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1.0 Introduction

The static strength and stiffness test is performed to ensure that Hokiesat can survive launch loads and to verify the stiffness properties of the IDEAS finite element model.  The test does not specifically satisfy any requirements of the AFRL or NASA.

1.1 Scope or Purpose

This test will verify the performance of the structure in the launch configuration as analyzed in IDEAS v.8.  The test will be performed on the bare aluminum isogrid structure and on the composite skin panel assembly.  It will demonstrate the effect of the skin panels on the stiffness properties of the spacecraft, which is difficult to analyze in a finite element package.

1.2 Prototype Structure
The Hokiesat structure is a hexagonal cylinder with dimensions measuring 18.25” inches in major diameter and 13.725” in height.  The entire assembly weighs approximately 12 lbs.  The spacecraft structure will be tested in two different configurations.  The first configuration includes the eight assembled isogrid panels.  The second configuration adds the six bonded side panel skins.  The truss fixture will also be tested or calibrated to determine the validity of the recorded data (see Figure 2).

2.0  Testing Equipment

The testing equipment required for this experiment include two mounting plates, two separation system models, truss fixture, load apparatus, camera stand, level, torque wrench, and  dial gage.  All of the equipment is provided and manufactured in the AOE shop.

2.1  Facility

The static strength and stiffness test is performed in the AOE wood shop.  The shop contains a rigid back wall, which is used to test several structures in a cantilever configuration (see Figure 2).

3.0  Safety

The test uses several devices that weigh greater than 50 lbs.  It is recommended that 2 or more individuals perform the test to alleviate any injuries due to lifting the heavy objects.

4.0  Quality Assurance

This test will only be performed on the prototype structure.  The structure should be handled with care such as not to damage any part of the assembly.

5.0  Procedure

The structural test will be performed eight to ten times. The load fixture and spacecraft assembly may exhibit non-linear deformations early in the test iteration process due to the fasteners setting.  If this occurs, restart the tests from the initial weight configuration until the nonlinearities disappear.  After the two tests on the structure, the fixture will be assembled without the spacecraft to calibrate the assembly.   The testing procedure is synonymous in all cases. 

Procedure:

Test #_____

1) Assemble the 6 side panels.  Tighten all fasteners using a torque wrench to 25 in-lbs (see Figure 4)…………………………………………………..………………______

2) Attach the nadir panel, separation system model, and nadir-mounting fixture to the side panel assembly.  Tighten all fasteners to 25 in-lbs (see Figure 5).……..  ______

3) Attach the assembly to the rigid wall with the attachment device….………... ______

4) Attach the zenith panel, separation system model, and truss fixture to the top of the assembly.  Tighten all fasteners to 25 in-lbs………………………………….  ______

5) Mount the dial gage and level to the camera stand in the appropriate configuration (see Figure 1)……………………………….. ………………………………..  ______

6) Position the camera stand into place so that the dial gage measures the translation of the free end of the truss fixture………………………………………………  ______

7) Ensure a level fixture and the initial displacement of the truss fixture.  Record your data…………………………………….………………………………….….  ______

8) Load the load apparatus to the appropriate weight………………………….... ______

9) Hook the load apparatus onto the truss fixture …………………………….…______

10)  Slowly hoist the weight off the ground.  Ensure that the truss fixture is supporting the entire weight of the load apparatus (see Figure 3)……………………………______

11)  Record displacement.  Ensure that the camera stand has not moved and remains level……………………………………………………………………………______

12)  Slowly, lower the load apparatus…………………………………………….______

13)  Record the final displacement value.  Ensure that the camera stand has not moved and remains level……………………………………………………………..______

Test #_____

1) Ensure that the camera stand is in place so that the dial gage measures the translation of the free end of the truss fixture…..…………………………………………  ______

2) Ensure a level fixture and the initial displacement of the truss fixture.  Record your data…………………………………….………………………………….….  ______

