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Summary

This manual describes the tube assembly and quality assurance procedures of the Boston Muon Consortium tube assembly station. Specific procedures unique to the Boston site are noted. All procedures detailed in this manual are intended to be in compliance with the ATLAS quality assurance specifications. 
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Introduction 

[table of contents]
The Boston Muon Consortium tube assembly station was developed from the pioneering work done by Henry Lubatti and collaborators at the University of Washington – Seattle. The basis of the tube assembly station is an optics table, purchased from the TMC Corporation in Peabody, MA. On the table are mounted the linear actuator (needed to adjust for the various tube lengths of the ATLAS endcap chambers) and monitoring and control devices required to fabricate monitored drift tubes (MDTs). 

Computer control is exercised over the critical aspects of tube assembly—such as wire tension and tube length—but the assembly of tubes is essentially a manual, albeit computer-prompted operation. A Visual Basic program is used to guide the operator through the steps of making and checking tubes. 

1 Personnel 

[table of contents]
In the table below are listed the persons in charge of various aspects of the tube assembly and quality assurance.

	Position
	Person
	Phone Number

	BMC Group Coordinator
	Frank Taylor
	617-253-7249 office

617-496-0898 lab

781-863-8405 home

	Production Responsible Physicist
	Frank Taylor
	617-253-7249 office

617-496-0898 lab

781-863-8405 home

	Production Responsible Technician
	William Toohey
	617-496-0898 lab

	BMC QA/QC Database Manager
	Larry Kirsch
	781-736-2920 office

	QA/QC Responsible  Technician
	James Govoni
	617-496-0898 lab

	Tube Logistics Technician


	To be hired
	617-496-0898 lab

	Tube QA/QC and Database Programming
	Andrew Mitchell & Larry Kirsch
	617-496-0898 lab


The figure below shows an overview of the BMC tube assembly room. Visible are the tube assembly table, the single tube testing table and the batch testing of tubes. 
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2 Preparations and Tests 

2.1  Clean Room Maintenance

[table of contents]
2.1.1 Entering the Clean Room

“It is the responsibility of an individual to eliminate and/or limit the amount of particles that enter the clean room from the outside world within the described policies set forth.”  

Please comply with the following procedures: 

· Wipe shoes thoroughly on the exterior mat before entering the antechamber.

· Never open a door to the clean room antechamber if the facing antechamber door is open.

· Put on Tyvek jacket and hat in the antechamber.

· Place one Tyvek shoe cover on first and step onto the blue sticky pad. Repeat the process with your other shoe. The majority of dirt traffic is the result of particles trapped underneath the bottom of shoe soles and on the bottom of shoe covers.   

Only consistent observation of these guidelines will ensure that the 50,000 clean room standard is met on a daily basis. (See “Air Cleanliness,” below.)

2.1.2 Clean Room Temperature

The mandated clean room temperature is 20 ± 1ºC. MDT production must be postponed if the room temperature falls out of the specified tolerance.

The clean room temperature is monitored on the stringer computer in the Visual Basic program “stringer1.exe,” accessible by a desktop shortcut, using Analog Devices Voltage Output Temperature Sensor with Signal Conditioning (AD22100). Refer to the user manual for information on product performance and specifications.

2.1.3 Air Cleanliness

The MetOne Dust Monitor, located on the wall across from the windows, measures clean room environmental conditions such as the room’s dust content and temperature and records them in a database. Refer to the MetOne documentation for more information. The data accumulated by the MetOne monitor should be checked daily to verify room is in compliance. 

The Hepa filters of the clean room system should be cleaned once a month and the action noted in Clean Room Maintenance Log.   

2.1.4 Cleaning Work Surfaces and Tools

It is imperative that all work surfaces and tools are routinely cleaned in ethyl alcohol, using nitrile gloves.  Tools such as the tweezers, the wire cutters, and the Venturi fixtures can be soaked in alcohol.  The stringer table should be kept so clean that an alcohol-wetted pad does not pick up any blackness. 

The figure below shows the layout of the BMC tube assembly clean room.
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2.2 Tube Logistics

[table of contents]
The arrows in the above clean room diagram indicate the tube flow. Tubes enter the clean room through the door on the lower left side of the layout.  They are inspected on the inspection table and their bar-coded IDs and lengths are scanned into the inventory database. Following the inventory stage, the tubes are capped with red plastic endcaps, then stacked in the shelves to the left of the clean room—shortest tube matched with the longest, next shortest with the next longest, etc. 

When tube production commences, the tubes of a given length (roughly 50 in number) are taken from the shelves and stacked in the tube carrying tray. The tray in turn is placed on the tray holder above the tube assembly station on the optics table. Tubes are taken from the tray as they are built. Upon completion of the assembly process, the tube is moved to the single tube testing table buffer tray where they are queued to the tube length meter, the tube resistance meter and the EMMI. 

Following the single tube QA processes, the tubes are moved to the leak testing station—where they are batch-tested in the Schublade or on the single tube He leak tester—and then on to the wire tension batch tester and the dark current stations, indicated on the right hand side of the layout diagram. 

Any tube rejected in the QA process is marked with the nature of its failure and is taken from the inventory of tubes to be tested further. Competed tubes are placed on the tube mobile racks in stacks of equal length where they await final tension testing just prior to moving to the chamber assembly room. 

2.3 Tungsten-Rhenium Wire Protocol

[table of contents]
2.3.1 Wire description 

Fifty-micron diameter gold-plated tungsten-rhenium wire is used throughout MDT construction. It is the most delicate element of the manufacturing process.  Due to its fragile nature, caution must be exercised at all times during handling. Operator mishandling of the wire will result in a wire that will break prematurely under tension, especially during the wire pre-tensioning sequence, specified at 475 grams.   

The wire is transported and shipped in bubble-wrap packaging and wound uniformly around a plastic spool 3.75 inches in diameter.  It is located at the movable end of the stringer table and is attached to the magnetic brake at the movable end of the assembly table. 

2.3.2 Visual Inspection

Inspect wire daily to insure that it unrolls consistently off of the wire spool in order  to prevent kinking, knotting, twisting, and bending. 

2.3.3 Determining Ultimate Tensile Strength (UTS) Of The Wire

The wire manufactured by OSRAM SYLVANIA of Towanda, Pennsylvania, specifies a tensile strength range of 527.8 -716.3 grams. QA/QC protocol calls for the wire to be tested during production at 500-meter intervals. Refer to section 5.1 on the UTS Meter.

2.3.4 Wire Storage

Wire is stored vertically in a zip-lock plastic bag to insure cleanliness from particle contamination. 

2.4 Tension Sensor Calibration

[table of contents]
2.4.1  Overview

The tension sensor is located on the fixed end of the stringer table.  It is easily recognizable by its three wheels, through which the wire is threaded.  

It is critical to MDT construction that the tension sensor be well calibrated.  The tension of the wire of fixed during MDT construction according to a readout given by the tension sensor.

To perform daily calibration adjustments for the tension sensor TE-500 roughly 10% and 90% of full scale are measured on the meter. This enables the intercept and gain of the strain gauge to be calibrated. 
         

2.4.2 Tension sensor calibration equipment

· Tension Sensor TE-500-22 & TE-1000-22

· Tension Sensor Pulley Gauge

· Precision Weights 

· Weight Tray (weight  = 31.199 grams)

· Visual Basic program “stringer1.exe.”
2.4.3 Tension Sensor Calibration Procedure

· Attach tension sensor calibration bracket to the two 2.688” aluminum posts adjacent to the fixed end vacuum tube holder. 

· Route approximately 4 feet of 100 micron wire from stepper motor clamp, around tension sensor three wheels, and through crimper jaws, endplug holder slot, coil, and finally around tension sensor calibration pulley (see photo, below).

