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ABSTRACT 
 

This paper is about the installation of the instrumentation system and the strain gages on an E-2C 
Hawkeye for the Advanced Hawkeye Loads Risk Reduction project.  Background information on 
why this project came about will be given.  Explanations on why the existing instrumentation system 
was modified to the current system will be presented.  Anthony Cullison (co-author of this paper) 
will explain the installation of the strain gages. 
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INTRODUCTION 

 
The E-2C Hawkeye has been the airborne early warning command and control aircraft of the United 
States Navy since 1973.  As the years have passed and the Navy has changed, so has the E-2C.  It 



will become the Navy’s primary airborne node in the service’s network-centric information structure 
of the future, as real-time information will be one of the war-fighters’ primary tools.  Because of the 
changing technology, the aircraft systems and components of the E-2C will have to be upgraded. 
 
The United States Navy awarded a contract to Northrop Grumman to build a new E-2, which will be 
called the E-2D Advanced Hawkeye.  The system upgrades will include a new radar system, 
communication system, and a tactical cockpit with multi-functional displays.  These upgrades will 
increase the gross weight of the E-2 by 3000 pounds.  The Naval Air Warfare Center at Patuxent 
River, MD, was tasked by Northrop Grumman to test an E-2C to see if the wing and the horizontal 
tail structure would be affected by the weight of the new equipment.  Manufactured lead ballast will 
be installed in the areas of the aircraft to simulate the weight of the new equipment.  If the data from 
the flight test program shows that the current E-2C model cannot handle the extra weight, Northrop 
Grumman will have to modify the structure of the E-2D Advanced Hawkeye production model.  
This is the purpose of the Advanced Hawkeye Loads Risk Reduction flight test program. 
 
 

STRAIN GAGE INSTALLATION APPROACH 
 

The Aircraft Instrumentation Division Structures Laboratory and NAVAIR (4.3.3) together 
determined the locations on the wings and tail that needed to be instrumented. Based on inputs from 
Northrop Grumman and NAVAIR (4.3.3) there are 5 wing stations that were instrumented for shear, 
bending moment and torsion. These 5 wing stations (W.S.) are –58, 58, 92, 173 and 249 for the shear 
and bending moment circuits, also the surfaces of the wing at the same W. S. for torque. These W. S. 
will have the forward, main and rear spars instrumented for shear and bending moment. The torsion 
circuits will be installed at forward and rear locations on the wing skin at each individual station. It 
was determined the horizontal tails main spar was only to be instrumented at station 13.5 for shear 
and bending moment circuits. The torsion circuits will be installed, same as the wings, at a forward 
and rear location.  
 
 

ADVANCED HAWKEYE LOADS INSTRUMENTATION SYSTEM OVERVIEW 
 

The test aircraft that is being used for the Advanced Hawkeye Loads project was also the test aircraft 
for the 8-bladed new propeller (NP2000) program.  The instrumentation system that was installed in 
the test aircraft was large and extensive.  To be able to accommodate the measurements for the 
Advanced Hawkeye Loads project, the existing instrumentation system had to be modified.  To keep 
up with the technology in our branch, we removed the existing Aydin Vector MMSC-800 distributed 
PCM encoders and our in-house signal conditioning cards and replaced it with the Teletronics 
Technology Corporation (TTC) manufactured CAIS Data Acquisition Units (CDAU) that have the 
signal conditioning built in the cards.  One of the benefits of changing the PCM encoders is that with 
the Teletronics Technology Corporation system, changing gains and offsets to the measurements are 
all done through software.  With our old system, we would have to calculate components and solder 
them to our in-house signal conditioning cards.  The TTC system was installed as a distributed 
system, one master encoder with four remotes.  The aircraft is separated into four sections:  the main 
package, the left engine package, the right engine package and the tail package.  One remote was 
installed in the tail section of the aircraft for the tail measurements and a remote was installed in 



each engine fire bottle bay for the respective wing and engine measurements.  The last remote was 
installed on the main package inside the aircraft beside the master encoder.  This remote processes 
the measurements that are installed in the fuel cell and the top skin of the center wing.  The master 
encoder monitors the core aircraft measurements like engine horsepower, engine RPM, engine fuel 
flow, elevator position, aileron position, rudder position, etc.  The main package consists of the 
master encoder, one of the four remote encoders, a power distribution unit, and the telemetry 
transmitter.   
 