3) Load the load apparatus to the appropriate weight………………………….... ______

4) Hook the load apparatus onto the truss fixture …………………………….…______

5)  Slowly hoist the weight off the ground.  Ensure that the truss fixture is supporting the entire weight of the load apparatus (see Figure 3)……………………………______

6)  Record displacement.  Ensure that the camera stand has not moved and remains level……………………………………………………………………………______

7)  Slowly, lower the load apparatus…………………………………………….______

8)  Record the final displacement value.  Ensure that the camera stand has not moved and remains level……………………………………………………………..______

Test #_____

1) Ensure that the camera stand is in place so that the dial gage measures the translation of the free end of the truss fixture…..…………………………………………  ______

2) Ensure a level fixture and the initial displacement of the truss fixture.  Record your data…………………………………….………………………………….….  ______

3) Load the load apparatus to the appropriate weight………………………….... ______

4) Hook the load apparatus onto the truss fixture …………………………….…______

5)  Slowly hoist the weight off the ground.  Ensure that the truss fixture is supporting the entire weight of the load apparatus (see Figure 3)……………………………______

6)  Record displacement.  Ensure that the camera stand has not moved and remains level……………………………………………………………………………______

7)  Slowly, lower the load apparatus…………………………………………….______

8)  Record the final displacement value.  Ensure that the camera stand has not moved and remains level……………………………………………………………..______

Test #_____

1) Ensure that the camera stand is in place so that the dial gage measures the translation of the free end of the truss fixture…..…………………………………………  ______

2) Ensure a level fixture and the initial displacement of the truss fixture.  Record your data…………………………………….………………………………….….  ______

3) Load the load apparatus to the appropriate weight………………………….... ______

4) Hook the load apparatus onto the truss fixture …………………………….…______

5)  Slowly hoist the weight off the ground.  Ensure that the truss fixture is supporting the entire weight of the load apparatus (see Figure 3)……………………………______

6)  Record displacement.  Ensure that the camera stand has not moved and remains level……………………………………………………………………………______

7)  Slowly, lower the load apparatus…………………………………………….______

8)  Record the final displacement value.  Ensure that the camera stand has not moved and remains level……………………………………………………………..______

Test #_____

1) Ensure that the camera stand is in place so that the dial gage measures the translation of the free end of the truss fixture…..…………………………………………  ______

2) Ensure a level fixture and the initial displacement of the truss fixture.  Record your data…………………………………….………………………………….….  ______

3) Load the load apparatus to the appropriate weight………………………….... ______

4) Hook the load apparatus onto the truss fixture …………………………….…______

5)  Slowly hoist the weight off the ground.  Ensure that the truss fixture is supporting the entire weight of the load apparatus (see Figure 3)……………………………______

6)  Record displacement.  Ensure that the camera stand has not moved and remains level……………………………………………………………………………______

7)  Slowly, lower the load apparatus…………………………………………….______

8)  Record the final displacement value.  Ensure that the camera stand has not moved and remains level……………………………………………………………..______

Test #_____

1) Ensure that the camera stand is in place so that the dial gage measures the translation of the free end of the truss fixture…..…………………………………………  ______

2) Ensure a level fixture and the initial displacement of the truss fixture.  Record your data…………………………………….………………………………….….  ______

3) Load the load apparatus to the appropriate weight………………………….... ______

4) Hook the load apparatus onto the truss fixture …………………………….…______

5)  Slowly hoist the weight off the ground.  Ensure that the truss fixture is supporting the entire weight of the load apparatus (see Figure 3)……………………………______

6)  Record displacement.  Ensure that the camera stand has not moved and remains level……………………………………………………………………………______

7)  Slowly, lower the load apparatus…………………………………………….______

8)  Record the final displacement value.  Ensure that the camera stand has not moved and remains level……………………………………………………………..______

Test #_____

1) Ensure that the camera stand is in place so that the dial gage measures the translation of the free end of the truss fixture…..…………………………………………  ______