· Attach wire to weight tray.

· Add 20-gram precision weight to the weight tray.

· Tension wire so that the weight tray is completely off the table surface.

· Find the center of gravity of the weight tray by moving the 20-gram weight toward the center of the weight tray.

· The Tension Sensor Meter should read 51grams. Calibrate it to correct tension by turning the ZERO potentiometer located directly on the meter.

· Add 420 grams to weight tray to calibrate the GAIN.
· The Tension Sensor Meter should reflect 481grams of tension.  Adjust the GAIN potentiometer accordingly located directly on the Tension Sensor Meter to 481 grams of tension.

The figure below shows the basket with a 20-gram weight hanging from the calibration bracket. 
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2.5 Endplug QA/QC and Assembly

[table of contents]
2.5.1 Inventory

Keep an inventory of the number of endplugs, twisters, stoppers, copper pins, O-rings, gas jumpers, signal caps, ground pins, and M2.5 brass nuts in stock.

	Component
	Part Number
	Date
	Quantity On Hand
	Date
	Quantity

Received

	Endplug
	ATLMMACA0021
	
	
	
	

	Twister
	ATLMMACA0017
	
	
	
	

	Stopper
	ATLMMACA0009
	
	
	
	

	Copper Pin
	ATLMMACA0008
	
	
	
	

	O-Ring (2-119)
	PARKER (2-119)
	
	
	
	

	O-Ring
	**************
	
	
	
	

	Gas Jumper
	ATLMMACA0016
	
	
	
	

	Signal Cap
	ATLMMACA0018
	
	
	
	

	Ground Pin
	N/A
	
	
	
	

	M2.5 Brass Nut 
	N/A
	
	
	
	


2.5.2 Visual Inspection

Visually inspect endplugs, twisters, copper pins, stoppers, and signal caps for cracks, burrs, pinholes, and injection-molding flaws.

2.5.3 Mechanical Inspection

Inspect the endplugs for cracks in the noryl, separation of the noryl from the Al body, burrs in the noryl throat, burrs in the brass insert. 

Reject endplug if faults observed. 

2.5.4 Ultrasonic Cleaning Overview

· Clean all endplugs and associated components in ethyl alcohol using the Branson 2510 table model ultrasonic cleaner.

· Each cleaning cycle has been defined for a period of ten minutes.

· A 600ml glass beaker is placed on top of the mesh basket for the cleaning of the small components: twisters, copper pins, and stoppers.

· The mesh basket is used exclusively for cleaning o-rings and endplugs.     

2.5.5 Preliminary Endplug Cleaning Procedure

Endplugs need the following preparatory cleaning:

(1) Use compressed air to remove loose particles.

(2) Use a small instrument to remove debris from the 2.5 mm threaded holes.

(3) Examine for burrs and attached foreign material.

2.5.6 Endplug Ultrasonic Cleaning Procedure

· Pour 220 ml of clean ethyl alcohol in the stainless steel tank up to the operating level line. 

· Submerge mesh basket in the ethyl alcohol.

· Position ten endplugs on the mesh basket.

· Confirm that there aren’t any trapped air bubbles inside the body of the endplug. 

· Use a toothpick to aid in releasing any visibly trapped air bubbles within the  body of the endplug. 

· Install lid on top of ultrasonic cleaner.

· Set the mechanical timer for a 10 minute cleaning cycle.

· After the cycle, reposition the ten endplugs with the threaded brass insert through the bottom holes of the mesh basket, close the lid, and run another cycle.

· Position the ten endplugs on their sides, close the lid, and run another 10 minute cycle.

2.5.7 Twisters, Copper Pins, And Stopper Ultrasonic Cleaning Procedure

Place twisters, crimp pins and stoppers in glass beaker and clean in ethyl alcohol for 5 minutes. 

2.5.8 O-Ring Ultrasonic Cleaning Procedure

Place O-rings in wire mesh basket and clean for 5 minutes in ethyl alcohol. 

The Figure below illustrates the placement of endplugs in the ultrasonic bath. 
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3 
MDT Wire Stringing

3.1 Prepare for MDT Stringing

[table of contents]
3.1.1 Optical Table Setup

Note that the wire stringing procedures are written assuming two operators. However, the stringer table is usually operated by only one person (W. Toohey) but the steps outlined below are the same.

· Magnifying table lights are turned on.

· Endplug holders and coil housings are retracted (i.e., black-handled pistons are pulled out).

· Magnet and stand are positioned in the center area of the optical table between the fixed (right) and movable (left) ends.  The magnet lies on its side.

· Black shuttle is stored on the movable end near the wire spool. 

· Tweezers and wire cutters are located by each Venturi holder.  

· Venturi fixtures rest in their holders.  

· Hardware is on: computer, stepper motor control box (gray box elevated to the right), check-line digital meter (on the stepper motor control box), magnetic crimper (the “Danger High Voltage” box), magnetic swagger control box (the “Trip Voltage” box), and the linear actuator.  

· Vacuum pump and nitrogen tank are turned on (outside clean room).  

· Operators are wearing gloves.  
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Figure 2-1. Front panel for MDT construction.
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Figure 2-2. MDT manufacturing program sequences.

3.1.2 Opening the Factory Program & Collecting the Batch

Operator #1: 

· Click on desktop shortcut Stringer1.exe.
· Click on New Operator. 

· Enter your name and click on “Begin Shift”
Operator #2: 

· If you are beginning a new batch, collect 24 tubes of one defined building length from tube storage.

· Transfer 24 tubes into aluminum tray with handles and transport over to production table rack.

3.1.3 Set New Batch/Check Actuator Position

Operator #1:  

· Verify the length of the tube to be built.

· If you are beginning a new batch, click on New Batch.  Scan the barcode length (the second number from the end) or type it in.  Click “Set Actuator.”
   

· “New Batch” is activated only after the completion of 24 MDT’s of the same length.

· “Set Actuator” is activated only when a new tube length is introduced.  

Operator #2:

· Visually inspect the ends of the tubes for debris and gingerly remove particles with finger.

3.1.4 Position and Tube Registration

Operator #2:  

· Place the raw aluminum tube on the tube holders.  The barcode should face up on the fixed end.  

· Insert the overhang gauge into fixed end tube holder. 

· Gently slide the tube toward the overhang gauge so that the tube is absolutely flush with the overhang gauge.

· Turn vacuum on, engaging the tube holders, by turning the large black handle on the front of the table counterclockwise.  

· Insert the overhang gauge on the movable end, verifying that alignment around the tube has been satisfied. Repeat the process if necessary.

Operator #1:  

· Click on “New Tube.”   

· At the “Tube ID” prompt, scan the six-digit serial number (the code closest to the tube’s end) or just type it in.  

· Verify the serial number registered in the computer.

3.2 Wire Insertion

[table of contents]
3.2.1 Wire Shuttle Setup

Operator #1:  

· Engage the movable end coil housing cylinder so that it is over the diameter of the aluminum tube.

· Unroll a few inches of wire off the spool and trap it in the spring of the black shuttle. 

· Guide the wire carefully around the nylon pulleys, between the crimper jaws and the slot of the endplug holder. 

· Insert the shuttle into the end of the tube.  

Operator #2:  

· Procure two endplugs.  Inspect them to make sure they are fully assembled and otherwise ready for production.  

· Insert each endplug in one of the Venturi holders and insert the Venturi fixture into the plastic end of the endplug.

3.2.2 Transporting the Shuttle

Operator #2: 

· Cup the vacuum end cap over the fixed end of the tube.

