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User Guide: Operation of the BTU Belt furnace and Glass Sealing of Connectors

Purpose:


To detail the general steps required to set up the BTU furnace in HCD and seal connectors in it.fillin "Enter brief statement of purpose for procedure:"
Responsibilities:

The Production Supervisor and Engineer are responsible for maintaining this procedure.

The Production Supervisor and Bench Technicians are responsible for carrying out this procedure.fillin "Enter who is responsible for maintaining and carrying out this procedure:"
Associated Documents:


ISO 9001, Quality System Manual, Quality Assurance Manual 
fillin "Enter any documents specifically associated with this procedure.  Always include ISO 9001, QSM, and QAM but not PCB forms or procs.
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Procedure:

Section 1: Overview
General Description:
The BTU continuous belt furnace (model no.TCA94-872E120, BTU serial number PCBN-1) is used to “fire” connectors.  The purpose of this operation is to create an environment, which allows glass preforms to reflow and form a hermetic glass-to-metal seal with the encompassing metal shell and contact(s).  The furnace contains eight heating zones and three cooling zones.  The temperature of each heating zone is set and controlled (stored in a recipe file on the corresponding computer controller) to provide the optimal “firing profile” for each specific type of glass. A system of cooling water lines control the temperature in the cooling section and various inlet valves are set for introducing external gases (Nitrogen, Hydrogen or Argon) to create the appropriate atmosphere for sealing.   
It is the responsibility of the Technician to assure that the furnace is in correct operational status. This will include but not be limited to the following: electrical power, cooling water, computer, sealing recipe, atmosphere gases and safety devices all as described in the available equipment owner’s manual.
Safety Precautions:

Only trained technicians, production supervisor, and engineers are permitted to operate the furnace.  

This piece of equipment typically operates at temperatures over 750°C and products exiting the furnace may be hot.  If needed, use appropriate heat-resistant gloves to remove anything off the belt exiting the furnace.  

Use caution when connecting and changing all gas connections.  Improper gas hook-ups can cause potentially explosive conditions, especially with Hydrogen and Air (containing oxygen) mixtures.    
Equipment:


BTU International Continuous Belt Furnace


Sufficient supply of gas (Nitrogen, Hydrogen, Argon)

Firing Fixtures 


Used Blank Carbon Fixtures

Pre-loaded connector assemblies


O2 Sensor
Section 2: Reading the display

At each end of the oven is a monitor that shows what is currently happening with the controller. 
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Figure 1: The main display screen “System Monitor Tables,” this is the screen that is normally on display on the oven monitor. 
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Figure 2:

Arrow 1: Quick Change Buttons to run a different recipe profile.

Arrow 2: Status Indicator showing Green “Ready” Status when oven is a correct temperature, Yellow “Setup” when it is not
Arrow 3: Button to open “System Monitor Graphic” screen. SEE Figure 3
Arrow 4: Button to open “System Monitor Tables” screen. SEE Figure 1
Arrow 5: Temperature Control Zones 1-8

Set point: that each hot zone of the oven is set for

Actual: Actual temperature of the zone

Arrow 6: The speed that the conveyor belt is moving. 
Arrow 7: Recipe currently running on the controller. 
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Figure 3: System Monitor Graphic, shows set point vs actual temperature in each zone
Section 3: Manual Furnace Set-Up
Verify gas on hand (4000# if using hydrogen).  Argon tanks to be a minimum of half-full.  See supervisor with any questions.

Recipe Selection:

3.1 Open the BTU computer program
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Figure 4: Drop down menu circled in red
3.2 When switching between recipes you can click on either the appropriate quick change recipe button or on the drop down box called Recipe List, see the red circled area on Figure 4, then select the appropriate recipe from the drop down list if available and continue onto step 3.6
3.3 Alternatively, Click on the Recipe tab of the program and select Open Recipe.
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3.4 Select the required recipe from the open recipe window and click the open button.
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3.5 The recipe will then be shown with the set temperatures and belt speed. 
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3.6 Click on the Recipe tab of the program and select Run Recipe.
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3.7 The Recipe Run Confirmation window will pop up automatically. Click the OK button.  
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3.8 If the recipe being loaded has a different belt speed then the one currently loading a warning prompt will pop up, either click Run Now or let the countdown time run out to activate to the selected recipe.
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3.9 Click the Monitor Table icon button to open up the previous window, see Arrow 3 of Figure 2.
3.10 Once all zones are within 50° of the set temperature set up the appropriate oven atmosphere for the parts to be fired. See Section 5: Atmosphere Control for details. 
Section 4: Recipe Scheduler

