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Design and development of a cross-axis chromatograph

Zou Dejin' , Zhao Yongjie', Liu Yang®,Zhang Xiping', Yuan Haihua’
(1. Department of Mechatronics Engineering ,Shantou University ,Shantou 515063 ,China ;
2. Department of Biology ,Shantou University ,Shantou 515063 ,China)

Abstract: This paper presents the design and development of a cross-axis chromatograph. Firstly, the suitable mechanical structure is
designed considering design requirements. The kinematics analysis is carried out to obtain the driving torque by the theorem of
momentum moment. Secondly, the modal analysis is carried out in order to obtain the weak link of the structure. Finally, the structure
of weak link is optimized to develop the prototype. The separation efficiency and influencing factors of the prototype are tested by
experiments. The results show that, with the increase of the rotational speed in a certain range, the retention rate of stationary phase of
the prototype increases, and the separation efficiency also increases. When the speed of the prototype reaches 800 r/min, the retention
rate of stationary phase is the largest. The retention rate of stationary phase decreases when the speed exceeds 800 r/min, then the
separation efficiency decreases. When the speed of the chromatograph keeps constant, the velocity of liquid in the chromatograph is
greater and the retention rate of stationary phase is lower.
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Fig.1 Diagram of rotary motion of separation column
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Fig.2  Functional decomposition diagram
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2)HES,:A +B,+C, +D, +E, + F, + G,

3)H%ES:A, +B, +C, +D, +E, + F, +G,,
1.4 ARSTEE

STIRUAHIE " X 13k 3 B 3 77 BT
Hr, W AT S BTSSR I R 3o il Sr BT it B
T5 SR 2R EE R BT, J2 R S5 AR TR 248 Oy B b ir 7
PHEERE ST RZEMCRE, K2 s,

K2 BERGEHERE

Table 2 Hierarchical Structure model
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Table 3 Judgment matrix of criterion tiertotargettier

-I()—F 0 Fl F2 F3 *Xi «
F 1 2 3 0.540
F, 12 1 2 0.297
Fy 1/3 172 1 0.163
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Table 4 Judgment matrix of transmission efficiency index

JF[*S F, S S, S5 W W,
S, 1 3 5 0.648
S, 1/3 1 2 0.230
S; 175 172 1 0.122
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Table 5 Judgment matrix of unwinding performance index

]f‘z—S F, S S, S; W W,
S, 1 1/5 1/7 0.240
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S; 7 3 1 0.387
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Table 6 Judgment matrix of manufacturing cost index
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Table 7 Calculation table of combination weight
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Fig.3  Mechanical construction of cross-axis chromatograph
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Fig.4 Diagram of cross-axis chromatograph
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Table 8 Critical speed, the maximum deformation

and its position of cross-axis chromatograph

e S e A
1 1 995.96 13.861 HeAR S
2 5 148.66 19.198 AP B SCHRAT T N
3 5149.92 19.196 ANy BIHSC B A v
4 8 334.6 11.329 ST ESHE SR F3
5 8 335.8 11.319 SRS B
Bl 5 IER O PR T R 6 19 107.6 20.364 SNBSS

Fig.5 Finite element model of cross-axis chromatograph
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Table 9 Effect of prototype speed on stationary

phase retention

i/ i I8 5 A FEHLY HistT
(ml-min™') (r-min"') fEEE/% TR AR/ C Fisf [i1]/ min
0.5 500 38.73 27 14
0.5 600 44.38 27.5 138
0.5 700 49.23 28 131
0.5 800 54.83 29 128
0.5 900 51.44 31 123
0.5 1 000 50. 41 33 126
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Table 11 Test results of stationary phase retention
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