· Turn the black vacuum valve slowly counterclockwise to engage just enough vacuum to transport the shuttle through the tube.  Control the speed of the shuttle so that the wire unrolls uniformly.

· Dock the shuttle against the vacuum end cap.

· Pull the vacuum end cap approximately 1 inch off of the tube.

· Disengage the vacuum.

· Position the shuttle halfway out of the tube. 

Operator #1:

· Monitor the wire as it unrolls during shuttle transport.  Check that the wire unrolls uniformly and without kinks or bending.

3.2.3 Shuttle Removal

Operator #2:

· Engage the fixed end coil housing cylinder so that the coil is positioned directly over the aluminum tube.

· With your right hand, pull the shuttle out of the tube and through the coil.

3.3 Threading the Endplugs

[table of contents]
3.3.1 Determine Wire Length for Fixed End

Operator #2:

· Pull approximately 2 feet of wire beyond the outside area of the coil with your right hand, guiding the wire away from obstacles with your left hand.

· The wire should extend about 2-4 inches beyond the wire clamp on the stepper motor.  Pull out any wire with kinks and cut it off.

· Position the wire on jig plate in a large loop between the stepper motor and the Venturi holding fixture.

· Place the wire shuttle on the fixed end jig plate.    
3.3.2 Determine Wire Length for Movable End

Operator #1:

· Cut the wire 2-4 inches left of the movable end clamp.  Avoid allowing the remaining wire to jerk back and loosen on the spool.

· Lay wire down carefully on jig plate in a single large loop between the Venturi holding fixture and wire spool.

3.3.3 Thread The Venturi Fixtures
Operator #1 and Operator #2:

· Verify that the end of the wire is straight and free of kinks.  If the wire seems bent, consider cutting off the bent part with the wire clippers.

· Using tweezers, insert the wire end through the Venturi fixture until 2-3 inches of wire is exposed through the bottom of fixture.

· Optional: place the Venturi fixtures in their respective holders. 

3.3.4 Manual Wire Insertion
Operator #1 and Operator #2: 

· Insert the wire emerging from the Venturi fixture into the twister region of the endplug (i.e., through the white ring and into the black hole).

· Insert the Venturi fixture into the endplug by sliding it over the wire.

3.3.5 Wire Insertion Using Venturi (preferred)

Operator #1 and Operator #2:

· Firmly hold the two half sections of the Venturi fixture together and against the endplug in your left hand.
· Hold wire 1-2 inches above Venturi fixture with tweezers in your right hand.

· Depress the air pedal with your foot.

· Feed the wire through the endplug in one fluid motion.

· Release the air pedal.

· Repeat until the wire exits the endplug.  Pull a little extra wire through.

This photo illustrates the insertion of the wire in the endplug using the Venturi.
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3.3.6 Troubleshooting the Threading Process

· If the wire slips through the crack between the two halves of the Venturi fixture, you may not be holding the Venturi tight enough while you thread.  

· Try to keep the path of the wire’s approach to the Venturi hole more vertical by propping up the wire with your left index finger.

· If the wire emerges through the gas hole of the pin fixture, the wire may have been too bent when you inserted it, or you may not have fed it straight into the Venturi.  Pull the wire up back through the gas hole (but not too far) and try threading it again.  

· If the wire just doesn’t seem to thread, and you don’t know why, it probably was pulled out of the twister hole when you lowered the Venturi—or it may never have been in the twister hole at all.  

· If problems persist, consider pulling the wire out through the Venturi, cutting it, and starting over.

3.3.7 Position End Plugs in Endplug Holders

Operator #1 and Operator #2: 

· Free the Venturi fixture from the wire. 

· Remove the endplug from the Venturi holder with one hand and put the Venturi back in the Venturi holder with the other.  

· Slide the endplug over the wire near the coil housing.  

· Insert the wire through the slot in the endplug holder.  

· Slide the endplug along the wire into the holder.  You should hear a little click as it slides in. 

3.3.8 Fix the Wire Ends

Operator #1: 

· Thread the wire over the white nylon pulley to your left.  

· Close the wire end in the brass cylindrical clamp, taking care not to kink the wire. 

· Cut off any wire in excess of 1cm or 2cm beyond the clamp.
Operator #2: 

· Take the spare wire and thread it through the three wheels of the tension sensor.  Be very delicate, as bumping or jarring the wheels could disrupt the calibration of the sensor.  

· Close the end of the wire in the brass wire clamp on the step motor.  

· Cut off extra wire beyond the clamp.

3.3.9 Secure Endplugs in Holders

Operator #1 and Operator #2:

· Turning the endplug until its hole can be seen through the hole of the endplug holder.

· Screw the two brass pins through the endplug holder into the endplug.  

· Take great care to tighten the pins equally so that the endplug and the tube are truly coaxial.

3.3.10 Position Endplugs 

Operator #1 and Operator #2: 

· Set the endplug holder flush with the coil housing (by pushing the outer of the two black-handled pistons on the table).

· Make sure that the endplug holder is in fact up tight to the coil housing.   

The photo below shows the movable-end endplug mounted in its holder, ready for insertion in the tube.
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3.4 Tensioning the Wire

[table of contents]
3.4.1 Check the Wire Setup

Operator #1: 

· Verify that the wire is strung properly on the tension sensor and on the white nylon pulleys.

3.4.2 Check the Step Motor Starting Position

Operator #2: 

· Verify that the stepper motor is not within a couple inches of the trip switch (the small, red switches at the right of the motor track).

· If the motor is within a couple inches of trip, adjust it by the following procedure: 

i. Unplug the white cord at the back of the box.

ii. Set the switch to “Untension Wire.”
iii. Hold down the “run/hold” switch—along with the “ramp” switch, optionally,  to increase the speed—until the motor is close to its leftmost position (but not too close to the left limit switches).  

iv. Plug the white cord back into the back of the box.

3.4.3 Check the Minimum Tension

Operator #2: 

· Verify that the CheckLine tension meter reads at least 2 grams of tension. 

· If the tension is less than 2 grams, follow this procedure:

v. Unplug the white cord at the back of the box.

vi. Set the switch to “Tension Wire.”
vii. Hold down the “run/hold” switch until the readout exceeds 2 grams.

viii. Switch back to “Untension Wire.”  

ix. Plug the white cord back into the back of the box.

3.4.4 Tension the Wire

Operator #1: 

· Click “Tension Wire” on the computer. 

· Confirm that the wire tension is brought steadily to 475g and held there for 15 seconds. 

· If for some reason the tension reaches 500g, the limit of the tension sensor, click “Abort Tension.”  

· Once the wire tension drops to 365g, click “OK.”
· If the step motor trips the limit switches, click “Abort Tension.”  

· If you have to abort the tensioning process, set the stepper motor to an appropriate position as described in 4.4.2 and 4.4.3 above.  

Operator #2: 

· Verify that the left endplug holder is snug with the coil box.

3.4.5 Wire Break!

Operator #1 and Operator #2: 

· If the wire does not break.

· If the wire breaks, retract the endplug holders by pulling the two outer black-handled pistons.  

· Unscrew the brass and plastic thumb wheels that hold the endplugs.  

· Unclamp the wire, carefully pull it through the endplugs, and dispose of it.  

3.5 Crimping the Tube

[table of contents]
3.5.1 Manually Crimp the Movable End

   Operator #2: 

At the left endplug holder, turn the metal handle clockwise, turning the belt that is attached to the crimper (see photo, below).  You should turn through a point of resistance.  Turn through to the maximally open position of the jaws (the oval-shaped piece below the crimper is vertical when you are done).  Give the high sign to Operator #1 may proceed to step 4.5.2 upon approval of Operator #2.

Operator #1: While Operator #2 is crimping, prepare for magnetic crimping.  Verify that the wire is intact along its length and that the right endplug holder is tight against the right coil box.