 The purpose behind the separation is so that if a section of the aircraft no longer needs to be 
monitored, the corresponding package can be disabled or removed without interference to the 
remaining system.  The instrumentation system is monitoring the following types of measurements:  
pressure transducers, accelerometers, position transducers, avionic signals and strain gages. The 
majority of the measurements are strain gages. 126 strain gages are installed on the wing and 
horizontal tail structure of the E-2C.   
 
 

STRAIN GAGE SCOPE OF MEASUREMENT 
 

The front spar at each wing station has primary and secondary circuits to measure shear and bending 
moment. The shear circuits are located in the center and away from any load influencing structure on 
the spar web. The bending circuits are located at the top and bottom on the spar face, up on the spar 
cap and near the edge of the spar cap. There are a total of 20 circuits located across the front spars of 
the aircraft. 
 
   The main spar at each wing station has primary and secondary circuits to measure shear and 
bending moment. The shear circuits are located in the center and away from any load influencing 
structure on the spar web. The bending circuits are located at the top and bottom on the spar face, up 
on the spar cap and near the edge of the spar cap. At W. S. 249 the mid spar is not accessible, 
therefore, the shear and bending moment gages are located on the top and bottom surfaces of the 
wing. Bending circuits are being used to measure shear by differential bending. There are a total of 
28 circuits located across the main spars and skin area at the 5 wing stations of the aircraft. 
 
  The rear spar at each wing station has primary and secondary circuits to measure shear and bending 
moment. The shear circuits are located in the center and away from any load influencing structure on 
the spar web. The bending circuits are located at the top and bottom on the spar face, up on the spar 
cap and near the edge of the spar cap. There are a total of 20 circuits located across the rear spars of 
the aircraft. 
 
  The upper and lower surfaces at each station have primary and secondary circuits installed to 
measure torque. The torque circuits are installed at a forward and aft position on the wing surface. 
They are installed in an area on the wing panel as to not be influenced by any ribs supporting the 
wing skin. There are 40 circuits located across the wing surface of the aircraft. 
 
The horizontal tails’ main spar follows the same installation scheme as the wing spars and wing 
surfaces. There are a total of 24 circuits located inside on the main spar and outside on the tail 
surfaces.  



 
 

INSTRUMENTATION WIRING DESIGN ISSUES 
 
The design of the wire installation for this project was challenging; considering that the aircraft 
already had approximately 35 miles of wire installed from the previous project (NP2000). Given this 
along with an aggressive program schedule, a decision was made to attempt at reusing a portion of 
the already installed wire. The existing wiring runs were inspected to determine if they could be 
reused for the new measurements and based on the inspection results, the majority of the wiring was 
kept for the new measurements.  The wiring for the strain gages was then divided in such a way that 
the system contained logic and facilitated the overall installation.  For example, there are 24 strain 
gages that are installed in the fuel cell and upper skin of the center wing.  To run wires from the 
main spar of the center wing and route them to the remote packages that are installed in the engine 
fire bottle bays would be difficult based on the airframe and a space availability issue for the wiring 
itself.  Instead, it was more advantageous to route the wires along the outside of the fuselage to the 
master remote that is installed on the main package.  This solution helped to alleviate overloading 
issues with the engine fire bottle bay CDAU remotes, any space issues, and reduced any structural 
alteration of the airframe. 
 
 

CONCLUSION 
 

The aircraft was ferried out to NASA Dryden Research Facility at Edwards Air Force Base in 
California where the loads calibration was conducted. The reason why NASA Dryden was selected 
as the calibration facility is because NASA Dryden had the necessary equipment and space needed 
to perform a calibration of this magnitude.  NASA Dryden is responsible for designing all aircraft 
restraints and loading fixtures needed to apply the calibration loads. The loads will be applied and 
NASA will collect the data. All the data from the calibration along with the equations generated 
from this data will be provided to NAVAIR 4.3.3 and the flight test team for review and further use 
in flight test portion of the program.  The aircraft data recording system is setup for the maximum 
milli-volt range expected before it leaves Patuxent River for the ferry flight out to Edwards. 
 
After the test aircraft was ferried back to Patuxent River, the flight test portion of the program will 
commence.  When all data flights are complete and the data has been validated, the results and 
processed data will be sent to Northrop Grumman to validate their load model specification for the 
E-2D aircraft. 




