INSTITUTE OF
ENVIRONMENTAL
SCIENCES AND
"TECHNOLOGY

Design, Test, and Evaluation Division
Recommended Practice 026.1

IEST-RP-DTEO26.1
~ Using MIL-STD-810(F), 519 Gunfire

INSTITUTE OF ENVIRONMENTAL SCIENCES AND 'TECHNOLOGY

FZINN
A |
1827 Walden Office Square, Suite 400 | ' iES-

Schaumburg, IL 60173 USA i -
Phone: (847) 981-0100+ Fax: (847) 981-4130 NF .
E-mail: iest@iest.org *Web: www.iest.org



This Recommended Practice is published by the INSTITUTE OF ENVIRONMENTAL SCIENCES
AND TECHNOLOGY to advance design, test,and evaluation technology and the technicaland
engineering sciences. Its use is entirely voluntary, and determination of its applicability
and suitability for any particular use is solely the responsibility of the user.

This documentwas prepared by andis under the jurisdiction ofWorking Group 026 ofte
IEST Design, Test, and Evaluation Division.

Copyright© 2002 by the Institute of Environmental Sciences and Technology.

No part of this publication may be copied or reproduced in any form, or by an means,
including electronic, mechanical, photocopying, or otherwise, without the prior written
permission of the Institute of Environmental Sciences and Technology.

Third printing, July 2017
ISBN: 978-1-877862-84-7

PROPOSAL FOR IMPROVEMENT: The Working Groups of the Institute of Environmental
Sciences and Technology are continually working on improvements to their
Recommended Practices and Reference Documents. Suggestions from those who use
these documents are welcome. If you have a suggestion regarding this document, please
use the online Proposal for Improvement form found on our website at www.iest.org/
- proposal/form html.

INSTITUTE OF ENVIRONMENTAL S CIENCES AND TECHNOLOGY

1827 Walden Office Square, Suite 400 |
Schaumburg, IL 60173 USA

Phone: (847) 981-0100= Fax: (847) 981-4130
E-mail: iest@iest.org =Web: www.iest.org



Using MIL-STD-810(F),
519 Guniire
IEST-RP-DTE026.1

CONTENTS

SECTION
1 SCOPE AND LIMITATIONS w.ooooorossooeeeeoeereeeseeseeeerseseesseesesesseesseseesesessseseseeeereeeeseseees e 5
2  REFERENCES AND APPLICABLE DOCUMENTS .....ccoiiiiriiitei et 6
3 TERMS AND DEFINITIONS .....oiiiitiriirrere ettt ettt st eve s ebe e se e 7
4 BACKGROUND AND INTRODUCTION ......ccooiiiiiiiiiiirtieieerenintee e ceeresiesieee s seseaesneneneans 9
5 RECOMMENDED PRACTICES ......ooootiiiiirireniieeeietetetesaete et eeessne e et et sanna s 11
6 NONRECOMMENDED PRACTICES ..ottt ettt 29
7 BIBLIOGRAPHY ..ottt ettt s e e st b et sere e sne st nennane s 29
FIGURE

1 Response with Random Time History Character from Sine-On-Random Laboratory Test ........ 11
2 Response with Quasi-Stationary Time History Character from Measured Flight Data .............. 11
3 Fifty-Round Gunfire Event Described by Acceleration Response at a Materiel Hard Point ....... 13
4 Time-Varying Mean Amplitude Time History with 90% Confidence Limits .........cocoevvvenenee, 13
5 Time-Varying Standard Deviation Amplitude Time History with 90% Confidence Limits ....... 13
6 Time-Varying Root-Mean-Square Amplitude Time History with Approximate 90% Confidence
LLINIE ottt ettt st ettt e e b et e sh e she et b 14

7  Comparison Between Field Measured Data and Direct Reproduction of the Field Data in Laboratory
SIMUTLBEIOTL 1+ ettt ettt ettt et et s et e et es e st es e e e ne e sreestemneaeneenaeneanss 16
Laboratory Simulation Ensemble Time-Varying Mean ........ccoccvevviinenenininnnecenenie e, 16
Laboratory Simulation Ensemble Time-Varying Standard Deviation ..........cooveeeeeiiiniiininnnnnn, 17

10 Laboratory Simulation Ensemble Time-Varying Root-Mean-Square .........cccoevvrececeecincnnnne. 17
11  Analytically Simulated Time History from Measured Data .........cccoccconenenniiinciiniciicenn, 21
12 Analytically Simulated Time History Time-Varying Mean.........ccoccoccovenienvincrcninecneeneene, 21
13 Analytically Simulated Time History Time-Varying Standard Deviation ..........ccccccenvecenvencnnen. 21
14  Analytically Simulated Time History Time-Varying Root-Mean-Square .............ccceeevirreunnnne. 22
15 Ensemble and Residual ESD ESHMALES ........ccocooivieivieniiinricitieiereeeteseeeeesae e ceae s 22
16  Short Time Ensemble ESD EStIMALE ........ccoooiiiviiiiiiiiiiiiiiticcc e 22

