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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. Both operation modes, manual and automatic, shall guarantee that the furnace and the pumping unit are not damaged by a power interruption or an emergency stop operation.

Technical Requirements:

Main Characteristics:

Working volume
: Diameter: 20 inch x Height: 100 inch (usable hot work zone)

Configuration
: Vertical, Bottom loading or Front Loading. (Front Loading is preferable)

Vessel


: Stainless Steel, double wall with water cooling

Heat Shields

: Molybdenum (at least first 3 inner shields) + Stainless Steel (the rest)

Working temperature
: 1200 degree Celsius


  

850 – 1000 degree Celsius, process temperature range

Temp. Uniformity
:+- 5 degree Celsius in the working volume   proof with a test, which 

will be explained in detail at the related section 

Heating Zones

: Heating by molybdenum elements




  Multiple heating zones, at least 3 independent zones


Working Vacuum
: 10-6 TORR or better at 1000 degree Celsius

Ultimate Vacuum
: 10-7 TORR (empty, clean, cold furnace)

Hydrogen System
: Partial pressure (10-1 to 1 TORR) hydrogen backfilling ability (4~5% volumetric concentration) with a hydrogen + inert gas mixture 

Vacuum System
: Mechanical Roughing pump (dry) + Turbo Pump or Cryo with automatic and manual control of the valves. No oil based pump, with filters, cold trap etc.


Cool-down
: Under vacuum or inert atmosphere up to 2 bar

Control
: Automatic and manual control

Furnace Cooling
: With water 

Max.  Weight
: 1500 lbs. (work-piece to be loaded)

Max allowable floor 

load at FNAL site
: 3000 lbs / ft2
Available floor space 

for installation of the 

furnace at FNAL
: The Furnace Layout shall be built as compact as possible

Available cooling 

water at FNAL site
: 90 PSI, pond water, variable temperature, needs filtering (water analysis report is included to this specification document)

Vessel:

1. The furnace shall be made of three independent parts if it is a vertical bottom loading configuration:

· The top cover

· The central cylinder

· The bottom cover

All of them shall be double walled for water-cooling and made of stainless steel (inner and outer jacket).

The surface finish of the internal surfaces shall be Ra <63 micro inches.

The vacuum sealing between parts shall be made with VITON “O” ring joints.

The top cover shall be fixed with clamping bolts onto the central vessel, which shall be fixed to the support structure.

The bottom cover shall be able to move up and down with molybdenum rods. The bottom cover shall be clamped to a hydraulic lifting table. In the loading position, between the bottom cover and the fixed central vessel, the accessible space shall have at least the height of the useful working zone. The geometry of the furnace shall be also designed for easy access from all sides to the pieces ready to be loaded. It will be desirable to have the bottom cover to move out of the furnace footprint during loading. After loading, the cover will engage back to the lifting system that will take the bottom cover back to the closed position.

The opening, closing and move in/out operations shall be manually operated and the operator shall have the possibility to adjust the door movement continuously. This movement shall be very smooth and without any vibrations. Hydraulic system shall be used for this movement. Speed is not a critical issue for this movement, slower and smoother movement without any vibration will be preferable.

In the closed position, the bottom cover shall be pressed vacuum tight onto the stationary central vessel. The bottom cover shall not move or deform during the pumping cycle.

2. If the furnace configuration is a front loading setup:

The furnace shall be made with a front door allowing easy access to the hot zone allowing the operator to reach the hot zone entirely when he will load the workpiece. The molybdenum heaters on the front door have to be protected against any accidental bumps during loading of the workpiece with some caging or shielding. All the other requirements for the quality of the vacuum vessel mentioned in the previous paragraph (1) shall be fulfilled for the front-loading type furnace also if applicable.

Definition of ports:

The vendors shall define the location and the configuration of the ports (vacuum, gauge, electrical, cooling etc.) for either configuration (front or bottom loading) furnace proposal. 

Heating System and Shields:

The heating system shall be made of pure molybdenum elements. The furnace shall contain multiple heating zones. (At least three) 

The exact size and the exact length of the heaters shall be calculated by the vendor to achieve the correct heating rate and temperature uniformity (+- 5 degree Celsius above 800 degree Celsius with a 2.5 inch diameter and 75 inch length OFE Copper rod test specimen), in a hot zone of 100-inch height and 20-inch diameter. The heating time of the empty furnace from room temperature to the working temperature shall be approximately one hour.

