8
Page 9 of 9
Tests on production gluing5.doc

Tests on mass production assembly techniques for bonding VPT’s to crystals

Introduction

In the production of calorimeter modules for the CMS end cap, some 10,000 adhesive joins must be made between the PbWO4 crystals and the VPT detectors.  In each of these joins, the VPT must be centrally positioned, square and have a uniform but thin coating of adhesive which is optically clear and has no bubbles. 

In order to test the viability of the assembly of these joints on a production line scale, a commercial adhesive dispensing system has been investigated.  This note describes initial tests carried on two candidate adhesives using this system. 

The adhesives had very different characteristics, one, Dow 3145 RTV being a very viscous material which dried quickly (app 2 hours), on contact with the moisture in air. The other, Sylgard, was a 2 component adhesive of low viscosity which dries slowly (app 24 hours).

Method

The adhesive dispenser

The dispensing system chosen was an EFD1500XL
 dispenser. This consisted of a digitally controlled pneumatically driven syringe with selectable nozzles. 

The syringe was foot pedal operated and could be digitally controlled to an accuracy of (50 μs for a range of 0.001 to 99.9 s.

Drive pressure was supplied by a compressed air line and a vacuum line could have been attached if necessary to allow very low viscosity fluids to be handled. A photograph of the system taken from the manufacturer's catalogue is shown in Fig. 2
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Figure 1 Picture of an EFD adhesive dispensing system (Taken from catalogue) 

Sample preparation

Test samples were made up from glass discs 22 mm in diameter cut from nominally 0.9 mm thick microscope slides (25 mm would have been preferable but the MS sides were only 26 mm wide). Circular samples were used so that the lip of adhesive at the edge of the sample could be investigated. The samples were cut by scribing circles on the glass using a diamond glass cutter mounted on a pedestal drill (it was turned slowly by hand), and snapping off the excess glass. It was found that scribing under paraffin aided clean braking of the glass. 

The samples were cleaned using our standard cleaning procedure

Ethanol – water – Decon 90 solution – water – water -air dry

Thickness of samples

In order to determine the final thickness of the adhesive bond, the glass disks were measured at 5 points (N, E, S, W and centre), with a digital micrometer. The results are shown in table 1. The glass was found to be flat with a mean error typically less than 1 μm.

Disc
N
E
S
W
centre
mean
error

D1
0.934
0.935
0.935
0.934
0.934
0.9344
0.0002

D2
0.937
0.94
0.942
0.941
0.938
0.9396
0.0008

D3
0.957
0.959
0.96
0.96
0.96
0.9592
0.0005

D4
0.936
0.936
0.934
0.934
0.935
0.935
0.0004

D5
0.96
0.957
0.959
0.959
0.956
0.9582
0.0007

D6
0.953
0.955
0.958
0.958
0.956
0.956
0.0008

D7
0.958
0.96
0.959
0.959
0.959
0.959
0.0003

D8
0.934
0.932
0.932
0.932
0.934
0.9328
0.0004

D9
0.945
0.959
0.948
0.948
0.945
0.949
0.0023

Table 1. Table of thickness of glass discs in mm

The crystals were simulated by using 26 mm square pieces of MS slide also nominally 0.9 mm thick. These were similarly measured in 5 positions (Pos. 1,2,3,4 and centre) as shown in Table. 2 and were also found to have typically less than 1μ mean error 

Square
Pos. 1
Pos. 2
Pos. 3
Pos. 3
Centre
Mean
Error

W21
0.959
0.958
0.953
0.957
0.957
0.9568
0.0009

W22
0.951
0.952
0.953
0.955
0.955
0.9532
0.0007

W23
0.956
0.957
0.953
0.954
0.954
0.9548
0.0007

W24
0.95
0.947
0.952
0.951
0.95
0.9500
0.0007

W25
0.951
0.946
0.944
0.952
0.948
0.9482
0.0013

W26
0.954
0.955
0.946
0.945
0.95
0.9500
0.0018

W27
0.944
0.944
0.952
0.95
0.949
0.9478
0.0015

W28
0.945
0.945
0.946
0.947
0.948
0.9462
0.0005

W29
0.947
0.944
0.944
0.948
0.947
0.9460
0.0007

W30
0.945
0.948
0.951
0.947
0.946
0.9474
0.0009

Table 2.   Thickness of square pieces of glass in mm

Adhesive preparation

The adhesive was loaded into the 10 ml syringe of the EFD system.

