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This document contains the presentations made at the Tube Construction Workshop. The 
purpose of the workshop was to bring together the groups working on or interested in drift 
tube production. Participants were almost entirely those who are involved with the 
construction of 90 mm drift cells to be used in the barrel and intermediate systems. All of 
the presentations dealt with 90 mm tubes. 

The Boston and Seattle groups are currently preparing to fabricate drift cells to be used in 
the prototype tower. (See SDC-92-395.) Building the drift tubes for the prototype tower 
will test many of the fabrication procedures described in this workshop. There was 
considerable discussion of difficulties encountered in obtaining satisfactory extrusions, 
difficulties that must be overcome before it will be possible to place orders for large 
numbers of tubes. 

The following is a list of action items identified during the workshop and the person(s) 
responsible: 

Extrusion 

1. Establish a final set of tolerances and a method to be used by all groups to verify that 
extrusions are within tolerances. 
- All groups, H. Lubatti coordinating 

This action item is perhaps the most urgent in that we have not yet obtained a consistent 
set of extrusions. (See the discussions in this document -- presentations by D. 
Carlsmith and L. Durkin.) The quality of the extrusion affects both the operation and 
resolution of the drift cell and the fabrication of the module. (Presentation by H. 
Lubatti.) 

2. Should the groove on top of the tube be removed in order to simplify the leak test 
procedure? 
- H. Wellen stein 

3. Establish the amount of deflection of the tube which results in permanent deformation. 
- H. Guldenmann 

4. The Ohio State group will measure the external diameter at 5 places along the tube and 
the twist over 9 m to compile statistics similar to those presented by the Wisconsin 
group. 
- L. Durkin 

End Caps 

1. Select o-ring material. 
- I. Thunborg, H. Wellen stein 

2. Establish type of resistors to be used in the end plugs. 
- R. Davisson, I. Oliver 
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Testing of Tubes 

1. Establish tests to be perfonned and acceptance criteria for drift tubes. 
- H. Wellenstein, T. Zhao 

2. Establish a leak criteria 
- H. Wellenstein, T. Zhao 

3. Establish x-ray position monitor needs for prototype tower tube production and 
estimate number we will need for full production. 
- H. Wellenstein 

Test of Drift Cell 

1. Measure response to neutrons (source?) 
- T. Fukui, T. Zhao 

2. Should a source study of wire aging be done? 
- S. Errede, T. Zhao 
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TUBE WORKSHOP AGENDA 
January 15, 1993 

Building 4, Upstairs Conference Room 

Introduction and overview of goals 

Review of drift tube design 
Description of gas measurements 

Resolution studies 

End Cap design 

Studies of Noryl outgassing 

General tooling design 

LUNCH 

Prototype Tube Construction 

1:15 Boston' effort 

2:00 Seattle effort 

University Activities 

2:25 Ohio effort 

2:45 Colorodo effort 

3:05 Illinois effort 

3:25 Purdue effort 

3:45 Experience with extrusions (discussion) 

- Introduction 
- Boston 
- Wisconsin 
- Ohio 
- Seattle 

4:45 Summary 
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DRIFT TUBE FABRICATION 

Presented to the SDC 
Tube Construction Workshop 

January 15, 1993 

Henry Lubatti 
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DRIFT TUBE 

• Each tube is an independent, fully functional drift 
cell 

• Round aluminum tube 

• Field shaping 

• Identical except for length 

• Orientation and wire placement fixed by end caps 

• No wire supports 

• Tube plus end cap forms complete electrostatic and 
environmental shield with electronic components 
inside 

• Saturated, non-flammable gas 

• Simple field-shaping electrode 
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DRIFT CELL 

- NORYL 

- 0.25 mm ALUMINUM 

/

90 MICRON 
GOLD PLA TED 
TUNGS TEN WIRE 

65.5 mm 

~---------90mm----------~ 



TUBE END CAPS 

• Wire location controlled by precision CNC 
machining of end caps and the use of precision 
feedthroughs 

• Electrical components placed in a removable 
plug 

• Insure long term high voltage stability by 
potting electrical components and using robust 
high voltage connections 

• All unbalanced fast signals contained within a 
metallic shell 

• Assembly process automated wherever possible 
to reduce costs 

• Designed for mass production using low-cost, 
high-volume techniques including injection 
molding, extruding, and metal forming 

(see J. Thunborg's presentation) 

.. -
t) 
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ENDCAPQAQC 

• Verification of components as 
delivered. Most parts can be 
gauged. 

• Certification. of assembly process 

• All end caps are tested prior to 
shipping to the tube assembly site. 
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Drift Tube Parameters 

Maximum drift distance 
Maximum drift time 
Anode wire diameter 
Anode wire out of roundness 
Anode wire material 
Tension 
Maximum tube length 
Wire sag for longest tube 
Electrode separation 
Electrode width (aluminum strip) 
Electrode width (Noryl extrusion) 
Electrode centering 
Anode high voltage 
Electrode voltage 
Anode wire location precIsion 

relative to end-cap locating 
surfaces 

45 mm 
980 ns 

90 + 1 Jlm 
<4 % 

gold plated W 
980 ± 25 gm* 

8.8 m 
1.2 mm 

65.5 + 0.5 mm 
30.8 + 0.5 mm 

33.8 + 0.25 mm 
± 0.25 mm 

+ 6.0 k V to + 6.7 k V 
+ 6.0 k V to + 6.7 k V 

+ 0.02 mm ** 

Aluminum Extrusion Parameters 

Inner diameter 
Outer diameter 
Wall thickness 
Distance between the T's 
Tilt angle of the T's 
Tube twist in 9 m 

* Accepted pending further study 
**Design goal 

90.0 + 0.25 mm 
93.6 + 0.25 mm 

1.8 + 0.13 mm 
68.0 + 0.25 mm 

<3° 
<5° 

The tolerances have been reviewed and provisionally approved by the 
Tube Committee. 
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TOLERANCE ISSUES 

-Relating to single cell resolution 

• Electrode separation 

• Twist in the tubes 

• Tilt in the T's 

• Tension 

• Electrode width and placement 

• Electrode surface quality 

• Anode wire diameter 

• Anode wire placement relative to geometrical 
center of tube 

-Relating to Module Construction 

• Diameter of tube 

• Outer surface of tube must be smooth 

H. Lubatti 
Tube Construction Workshop 

January 15, 1993 



TUBE MANUFACTURING 
PLAN 

- Assembly at universities 
(Approximately 12,000 tubes at each site) 