3.5.2 Magnetic Crimp Twice

Operator #1: Upon approval from Operator #2, press the “Start” button on the Trip Voltage box.  Wait for the DC voltage viewed on the front panel digital meter of the Magnetic Crimper ramp up to 11.5 kV. A popping sound will signify the two 10 (f capacitors discharging, resulting in the swaging of the aluminum tube around both endplugs of the tube.

Crimp the tube a second time.

DANGER: The Magnetic Crimper produces thousands of volts and amperes in particular during the crimping process. Any direct contact along the output passage of the RG8 lines and the stringer coils is lethal.

Operator #2:  Insure that Operator #1 remembers to crimp twice.

The strength of the crimping (both wire and magnetic squeeze) are to be checked periodically (at least once a week) by filling out the checklist attached to the appendix. The sheet should be filled out, signed, dated, checked for compliance and put in QC/QA Notebook.  

3.5.3 Manually Crimp Fixed End, Register in Computer

Operator #1: At the fixed end location endplug holder, turn the metal handle clockwise, turning the belt that is attached to the crimper (see photo, below).  You should turn through a point of resistance.  Turn through to the maximally open position of the jaws by observing the cam below the crimper is positioned vertically after crimping.  Verbally confirm to Operator #2 the completion of the crimping operation.

Operator #2: Upon approval from Operator #1, click “Crimping Done” at the computer.  

The figure below depicts the manual wire crimping process at the fixed end.
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3.6 Testing the Wire Tension in Situ

[table of contents]
Before the tube is removed from the stringer table the wire tension can be measured by determining its eigenfrequency. This determination is useful in cross-calibration of the strain gauge tension meter and is useful for tube-making diagnostics. 

3.6.1 Loosen the Wire

Operator #1 (left end) and Operator #2 (right end):  Loosen  the wire from the brass cylindrical clamp.  Releasing the wire decreases the chance of damaging the pin through mishandling and also guarantees that wire vibration frequency measured is that of the tube itself. 

3.6.2 Electrical Connections

The wire should be automatically connected at the wire spool end and at the tension motor end by means of the connections used for the tensioning of the wire.

If not, follow the procedure below:

Operator #1: At the movable end of the table, attach a test clip lead and a mini-gator jumper from the tube’s copper pin directly to the handle of the brass cylindrical clamp. Assure that the movable end clamp is firmly closed in a clockwise direction and that the BNC coaxial signal cable located at the rear of the clamping fixture assembly is electrically connected. 

Operator #2: Attach a test clip lead from the fixed end pin of the tube to the system ground 3/16” flat braid located between the coil housing and the fixed end plate.

3.6.3 Test Tension

Operator #1: Position the magnet upright on its own stand. Do so carefully around the MDT to be tested. Position the magnet on the optical table in the center between the fixed and movable end plates. Communicate to Operator #2 to continue to the next step.

Operator #2: Click “Test Tension.” The measured wire tension should be in the range of 350 ( 15 grams.  If the number is absurd (e.g., 0 or 998), recheck electrical connections.  Otherwise, click “Tube Done.”  It is essential to click on “Tube Done” in order to capture all manufactured MDT’s statistics into the Microsoft Access database. 
3.7 Tube Storage

[table of contents]
3.7.1 Tube Removal from Vacuum Chucks

Disengage the vacuum pump by turning the large black handle on the front of the table to the vertical position.  

3.7.2 Tube storage

Place the tube in foam inserts by the single tube QA table.

4 MDT QA/QC


4.1 Ultimate Tensile Strength Meter (UTS Meter)

[table of contents]
4.1.1 OVERVIEW

The UTS Meter is used to measure the physical Ultimate Tensile Strength of our 50 micron gold plated tungsten-rhenium wire used throughout MDT construction. The expected Ultimate Tensile Strength is calculated by the physical properties furnished by Osram Sylvania Spectrographic Laboratory in the following manner:

WIRE PROPERTIES LABEL

	OSI
	Manufacturer
	TL-KS

	METERS
	Length of wire (m) on

spool
	3640

	BARE RATE
	Weight in mg/200mm
	7.54

	TENSILE STRENGTH
	G/(mg/200mm)
	73

	DATE
	Wire manufacturing date
	12-30-98

	LOT
	Identifier of wire batch
	389

	PL.WT.
	Plating weight 
	7.74

	%PLATE
	
	2.6%


Table: Wire properties label furnished by manufacturer is attached inside wire spool.

4.1.2 UTS Meter Setup

· Turn on the 5V power supply.

· Turn on the step motor box.

· Position the movable Parker slide so that the wire clamps are about a foot apart.  The slide is moved by setting the motor box switches to “Enabled” and “Run.”  The direction is toggled between “CW” (move closer) and “CCW” (move apart).  The speed is set by the black potentiometer knob.  

· If you wish to calibrate the meter before testing, skip to 5.1.4., “UTS Calibration.”

· Cut two feet of 50-micron gold plated tungsten-rhenium wire from production batch.

· Clamp wire to fixed end clamp.

· Wrap wire around adjacent roller pin over the top first in a counterclockwise direction for a total of three revolutions, applying moderate tension to prevent the wire from unwrapping on its own power.

· Continue to route the wire to the movable end roller pin and wrap the wire over the top in a counterclockwise direction for a total of three revolutions.

· Clamp wire in the adjacent movable end clamp.

· Moderate pressure must always be applied while wrapping wire around roller pins until wire is finally clamped off.

· Move the Parker slide very slowly (i.e., CCW, with the pot set quite low) to achieve a tension of ~200g.  

· Note: The tension sensor (connecting the two platforms on the movable slide) should be loosely screwed. Do not tighten the sensor or you may damage it.  

4.1.3 Open Computer Control

· Open the program “UTS” on the desktop of Hepl1tube computer.

· Log in with your name and the name of the wire spool (e.g., RW-398).

· The test screen will appear.  

4.1.4 Test Procedure

· Verify that the test screen is up and the wire is ready to be tensioned.  

· Click “Run Test.”  After a moment, the tension of the wire will appear on the graph.

· Increase the tension by setting the Parker slide in motion at CCW, with the pot at its lowest point.  The tension depicted on the graph should increase accordingly.

· To stop the graphing at any point, click “Pause.”  To resume from that point, click “Run Test.”  

· To clear the graph and start anew (e.g., if you run out of graph space and the wire hasn’t broken), click “Clear” and then “Run Test.”
· The tension will increase gradually until the wire breaks.  

· The final tension of the wire will be displayed on screen. If the wire is below the specification of 630g a warning will appear on the screen.

· Save the test results to the database by clicking “Save” in the file menu.  Print the graph by clicking on “Print page” in the file menu.  

4.1.5 UTS Calibration

· In the file menu of the test screen, click on “Calibrate.”
· A calibration screen will appear.  This page is to determine the correspondence between the grams of tension on the wire and the mV reading picked up by the PCI card. 

· You can input the calibration constants for a linear or quadratic fit by typing them in and selecting the fit you want to be used.  

· To perform a linear fit under computer control, click on “Do Linear Fit.”
· The linear fit window will appear.  

· In calibration a stronger 100 micron wire is used.  

· Cut a few feet of 100 micron wire.  

· Clamp the wire to the movable slide, wrap it around the neighboring roller pin, and guide it over the second roller pin and over the wire spool.

· Off the table, clamp the wire to the calibration basket, which weighs 33.19 grams.

· In the Visual Basic program, click “Take Next Value.”  Allow time for the many values to be taken and averaged before a number appears on the screen.