IEST-RP-DTEQ26.1  INSTITUTE OF ENVIRONMENTAL SCENCES AND TECHNOLOGY Copyrighted© material 3



17  Short Time Residual ESD ESHIMALE ........ccvciiriniiiiiieinierteee ettt 23
18 Comparison Between Measured Data and Mean Pulse Laboratory Simulation .........cc.ccceveene. 23
19  Laboratory Mean Simulation Ensemble Time-Varying Mean ...........ccoceverviineninnnenceseereienn. 24
20 Laboratory Mean Simulation Ensemble Time-Varying Standard Deviation ......c..c.ccccceeveieennen. 24
21 Laboratory Mean Simulation Ensemble Time-Varying Root-Mean-Square .........c.cceccocceeeiiee. 24
22 MeaSured DAl ..ottt e e bt e 25
23 Analytically SImulated PUISES ......coovirieiiiiiiiit e e et 25
24 Analytically Simulated Ensemble ..........ccoviiiiiiiiii et 25
25 SRS Gunfire Pulse Generated Using a Spectral Dynamics Model 1201 Digital Controller ........ 26
26  Comparison Between Measured Data and Replicated SRS Pulse ..., 27
27 Comparison Between a Typical Measured Pulse SRS and the SRS Pulse ...ccooovoveevivciinncn. 27
28 Comparison Between Measured Data and Sine-on-Random Laboratory Simulation................... 28
29 Laboratory Sine-on-Random Time-Varying Mean ........ccccceevirerirriiiviniciinieee e 28
30 Laboratory Sine-on-Random Time-Varying Standard Deviation ........cccocccevveicenvicnicoecieecnan. 28
31 Laboratory Sine-on-Random Time-Varying Root-Mean-Square ..o, 28
TABLE
1  Time-Varying Model SImMUIAtONS . ...eoviieieiireeer et et eeie ettt aee e sneas 18

4

Copyrighted© material YIEST-RP-DTEO26.1 Instrrure OF ENVIRONMENTAL SCIENCES AND TECHNOLOGY



INSTITUTE OF ENVIRONMENTAL 8 CIENCES AND TECHNOLOGY
Design, Test, and Evaluation Division

Recommended Practice 026.1

Using MIL-STD-810(F),
519 Gunfire
IEST-RP-DTE026.1

1 SCOPE AND LIMITATIONS

1.1 Scope

This Recommended Practice (RP) is intended to
provide guidelines for component and structure
testing for significant response to exposure to gun-
fire. It is organized to supplement guidelines pro-
vided in MIL-STD-810F and to provide for realistic
testing practices for gunfire environments. A sub-
stantial portion of this RP assumes that the gunfire
response environment has been measured and that
representative time history traces are available.

The first three procedures representing recom-
mended practices, under “The Pulse Method,” have
no prediction parameters and in general are not
considered parameterizable procedures. These pro-
cedures are based upon the laboratory replication of
measured equipment response to gunfire.

The fourth procedure, under “The Random Vibra-
tion Method,” assumes the prediction method of
MIL-STD-810E is applicable in cases in which 1)
measured data are not available, and 2) the response
to gunfire would not represent a significant envi-
ronment (i.e., the equipment is far from the pressure
pulse emanating from the gun and isolated from the
structure-bomne vibration caused by the gun). This
procedure attempts to specify the environment for
the many complex situations whereby multiple guns
are firing at several rates, and the contributions for
precise analysis are difficult to categorize. In this
case, equipment response may be considered, for
practical purposes, to be high-level random vibra-
tion. Through use of certain signal processing tech-

niques, such as synchronous sampling, information
on response from individual guns may be detected,
provided the gunfiring rate is known and determin-
istic. Datain this area are currently unavailable, and
this processing goes beyond that discussed i this
RP. Finally, this RP, along with the procedures,
may apply to other pulse form response environ-
ments, such as propeller-oriented environments,
that are not addressed here.

1.2 Limitations

MIL-STD-810B through MIL-STD-810E are built
upon a parameterization of gunfire vibration based
on gun parameters and configurational geometry.
The first three procedures described here are non-
parametric in nature. Because of the high degree of
response pulse repeatability, these procedures pro-
vide for very accurate laboratory replication of
response for a particular configuration, but provide
no method for modifying parameters of a model for
the response for other configurations.

In cases where multiple guns are firing at different
rates in a complex configuration, the response is
likely to be very random in nature at a high level. In
this case, The Pulse Method viewed as a transient
vibration is recommended upon examination of the
general spectral character of the vibration.

This RP is limited to “ordinary” cases of gunfire and
exposure of components to gunfire. Cases in which
the response to the pressure pulse environment may
exceed electrodynamic shaker or electrohydraulic
shaker limitations have not been addressed and
require specially designed tests. Cases where large
components are exposed to gunfire, and spatial
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