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Figure 1:  CTOF Counters and Clamps 

 
 
 
 
 
Introduction 
 
The Central Time of Flight (CTOF) counters consist of an upstream light guide (low B00000-01-
04-1404, or high -1405), a scintillator (low – 1401, or high -1402), and a downstream light guide 
(-1403).  The parts are glued together using BC-600 epoxy, then wrapped with VM2002 
reflective film, plus a layer of Tedlar for light tightness. 
 
A Photomultiplier Tube (PMT) is attached to each end of the counter and includes magnetic 
shielding around the PMT. 
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The counter is glued together on a precision gluing table, transferred to a storage rack while 
supported by a strongback, then transported to the Hall in a transport cart and installed in the 
solenoid with a strongback.  Therefore, at no time with the counters be lifted without the aid of a 
strongback support. 
 
The counters are installed inside the solenoid, radially around the beamline as shown in Figure 2. 
 

 
Figure 2: CTOF Installed in Solenoid 

 
Material 
 
UVT Acrylic Plastic Clear Cast Rod 

• Modulus of Elasticity, E = 350 Ksi 
• Tensile Strength, S = 8000 psi 
• Coefficient of Thermal Expansion = 70 E-6 in/in/ ˚F 

 
BC-408 Premium Plastic Scintillators 

• Modulus of Elasticity, E = 390 Ksi 
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• Tensile Strength, S = 4500 psi 
• Coefficient of Thermal Expansion = 43 E-6 in/in/ ˚F 

 
BC-600 Optical Cement 

 
Factor of Safety 
 
The counters will be handled approximately 4 times from assembly to installation, then they are 
expected to remain in the solenoid for their useful life.  Therefore, with their low cyclic loading 
and minimal temperature gradients, the factor of safety is set at 2. 
 
Bond Strength of Optical Cement 
 
The bond strength of the BC-600 depends on its application and surface preparation.  The vendor 
lists a bond strength of  >1800 psi when bonding plastic scintillators with a surface prep of light 
sanding with 400 grit silicon carbide sandpaper, then cleaned with methanol and dried. 
 
A bond strength study was completed in CLAS-Note 94-013, where test results revealed a bond 
strength of 939 psi while bonding acrylic to BC-408 scintillator material with BC-600 optical 
cement and prepared with 400 grit sandpaper.  
 
JLab has completed a gluing test with the CTOF materials and BC-600 with polished surfaces, 
resulting in a bond strength of 617 psi. 
 
The most realistic study of the CTOF is the JLab test.  Therefore, the allowable glue joint stress 
will be 617psi  / 2 (factor of safety) ~ 300 psi. 
 
 
Design Loads 
 
The design loads for the counters are: 

• Weight of the light guides and scintillators 
• Gravity with the counter in the 9 o’clock and 12 o’clock positions 
• Ambient temperature increase from 70˚F to 90˚F 
• Ambient temperature decrease from 70˚F to 60˚F 

 
 
Constraints 
 
The counters are fixed to the PMT shields at each end.  A felt-lined stainless steel clamp guides 
the upstream light guide, while allowing movement along the light guide axis.  The downstream 
light guide is supported via a plastic clamp that is free to move in z.   
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Design Goals 
 

1. Scintillator deflection of 0.080 in (2 mm) or less during normal operation to adjust 
scintillator with respect to the beamline 

2. Scintillator deflection of 0.250 in (6.4 mm) or less upon ambient temperature increase to 
90˚F to prevent contact with other detectors 

3. Glue joint stress < 300 psi to avoid glue failure 
4. Acrylic stress < 4000 psi to avoid acrylic failure 
5. Scintillator stress < 2250 psi to avoid scintillator failure 

 
 
Simulation 
 
ANSYS 16.1 was used to analyze the light guides, scintillator, and glue joints.  The analysis is 
located at F:\rmiller\CTOF\LG SC LG July 22 2015.wbpj 
 