The vendor shall calculate the power requirements for the heaters. The heating system shall be designed such as to minimize the distortion of the heating elements during operation. The radiation shields shall be made by metal elements (molybdenum + stainless steel). The first 2 or 3 heat shields that are closer to the hot working zone shall be molybdenum. The spacers placed between each panel shall ensure the correct clearance and avoid deformation leading to a mechanical contact between shields during operation. 

High current feed-throughs:

All of the high current feed-throughs shall be equipped with flanges. For each feed-through, the central electrical conductor shall be made of copper, water cooled and electrically insulated from the flange with a brazed ceramic.

On the vacuum side, the connections shall be designed to minimize the cooled zone on the heater

Water-cooling system:

The vendor shall advise the best, safest and most cost effective cooling scheme for the furnace. Fermilab plans to use Pond water to cool the furnace; the water analysis of the available pond water at Fermilab site is attached to this specification document.

The quote shall include the water-cooling system of the furnace in detail. All water-cooling lines shall be fitted with filters and flow guards that can switch off the power supply in case of lack of cooling water. In order to maintain correct cooling of the furnace in the event of a long power failure (several hours), an emergency power supply shall be fitted for the water pumps. The cooling system shall be designed to allow cool-down of the furnace from the maximum temperature in a stand-alone mode without any risk of over heating of the vacuum vessel

Thermocouples:

All of the thermocouples used for measuring and controlling the resistor temperatures shall be of “S” type with protective alumina tubes.

In addition, 20 work-piece thermocouples shall be installed. These shall be of “K” type (Chromel / Alumel) with Inconel 600 sheath. These thermocouples shall have different lengths allowing easy installation and measurement in the bottom, central and top regions of the hot zone respectively.

Controller and Displays:

A PC based PID controller shall be furnished with the furnace for the control of the temperature in multiple hot zones, vacuum and positive pressure levels. The PLC shall be used for interlocking self-control of the furnace in the PC along with control cards (temperature, vacuum, pressure etc.)

The PC shall have user-friendly Microsoft Windows based control software. The PC based controller shall be able to control the power fed to the multiple heaters individually.

The recorder capability shall be in the same PC based controller. The data acquisition shall be able to record data from various temperatures (20 thermocouples to monitor the temperature distribution of the work piece, vacuum and pressure gauges and keep the data in memory. 

The controller shall have both the possibility to control the heaters from the control thermocouple inside the furnace and if wanted from the work-piece thermocouples. 
The controller, software and displays shall be user friendly for easy programming, monitoring and operation of the furnace.

Operation:

In the automatic operation mode, the furnace shall carry out a pre-programmed thermal cycle to the end. The controller has to control the vacuum pumping and heating start-up automatically. When the desired vacuum level is achieved, the controller shall be able to start the programmed heat cycle automatically. The operator shall be able to load the program to the furnace with ramp, soak and dwell heating profile to the PC based controller. From the PC based controller, the vacuum pumps shall be able to be controlled. After the vacuum level is achieved, the operator shall be able to read the vacuum level from the PC monitor. After each sequence of the operation, pumping, heat cycle start up, program, the operator shall be able to monitor the performance of each step and shall be able to stop the all operations with an emergency stop button.

In the manual mode, the operator should be able to control the pumping sequence for the evacuation of the furnace and shall have the possibility to close or open all of the valves and start or stop all the pumps. In this mode, the thermal cycle shall only start if the necessary safety conditions are fulfilled.

For the furnace cool-down, the operator shall be able to select any time one of two modes, natural or inert gas cooling. The natural cooling mode shall correspond to the cool-down of the furnace under vacuum at the end of the thermal cycle. The inert gas cooling mode shall correspond to the cool-down of the furnace under controlled gas atmosphere at the end of the thermo cycle. The operator shall adjust the gas pressure before cooling starts but it shall be possible to manually increase it up to 2 bar during cool-down. The gas inlet shall occur at a temperature selected by the operator before the cooling.

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.

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 10-7 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 75 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

Additional Quotations: 

-A separate quotation for an additional 1-year full service (parts + labor) contract shall be submitted along with the furnace proposal.

-The quote has to include additional option for: 1500 degree Celsius min temperature, 1400 degree Celsius Working Temperature. All the other specs remain same.

-The quote has to include additional option for: The capability of the heaters to rapidly heat the 21/2 inch diameter and 75 inch long copper bar between 600C and 950C in 0.5 hour or less.
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