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The Problem

* Valid test measurements of shock are critical for accurate analysis of severity
and damage potential

* Shock waveforms are inherently difficult to measure: they are spectrally-rich,

rapidly varying transients that challenge even state-of-the-art sensors and
conditioning circuitry

* |tis therefore critical to understand how standard measurement systems can
distort the true shock signal so that mitigating strategies can be employed
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Scope of this Presentation Eﬂ
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Scope of this Presentation Eﬂ

|. Introduction of a synthetic shock generation method for the study and
illustration of signal modification through a measurement system
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Scope of this Presentation

|. Introduction of a synthetic shock generation method for the study and
illustration of signal modification through a measurement system

IIl. Demonstration of how the resonance and sensitivity of an accelerometer can
result in distortion of the shock signal (clipping) by standard signal
conditioning circuitry
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Scope of this Presentation Eﬂ

|. Introduction of a synthetic shock generation method for the study and
illustration of signal modification through a measurement system

IIl. Demonstration of how the resonance and sensitivity of an accelerometer can
result in distortion of the shock signal (clipping) by standard signal
conditioning circuitry

Ill. Explanation of our preferred strategy for preventing clipping using a
distributed gain topology to condition shock signals prior to sampling
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. Synthetic Shock Generator

1
 The proposed method™* builds a complex jagj 0.75 }li
waveform using a composition of basis ‘_;l 002: }l
functions defined along a continuum from % il L TITPPVe
damped harmonic waves to wavelet pulses = 025
* Each component’s spectral shape is § _o_()}:-
gausgan-hke and symmetric about the _16 10 1 20 2 a0 s a9 4 s *SeeYan &L
carrier (= center) frequency f.. Normalized Time (¢ 2020,2021,
* |n addition to f., each component is defined T | | | %2023
by ¢ — Damping factor o O8]
T — Time delay to envelope peak [l
A physically-interpretable relation is §°'4‘
defined by: <02
K=rf ~ i N distance from shock source Qo= e
A, carrier wavelength Normalized Frequency (f/f
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. Synthetic Shock Generator

Brect .

The spectral symmetry of each waveform

component points to the following: 3 e

* The spectral density of a composite g 1B max(PSD)
waveform should relate directly to the £ 04 ' =
probability distribution of component Z 02| jPSDdf
frequencies f. i | |

* Hence it should be possible to synthesize v O'8Norm?a'ﬁzed Fl:equenl:':/(f/fc;'2 -
arbitrarily complex shock waveforms with ST T T T T Y
prescribed spectral characteristics by 382 fos 82 g
sampling from a defined PDF for f... :;8; fso 0! §

« We suggest using the half-power frequency éigj '''''''''''''''''''''''''''''''' o ;
15, and an effective bandwidth 7, with 7. 5 03 e
distributed log-normally Eo; K 815

o 1 2 3 4 5 6 7 8 9 10
Normalized Frequencies (fc/fso)
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. Synthetic Shock Generator

300 | Synthetic Mid-Near Field Pyroshock
200
100

Purpose and Motivation

Acceleration (g)
o

e Qur interest is in measurement, and thus our 100 A =500 g
focus is primarily in understanding the 300 Jso =10 kHz
. -400 Jos =100 kHz
temporal and spectral structure of signals oy I D R ity
O 2 4 6 8 10 12 14 16 18 20
 The approach suggested here allows us to y Time (ms) 1
work with test signals exhibiting realistic 126! 09 ¢
complexity under prescribed constraints < 1.2 0.8 3
I o)
* We can then evaluate how these test signals = 54 06 m
are modified from a sensor, through the g 7 055
cre < 5.6 0.4 3
conditioning system, and onto the A/D S ., .-
8_ . . m
? 28t 028
141 0.1~
x10° 0 — Ll 0
107 10° 10" 102 10°

Frequency (kHz)
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. Synthetic Shock Generator

300 | Synthetic Mid-Near Field Pyroshock
200
100

Purpose and Motivation

Acceleration (g)
o

e Qur interest is in measurement, and thus our 100 A =500 g
focus is primarily in understanding the 300 Jso =10kHz
. -400 =100 kHz -
temporal and spectral structure of signals ey R Jos =100 keHz
O 2 4 6 8 10 12 14 16 18 20
 The approach suggested here allows us to y Time (ms) 1
work with test signals exhibiting realistic 126! 09 o
complexity under prescribed constraints < 1.2 0.8 3
I o)
* We can then evaluate how these test signals = 54| 06 m
are modified from a sensor, through the g 7] 055
cre < 5.6 0.4 3
conditioning system, and onto the A/D S ., .-
In what follows, the assumption is made 7 28] 025
.. 1.4} 0.1~
that the synthetic signal represents the 102 0 NI .
true measurand from the article under test 107 10° 10° 107 10°
Frequency (kHz)
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. Synthetic Shock Generator
. 400
300 | Synthetic Mid-Near Field Pyroshock
An Example Test Case 2 20
9
* We wish to conduct an analysis on the shock 0 2 5008
8- Pk
spectrum up to 20 kHz. g 200 fo=10kHz |
* We will refer to this as the in-band portion of ooy s
the ShOCk Signal O 2 4 6 8 10 12 14 16 18 20
Time (ms)
. .. . . 14 1
e Qur goal is to maximize the fidelity and SNR e . 0o
. . . ’ i | ’ O
of the in-band signal for sampling by an A/D —11.2 1083
converter and subsequent analysis & 98 1072
> 84 0.6
Our Focus a | cg;
3 \fso 0.5@
® 56 10.4 g
g 4.2 103
'u » » ? 28" | : 0.2§
1.4 1 L l 101
- -3 AN V1N, | nw LL A -
True Sienal Accel . Signal Conditioner | *'° (1)0-1 100 0 102 109
rue olignha - o
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II. Accelerometer Resonance