-

• JAPAN 
• US - three or four sites 

1. Boston area (Brandeis, Harvard, Tufts) 
2. Seattle (U. of Washington) 
3 . University group to be named 

(three candidates) 
Selection of additional sites based on 
ability to develop fabrication procedures, 
QA controls and testing - final choice to be 
approved by Tube Committee 

Schedule 
• Will meet required module assembly schedule 

- QAQC 
• Validation of assembly sites by tube committee 

• Each university verifies gas, voltage and signal 
characteristics of tube before shipping - ship 
"as needed" 

H. Lubatti 
Tube Construction Workshop 
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TUBE FABRICATION 

- Prototype Tower Tubes 

• Two sites 

Boston (Brandeis, Harvard and Tufts) 

Seattle (U. of Washington) 

• Common' procedures and jigging being 
developed (see H. Guldenmann, H. Wellenstein 
and T. Zhao presentations) 

• Test equipment and facilities being developed 
(see H. Wellenstein and T. Zhao presentations) 

• QA procedures being developed 

• Interaction with future tube production sites 
occurring 

The fabrication of the prototype tower tubes will 
provide a test for manufacturing procedures and QA 
procedures. This experience will permit tuning of the 
process for final production. 

H. Lubatti 
Tube Construction Workshop 
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QUALITY ASSURANCE 
Each production site will have a quality 
assurance officer who will develop and 
maintain a Quality Assurance Program. 

Duties include: 

1. Establish a quality assurance program. 

2. Work with the task leader and other QA 
officers to develop and refine the quality 
standards. 

3. Provide training for the workers. 

4. Maintain documentation on acceptance 
criteria. 

TUBE PRODUCTION 

INSTITUTIONS 

Boston 
Univ. of Washington 
Japanese Group 

QA OFFICERS 

G. FeldmanlT. Mann 
T. Zhao 
S. Mori 
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QUALITY CONTROL 
CIRCUIT RIDER 

A quality control person will be 
designated to visit the tube production 
sites. 

• Verify that uniform production 
techniques are established and 
maintained. 

• Confirm that QAQC procedures 
are being followed. 

12 
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ENVIRONMENTAL SAFETY 
AND HEALTH 

Each tube production site will have 
an ES&H officer who will assure 
that the sse and the local institution 
ES&H rules are enforced. 

Th~ barrel system task leader is 
responsible for distributing the sse 
ES&H policies to each institution's 
ES&H officer, and verifying that 
local production sites have an ES&H 
program in place before work begins. 

1~ 
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TUBE COMMITTEE 

APPOINTED BY PROJECT MANAGER 

MEMBERS 

Y. Antipov 

S. Errede 

G. Feldman 

H. Lubatti 

S. Mori 

A. Skuja 

(Chair) 

INSTITUTIONS 
(SYSTEM) 

Protvino (F) 

U. Illinois (I) 

Harvard (B) 

U. Washington (B) 

Tsukuba Univ. (B) 

U. Maryland (F) 

B = Barrel 
I = Intermediate 

F = Forward 
H. Lubatti 
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CHARGE 
1. Specify the detailed tube designs 

that will be used in all regions of 
the muon system. Designs and 
specifications should include the 
extrusion, field shaping, and both 
end caps. 

2. Specify the tolerance for all tube 
parameters to be used in the muon 
system. These tolerances should 
include (but are not limited to) 
straightness, wire position, wire 
tension, gas seal, continuity, dark 
current, and length. 

3. Develop plans for tube production 
for the Supertower Project. This 
should include working with task 
leaders for each region of the 
detector to determine appropriate 
sites and schedules for tube 
production. 

continued 
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4. Review tube production, 
construction procedures, QAIQC 
procedures, logistic plans, shipping 
procedures, receiving procedures, 
and production schedules. 

5. The committee will submit reports, 
as necessary or requested, to the 
muon group and the technical board 
for review. 

1(' 
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REVIEW OF THE BARREL DRIFT TUBE DESIGN 

DESCRIPTION OF GAS MEASUREMENTS 

T. Zhao 

Tube Construction Workshop 
January 15, 1993 
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Review of the Barrel 
Drift Tube Design 

Tianchi Zhao 
University of Washington . 

Drift Tube Workshop 

Jan. 15, 1993 
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Basic Functions of the SDC Muon Detector: 

1. To identify a charged track as a muon 

2. To trigger on muons above a Pt threshold 

3. To provide a muon momentum measurement 
in conjunction with the inner tracker 

Technical Challenges 

The detector system has to be designed in such a way 
that a practical muon trigger can be established. 

High precision is required for measuring the 
momenta of extremely high energy muons. Our 
design goal of chamber position resolution is 200 
J..Lm per station. One half of it comes from the 
chamber module alignment and another half comes 
from the intrinsic resolution of chambers. This goal 
is extremely difficult to meet considering the 
unprecedented size of the detector. 

Reliability and safety are extremely important 
factors for such a large system which will be located 
in a underground experimental hall and cannot be 
accessed easily. 

The cost of the system is another major factor. 
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1 WIRE DRIFT LINE PLOT Plotted at 12:07:11 on 12/10/92. 

Particle ID= Electron *10 
Gas ID = AR-C02 602,602KV 
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Effects of Electrode Spacing Variation 

Electrode Spacing Ea Ed V comp td b.M 
(mm) (kV/cm) (V/cm) (V) (ns) 
65.5 103.2 979 0 842.8 
64.5 101.1 994 + 60 843.1 
66.5 105.3 963 - 60 842.6 
63.5 99.0 1,010 +120 843.5 
67.5 107.4 947 -120 842.5 

• Anode Voltage = 6.2 kV, Electrode Voltage = 6.2 kV. 

• The anode voltage variation needed in order to compensate 
the effect due to the variation of electrode spacing. 

• td is the drift time .starting 44 mm away from the anode. 

• b.M is the gas gain variation compared to the standard 
condition. 

