leak detector), the acceptance criteria will be 1x10-9 TORR x liter per second Helium leak

· A control of the ultimate vacuum pressure

· A hot test with the temperature at 900 degree Celsius with measurement of the working vacuum pressure. The acceptance criteria will be 10-5 or better TORR vacuum at this temperature in an empty furnace

· A mechanical and electrical function test

· A test of the pumping sequence in automatic and manual mode

· A mechanical test of the stability of the bottom loading system

· A heat rate test suitable with the type and dimensions of the desired work-piece. The test piece will be a 2.5 inch diameter 12 inch long OFE copper bar. The heat rate of the furnace shall provide a heating of this test piece to 1000 degree Celsius in 1.5 to 2 hours

Fermilab reserves the right to be present or to be represented by an organization of its choice, to witness the tests carried out at the Vendor’s premises. The vendor shall give at least 10 working days notice of the proposed date of any such tests.

Tests to be carried out at Fermilab:

The furnace shall be submitted for final acceptance tests at FNAL, Batavia, IL.

The furnace shall be completely assembled including all connecting cables and piping. The installation shall be made at FNAL with FNAL technicians under the supervision of the vendor.

The entire furnace system shall be subjected to the same tests as those performed at the vendor’s premises. In addition, both the maximum working temperature and working pressure at 1000 degree Celsius shall be tested. The temperature uniformity shall also be evaluated above 900 degree according a procedure that will be defined by FNAL and agreed by the vendor.

Packing and Transport to FNAL:

The vendor is responsible for packing and the transport of the furnace to FNAL. He shall ensure that the equipment is delivered to FNAL without damage and any possible deterioration in performance due to transport conditions.

FNAL supplied items and services:

Fermilab will be responsible to provide the necessary utilities as specified by the vendor during his proposal offer. These will include:

· Power

· Cooling water lines

· Furnace site preparation

· Gas delivery lines

The vendor’s proposal shall specify enough detail with respect to capacities and location in general arrangement with respect to furnace layout.

Spare Parts:

Recommended spare parts (Thermocouples, Molybdenum Heater etc.)

PROPOSAL OFFER REQUIREMENTS:

The proposal offer for the furnace must include:

· Detailed description of the furnace

· General arrangement drawings of the furnace 

· A similar furnace picture if possible

· Detailed descriptions of each components and sub-components

· Footprint of the entire furnace system

· Detailed descriptions of the FNAL responsibilities for site utility requirements

· Detailed descriptions of the safety issues addressed and suggested by the Vendor. This shall include a narrative describing what codes and standards are met by the vendor’s proposal

· Detailed price of the main and sub components

· Testing plans

· Shipment plans

· Warranty (1 year warranty parts + labor)

· Maintenance and Service
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