Transfer Function

* Accelerometer resonance can
significantly overprint a shock signal,
particularly in the case of high-g, high-
frequency pyroshock

e Resonant frequencies are typically 10s of
kHz (piezoelectric) to a few hundred kHz
(piezoresistive), with O values typically
ranging from 10 (damped) to 100
(undamped)

9/24/2025
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o — 0 =100
g — 0 =280
@ 10t 040 ]
&) : —Q0 =20
— _Q=10
% _____Recommended
g SRS Band Limit
g 1 —_
O :
Q
Q
<
0.1 S
0.1 1 10

11,

(Frequency/Resonant Frequency)

www.pfinc.com 14



II. Accelerometer Resonance

1500 .
1250
Transfer Function 1000
> 750
c 500
S 250
] » \ c 0
S 250
§ 500 Input
~ < _1-688 fsp =10 kHz
~1250 fos =100 kHz
> -1500O 1 2 3 zl]. c Apk =500¢g
* Accelerometer resonance can Time (ms) Sensor
significantly overprint a shock signal, ’§025 BRI RERERE Response
particularly in the case of high-g, high- > 02 f.=90 kHz
o)) r
frequency pyroshock >0.15 Q=50
20.
* Resonant frequencies are typically 10s of § 0.1
kHz (piezoelectric) to a few hundred kHz g
(piezoresistive), with O values typically go.os
ranging from 10 (damped) to 100 e
&IN5 ( ped) 107" 10° 10’ 10? 10°

(undamped) Frequency (kHz)
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. Sensitivity and Gain

Transfer Function

1500 . 0.15
] » \ 1250 10.125
1000 ‘ Sensitivity 10.1
= N 750 | 100 uV/g 10.075
2 500 1005 2
» 5 250 10.025 B
* Most piezoresistive accelerometershave T o0 =0 C
e e ey Q <
sensitivities of 10-10% uV/g Q -250 1-0025 @
2 -500 | 1-0.05 2
e To ensure adequate dynamic range of the -750 | 1-0.075
digitized signal by an A/D with full-scale -1000 101
inputs of +/- several V, gain must be '1228 " | | | | | '8'125
applied by the conditioning amplifier 0 1 2 3 4 5
Time (ms)
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I. Sensitivity and Gain~ =

I Out-of-band Signal
I n-band Signal (20 kHz BW)

N
\

Transfer Function

)1y >\ |

—
(&)
T

Spectral Density (V/+/Hz)

107" 10° 10" 102 103
Frequency (kHz)

* The desired gain should be based on the 0.15 . . . 0.027
. b d . / / / Accelerometer Output =
In-bana signal leve 0.1 Full Signal 10.018 &
. . . . - - i Q
* Once we’ve applied the requisite gain 2 005 In-band Signal (20 kH= BW) l0.000 2
based on the desired scaling of the in- Lz &
. . 0 0 >
band signal, we apply a low-pass filter to j—'U D
. —
remove the out-of-band energy prior to %'0-05 Sensitivity | | 0" 2
A/D conversion 0.1 100 uV/g | +-0.018 =

* This is a typical signal flow for a standard -0.15 -0.027

shock amplifier Time (ms)
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. Sensitivity and Gain,..

0.027

| Acceleror;leter Outplljt =
] 0.1 Full Signal 10.018 &
Transfer Function < In-band Signal (20 kHz BW) 0
= 0.05 10.009 &
) n
o =
] » -3 0 0 3
© —
S -0.05 1-0.009 @
= <
\ J ? <
Y -0.1 0.018 2
o| -015 -0.027
=
N 6
X 5 =
* Let’s assume we have an accurate -g o
approximation for the peak in-band 5 a
. . ] n
signal as <250 g, so that the peak in- N _(1) Q
band output is <.025 V. 12
-2 ®
] ] <
* The full-scale input of our A/Dis 5V, S e
so we want to apply a gain of 200 to 5
-6

span its full dynamic range
Time (ms)
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. Sensitivity and Gain

Transfer Function
30 . .
] 25 — Amplifier Input x 200 i
» — Clipped Amplifier Output
20 -
- \ ] 15
| S 10 [~~~ mmmmemopmmmmmmmmmmemenoeee -
Gain - x200 > g F10V
— Pt et PO e e A i
* Problem: The amplifier has a full-scale ‘_é -5
output limit of + 10 V, so the output is 77 S | | ’
clipped (flat-topped) at this limit ;g
 We might be tempted to think that since -25
our in-band signal is within the amp’s =30 1 8 ; . .
limits, the lowpass filter will eliminate the Time (ms)
clipping and recover the complete in-
band signal
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. Sensitivity and Gain