Effects of Anode Location 

Xa" Ya Ea Ed tZeft tright 

(mm) (kV/cm) (V/cm) (-40mm) (+40mm) 
0,0 103.2 979 766.3 766.3 
-1 0 , 103.2 L: 986, R: 972 767.2 766.0 
-2 0 , 103.2 L: 994, R: 966 768.0 766.3 
0, 1 103.1 979 766.7 766.7 
0, 2 102.9 979 767.3 767.3 



The gas gain does not change if the anode is moved away from 
the geological center of the tube. The x-t correlation does not 
change by much either. The required tolerance for the anode 
wire centering is determined by the deflection of the wire due 
to electric static force. 

2:5 
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DISCUSSIONS OF TUBE DESIGN 

1. 90 mm tube ID 

This is imited by available space 
inside toroid. 

Maximum drift time is approximately 
equal to the time it takes to form 
calorimeter level 1 trigger. 

2. 90 micron anode wire. 

Mechanical stability is better for 
thicker wire. 

Tests show that the large diameter 
anode wire is ok for proportional 
mode operation. A small fraction of 
signals are in streamer mode. 

3. No intermediate wire supports. 

This simplifies alignment. 
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4. Wire sag is 1.2 mm tensioned at 
980 grams. This is about 70% of 
the wire breaking strength. 

5. Safe gas Ar-C02. 

Ar-C02 (typically 90:10) is very 
stable when the tube is operated 
in proportional mode. 

6. Operating 'voltage is adjustable 

V(anode) = 3000V + V(electrode)/2 



WIRE DRIFT LINE PLOT Plotted at 19.20:00 "n 20/10/92. 
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Summary of Tube Design 

Very simple design ensures reliability. 

Good uniform drift field. 

Electrode breaks down voltage > 8 kV. 

End caps break down voltage> 15 kV. 

Drift tube is fully functional. 

All companents are well shielded 
against RF noise. 

Amplifier/Discriminator can be placed 
insicle. the end plug if desired. 

Alignment references are built in. 

3 ·' .L 



In order to optimize the drift tube design, it is 
important to know the drift velocity as a 
function of electric field for Ar-C02 mixtures. 

It is also important to know the effect of gas 
pollutants. 

Published data for mixtures containing 8% to 
14% of C02 essentially do not exit. 

Several people have contributed to this work 
which originally started in the summer of 1991. 

Students: Nick Cabot 
Jesse Hersch 
Sing Han 

Visiting Scientist: Ying Chen 



We use a beta source (instead of a laser) because it is 
reliable and easy to use. Due to the finite size of the 
source and multiple scattering of low energy electrons, 
extra care has to be taken to design the source 
collimator. The drift velocity is given by 

where 0 is the distance between two chamber windows 
and t1 and t2 are measured drift time. The width of the 
time distribution is only about 20 ns. Two thousand good 
triggers are accumulated over 2-3 minutes of time. 
There are 68 measurements needed to complete one 
curve. 

Existing data only cover from a few hundred to about 
2000 V/cm. We want to extend this range as much as 
possible. Our specially designed drift cell measures 
drift velocity from 50 V/cm to 5.75 kV/cm. It is difficult 
to operate a drift cell at very high field. The field 
shaping electrodes have to be carefully designed. 

The gas mixing system is also important. Our low cost 
gas mixing system (MKS Mass Flow Controller) is only 
accurate to 10/0. But its repeatability is good to 0.2%. 
Calibrations are carefully made to ensure the settings 
are accurate. 

The front end electronics are a Fujitsu preamplifer card 
and Nanometric amplifier/discriminator card. The wire 
signal goes to LeCroy TOC 2277. The start signal is 
provided by a small scintillating counter. 
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Ground 

Sr 90 source 

Anode wire 

\ I 
I 

v - D 

t 1 - t2 

'\ 
~ 

\ -- • -HV 
o t o -8200V 

-
start counter 

This d1agram shows the cross section of a spe1cally 
constructed dri ft ce 11 for m easuri n'g the dri ft ve 1 oc 1ty 
as a function of electric field. Closely spaced field 
shaping plates define electric potential along the 
d r i f t path. Thin t e f 1 on p 1 ate s pro v i de ins u 1 at i on between 
field shaping plates. 

The drift cell is mounted on a precision stage which 
moves in the hor1zontal direction. The Sr9Q source and 
the start counter are fixed. 
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SDC Muon Chamber Prototype 
Cosmic Ray Test 
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Trigger S~intillator 

TragetTube 

If all tube are same resolution 
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SDC MUON TES-r -- Brookhaven National Lab. July -1992 
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Efficiency TC6 Wcut=30nsec 
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Worksheet1 

Run Number Tube HV Resolution BW 
Anode Electrode 

2246 TC5 6.05 6.00 202 Full 
2275 TC5 6.05 6.00 201 Full 

2246 TC6 5.60 5.60 223 Full 
2275 TC6 5.60 5.60 206 Full 

'.::::::":'.,,,.,,.,, .".:.:, .. ", 



Summaty 

-~ Qoop..'Wft fo~<tO.", 
't. ! 2.QeV Pic" 

oNe S'8"1~;c:. .. "i:. Ditfeten c.e : 

• Si,n ... ' Propa., .. +iOt\ LeW\t+h 
) Q-.s 1= 'O~ R-.+e 
J l"~icle"t. An~ l~ 

• U V Pho~oY\ ,~ not p..-o b 'cawn 
if we. cne H.,\\ ca~Y\ ASO. 
~ 

Ve .. y Senf&,+,ue +o~ Noise. 
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END CAP DESIGN GOALS 

I. ACCURATELY LOCATE THE ANODE WIRE 
WITH RESPECT TO REFERENCE SURFACES ON 
THE CNC MILLED END PLATES 

II. INSURE LONG TERM HIGH VOLTAGE 
STABILITY BY POTTING ELECTRONICS AND 
USING ROBUST HIGH VOLTAGE 
CONNECTIONS 

III. REDUCE SIGNAL NOISE BY SURROUNDING 
ALL ELECTRICAL COMPONENTS IN METAL 
SHELLS THAT ARE GROUNDED TO EACH 
OTHER USING· SOLID MECHANICAL 
FASTENING TECHNIQUES . 