· Repeat until all eight mV readings are obtained on the screen.  For each measurement, place the indicated tension on the wire by adding the correct combination of 100g and 200g precision weights to the calibration basket.  

· Once all values have been taken, click “Calculate Factor.”
· The Calibration Window will reappear with the new values inserted.  To save these new values and use them in your test, click “Set New.”  To ignore the values and use the values that originally appeared, click “Cancel.”  

4.2 Tube Length Ruler (TLR)

[table of contents]
4.2.1 Overview

The lengths of each series of completed tubes must be consistent within a certain tolerance.  Otherwise, when electrical boards are attached later they may not fit properly on all of the tube ends.

4.2.2 TLR Setup

· Turn on the nitrogen outside the clean room and set it to a pressure of 30 pounds gauge.  

· Turn on the Mitutoyo box over the ruler.
· Calibrate the Mitutoyo box by placing the standard 352.840 mm bar in the endplug holders and setting the readout box to that length.  
Note: The bar has been calibrated on a precision milling machine. 

4.2.3 Open the Computer Control

· The TLR is operated through the use of SingleTubeQA, a PC program written in Visual Basic.  The program can be opened by a shortcut on the desktop of Hepl1tube.

· Be sure that all other programs and windows on the desktop are closed.

· Click on “Operator,” type in your name, and click “Begin Shift.”  Your name and the date and time will be registered along with any results that you save to the database.    
· To test a tube, click on “Length Test.”  
· A prompt for the tube ID will appear.  Enter it by scanning the barcode closest to the end of the tube.
4.2.4 Test Procedure

· A test screen will appear.  It should display the tube ID (visible under the barcode) and the length of the raw tube.  

· Place the tube in the fittings on the glass scale.  You may have to adjust the left (movable) fixture.  

· The right end of the tube should be snug in its fixture.  The left end should rest in its fixture with a  small gap between the precision surface of the endplug and the precision surface of the fixture.

· Position the air-operated white piston a couple of inches from the left fixture.

· Flip the switch to send the air to the piston.  The piston should tap the left fixture against the left end of the tube.

· Check the Mitutoyo for the sensibility of the measured value.  It should be about L0 + 23.5 mm, where L0 is the length of the raw tube in millimeters.

· Depress the red button to send the measured value from the Mitutoyo box to the VB program.   

· In the Visual Basic program, click on “Get Value.”  The Mitutoyo number will appear.  Also, the single-variable statistics for all previously measured tubes of that length will appear on the screen, as well as a warning if the measured length is more than 250 microns from the average measured length for that group of tubes.

· Save the test result and the latest statistics to the database by clicking on “Done.” 
4.3 Tube Resistance Measurement

[table of contents]
4.3.1 Overview

The tube resistance is measured by a Keithley 2000, a four-probe resistance meter with a calibrated sensitivity of 100. The probes are mounted on the TLR. In the standard operation the tube resistance is measured end-to-end. The tube resistance itself is about 0.7m/m. If the overall tube resistance is below the rejection level for one end then the tube passes and there is no need to measure the resistance of  the single endplug-tube connections. 

4.3.2 Procedure

· Place the tube in the endplug holders of the TLR.

· Open the gas value to the left of the left endplug holder in order to make sure the tube is firmly held in the TLR.

· Place the two connection bars on each end of the tube.

· Check Keithley 2000 connections so that the source connections are on the outside of the endplug and the sensor connections are inboard of the source connections on the endplug.

· Typical values are 1 to 3 m for the end-to-end resistance. 

The photo below shows a tube snug under pressure in the Tube Length Meter and Tube Resistance Meter. 
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4.4 Electromagnetic Micrometer (EMMI)
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4.4.1 Overview

The Electromagnetic Micrometer (EMMI) is provided by the Pavia, Rome ATLAS team for quality-control purposes in locating the wire position within completed MDTs.        

4.4.2 EMMI Setup 

Before using the EMMI, verify that it is properly set up:

· The signal generator (SG) is plugged into the power outlet.

· The toggle switch on the SG is to the left (“int”).

· The SG is connected to a demodulator, or readout (RO), on either side by 9-pin D-SUB cables.

· A lemo goes from the SG socket 1OUT to the “in” socket on the small junction box.

· A BNC cord emerges from the junction box at the label “wire in” and terminates in the BNC fixture at the right (movable) end of the EMMI.  

· Another BNC cord connects the left (fixed) end of the EMMI via a BNC connection to the side of the junction box marked “wire out.”

· Each pair of coils is connected to an RO.  The connections are made so that all color and number labels are matching.

· All connections must be kept secure and disturbed as little as possible, since the signals are relatively sensitive.

· Each RO output out1(0) is hooked up by lemo to the board box that interfaces with the computer.

· Positioned at the right side of the EMMI are a white spacer ring and a brass end piece.

· At the left side of the EMMI are a degree indicator—a notched white plastic wheel—and a brass end piece.  

· The springs of each spring-loaded arm are tight.

· The operator complies with general clean room procedures, particularly in wearing the purple nitrile gloves. 

After verifying these conditions, turn on the SG by the switch on the back.  Red LEDs should light up on the SG and both the ROs, as well as a green LED on the SG, which indicates that the signal current is shunted.

4.4.3 Open the Computer Control

· The EMMI is operated fully through the use of SingleTubeQA, a PC program written in Visual Basic.  The program can be opened by a shortcut on the desktop of Hepl1tube.

· To be able to use the program, click on “Operator,” type in your name, and click “Begin Shift.”  Your name and the date and time will be registered along with any results that you save to the database.    

· To test a tube, click on “EMMI Test.”  

4.4.4 Positioning the Tube

· Obtain the tube to be tested.  If it has signal caps on, remove the signal caps and put them on the table, to be reapplied after the test.

· Find the bar codes on the tube.  The tube should be situated in the EMMI so that the barcodes are on the right side of the tube, facing up.  This way the tube is oriented as it was on the stringer table at production.  

· Slide the tube into its position between the coils.  You will have to slip each end of the tube under the coil-RO wires and adjust the movable end of the EMMI so that the tube fits comfortably on the two sides of the EMMI.  If you do not feel confident about doing this without hurting the tube, turn off the signal generator, unplug the coil-RO cords from the coils and put the tube in that way, restoring the wires and the power afterwards.

· Slide the spacer on the right end of the tube.  Screw on the end piece so that the wheel faces out.  Insert the end piece into the wire prongs so that the wheel is snug on the far side of the prongs.

· Slide the degree indicator on the left end of the tube.  Confirm that the bar codes on the tube face up at the movable (right) end of the EMMI; that the pins on the degree indicator are inserted into the tube’s holes; and that the degree indicator reads “0” at the top.

· Screw the end piece on the left end of the tube with the wheel facing out.  Slide the end piece into the wire prongs so that the wheel is snug on the far side of the prongs.  The notch on the degree indicator should fit with the pin near the prongs.

· Position the tube and the movable end so that the wheel on each end piece is snug against the outside of the prongs at each end.  

· It is very important that the ridge on the precision metal surface of each endplug is centered on the ceramic domes on which each tube end rests.  

· Confirm that each end is properly hard-seated in the ceramic spheres.  Lift and turn each spring-loaded arm so that it holds down each end of the tube in its proper place.  

· The signal generator should be on.  Flip the switch to “ext” so that current flows through the wire of the tube.

4.4.5 Test Procedure

· Be sure that at least 30 minutes have passed since the SG was turned on and a current was sent through the tube.  

· Click on “EMMI Test” in the Main Menu.

· A prompt for tube ID will appear.  Enter the tube’s ID, located under the barcode nearest the tube’s end, and click “OK.”
· The “EMMI Test” screen will appear.

· Confirm that the tube is properly positioned and that the circuit is running.  