2) Ensure a level fixture and the initial displacement of the truss fixture.  Record your data…………………………………….………………………………….….  ______

3) Load the load apparatus to the appropriate weight………………………….... ______

4) Hook the load apparatus onto the truss fixture …………………………….…______

5)  Slowly hoist the weight off the ground.  Ensure that the truss fixture is supporting the entire weight of the load apparatus (see Figure 3)……………………………______

6)  Record displacement.  Ensure that the camera stand has not moved and remains level……………………………………………………………………………______

7)  Slowly, lower the load apparatus…………………………………………….______

8)  Record the final displacement value.  Ensure that the camera stand has not moved and remains level……………………………………………………………..______

Test #_____

1) Ensure that the camera stand is in place so that the dial gage measures the translation of the free end of the truss fixture…..…………………………………………  ______

2) Ensure a level fixture and the initial displacement of the truss fixture.  Record your data…………………………………….………………………………….….  ______

3) Load the load apparatus to the appropriate weight………………………….... ______

4) Hook the load apparatus onto the truss fixture …………………………….…______

5)  Slowly hoist the weight off the ground.  Ensure that the truss fixture is supporting the entire weight of the load apparatus (see Figure 3)……………………………______

6)  Record displacement.  Ensure that the camera stand has not moved and remains level……………………………………………………………………………______

7)  Slowly, lower the load apparatus…………………………………………….______

8)  Record the final displacement value.  Ensure that the camera stand has not moved and remains level……………………………………………………………..______

Test #_____

1) Ensure that the camera stand is in place so that the dial gage measures the translation of the free end of the truss fixture…..…………………………………………  ______

2) Ensure a level fixture and the initial displacement of the truss fixture.  Record your data…………………………………….………………………………….….  ______

3) Load the load apparatus to the appropriate weight………………………….... ______

4) Hook the load apparatus onto the truss fixture …………………………….…______

5)  Slowly hoist the weight off the ground.  Ensure that the truss fixture is supporting the entire weight of the load apparatus (see Figure 3)……………………………______

6)  Record displacement.  Ensure that the camera stand has not moved and remains level……………………………………………………………………………______

7)  Slowly, lower the load apparatus…………………………………………….______

8)  Record the final displacement value.  Ensure that the camera stand has not moved and remains level……………………………………………………………..______

Test #_____

1) Ensure that the camera stand is in place so that the dial gage measures the translation of the free end of the truss fixture…..…………………………………………  ______

2) Ensure a level fixture and the initial displacement of the truss fixture.  Record your data…………………………………….………………………………….….  ______

3) Load the load apparatus to the appropriate weight………………………….... ______

4) Hook the load apparatus onto the truss fixture …………………………….…______

5)  Slowly hoist the weight off the ground.  Ensure that the truss fixture is supporting the entire weight of the load apparatus (see Figure 3)……………………………______

6)  Record displacement.  Ensure that the camera stand has not moved and remains level……………………………………………………………………………______

7)  Slowly, lower the load apparatus…………………………………………….______

8)  Record the final displacement value.  Ensure that the camera stand has not moved and remains level……………………………………………………………..______

Test #_____

1) Ensure that the camera stand is in place so that the dial gage measures the translation of the free end of the truss fixture…..…………………………………………  ______

2) Ensure a level fixture and the initial displacement of the truss fixture.  Record your data…………………………………….………………………………….….  ______

3) Load the load apparatus to the appropriate weight………………………….... ______

4) Hook the load apparatus onto the truss fixture …………………………….…______

5)  Slowly hoist the weight off the ground.  Ensure that the truss fixture is supporting the entire weight of the load apparatus (see Figure 3)……………………………______

6)  Record displacement.  Ensure that the camera stand has not moved and remains level……………………………………………………………………………______

7)  Slowly, lower the load apparatus…………………………………………….______

8)  Record the final displacement value.  Ensure that the camera stand has not moved and remains level……………………………………………………………..______

