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Equations for Inertia Load Stand pendulum 
 
The goal of the added inertia is to simulate a different engine configuration with the ILS test stand. It is important 

to take into consideration that the mass of the engine is different than the mass of the pendulum, and the engine 
moment arm is different than the ILS moment arm. The engine inertia was given by the engine group, and the 
computer program Pro Engineer (Pro/E) gave the pendulum mass, center of gravity location, and inertia about the 
center of gravity. See Figure 10 for location of information in Pro/E. The formulas below were used to create the 
necessary information for the excel spread sheet in Table 1. 

 
 

ܨ ൌ ݉ܽ 

Where F= Force, m= mass, and a=acceleration 

Which is equivalent to the following equation: 

ܶ ൌ  ߙܫ

Where T= Torque, I= Mass Moment of Inertia, and ߙ= Angular Acceleration 

 

ܶ ൌ ܨ ∗  ݎ

Where T= Torque, F= Force, and r= moment arm 

ܨ ∗ ݎ ൌ ி <= ߙܫ
ఈ
ൌ ூ

௥
                    Which is Consistent acceleration  

ெ்ܫ
ଵݎ

ൌ
ா௙௘௖௧ܫ
ଶݎ

 

௘௤௨௜௩௔௟௘௡௧ܫ ൌ ஺௖௧௨௔௟ܫ ቀ
௥ೄೄಾಶ
௥ೄೃಳ
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Project Overview

2

♦ Modifying an Inertial Load Simulator (ILS) 
pendulum to match the moment arm of a 
Space Shuttle Main Engine (SSME)

♦ One possible cost saving measure will be 
to use Solid Rocket Booster (SRB) 
actuators on the Core Stage

♦ Use an ILS to test SRB Actuators with 
Core Stage engine inertia

04/02/2012



Space Launch System
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Actuators in Action
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Hydraulic Actuator
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NASA Manned Spaceflight Vehicles
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Saturn Space Shuttle Space Launch System
(Proposed)



Shuttle TVC Systems
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Space Shuttle Main 
Engine (SSME)

Solid Rocket Booster 
(SRB) Actuators



Shuttle Actuators
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SRB 
Actuator

SSME 
Actuator

1 SRB has 
3,000,000 lbs. 
of thrust

1 SSME has 
500,000 lbs. 
of thrust



Inertial Load Simulator
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Support Structure Spring Pack

Actuator Pendulum 



Engine vs. Pendulum Inertia
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Moment Arm Comparison
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Engine Moment Arm Pendulum Moment Arm



Door Analogy
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♦ The amount of force required to open a door 
increases the closer the force is applied to the 
hinge

♦ If it is intended for the force to remain the same 
regardless of the point of application, then the 
inertia of the door needs to be altered



Pendulum Inertia Derivation
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♦ The Moment (torque) required to move an 
actuator with a known moment of inertia at 
a given angular velocity is :

♦ The Moment (torque) required is also 
related to the amount of force output from 
the actuator and the location of the 
actuator applies that force:



Pendulum Inertia Derivation
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♦ The moment in these two equations is the 
same and therefore they can be set equal 
to each other:



Pendulum Inertia Derivation
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♦ Assuming a constant force and angular 
acceleration between systems the system 
equations can be set equal as in the 
following:

௘௤௨௜௩௔௟௘௡௧

ௌௌொ

஺௖௧௨௔௟

ௌோ஻



Pendulum Inertia Derivation
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♦ Finally, leading to the equation used in the 
model:

௘௤௨௜௩௔௟௘௡௧ ஺௖௧௨௔௟
ௌௌொ

ௌோ஻



Pendulum Inertia Derivation
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♦ Newton’s 2nd Law of Motion:   ܨ ൌ ݉ܽ
2nd rotational Law: 		ܶ ൌ ܫ ∝

♦ To maintain a consistent Force-to-acceleration relationship:
Force x r = Torque       

By submission:        ݎܨ ൌ ܫ ∝		 ி
ఈ
ൌ ூ

௥

♦ Given the fixed moment arm of the test stand, the pendulum 
inertia required to simulate the SSME is:











SSME

ILS
SSMEPendulum

SSME

SSME

ILS

Pendulum

r
rII

r
I

r
I



Modeling Results
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MASS = X

CENTER OF GRAVITY = Y

INERTIA TENSOR = Z

Mass of pendulum in pounds

Pendulums center of gravity

Pendulums moment of 
centroidal inertial mass 
property



Weight Attachment System
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Project Summary
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♦ The ILS pendulum could be modified to 
match the moment of inertia of a SSME

♦ It is possible to test an SRB actuator on 
the ILS



Thank you
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