· If it is your first test of the day, or of a batch, you may want to recalculate the mV/(m constant; click on “Calibrate” (see 5.4.7, below).

· Click on “Take All Values.”
· The program will prompt you to turn the tube and position it at the four values of the degree indicator.  At each prompt, verify the tube’s position before clicking “OK.”  

· When turning the tube, remove both spring arms, make sure the tube is properly seated in its new position, and replace the spring arms.  

· It is not essential to cut the circuit when moving the tube, as the current is not very strong.  If you wish to shunt the circuit while turning the tube, be sure it is running again before clicking “OK.”
· The computer will take mV readings from both sets of coils while in each position.  Allow about 15 seconds for signal averaging before the millivolt readings appear in the boxes on the screen.

· Note that the coils are not moved during the test procedure.  In general, the coils can be kept in one place throughout various tests.  If you keep the coils in a particular location, and learn what mV readings are to expected for these coil positions for a particular length of tube, you can monitor the credibility of the mV readings generated by the computer.

· When all of the readings have been taken, click on “Calculate Offset.”
4.4.6 Finishing the Test

· When you click “Calculate Offset,” the screen “EMMI Results” will appear.  

· Check the tube ID no appearing on the screen, and correct it if it is wrong.

· Various wire offsets are reported.  The “horizontal” offset is the wire’s distance in microns from the center of the plane parallel to the optics table.  The wire’s distance from the offset in the perpendicular place is the “vertical” offset.  Together, these offsets define the wire’s position.  The distance from this position to the ideal wire position is the “radial displacement.”

· An MDT meets spec if its radial displacements are within 25 microns.  If they exceed 25 microns, a warning will appear on the screen.  

· If you think something has gone awry with the measurement, it is probably best to save results and remeasure the tube, so that all test information is in the database.  If you don’t yet want to save the results, however, you can click on “Retest Tube.”  You will return to the “EMMI Test” screen, where you can retest the tube or recalibrate as needed.

· If you are defining or redefining a batch of tubes for the batch QA/QC tests, click on “Define in Batch.”  You will be prompted to assign a batch and hedgehog board number to your tube.  These numbers will be saved in the database with the test results.  

· To write the results to the database, click on “Save Results.”  The test is complete.

· Keep the SG turned on between tests.  

· Shunting the signal as infrequently as possible may improve test accuracy.  

4.4.7 EMMI Calibration

The EMMI determines the wire displacement in a plane by comparing millivolt readings obtained when you measure the tube and after you flip the tube.  The millivolt difference is converted into a distance in microns with a linear conversion factor K, typically, about 2.5 mV/(m.

K is sensitive to various conditions of the setup, so one must determine K regularly on a basis to be determined.  K might be evaluated on a daily basis, or perhaps between batches, when the movable end must be adjusted. 

· Position a tube and register it for an EMMI test as described in 3.3.5 above.

· In the EMMI test page, click “EMMI Calibration.”  The EMMI Calibration window will appear.  

· In the left column, the current calibration numbers, obtained from the latest database entry, are displayed.  

· To obtain new values for the mV/(m factor, click on “Do Linearity Scan.”  The linearity scan window will appear. 

· Take the necessary measurements by performing the following steps:


(1) Determine the micrometer range over which you want to measure the constant.  The range need not be very large, since K is relevant only in a small region.  The micrometer reading at which you usually perform your measurements should lie in the middle of the range.

(2) Set your first micrometer reading as 0.  Type in the micrometer positions you will use in the boxes under “micrometer position.”  

(3) Your left and right micrometer readings, though they need not be the same, must be separated by identical micron intervals.

(4) Click “Get Next Reading.”  As prompted, set the micrometers to the position corresponding to the first box under “micrometer position.”  Click "OK" and wait 10-15 seconds for the readings to be taken.  

(5) Repeat step 4 until measurements have been taken for all eight positions. 

· After you have collected the data, click on “Calculate Factor.”  The K values for the left and right coils will be calculated.

· The EMMI Calibration window will reappear, with the newly calculated factors presented in the right column.  If you click “Set New” at any time, the values of the right column will be employed.  The program will prompt when they are saved to the database.

· If you click “Cancel” at any time, the values listed in the left column will be retained.

· The “fudge factor” FF is designed to account for imperfections in the design, calibration or setup of the machine.  This number should be set to 1.000. 

· Record old and new calibration on check sheet and put in Operations Notebook. See Appendix for copy of check sheet. 

4.4.8 The EMMI Database

· The test database is “singletubedb.mdb,” an Access 97 file found in the folder C:\databases on Hepl1tube.  There is no need to access the database over the course of testing.  

· At the end of each day, the database file should be backed up on floppy disk, and a hard copy should be stored in the clean room documentation.  

4.4.9 Troubleshooting

· Test results have demonstrated a reasonably good reproducibility, with a standard deviation of a couple microns.  

· Testing the tube in standard and a flipped orientation has revealed that the results of the coils match each other fairly well.

· However, the results of the left coils were found to deviate more greatly than the results of the right coils.  It has been determined that this effect is due to larger sinusoidal variation in the left coil signal.  Furthermore, it was determined that this variation is due to the EMMI computer monitor (see effect in left coils and right coils).  Efforts to reduce this effect are in the works.  

· Until the monitor noise is fixed, questions in the left displacement of a tube can be resolved as needed by flipping the tube and re-measuring the left side between the more accurate right coils.  

The photograph below shows a tube in the EMMI.
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4.5 24 Tube Twanger

[table of contents]
4.5.1 Overview

The 24-Tube Twanger is used to batch-test a group of 24 equal length tubes.  The tubes are placed in cradles in a 4x6 array. A magnetic field is applied to each of the tubes by means of an array of permanent magnets. An oscillating current is sent down each tube wire at roughly the expected first resonance frequency that mechanically excites the wire. Following the mechanical excitation of the wire, the drive current is turned off and the wire allowed to oscillate at its fundamental frequency. The induced voltage of the oscillating wire in the magnetic field is Fourier-analyzed to yield the wire frequency. Knowing the tube length and the wire frequency then determines the wire tension. 

The 24-tube Twanger was developed by Larry Kirsch and Hermann Wellenstein of Brandeis University. 

4.5.2 Twanger Setup

· Place tubes in cradle by building each layer up one at a time.  Position the cradle bases near the ends of the tubes to facilitate the fitting of the tubes into the hedgehog boards.

· Open the Visual Basic program qaqc.exe from the desktop, and log in by clicking on “Operator.”
· Click on “New Batch.”  A screen for tube IDs will appear.

· Use the barcode reader to scan the tube ID at each slot of the cradle.  Then click “Update Batch.”  You will be given a batch number for the group of tubes.  Then click “Done” to bring up the batch tests screen.

· Complete the cradle setup by screwing the layers together.

· Mount the ends and make sure the ground connection is solid between the two ends.

· Click “Tension Test.”
· As instructed, set the junction box to “A: Tension Test.”
· A “Data Acquisition” screen will appear.  Click on “Start Acq.”
· Another test screen will appear.  The program will test the tubes one by one.  To halt the test procedure at any point, click “Stop.”
· If the test completes successfully, click “Save” to log the results in the database.

· If any measurement is far out of specification, redo the electrical connections.   

4.5.3 Twanger Calibration

· The twanger can be cross-calibrated with the stringer frequency measurement and thereby related to the strain gauge calibrated by weights by comparing the tension on the stringer table with that of the twanger. 

The figure below shows 24 tubes set up in the twanger. 
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4.6 Dark Current Tester

[table of contents]
4.6.1 Overview 

The dark current tester measures the dark current of 24 tubes at once. A bundle of tubes is assembled in the cradle and connected to gas and HV. The gas is purged in order to obtain a high purity of the standard A -CO2 mixture. HV is applied and the dark current of the tubes measured. 