Test #_____

1) Ensure that the camera stand is in place so that the dial gage measures the translation of the free end of the truss fixture…..…………………………………………  ______

2) Ensure a level fixture and the initial displacement of the truss fixture.  Record your data…………………………………….………………………………….….  ______

3) Load the load apparatus to the appropriate weight………………………….... ______

4) Hook the load apparatus onto the truss fixture …………………………….…______

5)  Slowly hoist the weight off the ground.  Ensure that the truss fixture is supporting the entire weight of the load apparatus (see Figure 3)……………………………______

6)  Record displacement.  Ensure that the camera stand has not moved and remains level……………………………………………………………………………______

7)  Slowly, lower the load apparatus…………………………………………….______

8)  Record the final displacement value.  Ensure that the camera stand has not moved and remains level……………………………………………………………..______

Test #_____

1) Ensure that the camera stand is in place so that the dial gage measures the translation of the free end of the truss fixture…..…………………………………………  ______

2) Ensure a level fixture and the initial displacement of the truss fixture.  Record your data…………………………………….………………………………….….  ______

3) Load the load apparatus to the appropriate weight………………………….... ______

4) Hook the load apparatus onto the truss fixture …………………………….…______

5)  Slowly hoist the weight off the ground.  Ensure that the truss fixture is supporting the entire weight of the load apparatus (see Figure 3)……………………………______

6)  Record displacement.  Ensure that the camera stand has not moved and remains level……………………………………………………………………………______

7)  Slowly, lower the load apparatus…………………………………………….______

8)  Record the final displacement value.  Ensure that the camera stand has not moved and remains level……………………………………………………………..______

Test #_____

1) Ensure that the camera stand is in place so that the dial gage measures the translation of the free end of the truss fixture…..…………………………………………  ______

2) Ensure a level fixture and the initial displacement of the truss fixture.  Record your data…………………………………….………………………………….….  ______

3) Load the load apparatus to the appropriate weight………………………….... ______

4) Hook the load apparatus onto the truss fixture …………………………….…______

5)  Slowly hoist the weight off the ground.  Ensure that the truss fixture is supporting the entire weight of the load apparatus (see Figure 3)……………………………______

6)  Record displacement.  Ensure that the camera stand has not moved and remains level……………………………………………………………………………______

7)  Slowly, lower the load apparatus…………………………………………….______

8)  Record the final displacement value.  Ensure that the camera stand has not moved and remains level……………………………………………………………..______

Test #_____

1) Ensure that the camera stand is in place so that the dial gage measures the translation of the free end of the truss fixture…..…………………………………………  ______

2) Ensure a level fixture and the initial displacement of the truss fixture.  Record your data…………………………………….………………………………….….  ______

3) Load the load apparatus to the appropriate weight………………………….... ______

4) Hook the load apparatus onto the truss fixture …………………………….…______

5)  Slowly hoist the weight off the ground.  Ensure that the truss fixture is supporting the entire weight of the load apparatus (see Figure 3)……………………………______

6)  Record displacement.  Ensure that the camera stand has not moved and remains level……………………………………………………………………………______

7)  Slowly, lower the load apparatus…………………………………………….______

8)  Record the final displacement value.  Ensure that the camera stand has not moved and remains level……………………………………………………………..______

Test #_____

1) Ensure that the camera stand is in place so that the dial gage measures the translation of the free end of the truss fixture…..…………………………………………  ______

2) Ensure a level fixture and the initial displacement of the truss fixture.  Record your data…………………………………….………………………………….….  ______

3) Load the load apparatus to the appropriate weight………………………….... ______

4) Hook the load apparatus onto the truss fixture …………………………….…______

5)  Slowly hoist the weight off the ground.  Ensure that the truss fixture is supporting the entire weight of the load apparatus (see Figure 3)……………………………______

6)  Record displacement.  Ensure that the camera stand has not moved and remains level……………………………………………………………………………______

