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Project GOAL  

Å Determine the life expectancy of a generic micro electro-mechanical 

systems (MEMS) inertial measurement unit (IMU) designed specifically 

for the use in a precision munition. 



Background Information  

Å Degradation in performance parameters of a MEMS IMU over time is not well 

understood. 

ï Natural aging not an option 

ï Developing navigation capability 

 

Å Artificial aging is a viable option to understand product reliability. 

ï Precision munitions have been expensive 

ï Guidance and Control is a key cost driver 

 

 

 



Why This Matters  

Å Guided munition weapon systems are in need of extremely miniaturized, 

navigation-grade sensors in order to increase the lethality of the Armyôs precision 

guided products. 

ï Complex environments pose a severe challenge to the warfighter, and therefore the 

advancement of key technology is necessary to meet stringent user requirements. 

ï MEMS IMU provides full six-degrees-of-freedom triaxial motion measurements. 

ï All indirect fire systems substantially benefit from precision capability. 

 

 



Å Testing is designed to obtain the life expectancy of the inertial sensors within the 

inertial measurement unit system, not the life expectancy of the IMU system as a 

whole. 

ï Performance independent of sensor integration 

ï Greater sample size 

Å Reliability Prediction 

ï A ñtime to failureò population distribution 

 is required to predict shelf life 

ï Weibull distribution is commonly used in 

 reliability engineering 

Å Success Criteria 

ï Sensors must ñfailò for lifetime equations 

 to be appropriate. 

ï Sensor performance outside program goals will be considered a failure. 

 

 

 

 

 

Approach and Test Limitations  



 

 

 

 

Å Arrhenius equation correlates lifetime to 

temperature stress. 

 

 

 

 

 

Å At a minimum, two temperature age 

estimates are needed to estimate the 

equationôs parameters. 

 

 

 

 

Accelerated Aging Principles  



Accelerated Aging Principles  

ÅA ñtime to failureò population distribution (reliability distribution) is required to use 
the Arrhenius equation. 

ÅA reliability distribution is selected from a best fit to the experimental data failure 

times. 

ÅThe sensor parameters must fail for the reliability distribution to be determined. 

ÅWeibull distribution will be utilized for this testing as this distribution is commonly 

used in reliability engineering. 

 



Å Each inertial IMU contains an inertial sensor assembly (ISA) with  

 six inertial sensors. 
ï Angular rates are measured using three orthogonal MEMS gyroscopes along 

 the x, y, and z axes. 

ï Linear acceleration is measured using three orthogonal MEMS accelerometers along the x, y, and 

z axes. 

 

IMU Performance Parameters  



Accelerated Aging Principles  

Å Shape and scale parameters will be determined via linear regressions. 

 

 

 



Å Provides capabilities to conduct research as well as test the most precise 

navigation sensors and equipment 

Å Building design reduces noise internal to the building itself 

 

 

Penn State Navigation Center  



Å Artificial Aging 

ï The temperature chamber provides air temperature, pressure, and humidity data. 

ï Mounting fixture stabilized at target temperature during aging. 

Å 3-Axis Characterization 

ï Two alignment mirrors allow sensors to be precisely oriented on the fixture to the 

North, East, and to gravity. 

ï No need to remount sensors. 

Test Setup  



Test Procedures  

Å Static Test 

ï Sensors are powered on and held motionless for a period 

of 30 minutes. 

 

Å Rate Test 

ï The sensor input axis of the gyros under test is positioned 

along the tableôs axis of rotation. 

ï Sensor data is collected ten times according to a rate 

profile. 

 

Å Tumble Test 

ï The sensor input axis of the accelerometers under test 

were positioned along north. 

ï Sensor data is collected five times according to a tumble 

profile. 

 

 



Rate Profile  



Tumble Profile  



Test Schedule  

Å Initial characterization to baseline sensor performance parameters. 

 

Å Monthly characterization at the beginning of each month. 

 

Å Final characterization at the end of the 14 month period. 



Path Forward  

Å Ongoing effort to be completed in September 2011 

 

Å Complete results are not available at this time 

 

Å Future MEMS IMU lifetime predictions can leverage off the process 

demonstrated in this testing program 

 

 



Recommendations  

Å Increase the determination of reliability distributions by testing more IMUs. 

ï Eight IMUs at each temperature step 

 

Å Additional temperature steps 

 

Å Further increase the aging process by increasing the aging temperature 

ï More accurate lifetime prediction 

 

Å Point of Contact 

James A. Sarruda 

James.a.sarruda@us.army.mil 

Picatinny Arsenal, NJ 
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Backup ð Artificial Aging Setup  

Å Two thermal chambers and support electronics. 

Å IMUs are mounted to a custom fixture in each chamber . 



Backup ð Artificial Aging Setup  

Å The temperature chamber provides air temperature, pressure, and humidity 

control back to the support computer. 



Backup ð Sensor Fixture  

Å Two alignment mirrors allow sensors to be precisely oriented on the fixture to the 

North, East, and Down. 


