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Design of Radial Collimator of Neutron Diffractometer
for Residual Stress and Defect in Material and Component
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Abstract: The gauge principle of the radial collimator in real space and phase space was
analyzed to design the radial collimator of the neutron diffractometer for residual stress
and defect in material and component in order to set the gauge volume in large engineer-
ing component at far distance. The analytical formulas and simulations were introduced
to calculate the gauge volume of the radial collimator. The nylon wire with diameter of
0.2 mm was used to test the gauge volume of the radial collimator at E3 instrument,
Germany. According to the experimental result, the JRR3 analytical formula was cho-
sen to design the gauge volume of the radial collimator. The effect of the parameters on

gauge volume and transmission efficiency was studied systematically. Finally, the radial
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collimators with gauge volume were designed in combination of the spatial geometrical

layout with the parameters of 1, 2, 3, 4 and 5 mm.

Key words: neutron diffractometer for residual stress and defect in material and compo-

nent; radial collimator; gauge volume; transmission efficiency
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Fig. 1 Principle of gauge volume of radial collimator
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Fig. 2 Spacial resolution of radial collimator
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Fig. 3 Simulation of gauge volume

of radial collimator using SimRes software
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Fig. 4 Experimental design of gauge
volume of radial collimator at E3 neutron

residual stress diffractometer
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Fig. 5 Distribution of intensity in geometrical plane of neutron optics
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Table 1 Experimental measurement, analytical calculation and
simulation calculation of gauge volume for radial collimator at E3 instrument
SR EMT T3 W /mm B W /mm
W /mm EngineX JRR3 SimRes RADFOCUS
2.297+0.06 1. 97 2.32 1. 93 1. 85
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Table 2 Transmission effiency of radial collimator with different parameters
- s 2/ 0
HURE R/ o o . _— fE48R %

mm t=0.05 mm t=0.08 mm

0.5 0.311 200 550 56 83.9 74.3

0.5 0. 254 300 450 103 80. 3 68.5

0.5 0.198 400 350 176 74.7 59.5

0.5 0. 141 500 250 309 64. 6 43.4
1 0.621 200 550 28 92.0 87.1
1 0. 508 300 450 51 90. 2 84.3
1 0. 395 400 350 88 87.4 79.8
1 0. 282 500 250 154 82.3 71.7
2 1. 243 200 550 14 96. 0 93.6
2 1.017 300 450 26 95.1 92.1
2 0. 791 400 350 44 93.7 89.9
2 0.565 500 250 77 91.2 85. 8
3 1. 864 200 550 9 97.3 95.7
3 1. 525 300 450 17 96. 7 94. 8
3 1. 186 400 350 29 95. 8 93.3
3 0. 847 500 250 51 94. 1 90. 6
4 2. 486 200 550 7 98. 0 96. 8
4 2.034 300 450 13 97.5 96. 1
4 1. 582 400 350 22 96. 8 94.9
4 1. 130 500 250 39 95. 6 92.9
5 3.107 200 550 6 98. 4 97. 4
5 2.542 300 450 10 98. 0 96.9
5 1.977 400 350 18 97.5 96.0
5 1. 412 500 250 31 96. 5 94. 3
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Table 3 Parameters designed for radial collimator
BURE R 5F /mm s1/mm 57/ mm [, /mm l; /mm 5°3 18 %X TR sR/ %
1 0.282 0.424 500 250 154 82.3
2 0. 565 0. 847 500 250 77 91.2
3 0. 847 1. 271 500 250 51 94. 1
4 1. 130 1. 695 500 250 39 95. 6
5 1. 412 2.119 500 250 31 96.5
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