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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. In the previous report we have discussed the various aspects of 

selecting a particular component for the instrument we have proposed to build. Keeping 

these various aspects in mind, we have selected and ordered these components. 

Some of the parts are being fabricated in the workshop while others have been ordered. 

While some of the orders have been delivered others are yet to come. We are in the 

process of putting the equipment together. However, since the load-cells and some 

other crucial parts have not been delivered, this will have to wait. 



The Orthogonal Rheometer 

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

works. 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 senosr 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 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 X Z  and YZ, while the 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 with 

the theoretical expressions, we can determin the material moduli. 

-. . . .. 

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

at a different axes. In order to make the instrument versatile we have designed 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 have the vertical 

movement capability also. This ensures 

1.) Handling of the material which is going to be tested. 

2.) To ensure that the upper disk is properly in contact with the material that is placed in 
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the lower disk. This is essential to avoid any kind of slippage between the upper disk 

surface and the material to be tested. 

This platform is being 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 building the system for us. 

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. This is not the 

only essential characteristics 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. Keeping these things in mind, we have decided to buy a 

permanent magnet motor. This motor is able to withstand a torque of 100 Ib-in and the 

speed range we can obtain is 3 - 125 rpm. This was one of the important criteria in 

selecting the motor. 

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

the torque. Since both the disks ( shaft ) are rotating, strain gages 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, which is of the rotary transformer type. In rotating 

transformer type, sensors ( cf. Lebow load cell and torque sensor handbook [1989] ), 

only either the primary or secondary winding is rotating. One transformer is used to 
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transmit the AC excitation voltage to the strain gage 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 gage indicator or some sort of data acquisition 

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

have ordered this from Lebow Inc. 

To measure the axial components of the forces, we are going to be using 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 gage 

transducer, is the spring element ( cf. Lebow load cell and torque sensor handbook 

[l989] ). 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 gage. Critical to this function is that the strain level in the gaged 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 requirements which must be simultaneously satisfied. Compounding this 

difficulty further, 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 aspect for our design purpose. Apart from the problems cited above, there 

are other difficulties associated with our specific requirements. In our design, both the 

shafts are rotating and it is very difficult to measure forces which are developing in axial 

directions on a rotating shaft. For the X and Y components, we want to measure the 

forces at the same place. After consulting with many companies which manufacture 
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load cells, we discovered that nobody manufactures a load cell which could measure X 

and Y forces at the same place. This difficulty was compounded by the fact that the 

shaft is rotating. Lebow Inc. does manufacture a load cell which can measure X and Y 

components of forces at the same place, but on a stationary shaft. We finally decided 

that they will have to modify their design of the existing load cell, and house a bearing 

inside the load cell in order to meet out particular requirements. The outer race of the 

bearing will be attached to the load cell and is stationary and the inner race of the 

bearing will be roating with the shaft. Thus we can overcome the difficulty and we can 

measure the average X and Y forces at the same place. 

Measuring the 2 component of the force is also a challenge. Again after a long 

consultation with a manufacturer, Measurement Specialists, we decided that at the end 

of the shaft we will place a thrust bearing and use one of the load cells, manufactured 

by Revere transducers. The load cell will be directly attached to the stationary surface 
. . .  

and will be able to measure the forces which are applied on the bearing surface. Thus 

we can measure the normal forces which are acting on the disk. This whole unit being 

redesigned by them. 

Apart from these major components, there are many small components, which we 

have selected for our instrument, including the structural elements. We have placed the 

order for all of the components and we are expecting the delivery within a few weeks. 

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