4.6.2 Dark Current Tester Setup

·  
Place tubes in cradle while reading in tube position and bar code ID number.

·  
Connect gas umbilicals and start gas flowing. Check for leaks and fix.

·    Purge gas for roughly 5 tube volumes. See figure below to determine flow time with stainless steel ball set to 100 vs. tube length for 5 volume changes. 
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Time required to purge 5 volume changes vs. tube length for the SS ball on the output flow meter set to 100. 

·    Throttle outlet valve to trickle flow and set pressure by output flow meter to be within “green” range on electronic manometer (approximately 43.6 PSIA).

·  
Connect HV card. Place HV guard card on other end. Check grounds.

·    
Insert fork in tube array and check for good connection.

4.6.3 Dark Current Tester Procedure

· Open the Visual Basic program qaqc.exe from the desktop, and log in by clicking on “Operator.”
· Click on “New Batch.”  A screen for tube IDs will appear.

· Use the barcode reader to scan the tube ID at each slot of the cradle.  Then click “Update Batch.”  You will be given a batch number for the group of tubes.  Then click “Done” to bring up the batch tests screen.

· In the “Batch Tests” screen, click on “HV Test.”  

· As instructed, set the junction box to “B: Dark Current.”
· The “HV Test” screen will appear.

· Manually change the HV Setpoint to 3.4kV. The sensitivity of the current to HV is indicated in the figure below. 
· Click “HV Ramp.”  The voltage displayed will climb in increments of the HV Step until the HV Setpoint of 3.4kV is reached.

· When the HV Setpoint has been reached, click “Start Acq.”
· Monitor current on HV PS.

· Check to see if all channels are less than 1 nA/meter. 

· Recycle HV if any channel is above acceptance threshold.

· For intractable tubes, remove replace readout cable with grounding.

· Connect negative HV PS and briefly ramp voltage up to 3kV. 

· Reconnect readout connector and retest.

· Replacement tubes are to be tested with single tube dark current tester. 

[image: image11.wmf]0.01

0.10

1.00

10.00

2.90

3.00

3.10

3.20

3.30

3.40

3.50

3.60

Dark current study

HV (kV)

Y = M0*e

M1*X

M0 = 5.5506e-11

M1 = 6.7851

R = 0.97338


The average current of 23 tubes is plotted as a function of HV for constant pressure of 43.5 PSI absolute.

4.6.4 Dark Current Tester Calibration 

· Insert calibration fork in the array of tubes.

· Run the calibration program (still in development stage).

· Check all channels for standard value.

· If channel reading is not correct, reinsert forks to achieve good contact. 

The figure below shows the sensitivity of the dark current to the tube pressure. 
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The average current for 23 tubes is plotted as a function of absolute pressure for a fixed HV = 3.4 kV. The pressure must be controlled to ± 0.5 PSI around the set point. 

4.6.5 Conditioning Tubes That Failed Dark Current Test 

If the measured dark current is larger than 2 nA / m then the tube has failed the dark current test. In this event it is sometimes possible to condition the tube with negative HV. The bad tubes can be filled with either the standard gas or with air. The procedure is as below.

 

I

· Insert fork into the array of tubes and ground to the HV cable shield.

· Connect the negative HV PS to 24 tube array. 

Slowly run the HV up to –2kV while monitoring the current with the DVM. Do not exceed 10 A. Adjust the HV to this condition. 

· Allow tubes (group of 24 bad ones) to ‘cook’ for 10 min. while monitoring the current. The current drawn by the PS should decrease with time. This is an indication that the conditioning process is taking place. 

· After 10 min. connect the positive HV supply to array (or individual tube) and retest according to the procedure above.  

The photo below shows the dark current device ready to test a group of 24 tubes. 
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4.7 Leak Detector Station

[table of contents]
4.7.1 Overview


The leak detector station has two parts. The first is the individual leak tester based on an Alcatel He leak detector. This is used for testing individual tubes but is now only employed for detailed studies and diagnostic tests. The second is the Schublade method (described below) which is used for batch testing tubes during standard production. 

The chief ingredients of the single LDS consist of a control gas panel, an Alcatel ASM 142 leak detector, two vacuum blocks, and a sniff block. Helium (29 psi), nitrogen (29 psi), and nitrogen (100 psi) are needed for system gases. Helium is the focal point for filling each individual MDT. Nitrogen (29 psi) is used for evacuating the helium after each MDT has been measured and recorded into a Microsoft Access QA/QC database. 

Nitrogen (100 psi) is used for squeezing two o-rings within each of the two vacuum blocks for the purpose to create a seal around the outer diameter of the tube prior to initialization of helium gas into the tube to be tested. The sniff block travels the length of the tube and detects helium leaks using a sniff probe.  

4.7.2 Leak Detector Setup

· Turn on the leak detector and wait until the “READY” indicator light is on.

· Open all gas bottle valves, helium, high-pressure nitrogen, and low-pressure  nitrogen.

· Confirm gas gauges as follows:

	GAS GAUGE SETTINGS

	29 psi
	Helium

	29 psi
	Low Pressure Nitrogen

	100 psi
	High Pressure Nitrogen


· Close both electric vacuum valves to the “OFF” position.

· Depress “START” button to begin the test cycle.

· Acceptable readings should reflect less than 10 –9 std cc/sec.

· Refer to Trouble Shooting section for larger measurement readings.

4.7.3 Leak Detector Calibration

4.7.4 Leak Detector Station Procedure

· Close valves of helium input, nitrogen input, and exhaust.

· Insert tube to be tested through all three aluminum blocks with the sniff block positioned in the middle and the vacuum end blocks are placed on each side of the endplug.

· Confirm that both ends of the tube to be tested line up with the vacuum end blocks.

· Turn on the high-pressure nitrogen switch to squeeze o-rings at both ends of the tube.

· Connect gas jumpers and end caps.

· Turn helium/nitrogen switch to helium.

· Flow the helium by opening the helium input valve until the helium pressure gauge reaches 29 psi (2atm).

· Open both electric vacuum valves by turning switches “ON.”
· Press the “START” button. 

· Wait 1 minute for a stable reading below 10–5 std cc/sec specification.  Record measurement.

· If leak rate is below the reject point, stop the measurement process by pressing the “START” button again.

· Close both electric vacuum valves.

· The “REJECT” light will activate if the leak rate is larger than the reject threshold measurement. Refer to troubleshooting guide in section 5.7.5.

· Open nitrogen flush valve and change the leak detector to sniff  mode by pressing the “SNIFF” button on the setting panel.

· Start the leak rate measurement and turn on the sniff block motor to pull the sniff block at 3cm/sec. Note that a nitrogen flush hose and sniff probe is attached to the top of the sniff block.

· Monitor the leak rate indicator while the sniff block travels the length of the tube. 

· The MDT passes the leak rate test if the measurement is below the 10–5 std  cc/sec threshold while the sniff block is traveling the entire length of the  tube during this sequence.   

· Stop the leak detector and record the results in Microsoft Access QA/QC database.

· If the “REJECT” light is on at any point during this process, stop the sniff  block motor and refer to troubleshooting guide section 5.7.5.

4.7.5 Leak Detector Shut-down Procedure

· Assure that the leak detector is in the “READY” state.

· Ventilate the test port.

· Turn off the machine.

· Close all gas bottle valves outside the clean room area.

4.7.6 Troubleshooting

If the combined leak rate of both ends is greater than 10-5 std cc/sec:

· Abort leak measurement testing. Close one electric vacuum valve and leave the other electric vacuum valve open. Measure the leak rate again. Record reading and change to measure the leak rate of the other end.

