AFRL-RX-WP-TR-2020-0312

BALLISTIC IMPACT RIG OPERATIONS MANUAL

Roger Gerzeski and Alexander Orsi

AFRL/RXCC

Ryan Kinkade and Ryan Kemnitz

AFIT/ENY

15 DECEMBER 2020
Manual

DISTRIBUTION STATEMENT A.

Approved for public release; distribution is unlimited.

AIR FORCE RESEARCH LABORATORY
MATERIALS AND MANUFACTURING DIRECTORATE
WRIGHT-PATTERSON AIR FORCE BASE, OH 45433-7750
AIR FORCE MATERIEL COMMAND
UNITED STATES AIR FORCE



NOTICE AND SIGNATURE PAGE

Using Government drawings, specifications, or other data included in this document for any purpose
other than Government procurement does not in any way obligate the U.S. Government. The fact that
the Government formulated or supplied the drawings, specifications, or other data does not license
the holder or any other person or corporation; or convey any rights or permission to manufacture,
use, or sell any patented invention that may relate to them.

This report was cleared for public release by the USAF 88th Air Base Wing (88 ABW) Public
Affairs Office (PAO) and is available to the general public, including foreign nationals.

Copies may be obtained from the Defense Technical Information Center (DTIC)
(http://discover.dtic.mil).

AFRL-RX-WP-TR-2020-0312 HAS BEEN REVIEWED AND IS APPROVED FOR
PUBLICATION IN ACCORDANCE WITH ASSIGNED DISTRIBUTION STATEMENT.

[ISIGNATURE// [ISIGNATURE//

ROGER GERZESKI DEBORAH SHAW

Program Engineer Section Chief

Composites Branch Composites Branch

Structural Materials Division Structural Materials Division

Materials and Manufacturing Directorate Materials and Manufacturing Directorate

This report is published in the interest of scientific and technical information exchange, and its
publication does not constitute the Government’s approval or disapproval of its ideas or findings.



Form Approved

REPORT DOCUMENTATION PAGE OMB No. 0704-0188

The public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, searching existing data

sources, gathering and maintaining the data needed, and completing and reviewing the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of
information, including suggestions for reducing this burden, to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson
Davis Highway, Suite 1204, Arlington, VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a
collection of information if it does not display a currently valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YY) 2. REPORT TYPE 3. DATES COVERED (From - To)
15 December 2020 Manual 1 February 2020 — 30 October 2020

4. TITLE AND SUBTITLE
BALLISTIC IMPACT RIG OPERATIONS MANUAL

5a. CONTRACT NUMBER:
In House

5b. GRANT NUMBER

5c. PROGRAM ELEMENT NUMBER:

62102F
6. AUTHOR(S) 5d. PROJECT NUMBER:
Roger Gerzeski and Alexander Orsi- AFRL/RXCC 4347

Ryan Kinkade and Ryan Kemnitz — AFIT/ENY

5e. TASK NUMBER

5f. WORK UNIT NUMBER:
X0S7

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES)

AFRL/RXCC

Materials and Manufacturing Directorate
Structural Materials Division Dept of Aeronautics & Astronautics
WPAFB OH 45433 WPAFB OH 45433

AFIT/ENY
Air Force Institute of Technology

8. PERFORMING ORGANIZATION
REPORT NUMBER

AFIT-AFRL-BIR-OM-2020-0001

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES)

Air Force Research Laboratory

Materials and Manufacturing Directorate
Wright-Patterson Air Force Base, OH 45433-7750
Air Force Materiel Command

United States Air Force

10. SPONSORING/MONITORING AGENCY
ACRONYM(S)

AFRL/RXCC

11. SPONSORING/MONITORING AGENCY
REPORT NUMBER(S)

AFRL-RX-WP-TR-2020-0312

12. DISTRIBUTION/AVAILABILITY STATEMENT

DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.

13. SUPPLEMENTARY NOTES

PA Case Number: AFRL-2020-0348; Clearance Date: 24 Nov 2020. Document contains color.

14. ABSTRACT (Maximum 200 words)

To date, no Operations Manual has ever been written for AFIT’s home built Ballistic Impact Rig (BIR). The lack of such a manual
makes learning how to use AFIT’s BIR a time consuming, drawn out activity. In addition, due to the ballistic nature and high
pressures within the system, the device can potentially be very dangerous to use. To overcome these training and retention
difficulties and to assure the effective and safe operation of this intensively modified apparatus, this Operations Manual has been
written. This Operations Manual clearly explains the functions and fundamentals behind each of the BIR’s subcomponents. It also
systematically documents the “XXX” operational sequence steps and their associated “XX” usage warnings required to use it safely

and effectively for a typical experimental run.