7)  Slowly, lower the load apparatus…………………………………………….______

8)  Record the final displacement value.  Ensure that the camera stand has not moved and remains level……………………………………………………………..______

Test #_____

1) Ensure that the camera stand is in place so that the dial gage measures the translation of the free end of the truss fixture…..…………………………………………  ______

2) Ensure a level fixture and the initial displacement of the truss fixture.  Record your data…………………………………….………………………………….….  ______

3) Load the load apparatus to the appropriate weight………………………….... ______

4) Hook the load apparatus onto the truss fixture …………………………….…______

5)  Slowly hoist the weight off the ground.  Ensure that the truss fixture is supporting the entire weight of the load apparatus (see Figure 3)……………………………______

6)  Record displacement.  Ensure that the camera stand has not moved and remains level……………………………………………………………………………______

7)  Slowly, lower the load apparatus…………………………………………….______

8)  Record the final displacement value.  Ensure that the camera stand has not moved and remains level……………………………………………………………..______

Test #_____

1) Ensure that the camera stand is in place so that the dial gage measures the translation of the free end of the truss fixture…..…………………………………………  ______

2) Ensure a level fixture and the initial displacement of the truss fixture.  Record your data…………………………………….………………………………….….  ______

3) Load the load apparatus to the appropriate weight………………………….... ______

4) Hook the load apparatus onto the truss fixture …………………………….…______

5)  Slowly hoist the weight off the ground.  Ensure that the truss fixture is supporting the entire weight of the load apparatus (see Figure 3)……………………………______

6)  Record displacement.  Ensure that the camera stand has not moved and remains level……………………………………………………………………………______

7)  Slowly, lower the load apparatus…………………………………………….______

8)  Record the final displacement value.  Ensure that the camera stand has not moved and remains level……………………………………………………………..______

Test #_____

1) Ensure that the camera stand is in place so that the dial gage measures the translation of the free end of the truss fixture…..…………………………………………  ______

2) Ensure a level fixture and the initial displacement of the truss fixture.  Record your data…………………………………….………………………………….….  ______

3) Load the load apparatus to the appropriate weight………………………….... ______

4) Hook the load apparatus onto the truss fixture …………………………….…______

5)  Slowly hoist the weight off the ground.  Ensure that the truss fixture is supporting the entire weight of the load apparatus (see Figure 3)……………………………______

6)  Record displacement.  Ensure that the camera stand has not moved and remains level……………………………………………………………………………______

7)  Slowly, lower the load apparatus…………………………………………….______

8)  Record the final displacement value.  Ensure that the camera stand has not moved and remains level……………………………………………………………..______

Test #_____

1) Ensure that the camera stand is in place so that the dial gage measures the translation of the free end of the truss fixture…..…………………………………………  ______

2) Ensure a level fixture and the initial displacement of the truss fixture.  Record your data…………………………………….………………………………….….  ______

3) Load the load apparatus to the appropriate weight………………………….... ______

4) Hook the load apparatus onto the truss fixture …………………………….…______

5)  Slowly hoist the weight off the ground.  Ensure that the truss fixture is supporting the entire weight of the load apparatus (see Figure 3)……………………………______

6)  Record displacement.  Ensure that the camera stand has not moved and remains level……………………………………………………………………………______

7)  Slowly, lower the load apparatus…………………………………………….______

8)  Record the final displacement value.  Ensure that the camera stand has not moved and remains level……………………………………………………………..______

6.0 Appendix
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Figure 1 – Picture of level and dial gage configuration.
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Figure 2 – Picture of assembled test fixture configuration .
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Figure 3 – Desired hoisting method to load the fixture assembly.
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Figure 4 – Side panel assembly
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Figure 5 – End panel assembly
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Figure 6 – Skin panel assembly
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Failure Report

Name:___________________________

Date: ____________________________

Desription of failure: 

Reason for failure:

Signature of test engineer: __________________________

Signature of witness: ______________________________

Signature of component owner: _____________________
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