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A C.E By el 152 A, C,and E show the tested soil; B .
D.F RIS o PIdE R 4i i 3% B, D, and F show the shear rate
distribution flow field ; A : 47 #x 204 - Parallel-plate rotor; B: -7
2 LA 37 3 Parallel-plate geometric flow field; C: [ 4 3 % F
Cone rotor; D [E4E=0 LT 7 3% Cone geometric flow field; E : [].L»
5 2 204 F Concentric cylinder rotor; F: [B 5 20 LA i 3% Cylindri-
cal geometric flow field.
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Fig.1 Common rheometer rotor fixtures
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Fig.2 Working diagram of parallel plate rotor
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Fig.4 Parallel plate type steady state rheological param-
eter measuring instrument device structure diagram
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Fig.5 Data acquisition and control system interface
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Fig.10 Shear stress versus shear rate trends
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field soil under different shear rates
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Fig.12 Steady-state shear stress test results
under rate sweep mode
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Design and experiment of a portable field steady-state
rheometer of soil

ZHANG Guozhong, XIA Jingjiu, DAI Sheng, HUANG Enlin,
JI Ruijie, CAO Yongkang, WANG Hongchang

College of Engineering/Ministry of Agriculture and Rural Affairs Key Laboratory of Agricultural Equip-
ment in Mid-Lower Yangtze River,Huazhong Agricultural University, Wuhan 430070, China

Abstract A portable steady-state rheometer of soil was designed based on the steady shear principle
to achieve the portable, rapid , and accurate measurement of rheological properties of paddy soil. The instru-
ment consisted of a parallel-plate rotor measuring fixture, a dynamic torque sensor, a servo motor, and an
industrial control panel. A modified formula based on the 3/4R correction principle was derived to correct
the non-uniform shear field in the parallel-plate configuration, allowing the measurement of the apparent
bulk viscosity of the soil tested.LLabVIEW platform was used to develop an upper-computer system to ob-
tain and process data, and achieve two testing modes including steady-state rate sweep and steady-state
time sweep. The results of comparative calibration test with laboratory rheometer under the same conditions
of shear showed that the designed rheometer had good stability and accuracy in sensing, control, and signal
acquisition, and can effectively reflect the constitutive relationship and steady-state rheological characteris-
tics of the soil tested. The results of field test showed that the stress of shear decreased in a power function
form with the increase of shear time and gradually approached a stable value under the mode of steady-state
time sweep, reflecting the structural breakdown and rearrangement process of soil under continuous shear.
The stress of shear initially decreased rapidly with the increase of shear rate and then tended to stabilize un-
der the mode of steady-state rate sweep. The soil exhibited typical characteristics of shear-thinning at shear
rate of 70 s~ and 150 s~ '.It will provide a reliable and repeatable experimental approach for investigating
the steady-state rheological characteristics of paddy soil.

Keywords soil; steady-state shear; portable measurement ; LabVIEW ; stress of shear
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