Load Cases 
 

1. Counter in 9 o’clock position with gravity 
2. Counter in 9 o’clock position with gravity and 90˚F thermal condition 
3. Counter in 9 o’clock position with gravity and 60˚F thermal condition 
4. Counter in 12 o’clock position with gravity 
5. Counter in 12 o’clock position with gravity and 90˚F thermal condition 
6. Counter in 12 o’clock position with gravity and 60˚F thermal condition 
7. All cases with the following constraints 

a. PMT ends of counter fixed 
b. Upstream light guide allowed to slide in clamp along light guide axis 
c. Downstream clamp allowed to slide in the z direction 

 
Results 
 
The stress and deflection results for load cases 1 and 4 are shown in Figures 3-13.  The 
remaining results are included in Table 1.  
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Figure 3:  9 o’clock Position Set Up 

 

 
Figure 4: 9 o’clock Position Deformation 
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Figure 5:  9 o’clock Position Equivalent Stress 

 

 
 

Figure 5:  9 o’clock Position Equivalent Stress at Glue Joint 
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Figure 10:  12 o’clock Position Set Up 

 

 
 

Figure 11: 12 o’clock Position Deformation 
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Figure 12:  12 o’clock Position Equivalent Stress 

 

 
 

Figure 13:  12 o’clock Position Equivalent Stress At Glue Joint 
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The results from all of the load cases are listed in Table 1. 
Table 1:  Deflection and Stress Results for Load Cases 1-6 

Condition Maximum  
Scintillator  
Deflection 

(in) 

Allowable 
Scintillator  
Deflection 

(in) 

Maximum 
Equivalent 
Stress (psi) 

Allowable 
Equivalent 
Stress (psi) 

Maximum 
Equivalent 

Stress at Glue 
Joint (psi) 

Allowable 
Equivalent 
Stress at 

Glue Joint 
(psi) 

9 – gravity 0.067 0.080 112 67 
9 – gravity 

90°F 
0.161 0.250 

 
1759 284 

9 – gravity 
60°F 

0.100 0.250 
 

897 163 

12 – gravity 0.004 0.080 21 21 
12 – gravity 

90°F 
0.147 0.250 1773 229 

12 – gravity 
60°F 

0.072 0.250 884 

2250 

140 

300 

 
 
Glue Joint Strength 
 

Glue Test Results, November 2013 
 
 
Two glue strength tests were performed on the actual scintillator and light guides.  These tests 
used BC-600 glue with polished surfaces on the light guide scintillator, using the gluing fixture.  
The results were failure at 24 and 31 N*m of torque on the joint.  This converts to 213 and 275 
in*lbs. 
 
The cross section of the glue joint is 1.28 inches tall with a top width of 1.294 in and a bottom 
width of 1.45 in as shown in Figure 16. 
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Figure 16: Cross Section of Light Guide at Glue Joint 
 
The cross section is approximated as a square of width 1.372 in for calculating the glue stress. 
 
Moment of inertia:  I = base * height3 / 12 = 1.372 * 1.283 / 12 = 0.24 in4 
 
Maximum stress for the weakest glue joint test = moment * distance from neutral axis / moment 
of inertia = 213 in-lbs * .64 inches / 0.24 in4 = 568 psi 
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Glue Test Results, December 2013 
 
An additional glue test was completed on December 9th using the final gluing procedure and 
materials.  The glue joint was loaded to 330 in-lbs without failure.  This results in a maximum 
stress at the joint of 880 psi. 
 
Based on the November and December tests, a minimum glue joint strength of 600 psi is 
expected. 
 
 
Conclusion 
 

1. All stresses are below the allowable stresses and all deflections and forces are acceptable 
for this application.  

 
2. The gluing procedure and materials are adequate for the CTOF design. 

 
 
Recommendations 
 

1. Attach the light guides to the PMT shielding and support the counters at the shielding. 
 

2. Support the light guides near the solenoid, while allowing movement along the light 
guide axis for the upstream clamp, and allow movement along the beamline for the 
downstream clamp.  This movement is required to reduce the stress in the counter and 
supports due to thermal expansion or contraction, should the temperature change            
by + 20°F or -10°F. 

 