The recipe scheduler will allow a recipe to be pre-set and will automatically switch to that recipe based on a scheduled date and time. The production coordinator, department supervisor and/or engineering have access to the recipe scheduler and may use it to set the oven to be at temperature when production arrives in the morning or to set the “Overnight CaBal” profile to run at the end of the day. 
4.1 Open the BTU computer program
4.2 On the top drop-down menu select Recipe ( Recipe Scheduler 
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4.3 From the Recipe Scheduling Window, make sure that the “Enabled” (under Recipe Scheduling) and “Time” (under Schedule Using) circles are selected.
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4.4 Select the Recipe or Sequence Name field by double clicking in the box underneath.  Then select the appropriate recipe from the folder window by highlighting the recipe name and then clicking Open.
4.5 Select and change the Date and Time by also double clicking in the box underneath those fields and manually typing in the planned date and time
4.6 Confirm that the Frequency is selected for “Once”
4.7 When all of the settings are selected, click on the Save button at the bottom of the window

4.8 Schedule the recipe to start 3 hours (minimum) before the actual time planned to begin purging and loading production parts, so that the furnace can reach the set temperatures and stabilize.
NOTE: FOR PROGRAMS THAT USE HYDROGEN THE PROGRAM IN THE SCHEDULER WILL NOT TURN ON HYDROGEN, THE OVEN WILL GET TO TEMPERATURE, BUT WILL NEVER GO TO THE “READY” STATE. THIS IS TO STOP HYDROGEN WASTE WHILE WARMING UP AND TO AVOID HYDROGEN FLOW WHEN NO ONE IS HERE. 

Section 5: Atmosphere Control
(Purge and Cover Gas Set-Up)
Note: Gas must flow through the oven at all times to keep oxygen out of the oven. Always turn on new gas before turning off old gas. 

5.1 The oven can run with a hydrogen atmosphere so safety protocols were built into the oven to prevent running hydrogen if the oven has not been purged. To purge the oven:

a.  Press the “timed purge” button; this will start a 30-minute purge timer. See Figure 5: Instrument panel on furnace.
b. When the time has elapsed, the oven will automatically change its operational mode to “Cover Gas” 
c. Keep the oven in the purged “Cover Gas” operation mode at all times. 

d. If the purge reset button is pressed, or when the line pressure in the gas line drops/is interrupted the oven will automatically cut hydrogen flow and return to operation mode “Purge.”
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Figure 5: Instrument panel on furnace
5.2 If a low-pressure event occurs, the alarm will sound and a message will appear on the screen. When this happens: [image: image14.png]New Alarms
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a. Note what the alert says on the screen for the description.

b. Acknowledge the alert on the screen. 
c. Press the purge reset button on the oven, see Figure 5: Instrument panel on furnace
d. Press the “timed purge” button on the oven. 

e. Clear the alarm in the Wincon software by pressing the “Clear Alarms” Button
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f. See Engineering or your supervisor to fix whatever caused the low-pressure event. This may include:

i. Building pressure on the main Nitrogen tank (needs to be ~50psi at the tank)
ii. Checking that all the valves are fully open

iii. Checking that there is still sufficient gas volume in the Argon tanks or Hydrogen cylinders. 

5.3 When Running Nitrogen only (Typical):

a. Make sure the flowmeters are at the set levels listed in Section 9: Cold Starting the oven (Start-Up)
b. When switching from any other cover gas, such as Hydrogen or Argon, allow the Nitrogen to flow for at least 60 minutes before running parts through the oven.
5.4 If Running Nitrogen with Hydrogen: 
a. Verify that there is sufficient hydrogen gas supply to run the purge and cover gas for the duration of the appropriate sealing profile and all of the connector trays loaded.  The gas tanks (“six-pack”) are located in the covered/gated area outside of the main entrance to the HCD building. 4000kPa (40 Bar, ~600psi) of Hydrogen is required if it is going to be used on a run, see Figure 6.  
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Figure 6: High Pressure gas gauge for Hydrogen
NOTE: WHEN CHANGING A HYDROGEN TANK (SIX PACK), TURN OFF HYDROGEN WITH THE INTERNAL GAS VALVES, SEE FIGURE 7, BEFORE DISCONNECTING THE OLD GAS TANKS. ADJUST BACK TO 5 LPM AFTER HOOKING UP NEW TANKS.
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Figure 7: Internal gas valves