15. SUBJECT TERMS
ballistic, impact, testing, operations manual

16. SECURITY CLASSIFICATION OF: 17. LIMITATION

a. REPORT | b. ABSTRACT | c. THIS PAGE OF ABSTRACT: OF PAGES
Unclassified | Unclassified | Unclassified SAR 40

18. NUMBER 19a. NAME OF RESPONSIBLE PERSON (Monitor)

Roger Gerzeski
19b. TELEPHONE NUMBER (Include Area Code)

(937) 904-4323

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39-18




TABLE OF CONTENTS

LIST OF FIGURES ...ttt bbbttt bbb i
LIST OF TABLES ...ttt sttt e st e et e tesaesnenteeneeneenes i
1 SUMMARY .ottt ettt ettt bbb bRttt et bt ens 1
2 VI O 1 1 L@ 1 L] N PSSR 2
3 EQUIPMENT AND SUBSYSTEMS ...ttt 3
00 0] o= Toa 1= [ o PSSO PP 3
311 SAMPIE HOIEE .. 5
3.1.2  Projectile CatCh Trap ...ccooeeiiiee e 6
3.1.3  Shrapnel-Debris Ballistic Shield ENCIOSUIE...........cccocveiiiieiiie e 6
3.1.4  Projectile Speed ACQUISTEION........ccoiiiiiiiiiieiere e 7
I T L T 1 I ox [0 o OSSR 8
3.2.1  Gas Gun Barrel and Projectile Loading .........cccooeiieiiiieniniiiie e 8
32,11 GaS GUN BTl 8
3.2.1.2 Projectile And Projectile Preloading Preparation.............cccoccveviveiiieiieiiieesiesineens 9
3.2.1.3  L0AAING GAS GUN ..cuviiiiiiieiieieie ettt 10
3.2.2  Laser Barrel AIIGNMENT..........ooiiiiiiiie e 13
3.2.3  Gas Gun Pressurization And Fast Release Valve ... 13
IR B O] 41 (o] I T=Tox 1o o RO PRSPPI 14
331 0] (0] N = OSSO PSUROPRRO 15
3.3.2  Steel Blast SNeld.........ooiiiiiiii 19
3.3.3  Gas Gun Firing “Trigger” COonSOLE .........cvviviriiiieiie e 20
3.3.4  Gas Gun Projectile Digital Image Capture Data Collection ............cccccvevvrieiennnnne 21
3.3.4.1 Data Collection INItIAliZation ...........ccceevveiiieiiiiieiiee s 21
3.3.4.2 Projectile Speed Digital Image Data Collection ............ccccevvvevieiiiciie i, 22
3.3.5  Choreographing Projectile Image Collection And Firing “Trigger” Console ........ 24
4 OPERATIONS ...ttt sttt et e te s e steeteeneessaesseeneenreenseeneens 25
4.1 Pre-Testing Arrival Preparations...........cooeieieieiinenieieee e 25
4.2 OperationNal SEOUENCE. ........cuiiiie ettt ettt et e e b e e s e e be e snaeesreeanbeenreas 25
421 EXPErimental RUN .....c.ooiiiiee et nre s 25
4.2.2  SRULHOWN ..ottt a e b b e e b e nbeanee s 28
5 CONCLUSION.... ottt ettt st te e be e e e s et ebestenbeanenreas 29
APPENDIX A: Pre-Testing Arrival Preparations Check List..........cccoocvvviiiinincininenn. 30
APPENDIX B: BIR INITIALIZATION Sequence Check List...........ccoovvnierennneieienienne 31
APPENDIX C: BIR EXPERIMENTAL TEST RUN Sequence Check List ...........ccceevuee. 32
APPENDIX D: BIR SHUTDOWN Sequence Check List.........ccccoocvviiiiieiiiieiic e, 33
LIST OF SYMBOLS, ABREVIATIONS AND ACRONYMS ..o 34
i

DISTRIBUTION STATEMENT A.
Approved for public release; distribution is unlimited.