IV. REDUCE ARGON - C02 GAS CONTAMINATION 
BY USING GAS TIGHT SEALS WHEREVER 
POSSIBLE 

V. INCORPORATE LOW COST, HIGH VOLUME 
MASS PRODUCTION TECHNIQUES TO REDUCE 
COSTS 

oJ 



UNCERTAINTY RELATED TO END CAP 
MANUFACTURING 

FLAT END BOSS END 

WIRE CENTER RELATNE TO 
SAPPIDRE CENTER 

SAPPmRE CONCENTRIC TO 
FEED1HROUGH REFERENCE 
SURFACE 

13Jlm 13Jlm 

FEEDTHROUGH HOLE CONCENTRIC 1 3 Jl m 1 3 Jl m 
TO CENTERLINE OF THE END CAP 
REFERENCE SURFACES 

UNCERTAINTY RELATED TO THE 
INSTALLATION OF THE END CAPS ON 

THE TUBES 

FLATEND BOSSEND 

LEVER ARM MULTIPLICATION 6 Jl m 
OF ANGULAR MISFIT TO TUBE 

LEVER ARM MULTIPLICATION 6 Jl m 
OF ANGULAR ERROR IN FACING 
OFF TUBE 

LEVER ARM MULTIPLICATION 1 0 Jl m 12Jlm 
OF THE ANGLE OF THE TUBE END 
AS INSTALLED IN MODULE 

RMS UNCERTAINTY 23 Jl m 
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I. ACCURATELY LOCATE THE ANODE WIRE 
WITH RESPECT TO REFERENCE SURFACES ON 
THE CNC MILLED END PLATES 

1 . Feedthrough 

a) The 90 Jlm anode wire is positioned by a 95 
- 100 Jlm hole in the feedthrough sapphire. 

b) The hole in the sapphire is concentric to the 
feedthrough reference surface to 13 Jlm. 

2. End Cap Machining 

a) The end cap reference surfaces and the 
feedthrough hole are machined on the same 
setup, insuring that the feedthrough hole is 
concentric to the centerline of the end cap 
reference surfaces to 13 Jlm. 

b) The feedthrough holes and the reference 
surfaces of the end caps are machined using 
a fixture that orients them by seating them 
against their machined shoulders as they 
would be when seated against the face of 
the aluminum extrusion. This step is 
necessary to insure that position errors due 
to the lever arm between the pivot point on 
the CNC milled end plate features and the 
sapphire guide which positions the wires 
does not exceed 8 Jlm. 



3. Positioning errors during tube assembly 

a) The tube ends are bored out and faced off 
while the tube is held straight. Machining 
of the tube faces is critical because they 
engage with the shoulder machined on the 
end caps and thus determine their angular 
orientation. The tube face will be machined 
to within 13 J.lm of the axis normal to the 
axis of the tube. This insures that the anode 
wire position error due to angular 
misalignment will be less than 8 J,.lm. 

b) The tubes should be held straight when they 
are installed in the modules to reduce the 
anode wire position error due to lever arm 
multiplication of the angle of the tube end. 
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II. INSURE LONG TERM HIGH VOLTAGE 
STABILITY BY POTTING ELECTRONICS AND 
USING ROBUST HIGH VOLTAGE 
CONNECTIONS 

1 . High Voltage Contact 

a) High voltage contact springs are gold plated 
to provide excellent electrical contact with 
the field shaping electrodes and high 
voltage feedthrough pins. 

b) High voltage contact springs are not 
exposed to inside of drift cell. 

c) High: voltage contact springs are screwed 
into gold plated high voltage feedthrough 
pins that are molded into the plastic 
injection molding. 

d) Commercially available gold plated socket 
connectors insure electrical contact between 
the high voltage plug and the high voltage 
feedthrough pins. 

2. Long Term High Voltage Stability 

a) All high voltage connections are surrounded 
by good dielectric. 

NORYL 
VOLUME RESISTIVITY 1015 OHM-cm 
DIELECTRIC STRENGTH 25 kV/mm 

t'l '. ' 
(0 



b) Electrical plugs are potted for long term 
high voltage stability. 

Resin Technology, Inc. 
OXY - CAST 607: 
DIELECTRIC STRENGTH 18 kV/mm 

to·, ., 
f\) 



III. REDUCE SIGNAL NOISE BY SURROUNDING 
ALL ELECTRICAL COMPONENTS IN METAL 
SHELLS THAT ARE GROUNDED TO EACH 
OTHER USING SOLID MECHANICAL 
FASTENING TECHNIQUES 

1 . All electrical components are surrounded by 
metal shells. 

a) Metal shells have overlapping joints. 

b) Large ground plane on signal electrical 
card. 

2. All metal parts are grounded to each other using 
solid mechanical fastening techniques. 

a) End cap is connected to tube by thermal 
interference fit. 

b) All aluminum surfaces are allodyned for 
electrical conductivity including aluminum 
rivets. 

c) Iron magnetic shieldlbracket is tin plated. 

to,' ... , 
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IV. REDUCE ARGON - C02 GAS CONTAMINATION 
BY USING GAS TIGHT SEALS WHEREVER 
POSSIBLE 

1. An o-ring was added to provide a gas tight seal 
between the drift cell tube and the plastic 
injection molding. 

a) eliminates need for gas tight epoxy seal 
between plastic injection molding and end 
cap shell. 

2. Thermal inserts are molded into plastic injection 
molding. 

a) Gas fitting. 

b) High voltage feedthroughs (H.V. end only). 

3. The anode wire feedthrough is press fitted into 
the plastic injection molding. 

a) Leak tests at the press fit and at the crimp 
tube have not been done to date. 

'i'J 
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V. INCORPORATE LOW COST, HIGH VOLUME 
MASS PRODUCTION TECHNIQUES TO REDUCE 
COSTS 

1. The current end cap design incorporates low cost, 
high volume mass production techniques such as 
injection molding, metal forming and extruding. 

a) High voltage end cap (flat end) 
Material cost = $10.47 

b) Signal end cap (boss end) 
Material cost = $8.94 

2. We are currently trying to automate the assembly 
process wherever possible to reduce assembly 
labor costs. 

a) Current labor estimates range from 
$15.04/cell - $16.37/cell. 
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~ sse LABORATORY 
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ENDCAPQAQC 

• Verification of components as 
delivered. Most parts can be 
gauged. 

• Certification of assembly process 

• All end caps are tested at SSC Muon 
Lab prior to shipping io tube 
assembly site. 

8 ( .... 
b 

H. Lubatti 
DOE Review 

October 27, 1992 



STUDIES OF NORYL OUTGASSING EFFECTS 

W. Dougherty 

Tube Construction Workshop 
January 15, 1993 
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GENERAL TOOLING DESIGN 

H. Guldenmann 

Tube Construction Workshop 
January 15, 1993 
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"ZIP MOBILE" 

Electrode Installation Tube 

This tool is designed to snap 
the two electrodes in place in 

• one operation. 

