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Context of the research

A In space industry, material suppliers must demonstrate
that their equipment can stand the onboard vibrations

d Tests based on pyrotechnic excitations are largely used due
to

= the (high) required level;
= the impulsive nature of the actual excitation
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Thales pyroshock test facility

A As an electronic supplier for space vehicles, Thales disposes
of a pyroshock test laboratory

A Different configurations exist
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How to tune the parameters of the facility (number of plates,
material, amount of explosive,...) to meet the specifications ?
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Pyroshock model

Purpose of the research: develop a pyroshock model of the test facilities
used by Thales Alenia Space ETCA (Belgium — Charleroi) in order to
help in tuning the parameters so as to meet the SRS specifications

The pyroshock model requires

Dynamic model Description of the
of the test facility excitation sources
l Identification by inverse methods

*Updated Finite Element Model

(wrt experimental modal analysis) *Deconvolution Methods

» Equivalent Mechanical Shock (EMS)
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Shock Response Spectrum (SRS)

Data Choice of a —> Motion equation of the
frequency f corresponding oscillator

l ‘1’ (w,=2 7 f)
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Example of SRS

Time history of the

acceleration for a typical The associated SRS
pyroshock
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SRS is not FFT !
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Statistical indicators to compare SRS

» A(f) : represents the difference at frequency f between experimental and simulated
SRS In terms Of frequency for nOde number I 104
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and the standard deviation of the indicator £ | e o e ot

. @ ‘ '"'Pa"r‘tié"du"SHC"é?ﬁt;’é@ii:af:lt'"""' 1

A(f) along the frequency range [1 — 10 kHz] 3 - lbadogamesiiic
Q 2 . B
<C 10"}

/ T~ PattieduSRCéxcédant . |
. labandediadmissibifite: - - o
... parlesvaleursinferieures (5) . C 0 0 1 0|
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* g and o : represent to the mean and the standard deviation respectively of the
frequency difference between experimental and simulated SRS considered on the

whole set of measured nodes |
EIE'2009™* Session 1 - 7 May, 2009 (Brussels) e
/2

WALLONIE-
BRUXELLES

FACULTE POLYTECHNIQUEDE MONS



Pyroshock specifications
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Difference admitted between specified and applied SRS
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[ + 6 dB for natural frequencies < 3000 Hz

d +9 dB/-6 dB for natural frequencies > 3000 Hz
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Equivalent Mechanical Shock

Definition: EMS corresponds to the mechanical force which has to
be applied to the FE model to generate equivalent acceleration
fields

x 10* ‘

i Hypotheses:

i = Linear model
S ° = |ocalized impact (center of
v | the explosive charge)

: — Haifsine shape © = Unidirectional impact

° " os o8 3 ap Ta 16 s

=> F_.., and 7 are chosen so

Parameters of the EMS as to minimize the gap
Q The intensity F,, of the impact | between experimental and
Q The duration 7 of the impact simulated SRS
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Results of EMS

d Very good match between experimental and simulated SRS

d the shock identified on a structure gives good SRS when

applied on another structure
Admlssblllty Band + 1.5 dB
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Deconvolution - Definition

Direct problem: find response from the force
In a linear system, input force f and response x are linked by

O

() = M) © F(O) = [ (D) ht—r)dr

L Excitation force (at a given point)

Response «— —> Response for impulse at the same point
(characteristic of the structure)

Inverse problem: find force from the response

Principle of the deconvolution: find g(t) (Wiener’s filter) so
that

fO = g® @) = [ g at—r)dr
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Convolution in frequency domain

In frequency domain the relationships become
z(t) = h(t) ® f(t) <« X(w) = H(w) - F(w)
f@) = g@t) ® z(t) < Flw) =GWw)  X(w)
And we deduce

G(w) = H(w) ™t

Unfortunately it is not so simple

d H may have zeros at some frequencies (solved if several
points);

A Practically, there is a noise b(t) on x(t)
z(t) = h(t) @ f(t) + b(t)

Q f(t) (or H) results from the model which also involves some
imperfections
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Frequency domain deconvolution

If the noise b(t) is not correlated with the force f(t) , the optimal
Wiener’s filter in the frequency domain is written:

H*(w) _ Sty
Gw) = th S(w) =—=
T a@rrs@) M M T S,
The excitation force in the frequency domain is given by
H*(w) X(w)
Fw) = Glw) X(w) =
) = Gl X (1H ()2 + B(w))

For n responses, the force spectrum is given by

(F@} = (MPH) + R@) 7 HY (X (@)}

If the regularization term R(w) is neglected, we come down to the
principal coordinates method
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A theoretlcal example
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Time domain deconvolution

