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Introduction: 

In this quarterly report, we discuss the progress that has been made with regard to 

our research on an experimental method for characterizing the material properties of 

granular solids. We have proposed to build an orthogonal rheometer which consists of 

two disks rotating with the same angular speed about distinct axes ( cf. Figure 1 ). By 

measuring the forces and the torque acting on the top and bottom disks and correlating 

them with the theoretical expressions for the tractions and moment, we can characterize 

the properties of the material that is placed between the disks. The above described 

technique draws upon a method devised for measuring the properties of viscoelastic 

solids and fluids. 

The Orthogonal Rheometer: 

We have described in our proposal the basic principle on which the rheometer 

works. Here, we would like to describe the basic design, and the progress we have 

made so far. Figure (1) shows the basic design of the rheometer. Motor A rotates the 

lower disk. There is a torque sensor connected to the motor A through a flexible 

coupling and another flexible coupling connects the torque sensor with the lower disk 

A. There is a bearing in between the torque sensor and the lower disk A. This is 

required in order to eliminate any bending moment due to the shear force generated at 

the surface of the lower disk A, so that the torque sensor only measures the pure 

torque. The upper portion of the instrument consists of the upper disk B rotated by the 
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motor B at the same speed as the lower disk. Both the motor A and B are of the same 

specifications. There are load cells connected to the upper shaft. Load cell A and B are 

required to measure the forces generated in the two planes XZ and YZ, while load cell 

C measures the normal force generated due to the shearing. These load cells also act 

as bearings. Thus we can measure all components of the forces and the torque and 

then correlating these with the theoretical expressions, we can determine the material 

moduli. 

The main component consists of two disks which'are rotating at the same speed but 

about different axes. In order to make the instrument versatile, we are designing the 

instrument such that we can control the distance between the axes of rotation. We are 

providing for horizontal movement of the platform on which the lower part of the system 

supporting the lower disk is to be mounted. This platform is going to also have the 

capability to move vertically. This is necessary for the following reasons: 

1) handling of the material that is going to be tested, and 

2) to ensure that the upper disk is in proper contact with the material that is placed on 

the lower disk. This is essential to avoid any kind of slippage between the upper disk 

surface and the material to be tested. 

The platform is going to be custom-made for precision and proper accuracies in 

movements and positioning. This platform will also be able to handle the load of the 

system which is going to be mounted on the platform. Hence we have decided to buy a 

precision made platform from ' DAEDAL ' ( Positioning Tables and Controls ) which 

makes this kind of instrument, ' Linear positioning system ' professionally. We have met 

with them and defined precisely our needs and they are designing the system for us. 
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The second important component of the instrument is the motor. We have looked 

into our need of the speed, torque and power requirements. Our main concern here is to 

buy a motor which can rotate at a very low speed ( the need of low speed has been 

described earlier ) and at the same time is able to provide a high torque. These are not 

the only essential characteristic we are looking for. As our analysis assumes steady 

state, we are looking for a motor which could possibly give us constant torque for the 

speed range we are considering. One option is a servomotor, which provides a constant 

torque for a fairly large range of speeds. Servomotors have lighweight, low inertia 

armatures that respond quickly to excitation-voltage changes ( cf. Fink [1987] ). In 
addition, very low armature inductance in these motors results in a low electrical time 

constant that further sharpens motor response to command signals. This is one of the 

important characteristics of the servomotors. This motor will be equipped with the 

speed and the torque control devices. We are also looking for the possibility of using a 

permanent magnet (PM) motor. 

The third important component of the instrument is the measurement of forces and 

the torque. Since both the disks ( shaft ) are rotating, strain gauges cannot be mounted 

directly on the shaft to measure any of the above quantities. We have decided to use in 

line rotating shaft torque sensors. There are two different types of devices available in 

the market: 

1) the slip rings type, and 

2) the rotary transformer type 

In the slip rings type, the strain gauge bridge is connected to four silver slip rings 

mounted on the rotating shaft ( cf. Lebow load cell and torque sensor handbook 
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119891 ). Silver graphite brushes rub on these slip rings and provide an electrical path 

for an incoming bridge excitation and the outgoing signal. In the rotating transformer 

type, only either the primary or secondary winding is rotating. One transformer is used 

to transmit the AC excitation voltage to the strain gauge bridge, and a second 

transformer to transfer the signal output to the nonrotating part of the transducer. Thus 

two transformers replace four slip rings and no direct contact is required between the 

rotating and stationary elements of the transducer. The signals obtained from these 

sensors are then fed into the strain gauge indicator or some sort of data acquisition 

system, where we can convert these electrical signals into the required quantity. 

To measure the axial components of forces, we shall use load cells. Selection of a 

load cell which will fit our requirements depends on many considerations. The most 

critical mechanical component in any load cell, as with any strain gauge transducer, is 

the "spring element" ( cf. Lebow load cell and torque sensor handbook [1989] ). In 

general terms, the spring element serves as the reaction to the applied load and 

focuses that load into a uniform, calculated strain path for precise measurement by the 

bonded strain gauge. Critical to this function is that the strain level in the gauged area of 

the spring element responds in a linear and repeatable manner to the applied load. The 

perfect load cell would repeatedly produce a proportional relationship between the strain 

and the induced load. Achievement of this goal is made difficult by the presence of 

numerous application, economical, and performance requirements which must be 

simultaneously satisfied. Compounding this difficulty is the great number of second and 

third order effects, such as natural frequency and thermal sensitivity that become highly 

significant in the attainment of a precision force measuring device. Hence, the load cell 

selection is one of most important aspects of our design. After taking all the above 

considerations into account, we have decided to use a load cell made by Lebow 

products Inc. 
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We are in the process of selecting the strain indicators and the data acquisition 

system. Figure 1. shows the various parts in the proper place. 
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