NOTE: Only the hydrogen internal gas valves (“MUFFLE COVER GAS ZONE 1-5 H2” and COOLING SECTION H2) should be adjusted manually. 
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Figure 8: Inside Gas control valves. Left is Hydrogen in a red pipe shown in the open position, this valve is not normally changed. Center is Argon shown in the off position. Right is Nitrogen shown in the open position. 

b. Make sure the flowmeters are at the set levels listed in Section 9: Cold Starting the oven (Start-Up)
c. Load the “warm up” version of the required program, such as “STAINLESS warmup” in the scheduler or by pressing the “H2 OFF SS” button; warmup programs will never go to ready.

d. When all zones are within 50°C of their set points then switch to the production profile, such as “Stainless” or “PSHS15.”

e. Hydrogen will turn on automatically when the recipe is loaded.

f. Allow the Hydrogen to flow for at least 30 minutes before running parts through the oven. During this time check occasionally that the flow rate is staying at 5L/min, it tends to shift during this warm up phase.  

5.5 When running a recipe that calls out the use of Argon:

a.  Check that the two Argon tanks are at least half-full.
b.  Open the valves on both argon tanks and check that the valve to allow the argon to flow into the building is in the open position. See Figure 8.
c.  Wait until all zones are within 50°C of their set points then switch to flowing Argon instead of Nitrogen into the oven. 

NOTE: Open the valve on the argon line inside the building before closing the valve on the nitrogen line. 

d.  Allow the Argon to flow for at least 30 minutes before running parts through the oven. 

Section 6: Connector Loading

Definitions:

Bottom firing fixture: Also referred to as base plate, fixture plate, and plate. The numbered firing fixture on which parts are assembled, base plate may also refer to a previously scrapped plate that may, or may not, have been reworked and now supports individual bottom fixtures but no longer touches the parts directly. 

HC003-x: This is the generic call out for the family of documents referred to as a visual aid. Each one shows the correct assembly order for a connector part number. The “X” is a variable that stands in for the part number. For example, HC003-22300-01 is the HC003-X visual aid for 22300-01 connectors, and HC003-1397-02 is the HC003-X visual aid for 1397-02 connectors. The visual aid can be loaded in SHOP-TRAK or by searching for the part number in TCS. If you are unable to locate the visual aid for a part you are working on please alert your supervisor or engineer before continuing with the job.
DO NOT HANDLE ANY OF THE CONNECTOR COMPONENTS WITH BARE FINGERS, USE TWEEZERS, GLOVES OR FINGER COTS.

It is acceptable to place components into clean little tins or petri dishes to make them easier to hold while assembling the connectors. When tins get dusty or dirty, they should be recycled and new tins used instead. Before using a petri dish it should be cleaned out using kimwipes and isopropyl alcohol to remove any possible contamination. Do not leave parts in tins or dishes overnight; return them to their labeled containers. 

Assembling a Job:
6.1 Gather component parts and fixtures needed for the job, and check that a sufficient quantity is available. 

6.2 If issued, check the job router to see if parts need to be issued out to the job, most parts are set to back flush but some parts need to be lot tracked and issued out on the job. 

6.3 Check component fixtures and part numbers against the job router and the HC003-X visual aid.

6.4 Degrease shells per HC1001 and the Router.

6.5 While shells are degreasing visually inspect the base plates and/or bottom fixtures.
6.6 Examine fixtures for any obvious damage detrimental to its intended use. E.g. a broken base allowing fixture to lean; plugged contact holes, which will affect extension. Discard single component fixtures and scribe an X mark on defective positions on the baseplate. Bad positions on a base plate that can be broken out or made unusable should be, to prevent accidental use of those locations. Alert engineering or your supervisor if a plate has numerous bad locations (more than five on an 11x11-array plate, more than 2 on any smaller volume plate). 

6.7 Blow off bottom firing fixtures with air gun to remove any loose graphite or possible contamination.
6.8 Assemble components onto fixtures to produce assembly as shown on the HC003-X visual aid. For parts with more than one pin per piece of glass, it is easier to place only one or two pins into the fixture before placing the glass, so that fewer holes must be lined up, and then insert the rest of the needed pins. 
a. If a component, such as a glass preform or pin contact, is dropped it should be considered scrap unless you see where it went. Most parts have a visually identical part and should not be mixed. 
6.9 Do not use any obviously non-conforming components in the assembly. For example, chipped and/or broken glass preforms, short or long contacts, and heavily burred shells. Check top caps for chipping on the glass-mating surface when putting into the firing assembly. Discard any defective parts if they are an abnormality, if you start seeing a pattern, alert your supervisor or engineer. 