Principle: the force profile is evaluated as a sum of weighted
wavelets

M1 N =T/h
f@&) = > Nop(t) M < N M =ty /h
b=0 B _
The force profile is automatically null after t,, h = sampling
period

In our case, we retained the half-sine wavelet

7 is the duration of the wavelength

T, is the time shift between two successive wavelets (74 is
taken equal to h here)
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Time domain deconvolution

The amplitudes ), are found by solving

_ [G]{A} = {X}
with

Gy = [ wiwa xi= [ viDa

where ,(t) is the response of the system to wavelet ¢

Rem: v, , is just ¢, shifted by 7, , so that the response of the
system must be calculated only once.

For n responses, the system becomes

(Z[Gi]) {A} =2 A{Xi}
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Results on a simple system

Results are comparable to the Wiener’'s method
T=1s, h=0.05 ms, M= ?, N= 20000, 7=0.0005 s , 74=h

Without noise With noise
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Advantages of the time domain

The advantages of the method are

d The possibilty to limit the duration of the force (interesting
for impluse loads)

d A better representation of the wave propagation in the
structure (reflexions)
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Application
ed plate and hammer impact

13 14 15 16 . .
of the plate
& oo 2 A 1 m?
, h 15 mm
l_z p | 7800 kg/m?3
6 X 7 8
S é : : E| 207 GPa
: v 0.33
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500 T T T ; ; \‘\k T T T T
o v
< Acquisition
8 -1000r
5 parameters
~1s0or : ' T | ~0.08s
PO N U 75 1100000 Hz
| | | N 8191
~2500; 2i5 3 35 Aj, 4i5 5 10_10 2000 4000
Temps [s] x107°

) 6000 8000
Fréquence [HZz]
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Finite Element Model

] The model compares
FE model built under ANSYS 8.1 software successfully to the

e Modelling of the plate with SOLID45 elements results of an

e Six elements per bending wavelength experimental modal
analysis up to 1000 Hz

e Three elements along the thickness

fE(Hz) 5 (Hz) &g (%) MAC

ANSYS 47 49 3.4 0.98
v *islaonie 92 89 3.7 0.85
124 127 2.5 0.69

231 224 2.4 0.88

282 282 0.6 0.98

457 445 2.6 0.83

488 AT7 2.2 0.77

493 498 1.2 0.84

564 560 0.73  0.98

622 635 2.1 0.80

738 730 1.0 0.64

790 771 2.5 0.85

796 803 0.9 0.73

897 919 2.4 0.68

A 898 899 0.1 0.66
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Force [N]

Results of the Wiener’s approach

Admissibility band + 1.5 dB

1000 : _ :
s==arandarv chnerk : : — L1
- woLUNUdl \ 9HUCGA : [N SRS expenmental +1.5dB
500+ : : el SRS numerical
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6 (8)=0.87 dB
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- |dentified force

_2 | | | 1 -2
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Time [s] 107 10

i(l)s 10
Frequency [Hz]

Wiener method (R(w) = 0)

Noeud wu(A) (dB) o(4y) (dB) 67 (%) 6 (%)

6 1.67 1.03 1 49 On average, the
2 1.37 0.94 1 31 ] )
3 1.36 0.91 3 35 simulated SRS is
5 1.44 1.17 1 38
5 L oa 087 A > lower than the actual
13 1.81 1.15 3 42 one

pg (dB) og (dB) S_15dB (%)

1.48 1.01 38
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Force |N|

Results with the wavelet decomposition

Adm|SS|b|I|ty range + 1.5dB
1000 ————

w“m‘\éu‘ﬂ ndary shock | =——=Measured force
' — Identlfled force

s SRS experlmental + 1 5 dB

500} - .............. .................................... - SRS numerical : : S
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—2500 i i i ; ' i -2 SRR
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—1500F--88 - .............. .............. .............. T ..........

