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Environmental Engineering Experimental Setup Experimental Setup Acoustic Test
« Design laboratory experiments to demonstrate the durability of the « The methodology is to subject a test article to mechanical vibration  The methodology is to subject a test article to soundwaves created by ’ EXDO_SEd confiq_uration: |
system to various conditions from climatic conditions to dynamic driven by electrodynamic shakers to attain its vibratory response to in- loudspeakers in a reverberant chamber to attain its vibratory response to - Flight acoustic PSD was fully replicated (both level and spectrum).
conditions. flight dynamic loads. in-flight dynamic loads. SR b '/Ml - Vibratory response was below the measured PSD by more than two
» Two shakers are driving the test article at two rigid points through a  Two test configurations: i% e / orders of magnitude.
fixture interface consists of a plate and a flange. (a) An enclosed configuration =, » Enclosed configuration:
Flight measurements Lab Qualification i i
. Acceleration Testing * The control sensors were set on the front and rear parts of the warhead. (b) An exposed configuration L A - Acoustic PSD is ~15dB below the measured SPL.

e Acoustic pressure Vibration test

- Vibratory response met the measured PSDs in some frequency bands.

* Temperature Acoustic noise test C | _ ) ) o ]
Spec ontro * One can Imagine the trapped acoustic waves inside the cylinder that
' sensor .- s : . :
In The Literature orofile turned 1t Into a “mini acoustic chamber”. Removing of the chamber
canceled the structure coupling with acoustic excitation.
* Mechanical loads, of low frequency, induced by the aircraft ’ [ Tested unit }
 Aeroacoustic loads, of high frequency, induced by pressure
fluctuations and turbulent boundary layer. W \ = - 2 =
.. : .. = S £ S
« Deterministic numerical models of FEM and BEM are limited to the Lot Exciter = > = x
system : = ) s %
low frequency range (<300Hz) J drive J 2 < z <
« Stochastic models of energy analysis (SEA) for the high frequency Fig. 2 — Laboratory test, control loop
range (>300Hz) , neglecting the FSI, and show discrepancies compared . —
to measurements. | (a) Fnclosed configuration (b) Exposed configuration | |
_ - Mas§ and Fig. 6 — Acoustic test setup for (a) enclosed and (b) exposed configurations Fig. 9 — Block diagrams of energy transfer paths for (a) enclosed and (b) exposed configurations
« All results refer to simplified models and not to a complex springs

Lab testing for a system’s in-flight dynamic response

configuration including internal components » The input specification for the control system was a broadband PSD as
\ / T[T measured in captive flight at an altitude of 20kft and 0.94M.  Vibration tests are suitable for the the low frequency range, whereas the
I!l » Enclosed configuration: as measured by external microphone M1 acoustic test fails to excite.
“““ o Exposed Conﬁgura’[ion: as measured by internal microphone M?2 e Acoustic tests are suitable for the mid and th]h frequenCV range, and
/ TEST CASE: INSTRUMENTED FLIGHT TEST \ Release unit excite all directions simultaneously.
Result « Means of excitations (shakers \ loudspeakers) shall be set according to
Fixtures eSuUItls
Test Setup the test purposes:
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A weapon system consists of a warhead and two add-on sections:
aerodynamic and control surfaces (rear), guidance and control unit
(front)

* Flight test was conducted with the weapon system installed on F-16
fighter aircraft.

* Flight data (time history) was acquired and synced with the sensors’
acquisition system
* Inner accelerometers distributed along main assemblies of the system,

- structure’s durability: vibration test
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Fig. 3 — Laboratory vibration test setup for Z direction 1 4: | | | Control, 12908 Control, 12908
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« External flush-mounted microphones and Internal microphones » A coupling between the two shakers is pronounced by several dominant (a) Enclosed configuration (b) Exposed configuration
Installed on each section. under-test dips for the front and rear control sensors Fig. 7 — Acoustic PSDs for the (a) enclosed and (b) exposed configurations compared to flight PSD 1 Vivaton o8 070 rms
M1 M4 ) ) ) ) . . . . 10 50 100 150 200 250 300 350 400 450 500 10-Zoo 1000 1500 2000 25100 3000
& —® * For both sections the assemblies response in the high frequency range « For the enclosed configuration, the control acoustic PSD (green) is ey ey TH ey TH
______ = e e = B (from ~500Hz) is in under-test, namely, flight dynamic responses are ~15dB lower than measured in flight (black). (a) Low frequency range (b) Mid frequency range
® [ ) not replicated for the inner assemblies.  The response of the inner microphones is lower by an order of
Front section ™ Rear section S — U , : magnitude than the external microphones (M1 and control)
- : [Tz < . i i ic oimi
Fig. 1 — Acoustic and acceleration sensors locations ] For the exposed conflguratlon, the control PSD is similar to that from Fig. 10 —A1 response PSD (normalized to 1Grms) in the Z direction in flight and laboratory tests
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Plate FWD 1.08 grms

flight test.
Results FUTURE DIRECTIONS
 Spectral content of acceleration and acoustic pressure is proportional to = i  Design, build and test a simplified configuration of an outer shell and
the dynamic pressure. - | ‘ | 10 Inner components, and use acoustic testing to calibrate simulations.
 Acceleration PSDs for inner assemblies are higher than those measured ok N E——— o

Fix FWD 1.49 grms
A4z 1.01 grms

on the front and rear ends of the warhead.

10" 102 103

Objective Frequency [Hz] Frequenf:y [I-.Iz] o )
(a) Front control (b) Front limit empirical models for the acceleration response due to each source

« Use the lesson learned from this study as a design criteria in an early
design phase before flight tests are applicable.

\

A" '\ _; « Develop transfer functions to relate the external pressure field with
‘w' | w Internal component accelerations

' \W' M0 * |dentify sources of excitation in captive flight and use them to develop

Determine which of the testing methods, mechanical or acoustic

Plate Rear 2.39 grms
Fix Rear 2.18 grms

Enclosed 0.64 Grms

excitation, can better replicate the captive flight vibratory environment of | o |

Enclosed 0.55 Grms
- Exposed 0.11 Grms
Flight 1.68 Grms I | | | Flight 1.57 Grms
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(a) A2 response in Y direction (a) Al response in Z direction ACKNOWLE DG M E NTS ’ CONTACT

P Fig. 8 — Acceleration PSDs for (a) A2 Y and (b) Al Z, compared to flight PSD _ _ _ _
The work has been conducted in RAFAEL’s environmental engineering

prR Z » For both test configurations, the acceleration response of Al in the Y _ _
N é é and Z direction is lower than in flight (black curve) center. Our gratitude to the people who helped conducting the complex
experiments under strict time constraints.

T«  In the enclosed configuration (blue curve), the overall level is higher
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(c) Rear control (d) Rear limit than in tr_\e exposed configuration (red curve) and the flight spectrum is kobic8@tx.technion.ac.il
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Fig. 4 — Vibration test results of (a,b) front section and (c,d) rear section
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