LIST OF FIGURES

FIGURE PAGE
Figure 1: BalliStiC IMPACE RIG. .......oiuiiiiiiiiiiiieee et 3
FIQUIE 2: TMPACT SECTION. ...ttt bbbt et bbb b 4
Figure 3: High Speed “Phantom” Digital Image Camera. ..........ccccovvviiiiiiiiniiinnniiie e 5
Figure 4: High Intensity Studio LIGNtINgG.........ccceiiieiiiieiecce e 5
Figure 5: Steel DefleCtor PIAtES. .......ccuiiiiiiiiii e 7
FIQUIE 6: Gas GUN SECION. ......ciuiiiiieiie ettt e st e et e e s be e s beeanbeesreeanraeas 8
Figure 7: Projectile Insertion Rod And Supporting StrUCLUIE. ...........ccoveiiiiriniieieieie e 9
Figure 8: Barrel CIaMS. ......ooiiieei bbb 9
Figure 9: Ballistic Impact Ball Baring Swaddled In A Wadding Patch. ..........cccccooeviiiiiiennnnn 10
Figure 10: “Hoppes” Oiled adding PatCh...........cccoooiiiiiiiiii e 10
Figure 11: Gas Gun Barrel Breach To Quick Release Valve Attachment Nut..............c.ccccvenes 11
Figure 12: Seating An Oiled Wadding Patch Swaddled Projectile..........ccccocveveiieiiiiciieinens 12
Figure 13: Maximum Projectile INSertion Mark. ..........ccccooiviiiiiiiiiiie e 12
Figure 14: Laser Barrel ANGNMENT. .......coviiii e 13
Figure 15: Gas GuUN Pressurization SYSIEIM. ........ccoiiiiiiiiiiiieieriese s 14
Figure 16: CoNtrol SECLION. .......ocuiiieiieeee ettt sreenae e 15
Figure 17: Laptop PC Starting Screen With Phantom Digital Image Capture Program. ............ 16
Figure 18: Initial Unset Up “PCC™ SCIEEN. ......eevviiiieiiiiieeie e 16
Figure 19: “PCC” program “Play” SCIEEN.........ccciuiiiiuiiiiiiiiiiiiie it sie e siee s 17
Figure 20: “PCC” program “LiVe”™ SCIEEM.......ciiiiuiiiiiieiiiieiiiiesiiiesieeesieeesieesssneessnessssnessnseeeans 17
Figure 21: Gas Gun’s Pressure Chamber Pressure Transducer Display Screen...........ccceeviinene 18
Figure 22: Control Section Steel Blast Shield. ..........c.cooviiiiiiii i 19
Figure 23: Gas GUN FiriNg CONSOIE ........c.uiiiiiiie e 20
Figure 24: Gas GuN Firing CONLrol. ........cooiiiiiiiiee e 21
Figure 25: Abort Recording “PCC” SCIEEN. ......ccveiviiiiiieiiiie et 22
Figure 26: Play “PCC” Screen From Which Video Can Be Saved. ...........cccooviiiiiiiicieenn, 23
Figure 27: Found Projectile Frame and Clipped Video To Be Saved. ..........ccccevvieneicicieninn 24

ii
DISTRIBUTION STATEMENT A.
Approved for public release; distribution is unlimited.



LIST OF TABLES

TABLE

Table 1: Recommended Data Collection and Firing SEQUENCE ...........ccceveriiinieniieienesesieees
Table 2: Pre Experimental Testing Arrival Preparations...........ccocevviiiineninieniniene e
Table 3: BIR INITIALIZATION SEUUENCE ......ccveieeieciieiiieiesieesie e siee e e e ae e e ne e
Table 4: BIR EXPERIMENTAL TEST RUN SEQUENCE.........ccoveiieeieiiesir e seesie e sie e
Table 5: BIR SHUTDOWN SEUUENCE .....ccuviiiieiiie ittt sne e sae et snnaesnaeanveenneas

iii
DISTRIBUTION STATEMENT A.
Approved for public release; distribution is unlimited.