S
o .
5 In-band Signal
= 0.8 - - = Unclipped Filtered Signal
- _cg — Clipped Filtered Signal
Transfer Function £06
S
% 0.4 \ Missing
] » 0 Energy
§0.2
) £
| "% e 1 23 1w
LP8F Fllter | | Frequency (kHz)
i . Fc=2 kHz 5 | ' '
Notice that' c= 5 4+ Unclipped Filtered Signal | -
. ] . L . i = = =Clipped Filtered Signal
* The clipped signal is missing energy in a N 2
. S 2
key part of the analysis band § nl
()
. . 0
 The waveform shows no evidence that it T—'g y
was clipped, but its peak amplitude is > -2}
well below the desired level for the A/D 37
4t
How do we mitigate this effect? — 0 1 2 3 4 5

Time (ms)
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I1l. Distributed Gain
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Mitigation Strategies
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I1l. Distributed Gain Eﬂ

@ e <

Mitigation Strategies

* Why not apply all the gain after low-pass filtering?

Problem: Our SNR will suffer because we’ll be amplifying noise accumulated earlier in
the signal chain
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I1l. Distributed Gain

b @ BT+ <

Mitigation Strategies

* Why not apply all the gain after low-pass filtering?

Problem: Our SNR will suffer because we’ll be amplifying noise accumulated earlier in
the signal chain

 Why not just bypass the low-pass filter, sample at a really high rate, then digitally filter to our
desired bandwidth?

Problem: This will require a significant reduction in the gain applied to ensure clipping
doesn’t occur at the A/D, again limiting the in-band dynamic range and decreasing SNR
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I1l. Distributed Gain Eﬂ

@ > T

Our Strategy

 We distribute the gain across two stages: a pre-filter gain (PRG) and a post-filter gain
(POG)

 We define the setup parameter R, called the Gain Reserve, and make use of the
following relations:

' Total Gai
R Full Signal Level POG = R A/D Full Scale PRG — otal Gain

~ In-band Signal Level Amp Full Scale POG
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I1l. Distributed Gain

@ DN <

[eo5

_ Full Signal Level — 6 0.15 . T ———— 0.027 _
In-band Signal Level 0.1 Full Signal 10.018 &
N In-band Signal (20 kHz BW) S
= 005 10.009 &
POG:RA/DFuH Scale ., 5V 3 % o 0 cgg_)
Amp Full Scale 10V 2 0.05 ! 0000 5
® >
0.1 0.018 =
Total Gain 200 200 S
PRG = —_ ——=—— 015 ' ' ' ' -0.027
POG POG 3 0 1 2 3 4 5
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I1l. Distributed Gain

Gain Reserve (R) =6

r— @& > <A

PRG = x200/3 POG =x3
10 . 5 > 1 ——
8 Input to LP Filter|{ 4 E In-band Signal
6 Inputto AD || 3 L0 - - =PRG|Filter|POG (Unclipped) \
—~~ 7)) _ 08 I pp 7
= 2e  E
% ’ e 5067 \No
— 0 0% S Missing
& e 5 04+ 1 In-band
& 12< 0 E
s 8 nergy
1-3 = 0.2
1.4 g
-5 - 0 P | I | A S T S |
@)
0.2 0.5 1 2 3 7 10 20
Time (ms) Frequency (kHz)
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I1l. Distributed Gain
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I1l. Distributed Gain

Overload Detector

9 ()] 9 Tﬁ>| » <{r
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Takeaways Eﬂ
l. A method for stochastically synthesizing spectrally rich,

transient shocks with prescribed spectral statistics

II. Demonstration of how we can use a synthesized shock to
model the clipping and consequent distortion of an
accelerometer signal by the measurement system*

Ill. An explanation of how a distributed gain topology, like that
used in our shock conditioning products, can prevent clipping
and ensure high-fidelity, high-SNR shock signals are obtained

*Though we only dealt with clipping today (i.e. | Vpk| >V ), slew rate distortion

max

(i.e. |d, V| >max(d,V))is also a concern for similarly harsh shock signals
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Thank you!

607-277-3550
pfinfo@ pfinc.com
www.pfinc.com




References
* Yan, Y. and Li, Q.M. 2020. A general shock waveform and characterization

method. Mechanical Systems and Signal Processing 136,
https://doi.org/10.1016/j.ymssp.2019.106508

* Yan, Y.and Li, Q.M. 2021. Design and implementation of net zero
displacement filter for the synthesis of a mechanical shock signal under
specified shock response spectrum. Mechanical Systems and Signal
Processing 147, https://doi.org/10.1016/j.ymssp.2020.107105

* Yan, Y.and Li, Q.M. 2023. A pyroshock signal characterization method
based on shock-waveform dictionary. International Journal of Mechanical
Sciences 249, https://doi.org/10.1016/j.ijmecsci.2023.108251

9/24/2025 www.pfinc.com 31