· Stop the sniff block motor at once and move the sniff block manually around the point where the leak rate is greater than 10-5 std cc/sec. Physically mark suspected leak prone area. 

· Replace / reseat o-rings and try tube again.

The figure below shows the He leak detector and the sniffer blocks. 

[image: image14.jpg]



4.7.7 The Schublade

Batch testing of 24 tubes is accomplished by means of the Schublade. The device consists of an evacuated cylinder into which 24 tubes are introduced, pressurized with argon. The argon content of the outer vacuum is analyzed for excess argon indicating a leak in tube wall or ends. A set of valves allows the operator to perform a binary search for a leaky tube. An online computer monitors the vacuum and operation of the associated mass spectrometer. 

The Schublade was developed at Brandeis (H. Wellenstein el al.). The basic setup is shown in the picture below. It is located in the tube making clean room and maintained by Brandeis personnel.  

4.7.8 Schublade Operation

The Schublade checks the leaks of 24 tubes in batch mode. It is based on the concept of an outer vacuum enclosure with tubes inside pressurized with Argon. A mass spectrometer is employed to ‘sniff’ the vacuum for evidence of  leaks. The method permits a high testing rate if the tubes generally don’t leak. So far (5,000 tubes – all of EIL1 series production) this has been the case. 

These instructions assume that the operator has a basic understanding of how this leak detection system functions. It is in no way intended to serve as the only instruction one needs to operate the Schublade. Individual training is needed with the Brandeis Experts before obtaining an operator permit. 

Note: 

This procedure assumes the new operator has commenced    operation with the main valve to the mass spectrometer closed. This also means the normal light on the turbo pump control box is green and the pressure reading given by the Ion Gauge is approximately 2 x 10 –8  Torr. 

The following steps are for a standard 24-tube leak test:

1. Place 24 cradled tubes in the Schublade with the bar code ends facing the read and stopped with the aluminum plugs provided. 

2. Starting at tube number one location, place an o-ring in the endplug o-ring groove. Then slide the tube into port one. Next place an o-ring in the signal cap and fasten it to the threaded portion of the endplug sticking through the door. Tighten the signal cap to 3.1 in-lbs. using the provided T-torque wrench. Note that if the signal cap does not go on easily it usually means the inside o-ring has slipped from the o-ring groove. This does not leave enough thread to attach the signal cap. 

3. Repeat step 2 for all 24 tubes
4. Close the door making sure it is visibly aligned with the flange it makes vacuum with.
5. Connect the pressure and vacuum lines using the two 3/4” wrenches.  These do not need to be extremely tight.
6. If valves A1, P1M, P1 through P4, V2 through V5, and 1 through 24 (both P and V side) are not already open then open them now.
7. Close the black throttle valve located at the rear (pump end) of the Schublade.

8. Open the red handled valve.

9. The Schublade is now pumped down. 

10. When the pressure reading on the screen turns green (0.1 Torr) open the main valve to the mass spectrometer.  This should take 10-20 minutes.  If this is not achieved within this time it usually means a badly leaking, or improperly sealed o-ring on a tube.  To determine which tube it is begin pumping out one quad at a time beginning with quad A.  When a significant drop in Schublade pressure is observed on the screen the operator can assume the leak is in this quad (A, B, C, or D).  Now vent this quad with air (the pressure should now increase).  Close all the pressure valves to this quad and begin pumping out one tube at a time.  Once again when the leaking tube is found the pressure should drop.  Pump on the tube for 2-3 minutes and then isolate it by closing its P and V valves.  Check to make sure the valve configuration (minus the two leaking tube valves) given in step 6 is still the same.  Now when the pressure reading  given by the screen is .100 Torr (or lit green) the main valve to the mass-spec can be opened.  
Note: Never use Argon to search for a badly leaking tube ! This contaminates the Schublade for many hours !

11. Once the main valve to the Mass Spectrometer is open the Dycor software should give you an Argon value of approximately 2 X 10-8.  The Ion Gauge reading should range from 2-6 X 10-5.
12. Now wait for the Argon level to reach 9 X 10-10 or less and remain stable for 1-2 minutes.  This should take another 20+ min.
13. Once this level is reached close A1 and P1M.
14. Open V1.
15. Wait for the tube pressure to equal 300-500 milli-torr by observing the TC2 needle on the Ion Gauge control box.
16. Close V1.
17. Open V6.
18. Open the Ar and P1M valves.  When the dial gauge located on the pressure side of the manifold (near A2) reads 3-5psi (approximately 100 torr) close P1M.
19. Open the Ar and P1M valves.  When the dial gauge located on the pressure side of the manifold (near A2) reads 3-5psi (approximately 100 torr) close P1M.
20. At 30 psi close P1M and P1 through P4.  Record the Argon level on the computer screen.  This is T=0.  Wait 300 sec and record the Argon value again.
21. Close V6 and open CL.
22. Wait 10 sec and record the Argon value from the computer.  In 300 sec record the Argon value again.
23. Close the Nupro Valve to the Mass-Spec.
24. Ar and P1M.
25. Open A3 and V6 for 1-2 minutes.  A3 vents the pressurized tubes and V6 removes the Argon from the high-pressure side of the calibrated leak.
26. Close A3 and V6.
27. Close red valve at rear of Schublade.
28. Open black throttle valve.
29. Disconnect P and V lines using two 3/4” wrenches.
30. Open door, disconnect and remove tubes.

Back to home page
APPENDIX 

Check Lists for Wire and Magnetic Crimping and EMMI Calibration
Check List of Tube Swaging and Wire Crimping

The items on this list must be performed every week, signed and dated.

1. Operator


 Date


  Time:                                . 

   Approximate tube construction phase:                              
(e.g. EIL1 - ML1 - Module 5) 

2. Magnetic Swagger

MAKE SURE HV POWER SUPPLY IS OFF. USE SHORTING WAND ON HV TERMINALS. 

(2a) Inspect HV Box and coils for burn marks, capacitor cans swelling, etc.


OK:

. 






Remarks:            







. 


(2b) With Mitutoyo Caliper measure tube diameter in o-ring crimp region


Tube BC ID


. 
Raw tube length

mm


BC end dia:                      mm  
NBC end dia:                         mm

3. Wire Crimping

     With Mitutoyo Caliper measure the squeeze and length of wire crimp on each end.


(3a) BC end sq:

 mm    NBC end sq:

          mm


(3b) BC end len:

 mm    NBC end len:

          mm

4. Remarks: 

Place this sheet in QA NoteBook.

Check List for EMMI Calibration

The Standard EMMI Calibration Procedure, as written in the Tube Manual, should be performed for every tube length throughout the production. (To be reviewed.) 

1. Operator


 Date


  Time:                                . 

   Approximate tube construction phase:                              
(e.g. EIL1 - ML1 - Module 5) 

2. Tube BC ID


. 

Raw tube length

mm

3. Old calibration values:

    Right Side:


mV/µm
Left Side:


mV/µm

4. New calibration values: 

     New 1 (not stored):
    Right Side:


mV/µm
Left Side:


mV/µm

     New 2 (stored):
    Right Side:


mV/µm
Left Side:


mV/µm

5. Remarks:

Note that New 1 and New 2 should be close to each other and in the range of                      ~ 2.5 mV/µm. If anomalous calibration values are obtained repeat measurement with another tube. 

� EMBED PBrush ���


� EMBED PBrush ���








� If you need to move the linear actuator to its home position, click “Home Actuator.”  Caution is advised during any movement of the linear actuator.  Provide clearances for the several electrical cords surrounding the movable end plate area.  A linear actuator safety switch has been provided on the fixed end plate. 
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