H. Guldenmann 
Tube Construction Workshop 

January 15. 1993 



ELECTRODE INST ALLA TION TOOL 



TUBE END 
MACHINING TOOL 

Tool has 4 high-
speed steel inserts: 2 Boring 

1 Facing 
1 Chamfering 45 0 

Tool leaves a clean and smooth cut 
which does not need deburring. 

lOU 

H. Guldenmann 
Tube Construction Workshop 

January 15. 1993 



II 

-- FACING BIT 

---SET SCREWS 

TUBE END MACHINING TOOL 
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TUBE ROUNDING PLUG 

- This is an expansion plug 
to be inserted into the tube 

- Provides rigidity when 
machining the end and 
insures a good and 
shatter-free finish 

10~ 

H. Guldenmann 
Tube Construction Workshop 

January 15, 1993 
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ELECTRODE TRIMMING 
TOOL 

Tool is designed to 
without need for 
additional cleaning 

cut electrode 
deburring or 

TUBE END CLAMP 

The clamp is used to hold the tube for 
machining and subsequently to hold the 
tube when the end caps are inserted 

lOu 

H. Guldenmann 
Tube Construction Workshop 

January 15. 1993 



ELECTRODE TRIMMING TOOL 
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GENERAL TOOLING DESIGN 

R. Davisson 

Tube Construction Workshop 
January 15, 1993 



"ANT LION" 

Tube Clamp 

• Holds tube firm and round for 
chatter-free machining. 

• Multiple clamps can be used to 
insure straightness of tube. 

• Air activated for quick and easy 
operation. 

• Withdraws completely below work 
surface when not in use for 
unobstructed handling of tube. 

110 
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PROTOTYPE TUBE CONSTRUCTION 

BOSTON EFFORT 

H. Wellenstein 

Tube Construction Workshop 
January 15, 1993 
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Boston Tube Production 
Assembly and Testing 

Brandeis: 

J. Bensinger 
L. Kirsch 
H. Wellenstein 

Harvard: 

Tufts: 

G. Brandenburg 
G. Feldman 
E. Sadowski 

T. Mann 
R. Milburn 
L. McMaster 

H. Wellenstein 
Tube Construction Workshop 

January 15, 1993 
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I Boss-End I 
TUBE ASSEMBLY SIDE VIEW I I Flat-End I 

6-Jaw Chuck 

Stop~ 

huck 

Platfonn 
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I Boss-End I 

Wire Clam 
Wire Dispenser 

End Cap Inserter 

TUBE ASSEMBLY Top VIEW I I Flat-End I 

dHea1 Clamps 
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I Boss-End I 
TUBE ASSEMBLY SIDE VIEW II I Flat-End I 
~top 

6-Jaw Chuck 

C:;;==~~~--Temporary Zip 
Mobile Track 



I Boss-End I 

Plug to Hold Field 
Shaping Boards 

TUBE ASSEMBLY Top VIEW II I Flat-End I 

Field Shaping Boards 



I Boss-End I TUBE ASSEMBLY Top VIEW III I Flat-End I 

End Cap Inserter 

Field Shaping Boards 



Variable Torque Brake 
1 to 14 ounce inches 

WIRE DISPENSER 



I Boss-End I TUBE ASSEMBLY Top VIEW IV I Flat-End I 

Wire '-UUJ,l~ 
Wire Tension De] 

End Cap Inserter 

Field Shaping Boards 

End Cap Holder 
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END CAP INSERTION 
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~ clamp temp 
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Control 
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I Boss-End I TUBE ASSEMBLY Top VIEW V I Flat-End I 

Heat Clamps 

I 
Wire Dispenser 

.••.••• .1-------1---\ \--..f------f. . •.•... 
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End Cap Inserter 
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AUTOMATIC CRIMPER 

Muon Tube 
End Cap 

Motor 
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I Boss-End I TUBE TESTING STATION 
(LAYOUT) 

Muon Tube 
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I Flat-End I 
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Proposed Leak Test Standard per 
End Cap: 

1 x 10-3 torr · liter/sec 

=> Insignificant loss of Ar-C02 

=> 100 ppm/day 

=> 0.6%/month 

02 - poisoning 

N2 - contamination 

H. Wellenstein 
Tube Construction Workshop 

13 ~J January 15, 1993 
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Mamometer 
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Pump 
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¥ Seals gas inlet 

End Cap 
(Flat End) 

~p = 

Gas inlet 

Tube 

10-3 t • lIs X 30s 
0.15l 

0.2 torr in 30 sec 



j~--·J:-:~tj-~LI=[I-'t~+·-l-"W-+--i. .. '--.--·'~·--t_:L.!LI-±i ... --"~-+-+.~t' ".~-tt±. -':··,J
1

" i '1'-+li.1 1/· 
-1-- .. J,"~.[!--I-I- ~,." .. ~--- ,.-+-.l-t-J-t- ,1-. -1- -U-L . .1- 1 I.. I I 

! : 
-I 

I 
-' 

_I 

_0. 

STEfl. STOc.tt 
,~~~~ S~R~4CE) 

C.AIr 

" 'E"~~ c.o"~r6UI 

'I 

i i 

i i 



. 
j 
~ .. 
tl>-. 
f'..:-

I , 
!. 
. 
!-. 
I , 
'1 , 
.j 

; 
! 
f-
i 

. 
i 

I 
! 

.1 

1-
i 

! •. 

100 __ . 

i· 

,. 
,. 

. ' --. _. 

• 

, 

or" . 
; .-

... 
! 
i 

., : 

! _ J 

.. 

: 

H.OOl> (FLAT ENb)- .srt>f 

'.' . 
;. 

.otr 

.~ . 

:. FJ:1)VC.Iti. \v~
:t NSfRT,£ . 

".! .. " 

vr~w 

-. 

