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A Few Common Airframe and

ngine Sensors Used During T&E

Sensor Measurement Challenges

mV signal levels
Long cable runs

mV signal levels
Long cable runs

High impedances

U Triboelectric noise

in long cables

Strain gage Fatigue cycles, loads, structural
desi gn margins, U

Thermocouple Engine temperatures, thermal 0
management, e u

Accelerometer Flutter, buffeting, engine out of
bal ance, &

DR pressure and force Cockpit noise, surface profiling, U

transducers é u

mV signal levels
Long cable runs

Observation: Challenges associate with low signal levels, long cable runs,
and in some instances high output impedances must be overcome before
meaningful T&E data can be successfully digitized and recorded.




These Type Sensors Support
‘Both Ground and Flight Testing

v




Some Basic Electrical Noise
Considerations

|

A Noise
A We should protect against electromagnetic and electrostatic

flelds and currents coupling through common impedances.
U electromagnetic: time-varying magnetic fields (solenoids,
motors, power transformers)

Ashield by completely enclosing the susceptible circuit
(use high permeable material such as Permalloy)

U electrostatic: time -varying potential difference between
two conductors coupled by stray capacitance

Ashield with stranded braid mesh and screens of good
electrical conductors*




e.g., Electrical Noise
Considerations
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e.g., Electrical Noise
Considerations

Good magnetic shields are relatively good electrostatic shields
but the converse iIs not true.

U current coupled: signal currents share a common
path with other undesired currents

Aprovide a single ground
Akeep cables short

Sensor|—£2 ."|. ________________ \ Ein
' -




e.g., Electrical Noise
Considerations

4

A Grounding considerations:

E1

Ein=E1-E2

Sensor :écmcmc((‘

A Twisted/Shielded pair most commonly used
cable for differential inputs.

A Shield may be separated from the signal
path, reducing noise coupling to the input.

First/Precision Filters



e.g., Electrical Noise
Considerations

4

A Grounding considerations:

E2

o v

i

§R8 R11

Alf the shield is driven, the loading effect of the
different capacitors will no longer exist

First/Precision Filters



e.g., Electrical Noise
Considerations

Permalloy- An 80/20 alloy of nickel and iron; easily magnetized

and demagnetized 4

Construction

P R

4 Finizhed Cable

Magnetic Shield Corporation
Bensenville, IL
magnetic shields shields@magnetiecshield.com



A More Functional System Noise
‘ Definition Follows:

Noise Is anything but the desired
response from a transaucer to the
desired environment.



Undesired Environments N

Aircraft and Launch Vehicles
Wal t er . nTest Magazi n

For an aircraft, we might encounter temperatures on the tarmac as high as 54 degrees C (130 degrees F). In flight
these external temperatures may drop to i 35 degrees C (-30 degrees F). Rocket systems encounter much greater
temperature extremes. Aside from influencing the various sensors, these temperature variations can result in internal
condensation and/or ice formation, which attempts to lower electrical impedances in the components of the on-board
measurement system.

Strain and acceleration are induced into the flight symsdt
motor burns, jettisoning of equipment, ordnance release, sonic booms, staging separation, and more. Acoustic noise
is transmitted through the air frame or structure to its interior. Some of the events in the preceding list that induce
acceleration can result in high levels of pyrotechnic shock.

At both anticipated and unanticipated times in flight, radars may illuminate the flight vehicle. In addition, radio
frequency transmissions can be received by and emitted from the vehicle. Thunder and lightning storms, as well as
snow and sleet, can randomly be encountered producing mechanical, thermal, and electrical inputs to the flight
vehicle. Considering only rocket systems, we may have partial loss of signal (LOS) while transmitting the desired
measurements to the ground. Plume interference during motor burn can be one of the causes. During atmospheric
reentry, the extreme temperatures due to aerodynamic heating produce plasma causing progressive LOS and eventual
black-out (all communications are temporarily lost). Last, flight test vehicles can contain as much as 50 miles of
routed instrumentation wiring. A significant number of these wires carry only millivolt level signals exacerbating the
challenge of maintaining an adequate signal/noise ratio.

Keep in mind that every sensor in the flight vehicle is experiencing all of the aforementioned environmental inputs
(many concurrently) to some degree, but the goal is that each measuring sensor responds only to the single desired
environment it is designed to measure. The other environmental inputs to the sensor are undesired. In addition, at
any given time it may never be precisely known what combination of these environments a sensor is encountering. It
i's also possible that other environments may exi st that wt
environments have the potential to influence our measured data in some manner. For the analyst performing
measurement uncertainty analysis, much of the above discu:
However, | prefer to think that the preceding discussion accurately portrays the challenges associated with making
meameasurements in the fAreal worl do.



Environmental Response
Combinations

Testing is preferred in controlled laboratory conditions. However,
these controlled laboratory conditions are not always available.

Global Hawk:
steady state
and transient
temperature,
condensation,
rain, radars,
signal
transmission,
buffeting,
strain fields,
o

multiple
measurements
desired




Environmental Response
Combinations

Testing is preferred in controlled laboratory conditions. However,
these controlled laboratory conditions are not always available.

modal testing:
temperature,
humidity, i,
base st

acceleration
desired
Sandia Labs




Environmental Response
Responses

Testing is preferred in controlled laboratory conditions. However,
these controlled laboratory conditions are not always available.

GAS-TURBINE WITH REGENERATION

gas turbine:
thermal
T ?‘f‘*m A transient,
pressure é’;;; N steady state
desired | =~ &y . temperature,
—> W y v ionized gases,

POWER TUREBINE

strain, accel-
"ws eration, pickup
on cabl



Environmental Response
Combinations

Testing is preferred in controlled laboratory conditions. However,
these controlled laboratory conditions are not always available.
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Pressure Transducer Outputs
are Combinations of
Responses to Environments

FROM ISA 37.10 (PIEZOELECTRIC _

PRESSURE TRANSDUCERS):
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Accelerometer Outputs are
Combinations of Responses to
FRO*

Environments
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e.d., Undesired Thermal Response
IN Quartz Pressure Transducer
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e.d., Undesired Magnetic Fields
Response In a Strain Gage

EVD shaker is
electromagnetic vibration
device, and electromagnetic
interference (EMI) effects
strain gauge greatly.

It is about 300 UE during
sweeping test using quarter
bridge.

Tenneco/2009



e.d., Undesired Strain Response In
a Resistance Based Pressure
Transducer
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A test example



Base Strain Errors in Modal
Testing 1 One Example

PARENT STRUCTUREVERY COMPLIANT, SHHIYPE, LOW

FREQUENCY
STRUCTURE

- ONE GRAM ACCELEROMETERS WERE RIGIDLY
ATTACHED TO THE STRUCTURE AND MODAL
TESTING WAS PERFORMED BY EXPERIMENTER #1

- EXPERIMENTER # 2 TRIED TO REPLICATE RESULTS
OF EXPERIMENTER #1 AT A LATER DATE WITH BIF

FERENT ACCELEROMETERS (ONE GR “ 'L%m
COMPRESSION VERSUS SHEAR TYPE) i SS8

- DIFFERENT RESULTS WERE OBTAINECKEE



Base Strain Errors in Modal
Testing 1 One Example

|

BOTH EXPERI MENTEROS RESULT

AMPLITUDE RATIO

FREQUENCY (HZ)