6.10 Fully assemble one tray at a time unless the job will use less than two trays total. Place individual fixture bases on a firing tray, as specified on the HC003-X visual aid. 

6.11 When finished assembling a tray, re-inspect the tray for any non-conforming parts. E.g. missing, high, or low pins and or glass, correct any non-conformance.

6.12 Review the HC003-X visual aid for the part to see if parts require a top plate and/or if they require an additional specific top plate (ex. one with holes).

a. If a top plate is required the job must be for more than four (4) pieces, stop and see engineering and or your supervisor if that is not true. 
b. If a top plate is required, make sure it sits evenly and flatly over the top caps or parts.

6.13 Finished trays can be stacked on the bench while assembling the rest of the job. Offset corners from one finished plate assembly to the next by stacking trays with an alternating. Do not stack finished trays more than eight trays high. 

6.14 When finished assembling, jobs should be stored on the cart called out on the router, which matches the firing profile required. If the cart is full, the finished job along with the proper paperwork may be placed on the desk near the loading side of the BTU furnace.
Section 7: Firing Connectors
7.1 Verify that the recipe currently running in the oven is correct per the job router, if it is not see Section 3: Manual Furnace Set-Up.
7.2 Verify that the atmosphere currently running in the oven is correct to the router, if not see Section 5: Atmosphere Control.

7.3 Verify that the oven is in its ready state and that there is sufficient gas to run the parts.
7.4 Load Plate(s) of assembled parts onto the belt on the loading end of the oven with a 6 inch +/-2-inch gap from the proceeding tray. 

7.5 Run an empty plate at the end of each firing run and between each job.
Section 8: Connector Unloading
8.1 The parts will move from the belt onto an unloading conveyor. An alarm will sound when the parts accumulate up to the top of the unloading conveyor or if they sit at the top of the conveyor for more than 4 minutes.
8.2 Remove the tray(s) from the belt.  Parts may be hot so use appropriate heat resistant gloves if needed.  Place on rack or worktable with correct paperwork.
8.3 Remove the parts from the tooling.
NOTE: You may inspect for pin extension before removing parts from the tooling, see Section 8.4a. This will allow a comparison from part to part as well as pin to pin.
8.4 Inspect all parts for:

a. Pin extension: Pins should stick out of the glass a uniform amount, reject as necessary (527 – Pin Extension)
b. Broken tooling: Check that no pieces of the fixturing broke off inside of the connectors, reject as necessary (516 – Tool Wear/Breakage).
c. Glass wetting: glass preform is insufficiently wetting the metal, for examples see Figure 9. Reject parts as necessary (541 – Glass Not Wetting to Shell).
i. An Ideal Glass seal is concave; that is the glass wicks up the edge of the shell. 

ii. Borderline: Glass seal seen all the way around the part, but glass is convex at edges (curves into shell). 

iii. Insufficient wetting: With careful observation, glass appears to be touching the shell but the location is far from the surface so it is hard to tell. 

iv. Failed wetting: Glass is not touching or does not appear to be touching the shell at all in some locations, (when held to light a light gap may be visible. 

8.5 Connectors where the glass fails to wet the shell can be re-fired. Note each re-firing on the router with quantity and write up a TA081. Re-fire time must be recorded on OP 998.
NOTE: A TA081 is not needed for the first re-fire of the following connector jobs as long as a minimum of 12 pieces need to be re-fired: 22300-01, 5775-01, 37404-01, 63372-01, 59987-01 or 33571-01. 
NOTE: A TA081 is not needed for the first re-fire of an 8895-01 job as long as a minimum of 20 pieces need to be re-fired. 
a. Re-fire parts up to 3 times. Check with Engineering/Supervisor for special instructions before:

i. Re-firing parts for the second time. 
ii. If the number of parts to be re-fired is less than 10% of a job, or less than 6 pieces if the job is for 8895-01, 22300-01, 37404-01, 63372-01, or any other multi pin seal.
NOTE: When re-firing 20 or less 8895-01 connectors, 63475-01 top caps and 62617-01 firing fixture covers may be used in place of the top cap and top plate called out on the visual aid.
b. The standard operations to re-fire connectors is:
i. Degrease the parts per HC1001.
ii. Assemble parts with the standard tooling, and place on the same cart as they were when originally assembled.

iii. Re-Seal the glass with the program and atmosphere as listed on the router.

iv. After firing unload the fixtures and re-inspect per step 8.4 above.  
v. Return all passing parts to their job and note final quantity completed for the operation.     

c. While parts are in re-firing, place the remainder of the job on the non-conforming hold shelf with the original paperwork. 
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Figure 9: Examples of: Top left, borderline passing; Top right, insufficient wetting; Bottom left, failed wetting; Bottom right, not wetting. 