To remove bubbles, after filling an end cap was fitted to the syringe and it was placed in a centrifuge (the Dow 3145 RTV was too thick to remove bubbles by pumping). This process was also used for the Sylgard adhesive even though this had previously been pumped to remove absorbed gasses. 

The adhesives were spun for 1 minute without the plunger as if it is in the adhesive during spinning it passes through the adhesive due to the high g forces. The plunger was inserted after spinning by squeezing the syringe as it was inserted to allow trapped air to escape.

Centrifuge

The centrifuge used was a MSE Minor centrifuge type 5-62 with a rotational speed believed to be about 3800 rpm 

The adhesive in the syringe was at a radius = 12 cm (0.12 m) thus the value of acceleration in terms of g may be calculated
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3800 rpm and 2000 g are typical values for a small general purpose centrifuge. The MSE Minor centrifuge is rated at a maximum speed of 4000 rpm 
. 

Theory of centrifugal separation

The equilibrium velocity of spherical particles in a viscous fluid was investigated by Stokes 
. He showed that the velocity was determined by the equation:
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Where
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v

 The equilibrium velocity of the particle/bubble
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p

r

 The density of the particle/bubble
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m

r

 The density of the bulk fluid
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h

 The viscosity of the bulk fluid

r = The radius of the particle/bubble

a = The gravitational field. Normally expresses as 
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g = 9.81 m/s

The equation was derived for particles. There will be errors with bubbles as the bubble assumes a more streamlined shape on rising through the fluid, and is compressible, so changes its volume and density. The equation does however give an indication as to the way in which centrifugal separation works. 

It can be seen that the rate of rise of a bubble increases linearly with a, but as the square of its diameter.  Warming a fluid to reduce 
[image: image11.wmf]h

 also helps remove bubbles.

A particle that takes 30 min to fall normally will take less than 1 s at 2000 g. 

With a bubble there will be a compression factor which will dominate for high values of g, or increasing depth of fluid. 

Sample assembly

The adhesive was deposited in a controlled quantity in the centre of the 26 mm x 26 mm microscope slide using the EFD system. The accuracy claimed for the dispensing system is <(5% by weight. 

10 cc syringes were used for both adhesives but different dispenser settings were used. The vacuum facility was not used in these tests.

The nozzle sizes for the EFD system are colour coded.

The dispenser configuration for the RTV Dow3145 was:

Gas pressure 
 80 psi

Nozzle 
Grey, taper tip

Time    
1.35 sec

The dispenser configuration for the Sylgard was:

Gas pressure 
 40 psi

Nozzle 
Pink, taper tip

Time    
0.25 sec

The Sylgard was probably slightly thicker than its optimal consistency as it had been made for 2 hours and the stated usable time was 2 hours.

Samples were pressed down for 5 to 10 seconds using a finger in the centre, or a tube just inside the outer edge to mimic a glass envelope. It was observed that spring in the glass could lift the edges in those samples pressed down with a tube when the pressure was taken off, however, the glass on the VPT will probably be stiffer. 

Sufficient adhesive was deposited to allow a bead to form around the edge of the glass disc to allow for springiness and form a good seal.

Results

Measurement of samples

The assembled samples were measured and the results are shown in table 3. 

Made up samples
N
E
S
W
t0
mean
error
max-min
skew angle radians

D1/W21
2.056
1.978
2.01
2.074
2.016
2.0268
0.0153
0.0960
0.0064

D2/W22
2.061
2.022
2.003
2.035
2.036
2.0314
0.0085
0.0580
0.0039

D3/W23
2.036
2.029
2.051
2.067
2.046
2.0458
0.0058
0.0380
0.0025

D4/W24
2.009
2.007
1.985
1.973
1.992
1.9932
0.0061
0.0360
0.0024

D5/W25
1.95
1.973
2.015
1.997
1.992
1.9854
0.0099
0.0650
0.0043

D6/W26
1.935
1.942
1.937
1.925
1.932
1.9342
0.0025
0.0170
0.0011

D7/W27
1.93
1.925
1.925
1.933
1.926
1.9278
0.0014
0.0080
0.0005

D8/W28
1.905
1.91
1.906
1.904
1.904
1.9058
0.0010
0.0060
0.0004

D9/W29
1.917
1.908
1.904
1.912
1.907
1.9096
0.0020
0.0130
0.0009

Table. 3  Table of thickness of samples in mm

The error was dominated by the non-parallel faces of the adhesive layer.

The Sylgard, samples D6/W26 to D9/W29, was less viscous thus forming a thinner layer, leading to a smaller angle between the faces.