PIN 

" 



~--Hoo't) 

X-¥y rrLM 

A/- U-c..HANNEL 

14J 



1.0,-------------------------------------------~ 
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0 
UJ 
.!!! 
E 0.6 UJ 
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as .. .... - 0.4 as 
C D 0.005cmW 
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as 
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x-Ray Energy (keV) 

Figure n.H-I. Transmission of x-rays. 
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(Xh, Yh) 

I (Xw(n), Yw(n)) 
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I 
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X-ray film 

.\ 
Xf 

, 
I 

~Xf + Xs(n), 0) X 

X = m(n)y + ben); n = ',2,3 

m(n) Xw(n) - Xs(n) - Xf 
Yw(n) 

b(n) = Xs(n) + Xf 

Xf=} Xh = f (Xw(n), Yw(n), Xs(n» 
Yh = 

14'; 



Status of Boston's Assemblv and Test Stations - .. 

Assembly Table and Tracks: 

Zip Mobile: 

Wire Dispenser: 

Heat Clamp: 

Wire Tensioner: 

Automatic Crimper: 

Test Table and Tracks: 

Tension 

Leak 

Wire Position (X-ray) 

148 

Model, Machine drawings, 
Parts on order 

Seattle, Jan. ??? 

Mac hine drawings 

Prototype tested in Aug '92 
Three in shop 

Prototype works, 
Writing software 

Concept, Drawing 

95% Complete 

F.F.Tr. works 

Prototype works 

Complete 

H. Wellenstein 
Tube Construction Workshop 

January 15. 1993 



PROTOTYPE TUBE CONSTRUCTION 

SEA TTLE EFFORT 

T. Zhao 

Tube Construction Workshop 
January 15, 1993 

14J 



Seattle Effort 

Drift Tube Production for 
Muon Prototype Tower 

Tianchi Zhao 
University of Washington 

Drift Tube Workshop 

Jan. 15, 1993 
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STORACE 
CABINET 

ELECTRODE CUTTING/ 
I~'STALUNG BENCH 

ELECTROlae RACK 
(SIGNAL END) 

CLEAN FWOM FLOOR PLAN 
I Inch = 5 feet 

PRE-ASSEMBLY TUBES (4 SHELVES) 

~----- EIID CAP INSERTION/ 
WIRE INSTALLATION STATION 

ASSEMBLED/TESTED TUBES 112 SHELVES' 

1------------------------41' -6.00·-------------------------1 

U' -



TUNGSTEN WIRE 

BASE PLATE 

TUBE END CLAMP 

TUBE END HEA TER 

END CAP POSITIONER/INSERTER 

ALIGNMENT ROO 

WIRE INS T ALLA TIONI 
END CAP INSERTION PLAN 

WIRE CLAMP 

REMOVABLE PULLEYS 

WIRE TENSIONING DEVICE 



Tube Production Flow 

1. Bring in 30 - 40 tubes into the clean room. 

2. cutting electrodes to length for these tubes. 

3. Installing electrodes in all these tubes on a electrode 
installation bench. 

4. Testing Noryl insulation of the installed electrodes. 

5. Moving one tube at a time to assemble table. 

6. Assemble one tube: 
Stringing anode wire 
Inserting the two end caps 
Tensioning and crimping the wire 

7. Moving the completed tube to test station. 

8. Moving the test tube to storage in clean room. 

9. Moving all the tested tube out of the clean room to 
the shipping box. 

153 



UNIVERSITY ACTIVITIES 

OHIO EFFORT 

L. Durkin 

Tube Construction Workshop 
January 15, 1993 
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UNIVERSITY ACTIVITIES 

COLORADO EFFORT 

U. Nauenberg 

Tube Construction Workshop 
January 15. 1993 
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UW\VE.RSl1'Y OF :t: LLINOIS 

Raw Materials Needed for IW Prototype Module ======~== __ =_e= __ == ___ •• _ •• ___ --_____________ _ 

D.Et~REOE' 
~UJI'S 
f. Coc.SlOtIJ.. 
't LI~S 

* 600 cut tubes, 3000m total len9th (6063 T5 Aluminum) 
300 

* 6000m 
11 3000m 
1t 1200 

raw tubes, (10m nom. lenqth) 
Noryl EN-laS Al-electrode co-extrusion material 
90um diameter Au-W wire 
tube end-cap assemblies 

Tooling & Jigs Needed for IW Prototype Tube Fabrication 

Tube extrusion QA test stand , specialty tools - raw uncut tubes 
Tube cutting & length measuring system 
Tube end finishing (boring) machine & specialty tools 

* Tuba.sleaDing & alod~ninq . 
* Tube QA test stand , spec~alty tools - f~nal length cut tubes 
* Tube wire stringing & assy station(s) 
* Tube QA wire tension measurement system 
* Tube QA g~s leak test stand 
* Tube QA HV test stand 
* Tube storage facility 
* Tube shipp~ng containers 

18i. 
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3 10 28.%3 -3112.8 7931.7 3172.8 1931.7 6345.1 ---------------------------------------------_._---------------------------------
tube lyr nlyr theto(deq) 

50 
51 
52 
53 
S4 
S5 
56 
57 
56 
59 

3 
3 
3 
3 
3 
3 
3 
3 
3 
3 

11 
12 
13 
H 
IS 
16 
11 
16 
19 
20 

Zl.94 
27.65 
2'7.36 
27.01 
26.7a 
26.48 
26.18 
25. El'9 
25.59 
25.29 

-3133.4 
-3093.9 
-3054.5 
-3015.0 
-2975.6 
-2936.1 
-26906.1 
-2851.2 
-2811.8 
-2118.3 

lW2 theta, ~ayer 4, z- 14870.2: 

tube lyr nlyr ~heta(deg) 

60 
61 
62 
63 
64 
65 
66 
67 
68 
U 

.r:I 
4 
~ 
4 

" .. 
4 
4 .. .. 

1 
2 
~ .. 
5 
6 
1 
B 
go 

10 

30.61 
30.34 
30,.06 
29.78 
29.50 
29.22 
2'3.94 
28 .. 66 
28 .. 37 
28.0~ 

tube lyr nlyr th.ta(deg) 

10 
11 
12 
73 
14 
15 
76 
71 
78 

4 .. 
4 

" .. 
4 
<4 
4 .. 

