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Rotational Rheometer Used for Microgravity Rheology Experiments

Wang Hao' Duan Fajie' Jiang Jiajia' Wang Yuren® Lan Ding” Zheng Zhongyu’
(1. School of Precision Instrument and Opto—Electronics Engineering Tianjin University Tianjin 300072 China;

2. National Microgravity Laboratory Institute of Mechanics Chinese Academy of Sciences Beijing 100190 China)

Abstract. To meet the demand of rheology experiments in zero-gravity condition and to fill the blank of
space rheology instruments in China a rotational rheometer suitable for space launching and microgravi-
ty experiments is designed. The rheometer used a five-phase step motor to drive the rotation and a strain
gauge based torque sensor for measurement. Pre-tightening force was added on the bearing to improve the
precision of spinning. By driving on a linear guide rail and the location feedback of a grating it can ad-
just the sample thickness precisely while making fast stretches. The rotating rate ranges from 0. 01 r/min
to 1 000 r/min within the accuracy of 1% . The stretching speed reaches 150 mm/s. The thickness ad—
justment has 0. 5 pwm accuracy. A group of silicone oil samples was measured on the rheometer to test its
function. And the conclusion is that this plan is feasible. Rheometer of this structure can achieve longer
extensional rheology measurement. And it is sturdier smaller and lighter than commercial purpose rhe—
ometers making its launching mission feasible and cheap.
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Fig.2 Diagrammatic sketch of the rheometer
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B Fig. 4 Torque sensor structure and its improvement
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/(°) /m /(°) /pm
9 0 0 180 4.5
45 1.0 225 3.3
90 2.1 270 2.0
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Tab.3 Mean error and standard deviation of stopping posi—
tion
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1 0.18 0.16
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Fig.5 Plotting of the rotation rate vs. torque of three

different samples
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Tab.4 Measured viscosity values and statistical quantities
/ n/( mPass) / / / _
K " 7 ¢ (&/m) 1% | RSD/%
(mPa-s) 1 2 3 4 5 ( mPa-s) (mPass) (mPass)
30 000 27 831 27 644 28 056 27 614 27 592 27 747 176 -2253 7.5% 0.63%
60 000 56 926 57 326 58 004 56 907 57 964 57 425 480 -2575 4.3% 0. 84%
100 000 100 940 97 643 96 547 98 772 97 321 98 245 1526 -1755 1.8% 1.55%
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Fig. 6 Photographs of rheometer measurement
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