Specifications for a Direct Current Spark Plasma Sintering Furnace/Tucker
SYSTEM GENERAL SPECIFICATIONS


1.1
Front loading, rectangular chamber.


1.2
Inside chamber dimensions 15” (381mm) wide x 17” (432mm) deep x 16” (406mm) high.


1.3
Maximum operating temperature: 2200°C (relative to die design, sample size, and starting material specifications).  Maximum peak temperature:  2400°C.  


1.4
Ultimate Vacuum Level:  10-3 torr range.  (Clean, dry, empty, and outgassed chamber at room temperature.)

1.5
Process Gasses Used:




Argon, Nitrogen, or Helium 1 psig (2 psig relief valve)


1.6
Pressing Capability:  15 short tons, total force.

2.0
CHAMBER ASSEMBLY

2.1
Front loading, rectangular shaped chamber constructed of grade 304 stainless steel with welded body and flange construction to provide a corrosion resistant chamber assembly.


2.2
Chamber walls constructed with double-wall baffled design to provide efficient and thorough cooling for the chamber. 


2.3
The chamber vertically mounted in a four post press frame.


2.4
Front door aluminum with integral water-cooling passages. 


2.5
Door encompasses the entire front wall of the chamber and is hinged to allow a minimum 108° opening position to aid operator access for loading and unloading.  


2.6
The door is secured with manually-operated clamps.


2.7
Exterior finish is painted.


2.8
Principal elastomer seals are Viton.


2.9
One (1) Ø1.3” (33mm) inside diameter sight window.


2.10
Single port for standard (mechanical vacuum pump) and optional roots-type blower and high vacuum system.

3.0
POWER SUPPLY 


3.1
Controllable 6,000 amp 0-12 VDC power supply.


3.2
Continuous DC current output, 0 – 6,000 amps.


3.3
 Voltage and current data capture and display.

4.0
VACUUM SYSTEM (8 x 10-3 Torr, clean dry, and empty – 10 min pump down)
4.1
65 m³/hr (38 cfm) volumetric flow rate. 

4.2
One (1) electro-pneumatically operated roughing valve.


4.3
Spool pieces, O-rings, seals, supports and miscellaneous hardware.


4.4
Integrated vacuum leak check port and valve.

5.0
PROCESS GAS SYSTEM


5.1
The inert gas control shall include a panel-mounted flow meter, a solenoid actuated isolation valve and a compound pressure gauge. All appropriate inter-component connecting plumbing shall be provided. (Static or flowing gas).


5.2
Gas system valves: solenoid & relief valves are combined & packaged within a single enclosure.

6.0
WATER DISTRIBUTION SYSTEM


6.1
Safety flow interlock sensors on critical water circuits – protection in low-flow and no-flow conditions.


6.2
Water manifolds, one for supply and one for return.


6.3
Manual valves for isolation and flow adjustment of water circuits.

7.0
CONTROLS AND INSTRUMENTATION


7.1
Free-standing control cabinet painted.


7.2
Furnace controls are all centralized on front of cabinet for ease of operation.


7.3
Eurotherm E+PLC400 and E+HMI150 high performance Controller/Programmer. The Eurotherm controller shall integrate process and set-point control with data recording and advanced PLC functions to manage all aspects of the machine operation. The Eurotherm shall manage closed-loop temperature control and integrates with the high-speed motion controller to provide precision force control with a load cell as the feedback element. This controller setup shall allow the user access to configure the automated sequencing and machine behavior. The recorded data may be accessed via SD card, USB or remotely via Ethernet.

7.4
Ram position read out is captured, recorded, and displayed on the HMI.

7.5
Standard TC: 
Two (2) Type K control thermocouples with protective flexible sheaths (max 1000°C). One is for operation, one is a spare.



Two (2) Type K over-temp thermocouple for the rams.


7.6
Data acquisition provided with Eurotherm Control System:




- Force




- Z axis (ram) position




- Temperature




- Vacuum (chamber pressure)




- Voltage




- Amperage


7.7
Optical Pyrometer and Slide

- DIAS Infrared (or equivalent) one color optical pyrometer. 

- Useful range:  250°C to 2500°C

- Video output to display monitor.

- Toggle switch for vertical pyro movement for ease of tooling set-up.

- Automatic pyrometer position tracking during run.

- Window assembly with LED chamber lighting.

8.0
HYDRAULIC PRESS SYSTEM FOR 15 TON OPERATION


8.1
15 ton, four (4) rigid-post and platen load frame. 


8.2
One (1) hydraulic cylinder, top mounted 4” (102mm) stroke, 12.5” (315 mm) clearance height between rams (fully retracted) with position resolution to ±0.005mm and force control to +/- 9.1 kgf (20 lbf).

8.3
Hydraulic power supply including pump, oil reservoir, filter, and relief valve.


8.4
Digital proportional valve control for programmed pressure control operation. 

8.5
Pressure gauge for visually monitoring system pressure.


8.6
Water-cooled rams (4.0” diameter) with face plates.

8.7
Bellows seal on upper cold ram and static seal on lower cold ram.

9.0
DOCUMENTS


One (1) soft copy of the operating instruction manual and maintenance/replacement parts components manual, installation drawings and complete set of component operating manuals shall be supplied.

10.0
UTITILTY REQUIREMENTS 

10.1
480 V, 3 Ph, 60 Hz, 150 Amp service.  Single point connection to system’s disconnecting device. 380-400 V, 50 Hz configurations are available upon request at no additional charge for non US purchases.



** CUSTOMER SHALL SPECIFY VOLTAGE REQUIREMENTS AT TIME OF ORDER.


10.2
26 gpm with maximum inlet pressure of 45 psi and minimum differential pressure of 21 psi (if inlet pressure is 45 psi, outlet pressure cannot exceed 24 psi).  Inlet temperature 86°F (30°C) maximum (based on temperature rise of 35°F (19°C) at 45 psig.  
11.0     Tooling and Spare Parts (precision machined, fine grain, high density graphite)
1. Die, 40mm graphite w/pyro hole, quantity 2

2. Punch, 40 mm graphite w/o tc hole, w/foil, quantity 4

3. Punch, 40 mm graphite w/tc hole, w/foil, quantity 2

4. Spacer, cold ram, tapered 04”, quantity 2

5. Spacer, cold ram, tapered w/tc hole, quantity 2
6. Die, 20 mm graphite w/pyro hole, quantity 5
7. Punch, 20mm graphite w/o tc hole, w/foil, quantity 10
8. Punch, 20 mm, graphite w/tc hole, w/foil, quantity 5
9. Sintering Spacer, top, 20 mm, w/o tc hole, quantity 2
10. Sintering Spacer, top, 20 mm w/tc hole, quantity 2
11. Flex tc, type-k, 0.25” dia, bare-jct, 24” length, quantity 2
12. Flex tc, type-k, 0.25” dia., bare-jct, 14” length, quantity 1

13. Foil disc, 04” x0.005”, quantity 10

14. Grafoil Sheet (0.005”x 12” x 13”), cut to suit, quantity 20

15. Graphite Yarn, 20 ft. long, quantity 1
16. Barrier, diffusion, copper, 4” ram, quantity 4
17. Graphite felt sheet, (0.25” x 14” x 61”) quantity 2
12.0
GENERAL NOTES


1.
The furnace system shall be factory tested to indicate no leaks with a helium mass-spectrometer measuring <1.0 x 10-8 atm. std. cc/second helium sensitivity at a chamber pressure of < 50 millitorr.


2.
Each furnace shall be fully assembled and tested at the factory.  


3.
Detailed component specifications shall be available for any specific item or the entire assembly upon request.

