Deflection, Hysteresis, and Creep Testing

1.0 Executive Summary

The patient transfer device was designed to support the segment weight of an individual weighing up to 500 pounds. The materials chosen for this device were selected on their strength, durability, and compatibility with the imaging modalities. To ensure the safety of the patient, the device needs to be tested as a whole, rather than basing safety on individual material properties. The objective of this test is to make sure that the device can safely support the weight of a patient, while maintaining material properties. 

2.0 Objective

The objective of the deflection testing is to measure the amount of vertical movement that occurs as weight is being placed on the transfer bed. This test is also a failure test to ensure that the bed will not break under the maximum weight of 500 pounds. 

The hysteresis testing will be used to make sure that the material behaves in the same manner in both loading and unloading situations. Ideally, the same amount of deflection should be recorded at each weight, regardless of weather the amount of weight is increasing or decreasing. 

Creep testing will ensure that the material does not continue to vertically deflect as weight is left on the bed for an extended period of time. 

Weight distribution was based on anthropometric data. The body was divided into two major sections, with 25% of the weight representing the legs, and 75% representing the trunk, arms and head. The trunk weight will be placed 26 inches from the top of the bed. The leg weight will be placed 26 inches from the bottom of the bed. 

3.0 Materials

The majority of the bed being tested is made of ½” high-density polyethelene. Other components of the bed include axles and wheels made of nylon, and a pad made of high density foam. 

To test the material properties of the bed, free weights, found at the SHELL recreation center, will be placed on the bed. 

To measure deflection, a profilometer, with a tolerance of 0.1mm will be used. 

4.0 Experimental Method

1. Place the bed, with the mattress in place, on a flat, hard, level surface. Put wheel locks under the wheels to prevent rolling. Place a profilometer in the center of each of the four sides of the bed.

2. Take the initial measurements of each profilometer and record in corresponding table in the results.

3. Initial Creep Testing: Place the full 500 pounds of weight on the bed, distributed as outlined previously. Leave the weight on the bed for 30 minutes, taking deflection measurements every minute. Record the amount of time the bed takes to stabilize, which is a deflection of less than 0.1 mm. If the bed has not stabilized by the end of the time period, extend the testing time until it does. Record results in the following table. Plot and analyze the data
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4. Remove all of the weight from the table. Let the table sit for 1 hour to form back into the original shape. Take deflection measurements every 2 minutes until the bed has reached a stable deflection (outlined previously). Record in the following table, and plot and analyze.
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5. Place the first 50 lbs of weight on the bed, in this case, 37 pounds placed 26 inches from the top of the bed, and 13 pounds placed 26 inches from the bottom of the bed. 

6. Leave the bed in a stationary position with the initial 50 lbs for the amount of time found in step 3. Then record the new height (deflection) of each profilometer. 

7. Add the next 50 pounds, distributed in the same manner, to the bed. Again, let the bed sit for the outlined period of time before taking the measurements from the profilometers.

8. Continue adding the weight in 50-pound increments until 500 pounds is reached. At every addition, record height measurement for each of the four profilometers. Record the height in the following table, graph and analyze.
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9. After the 500 pound weight has been reached and recorded, remove 50 pounds. Again, let the bed sit for the outlined period of time found in step 4, then take the heights of the profilometers.

10. Remove the weight in 50 pound increments until no weight is left. At every subtraction, record the height measurement of the profilometer. 
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11. Hysteresis: Repeat this entire cycle, from no weight to 500 pounds, addition and subtraction, three times. Graph the responses for hysteresis and analyze the results. 