Section 9: Cold Starting the oven (Start-Up)
9.1. Turn on exhaust fan switch for furnace located on wall next to make-up air system.  
9.2. Turn on the controller for the make-up air supply.  (The blower light has a ten second delay once the supply is turned on.)
9.2.1. Select cool or heat depending on outside temperature or need.  
9.3. Check hook ups for gas valves and open the valves if necessary.
9.4. Open cooling water supply valve to get water flow through the cooling lines.  Adjust later during normal operations as needed. Normal flow rate is 1 Gallon per minute; it is common to experience occasional bubbles in the water line and some fluctuation in the flow rate. 
9.5. Turn the instrument power switch to the “ON” position.  See Figure 5.
9.6. Press the master start button and verify that the indicator light on the button is on. See Figure 5.
9.7. Turn the Drive on/off switch to the “ON” position. 
9.8. Turn the Heat on/off switch to the “ON” position.  
9.9. Press the computer start button.  The BTU program will run automatically.  
9.10. Sign on as user (enter ID and password), and run the overnight profile.
9.11. Press Atmosphere Control System power on/off button to turn on, see Figure 5.
9.12. Press the “Timed Purge” button to start the purge, see Figure 5: Instrument panel on furnace.
9.13. Make sure flow meters are at the set levels below once oven is at temperature. Read Flow indicator beads/balls with the bottom of the ball aligned with the flow rate.  See Figure 7.
9.13.1. “Entrance curtains” - 50 L/minute
9.13.2. “Muffle cover gas zone 1-5 H2” – Normally off, controlled by Wincon software. Will turn on automatically for certain recipes. When in use dial in hydrogen at 5 L/minute. During the first half hour the flow usually drops, adjust as necessary; see Figure 7. Note: Cannot turn on when the Atmosphere Control System’s operation mode is “Purge” or “Timed Purge”. Can only turn on when operation mode is “Cover Gas”, turns itself off when a profile does not allow it.
9.13.3. “Muffle cover gas N2 zone 1-5 N2” – normally on, 25 L/minute (off when purging).
9.13.4. “Muffle cover gas zone 1-5 N2 Purge” – normally off, 90 L/minute, auto shuts off after timed purge.
9.13.5. “Cooling section H2” – same as point ii above
9.13.6. “COOLING SECTION N2” – normally on, 50 L/minute (automatically off when purging).
9.13.7. “Exit curtains” - 50 L/minute

NOTE: When not in use shut off Argon at Dewers and valves.

Note: Gas gages - next to pc (line pressure), typical readings:
Nitrogen / Argon = 28
Hydrogen = 21 1/2
Section 10: Shutdown
Note: In an emergency-“EMERGENCY STOP”, buttons are located at both ends of the furnace.  Normal operational shutdown takes approximately 24 hours.
10.1 Using computer, select process recipe “Cool-down” and run, see Section 3: Manual Furnace Set-Up.  Furnace will automatically reduce temperature appropriately until reaching room temperature.
10.2 Once the temperature reaches below 100°C for ALL HEAT ZONES, then the computer program can be shut down and the switches can be turned to the ”OFF” position.  
10.3 Turn off the gas and water valves.  
10.4 Turn off the controller for the make-up air supply.  
10.5 Turn off furnace exhaust switch.  Both are located across from the furnace.

Read the BTU manual for Instructions that are more detailed, see section 3-2, located in the file cabinet near the furnace. 
Section 11: Restarting After a Power Outage


Note: In the event of a power outage, write up all parts in the oven when the power goes out on a TA081. Hold fired parts on non-conforming shelf for engineering review/disposition. Parts may require re-firing, and will require 100% testing of leak and IR. 
11.1 Press the computer start button.  

11.2 Sign on as user (enter ID and password),
11.3 Select process recipe to run. Run process. 

11.4 Press the green master start button. See Figure 5: Instrument panel on furnace.

11.5 Press Atmosphere Control System power on/off button to turn on, see Figure 5: Instrument panel on furnace.
11.6 Press Timed Purge Button to start the purge, see Figure 5: Instrument panel on furnace.
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