11 
12 
13 
14 
15 
lfi 
17 
18 
19 

lW2 theta: <!one 

21.'80 
2'7.5l 
2'.22 
26.92 
26.63 
26.33 
26.64 
25.1-\ 
25.44 

total f tubes 
, tubas. layer 

layer 
layer 
layer 

. 
.......... " ...... k 

II 

" .. 
length 

-3531.6 
-3491.9 
-3452.2 
-3412.5 
-3312.8 
-3333.1 
-3293.4-
-3253.1 
-3214.<1 
-3174.3 

xl 

-3134.5 
-3094.9 
-3055.2 
-3015.5 
-2915.8 
-2936.1 
-2896.4 
-2856.1 
-21517.0 

1 -
2 -
3 -" -

yl 

1836 •• 
l1U.Z 
76<16.ll 
7550.1 
1455.5 
136D.Z 
1265.0 
H69.S 
'7014.5 
69'79.3 

yl 

8191.9 
87.02.1 
860-6.2 
8510.J 
8414.5 
831;8.6 
8222.6 
8125.9 
8031.1 
193~.2 

yl 

1839.4 
7143.5 
1GiI'.' 
1551.8 
1455.9 
1360.1 

'7264.2 
1166 ... 
7012.5 

'8 
20 
19 
20 
19 

490185.7 

IW_PHI: phl tub •• ~ctant 1. lQg1cal laye~ •• 

oct.l inner wall yl 
oct.1 l~r wall y2 
tube ld 
tube-od 
bw3 Id 
bw~tube cleax6nce 
bw3:bottOm-plate 
bw3 s.1de p~-ate 
bw3:layer_3pacing 
bw3 layer clearallce 
interstitIal_plate 

x% 

3133.4 
3093.9 
3054.5 
3015.0 
2975.6 
2936.1 
289t)."1 
2851.2 
2811.8 
2178.3 

x2 

353l.6 
3491.9 
3452.2 
3UZ.5 
3312.8 
3333.1 
3293.4 
3253.1 
3214.0 
3114.3 

3134.6 
3094.' 
JG55.2 
3015.5 
2~75.8 
2936.1 
2-896.40 
285G.l 
2811.0 

9787.0 
6871.0 

90.0 
93.6 

9901.0 
0.5 

19.0 
19.0 
96.0 
0.5 
1.6 

y2 

1836.4 
1111.2 
76416.0 
1550.7 
1455.5 
1360.2 
1265.0 
7169.8 
7014.5 
6919.3 

y2 

8791.9 
8702.1 
8606.2 
8S10.3 
8414.5 
8.318.6 
8222.8 
11126.' 
8031.1 
7935.2 

y2 

1839.4 
7743.5 
7647.6 
7551.8 
1455.9 
1360.1 
12H.2 
1168.4 
7072.5 

length 

6%66.8 
6187.9 
6109.0 
6030.1 
5951.2 
5872.3 
5193.4 
5114.5 
5635.6 
5556.7 

lengt;h 

7063.3 
6983.:9 
6'04.5 
6825.1 
6145.7 
6'ti6.2 
t5586 • .IJ 
6501.' 
6428.{) 
'34a.~ 

length 

'6269.2 
HU.S 
6110.4 
6031.0 
.5951.6 
5872.1 
5192.1 
5113.3 
5633.9 

1l-SEP-92 

10-S£P-92 



IW3 phi. logical layer 1: --------------------_._------_._------------------------~---
tube iyr nlyr pbi(deg) xl yl x2 y2 .lengttl -------------------------------------_._------------_ .... _---------

1 1 1 1l2.11 -.397S.1 9181 .• 0 -2190.1 6811.0 3141.3 
2 1 2 111.64 -3882.7 9"181.0 -2125.9 6811.0 3137.1 
3 1 3 111.11 -3790.3 9781.0 -2661.0 '871.<1 3121.0 
4 1 4 110.70 -3691.9 9781.0 -259~.1 nll.o 3111.2 
5 1 5 110.22 -3605.5 9'181.<1 -2531.3 $811.<1 3107.6 
6 1 6 109.15 -3513.1 9'1.81 • .0 -2466.4 6811.0 3098.2 
1 1 '1 109.27 -342Q.7 97B7.-o -2'101.5 f;811.0 30S9.0 
a 1 8 10S.18 -3328.3 9781.0 -2336.7 6871.0 3080.0 
9 1 9 108.30 -3235.9 9701.0 -2271.8 6971.0 3071.3 -----------------------------------------------------------------.---------

tube lyr nlyr phi (deg) :xl yl x2 y~ length 

---------------------------------------------------------------------------------10 1 10 107.81 -3143.5 9797.0 -2206.9 6871.0 3062.7 
11 1 11 107.32 -3051.1 97£17.0 -2142.1 6871.0 3054.4 
12 1 12 106.62 -~95a.1 9797.0 -2011.2 6871.0 3046.3 
13 1 13 106.32 -2866.3 9797.0 -2012.3 6811.0 3030.5 
14 1 14 105.82 -2113.9 9187.0 -1941.4 6871.0 3030.9 
15 1 15 105.32 -2681.5 9187.0 -1882.6 6811.0 _"023.5 
1S 1 16 104.1l2 -2589.1 9181.0 -If:lll.1 6871.0 JOH.3 
11 ! 11 104.31 -2496.1 9181.0 -1152.8 06871.0 3009.4 
18 1 U 103.60 -2.04.3 9191.0 -1688.0 6811.0 3(102. '1 
19 1 19 103.29 -2311..9 9181.0 -1623.1 -6811.0 2996.3 -----_._--------------------------------------------------_ ....... _-----------

tube lyr lllyr phl(degt xl yl x2 y2 len9th -------------------_._-------------------------------------------------_._------
20 1 20 102.76 -221'.5 9781.0 -155B.2 6911.0 :!990.0 
21 1 21 102.26 -2121.1 9781.0 -H93.4 6911.0 ~9B4.1 
22 1 22 101.74 -2034.7 9701.0 -H28.S 6871.0 2978.4 
23 1 23 101. 23 -1942.4 9797.0 -1363.6 6871.0 2972.9 
24 1 24 100.10 -1650.0 9787,0 -1298.8 6871.0 ?961.6 
25 1 25 100.18 -1'/5"1.6 97S7 .0 -1133.9 6871.0 2962.G 
26 1 26 99.66 -1665.2 97S7.0 -1l6S.0 6871.0 2957.9 
21 1 <=1 99.13 -1572.8 9787.0 -lle •. 2 6871.0 2953.4 
28 1 28 . 98.60 -1480.4 9787.0 -1039.3 6871.0 2949.2 
2~ 1 29 96.07 -1388.0 9797.0 -314.4 6871.0 2945.2 