1 SUMMARY

To date no Operations Manual has ever been written for Air Force Institute Of Technologies’
(AFIT) home built Ballistic Impact Rig (BIR). The lack of such a manual makes learning how to
use AFIT’s BIR a time consuming, drawn out activity. In addition, due to the ballistic nature and
high pressures within the system, the device can potentially be very dangerous to use. To
overcome these training and retention difficulties and to assure the effective and safe operation
of this intensively modified apparatus, this Operations Manual has been written. This Operations
Manual clearly explains the functions and fundamentals behind each of the BIR’s
subcomponents. It also systematically documents the “XXX” operational sequence steps and
their associated “XX” usage warnings required to use it safely and effectively for a typical
experimental run.
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2 INTRODUCTION

Ballistic testing of materials is necessary to study residual mechanical performance in certain
scenarios. The core problem with using home built apparatuses like the AFIT Ballistic Impact
rig is that they are laden with quirks, are temperamental and require numerous detailed specific
steps to effectively and safely operate. Their operational procedures are always long,
complicated, convoluted and are never clearly or formally documented into an Operations
Manual. The lack of such a manual makes learning how to use them a time consuming, drawn
out activity, typically resulting in the breaking of the apparatus by the learner during training.
Lack of an Operations Manual also makes it difficult to remember over time the numerous
detailed, specific steps needed to effectively and safely operate such an apparatus.

To overcome these training and retention difficulties and to assure the effective and safe
operation of an extensively modified apparatus, it is imperative that an Operations Manual be
written for its use. An Operations Manual needs to clearly and briefly explain the functions of
the apparatus’ subcomponents. It must systematically document the operational steps and their
required sequence for a typical use, along with a summarization of these steps into a usable
check list.

AFIT’s Ballistic Impact Rig is just such an example of an extensively modified apparatus. It was
originally designed to test ballistics in simple scenarios. It has been exhaustively modified to
accept new materials for testing, as well as a multitude of types of ballistic impactor materials.

2
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3 EQUIPMENT AND SUBSYSTEMS

THROUGHOUT THIS MANUEL ITEMS IN RED DENOTE CRITICAL SAFETY OR
EQUIPMENT USAGE ACTIVITIES WHICH THE USER MUST ADHERE TO OR
POTENTIALLY SUFFER INJURY OR CAUSE DAMAGE TO THE BALLISTIC
IMPACT RIG.

The Ballistic Impact Rig (BIR) consists of three sections. They are the Impact Section, Gas Gun
Section and Control Section depicted in figure 1.

Figure 1: Ballistic Impact Rig.

3.1 Impact Section

The first section of the BIR is where a sample is impacted. It consists of the impacted sample
holder, projectile catch trap, shrapnel-debris ballistic shield enclosure and projectile speed
3
DISTRIBUTION STATEMENT A.
Approved for public release; distribution is unlimited.




acquisition camera. The impacted sample holder, projectile catch trap and shrapnel-debris
ballistic shield enclosure are depicted in figure 2. Acquisition of the projectile’s speed is
accomplished with the high speed “Phantom” digital image camera, depicted in figure 3 after the
surface of the specimen to be impacted is illuminated with the high intensity studio lighting
depicted in figure 4. The digital image camera and the studio lights have their own support
structures independent from the ballistic shield enclosure structure.

Additional
Lighting

Chronograph 3 Sample Holder Deflectors

Chronograph 2

Figure 2: Impact Section.
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Camera Rig

High Speed
Camera

Additional
Lighting

Figure 4. High Intensity Studio Lighting.

3.1.1 Sample Holder

Users should ensure the sample to be impacted is well mounted both to prevent hazardous debris
and also to ensure data is properly recorded by the high speed camera as movement of the target
material can negatively affect the accuracy of the recorded data. The Sample Holder can be
changed to meet the needs of the test sample to be impacted.
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3.1.2 Projectile Catch Trap

The projectile catch trap prevents the projectile from exiting out the back of the Impact Section
should it penetrate the test specimen. This sub component is a blue tape covered, card board box
filled with sand. Projectiles, which penetrate the specimen being tested, will punch holes in the
blue covering tape. Because tape retains the sand as new holes appear, operators should tape
over any hole in the Sand Catch box as soon as possible after the device is fired.

3.1.3 Shrapnel-Debris Ballistic Shield Enclosure

The entire impacting zone of the system is encased in clear ballistic rated acrylic to catch debris.
If a sample is too large to close the ballistic shields, the user should use tarps and proper risk
assessment to ensure safety before proceeding.

The front steel deflector plates, depicted in figure 5a, are angled to prevent a direct splash back
onto the gas gun and control sections of the BIR should they be impacted. Only a small slit is
open for the projectile to travel through. Users should ensure the barrel is lined up to fire into the
sample holder without impacting the deflectors.

