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Particle size analyzer’s optical system design

Yu Shuangshuang, Du Ji, Shi Xuan
(Tianjin Jinhang Institute of Technial Physics, Tianjin 300192, China)

Abstract: Based on Mie theory, an optical system design method was established which can improve the
measurement accuracy of the particle size analyzer. In the particle size analyzer’s optical system design
process, the diaphragm within the measuring range of the sample cell used a zoom method, it not only
constrained the reference rays trace data for every field point at the ring detector to make the spot
diagrams minimum, but also constrained the reference rays trace data for every field point of each zoom
position at the ring detector to make the spot diagrams minimum. The optical systerm converges rays,
which truly reflects the physical meaning of the particle size analyzer’s measurement theory, improves the
measurement accuracy.
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Fig.1 Particle size analyzer schematic diagram
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Fig.2 Ring photodetctor schematic diagram

PO e A RSP AT 6 B R P AR T T
Of, Bt e B 3 S RIE A RO MG R &
TEIME G A AR 45 AR ) 7 8, A e PRI T
LA Y — 5 S S A R R/ R R g B AL A
FArZ 22V KB B R PE ) N B RE R , 32 4
DI SR AR B TT A B LA S RO T RS RE A
KLJE o3 A AR, JEHE 70 A A [R] , 048 D' B 73 A i ]
PATHAR R il OREE O A, 78 PR TE Ol i 800 45 235 4
SHOAERE DL, FE BN AR [ 5 SR 55T %)
O B RIS S P A K, BE I i AR A )N 3 B AR
AN T 0 L A [

2 HEREMEF A&
Bl 3 2 B ORI (OGS R s I R
R UL R GE BT DG BRI T B RO TR

T, ARG DT R EOERLE SO R G L I
[g 40

3 WA WO O R gt IR BIK
Fig.3 Optical system design principle currently of particle size

analyzer schematic diagram
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Fig.4 Optical system currently of particle size analyzer
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Fig.5 Schematic diagram of new optical system design principle

of particle size analyzer
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Tab.1 Set field weight

Field Weight Field Weight Field Weight
1 1 12 12 23 23
2 2 13 13 24 24
3 3 14 14 25 25
4 4 15 15 26 26
5 5 16 16 27 27
6 6 17 17 28 28
7 7 18 18 29 29
8 8 19 19 30 30
9 9 20 20 31 31
10 10 21 21 32 32

11 11 22 22
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Fig.6 View lens of different entrance pupils
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Tab.2 Lens data of proposed design

Surface # Surface name Surface type Y radius Thickness Glass Refract mode Y semi-aperture

Object Sphere Infinity Infinity Refract

Stop Sphere Infinity 200.0000 Refract 8.0000

2 Sphere Infinity 12.000 0 HKIL Refract 37.6436

3 Sphere -234.0000 2.0000 Refract 38.5056

4 Sphere 354.8000 14.0000 HK9L Refract 39.0000

5 Sphere -354.8000 2.0000 Refract 39.0000

6 Sphere 144.5400 30.000 0 HLaF3A Refract 38.5133

7 Sphere -51.5000 6.000 0 HZF6 Refract 37.2161

8 Sphere Infinity 76.397 6 Refract 34.176 9

Image Sphere Infinity 0.0000 Refract 15.2500

End of data
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Tab.3 Lens data of currently design

Surface # Surface name Surface type Y radius Thickness Glass Refract mode Y semi-aperture

Object Sphere Infinity Infinity Refract

Stop Sphere Infinity 20.0000 Refract 8.0000

2 Sphere -43.8580 12.000 0 HZF6 Refract 9.9370

3 Sphere -72.538 3 3.0000 Refract 40.0000

4 Sphere -406.236 2 20.0000 HLaF3A Refract 39.0000

5 Sphere -73.7417 2.0000 Refract 40.0000

6 Sphere 104.314 2 30.000 0 HZK10L Refract 39.0000

7 Sphere -65.3754 6.000 0 HZF6 Refract 40.0000

8 Sphere Infinity 96.809 5° Refract 13.3055

Image Sphere Infinity 0.0000 Refract 15.2500

End of data
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Tab.4 Spot diagrams of two designs (Unit: mm)

Field New design Currently design
0 7.468 8e-011 1.270 8e-009
1 1.750 9e-008 2.979 6e-007
2 9.486 2e-008 0.000 002
3 2.976 8e-007 0.000 005
4 0.000 001 0.000 012
5 0.000 001 0.000 023
6 0.000 002 0.000 040
7 0.000 004 0.000 065
8 0.000 006 0.001 237
9 0.000 009 0.000 147
10 0.000 012 0.000 211
11 0.000 017 0.000 296
12 0.000 023 0.000 405
13 0.000 031 0.000 546
14 0.000 042 0.000 726
15 0.000 054 0.000 953
16 0.000 070 0.001 238
17 0.000 089 0.001 594
18 0.000 113 0.002 039
19 0.000 142 0.002 598
20 0.000 178 0.003 300
21 0.000 220 0.004 182
22 0.000 271 0.005 288
23 0.000 328 0.006 688
24 0.000 386 0.008 381
25 0.000 429 0.010 324
26 0.000 423 0.000 807
27 0.000 288 0.002 797
28 0.017 464 0.007 074
29 0.025 609 0.016 529
30 0.038 457 0.041 440
31 0.059 573 0.096 345
32 0.096 277 0.218 581
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