--------------------------------------------------------------------------------tuba 1yr nlyr phi (deg) "lt1 yl x2 y2 length 
--------------------------------------------------~-------------------------

30 1 30 97.54 -1295.6 9781.0 -909.6 6811.0 29-11.4 
31 1 31 97.01 -12IlJ.2 9761.0 -844."1 6811.0 2930.0 
32 1 32 96.48 -1110.e 9787.0 -179.8 6811.0 2934.7 
33 1 33 95.94 -1018.4 97<11.0 -115.0 6871.0 2931.7 
34 1 34- 95.40 -926.0 9181.() -650.1 6811.0 2929.0 
35 1 35 94.91 -S33.6 9781.0 -585.2 6G71.0 2926.6 
36 1 36 94. J3 -141.2 9197.0 -520.3 6871.0 2924." 
37 1 37 93.19 -648.8 !H81.0 -455.5 6871.0 2922.4 
38 1 38 93.25 -SSfi.4 9181.0 -390.6 6S71.0 2920.1 
39 1 39 92.71 -464.0 978'1.0 -325. , 6871.0 2919.3 

----------------------------------------------------------------------------------tub. lyr nlyr phl(deg) xl yl x2 y2 length 

-------------_._----------------------------------------------------------------
40 1 40 92.11 -371. 6 9787.0 -260.9 6871.0 2918.1 
41 1 41 91.63 -279.2 9187.0 -196.0 6871.0 2911.2 
42 1 42 91.09 -186.11 9187.0 -131.1 6871.0 2916.S 
43 1 43 90.55 -94.4 9787.0 -65.3 61171.0 2916 .1 
44 1 44 90.01 -2.0 9187.0 -1.4 6811.0 2916.0 
45 1 45 89.47 9G.4 91S7.0 (;3.5 6811.0 2916.1 
45 1 46 88.93 182.9 9187.0 128.3 6811.0 2916.5 
41 1 47 88.39 275.2 91(11.0 193.2 U11 .0 2911.2 
.fa 1 49 S1.85 367.6 9187.0 258.1 6811.0 2918.1 
49 1 49 87.31 460.0 9"Un.O J22.9 6811.0 2919.2 

----------------------------------------------------------------------------------w 

1
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00 
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A Novel High Sensitivity Tension Monitor 

by 

S. Czellar and L. Guray 

I. Relatjon Between Tension and Resonant FrEQuencv • 

There is a relationship between tension (T) in a wire 
and its resonance oscillation frequency (vo) 

p = density of ~'ire 

S = crossection of wire 

1 = len.gth of wire 

n = nth harmonic 

ll. Some Aspects Qf DC and AC Electric Circuits 

a. Let us assume that there is a time dependent 
potential difference V = Vo (1 + sin21tVt) betw'een 
a conducting wire and conducting plane. 

) 

v 
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Due to the po~entia1 difference a periodic force 

F(t) .a V(t)' 
will develop betwe€Il the wire and plate system 
with peak force frequency v. In our case the 
conducting wire is located between the two 
shaping electrode, thus in the absence of sagging 
there Is no net force. To use the small 
symmeoy breaking requires a very sensitive 
capacity change detector. 

b. In a parallel LC circuit the impedance Z, as 
function of frequency, exhibits a resonance shape 
as sho\vn below. 

If the resonance is sharp, a small variation in C 
can cause a large variation in Z. 



III. General CQrnQonents Qf lVire Tension rvrQnitors 

a. The Driver 

The device which creates the forced oscillation of the 
\vire with some frequency y is called the driver. In 
our case the driver is a high voltage (100 volts < Vo < 
1000 volts) sinusoidal voltage generator. 

b. The Frequency Detector 

Actually the period of the signal is measured and 
displayed. 

c. The Sensor 

The sensor is the device \vhich measures, as ftinction 
of v, the amplitude response of the tensioned wire in 
forced oscillation. 

R 
v@ (, 

L. 
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v. Description of t.he Sensor 

( JV\ V!Y!) ~ lCrl\ L~ f'( ~')O"\O.J~L~ c..t tY(.u.i t ) 
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Front Panel 

Camac GD!!3 Address 

I 
pr16669 GPIB Address 

110 1 
• Start Timel , 

2232 N 

B'[22 
OAC Startlnq Value .' '.,,'. '" 

OAC value. 
] 0.11540 J [1620 } 

OAC N OAC Step Size Number or OAC Steps 

BI16J8'I4 q :1 ~ho] 

1[3:24 PM 

. , . I 

PrQI~rl?ss i 

1.0 -

0.8-

0.6 -



VI. Results 

We measured 7 tubes 

5 tubes gave close results vo = 14.7 Hz ± i.a.% 

1 tube was defective v - 22 Hz 
It gave a very large signal indicating lack of 
symmetry. 

1 tube was bad, no contact with the anode wire, 
or anode \vire is. broken close to the crimp. 

VII. fyture Plans 

1. Test the mechanical excitation of single tubes. (tto·'t\.c) 

2. Computerize the frequency sweep control and the 
demodulated amplitude readout. 

3. Merge the system \vith the C~ HV unit. (K S K - 1 t t.., ) 
elf. -P~olrl.d.L -\~t- j\tt~~ .w\){ ~\Pt\-hrt ~ 
VIII •. Recommendations (5) ~u. Ut'llt 

Instrument at least 10% for continuous monitoring. 
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13 January 1993 

Sample SDC Muon Extrusion Properties 

Duncan L. Carlsmith 
Univer&ity 0/ Wucomin 

The geometrical properties of 20 nine meter tubes were measured with a 
micrometer. The tubes come from !vlideast Al and will be used in a 16-cell 
prototype IW module to study 4.5 degree installation. The measurements 
included: 

• Wall thickness at four points on each end. 

• Outer diameter every 45 degrees at 5 locations along Ithe length. 

• Separation between edges of T's at each end. 

• Twist angle of line between T stems. 

The tubes are found to be randomly oval shaped and systematicly twisted. 
The T-separation fluctuations are largely a result of the oval shape. Other 
QA problems identified were: 

• One tube contained a kink of order 5 mrad. 

• Sever~~tbe surfaces contained strings of solid bubble-like warts sev
eral mm in diameter and a fraction of a mm in height. (f) 

• The alignment groove faded out near the ends of several tubes. 

"" Co! ~~. J.vv 
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