The thicknesses of the adhesive layers is shown in table 4

Sample
Plate thickness
Disc thickness
Assembly thickness
Adhesive thickness
Error
Adhesive
How pressed

D1
0.9568
0.9344
2.0268
0.1356
0.01
Dow3145
Tube

D2
0.9532
0.9396
2.0314
0.1386
0.01
Dow3145
Finger

D3
0.9548
0.9592
2.0458
0.1318
0.01
Dow3145
Finger

D4
0.9500
0.9350
1.9932
0.1082
0.01
Dow3145
Tube

D5
0.9482
0.9582
1.9854
0.0790
0.01
Dow3145
Finger

D6
0.9500
0.9560
1.9342
0.0282
0.002
Sylgard
Tube

D7
0.9478
0.9590
1.9278
0.0210
0.002
Sylgard
Tube

D8
0.9462
0.9328
1.9058
0.0268
0.002
Sylgard
Finger

D9
0.9460
0.9490
1.9096
0.0146
0.002
Sylgard
Finger

Table. 4 Table of adhesive thicknesses. 

The samples were assembled at 11-30 and the Dow 3145 was firm at 17-50 on the same day. The Sylgard was still soft and had not set firmly until the following day.

It was noticed that it was difficult to keep the discs mounted with the Sylgard central because of its long drying time and low viscosity. Sylgard also tended to flow off the square base causing problems.

Inspection of completed samples

The criteria used to define sample quality are illustrated in Fig.2. 


[image: image12.wmf]Bubble

Void

Depth of void

%

area of

circumference

Meniscus

Spill over

Edge

Pull away


Fig 2 Criteria used to quantify sample quality

The criteria were as follows:

Pull away. This was when the glass springs back leaving a region with adhesive at the surfaces but a void between them, this was only observed at the edge of the discs.

It was quantified by considering the distance of the circumference it occupied and the peak depth towards the centre.

Void. This was where the glue had not flowed and was quantified as for pull away.

Meniscus. This was the meniscus at the edge of the glass.

Bubbles. Bubbles that formed in the adhesive on drying.

Position. This was the movement from centre.

Spill. This was the unwanted migration of adhesive

The assessment of the samples is tabulated in table 4

Sample
Pull away
Void 
Meniscus
Bubbles
Position
Comments

D1
10 %, 1 mm
None
70 %
None
Edge


D2
None
None
70 %
None
OK


D3
None
20 % 1 mm
70 %
None
OK


D4
30 %, 2 mm
None
100 %
None
OK
slipped

D5
None
None
100 %
None
OK


D6 
None
None
100 %
None
Edge
Spill over

D7
None
None
100 %
None
Edge
Spill over

D8
None
None
100 %
None
OK
Spill to edge

D9
None
None
100 %
None
OK
Spill to edge

Table 4 Quality of samples

Conclusion

Preparation of resin

The use of a centrifuge to remove bubbles entrapped during the filling of the syringe worked well. These were however larger bubbles and the syringe was not filled to a great depth. It is not known if this technique would be as effective for small bubbles or with deeper fluids. 

Dow 3145 RTV

Possibly more of the viscous Dow 3145 should have been used as the meniscus did not form all the way round, making the joint susceptible to pull away caused by springiness. Care should be taken to position discs (VPT’s) centrally. Springiness should be less of a problem with real tubes as they are stiffer. Sustained pressure was needed to ensure even dispersion of the adhesive.

The variations in thickness and angle were small and should not be a problem.

The great advantages of the RTV were that it could be stored in the syringe, did not need premixing, has a stable viscosity with time and set quickly on exposure to air.

Sylgard

The thin Sylgard adhesive spread evenly quickly and well. There was possibly too much adhesive as it often flowed to the side of the plate and over the edge. A meniscus was also always formed and springiness was not a problem.

The low viscosity meant that the tube would need to be held centrally during drying. Drying was very slow, and possibly would be better at a slightly elevated temperature, (35C). There were very small variations in thickness and angle.

The adhesive should only be usable for 2 hours, and has to be pre mixed pumped down and loaded into a syringe each time it is used. This would mean a high wastage of syringes and large use of adhesive. The viscosity and hence the dispenser settings are time dependant making achieving reproducible results more complicated. The quantity required was also more critical than for the RTV and it may be necessary to use a vacuum line to achieve higher precision. Sylgard does however give a beautiful result when it works well.

P.S.Flower  3rd September 1999
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