Wavelet decomposition method
Noeud u(A;) (dB) o(4;) (dB) 67 (%) &7 (%)

1.85 0.84 56 1
133 069 o 9 The global level is

1.51 0.77 38 6 better represented
1.25 0.69 14 11

1.45 0.84 31 7 than for Wiener
1.67 1.06 28 13

pa (dB) og (dB) S_15dB (%)
1.51 0.81 43
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Application: suspended plate
and pyroshock

1.3 8 8 1.6
L
9 10 X 11 12
©
<€ Explosive charge
5 6 7 8
©®© 0 e We try to reproduce the
| shock by a single force
| applied
1 2 3 4
@ e e e .at the center Of the plate
sperpendicularly to the
plate
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Results with Wiener’s filter

Admissibility range + 1.5dB

X 104
2 T T T T 105_ B
' ifi i s fi SRS experlmental + 1 5 dB
1.5 '| === SRS numerical -
g : ; n u (0) =9.29 dB
] R UUURRRRRRR OO URR PR RUPPPRI RRRUORRRRRRR 10 i 6 (8) =3.00dB ]
: : : § : 8=0% ; & =99%
_ i | p . .
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D L2
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o5/ P T RN ] 8
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bl R NG
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«\omw‘»«@{ Ol \(* ‘33 g K .
-1.5r : 1 e el R AT A AT
o i ; . ; 10°— — =
0 0.002 0'00.4 0.006 0.008 0.01 10 10 10
Time [s] Frequency [Hz]

Wiener’'s method (R(w) = 0)
Noeud 1u(A;) (dB) o(Ay) (dB) 67 (%) & (%)

1 7.55 2.89 0 94 .
14 8.36 2.60 0 100 The global level is
11 9.22 2.99 0 100 H
6 9.29 3.00 0 99 serIOUSIY
15 9.13 3.13 0 100 underevaluated !
12 8.95 3.03 0 100
5 9.48 2.77 0 100

pa (dB) og (dB) S_1.5dB (%)

8.85 2.91 99
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Application of the wavelet deconvolution

The duration of the wavelet influences the results

T T

—1=60 L S
——1=70us
- |=——1=80us |
A : : =——=1=90 u s
e 1=125 U S

Force [N]

Local minimum

1 . . . . .
Time [s] x 107

50 100 150

The duration of the wavelet shouln’t be too short !
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SRS obtained from the wavelet
deconvolution

Admissibility range + 1.5dB Admissibility range + 1.5dB
| ===GSRS experimental + 1.5 dB|:: | = SRS experimental + 1.5 dB|
| === SRS numerical ‘| ==SRS numerical S
. i (8) =3.71 dB Pt ) n@)=350d8 | Pt
10k G (8) =1.61dB g 10k 6 (8)=1.71dB NG
D §"=2% ; 8 =84% | A L o §=0% ; 5=8% | = 3
= J . A QA \\\\\\\\\ L = , . it SANNOAY
9 10 oHE - 9 10 HRHITHHE IR HERLR Tty (O off
= . = e HH R A
o | © g
E 2 E 2 ! . .
107k 107E 1 e
§ S <<E0_) \\\\\\\\\\\\\\\\\\\\
10'; 10"k
+ | i R g i R
10 ! 10 ;
10° 10° 10* 10° ¥ 10"

10
Frequency [Hz] Frequency [HZz]

The level is too low, especially below 1kHz |
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Conclusions

d Purpose of the research is to a reliable pyroshock model
(structure+excitation) in order to be able to make the test
device as close as possible to specifications by simulation

d Two deconvolution methods have been presented in order
to identify the pyroshock by an inverse approach

= the Wiener’'s method in the frequency domain
= the wavelet deconvolution method in time domain

d Both methods behave properly for hammer impacts

d Both methods are unable to properly identify the profile of
a localized force equivalent to a pyroshock
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Comparison EMS - wavelet

Wavelet analysis EMS
Length Fmax (N) T (,uS) Frmar*T™ 2 Fmax*T Fmax (N) T (,U,S) Fmax * 7
0 23947 =~ 100 2.39 4.79 83518 60 5.01
4 cm 29468 ~ 100 2.94 5.89 129830 60 7.79
10 cm 43415 =~ 100 4.34 8.68 203980 60 12.24
20 cm 67250 =~ 100 6.86 13.45 199260 80 15.94
S 4000 o 4000
S S 2000
© © 0
@ o
8 8 -2000
O : : ‘ : ‘ ‘ ‘ Q
< _ 1 1 1 1 1 1 1 _ | | | | | | |
4000O 0.01 0.02 0.03_ 0.04 005 0.06 0.07 0.08 < 40000 0.01 0.02 003 004 0.05 0.06 0.07 0.08
Time [s] Time [s]
10° _ S 10° S —
'E' — Experimental — —— Experimental
o - \Navelet analysis S - \Navelet analysis
b= —EMS 5 S b= —EMS =
ko = I ko) 3 I
[} — ; 1 .~ [} : P
8 —  Atnode 6 8 ~— Atnode 11
100 : X L ; ; N S S S _100 : : L : : S L
102 10° 10* 10 10° 10"
Frequency [HZz] Frequency [Hz]
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