A rear steel deflector plate, depicted in figure 5b, is affixed to the back of the Shrapnel-Debris
Ballistic Shield Enclosure to prevent any errant projectile from exiting the back of the Shrapnel-
Debris Ballistic Shield Enclosure.

6
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b: Rear
Figure 5: Steel Deflector Plates.

3.1.4 Projectile Speed Acquisition

The speed of the impacting projectile is measured with the high speed “Phantom” digital image
camera depicted in figure 3. This camera is mounted on a separate structure and hangs over the
Shrapnel-Debris Ballistic Shield Enclosure with the camera focused downwards into the
enclosure. The camera is manually focused and needs to be focused with each projectile’s firing.

A commercial chronometer, typically used by rifle and pistol shooters to estimate a bullet’s
speed, is also available to provide an immediate rough estimate of the projectile’s speed. As
depicted in figures 5 thru 7 it is located between the front end of the Shrapnel-Debris Ballistic
Shield Enclosure and the muzzle of the gas gun.
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A sufficient number of the high intensity studio lights, depicted in figure 4, need to be directed
onto the surface of the specimen to be impacted, so as to assure that there are no shadows on that
surface. The studio lights have their own support structure independent from both the Shrapnel-
Debris Ballistic Shield Enclosure and the digital image camera support structure.

3.2 Gas Gun Section

The second section of the BIR is where the projectile is accelerated up to a desired speed. It
consists of the gas gun barrel, projectile loading rod and its loading into the gas gun barrel, its
supporting and clamping structure, laser barrel alignment and the nitrogen gas projectile
propulsion pressurization and fast release valves. The overall Gas Gun Section is depicted in
figure 6.

Figure 6: Gas Gun Section.

3.2.1 Gas Gun Barrel and Projectile Loading
3.2.1.1 Gas Gun Barrel

The gas gun’s barrel consists of the twelve foot long, one half inch inter diameter steel tube
depicted in figures 6 and 7. The gas gun’s barrel is supported by set height stands and the barrel
is kept straight by a series of Clamshell clamps which are bolted down to straight box beams and
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spaced along the barrel as depicted in figures 7 and 8. The clamshell clamps are snugged down
onto the barrel with the socket head cap screws depicted in figure 8.

Projectile
Insertion

Barrel Gas
Clamshell Gun

Clamps Barrel
Flgure 7: Projectile Insertion Rod And Supporting Structure.

Gas
Gun

Barrel
Clamshell
Clamps

Figure 8: Barrel Clamps.

3.2.1.2 Projectile And Projectile Preloading Preparation

The gas gun propels (ie fires) one half inch outer diameter ball bearings depicted in figure 9 up to
speeds as high as nine-hundred and fifty feet per second. A preselected projectile is prepared for
loading into the gas gun barrel by being swaddled in a wadding patch, as depicted in figure 9,

9
DISTRIBUTION STATEMENT A.
Approved for public release; distribution is unlimited.



which has first had a drop of “Hoppes” gun oil, as depicted in figure 10, applied to it. The oiled
wadding patch swaddled projectile is then prepositioned near the muzzle of the gas gun for
immediate future loading.

Figure 10: “Hoppes” Oiled adding Patch.

3.2.1.3 Loading Gas Gun

Loading the gas gun is accomplished by having the first of the two required BIR operators
remove the projectile insertion rod from its storage position alongside the gas gun barrel and
placing it alongside the Shrapnel-Debris Ballistic Shield Enclosure. Next the clamshell clamps

10
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depicted in figure 7 are removed by unscrewing the socket head cap screws depicted in figure 8
with an “Allen” wrench and placed on the supporting structure. Using a “Crescent” wrench, the
second required BIR operator unscrews the gas gun barrel breach attachment nut depicted in
figure 11. The barrel is then lifted off of the supporting structure by the second required BIR
operator. The prepositioned oiled wadding patch swaddled projectile is then seated into the
muzzle of the gas gun’s barrel by the first required BIR operator by being tapped into it, as
depicted in figure 12, with a rubber mallet. Once the projectile is seated the first required BIR
operator uses the projectile insertion rod to slowly push the oiled wadding patch swaddled
projectile down the length of the barrel to a position near the breach of the barrel. The final oiled
wadding patch swaddled projectile insertion rod position is achieved when the projectile
insertion rod is inserted to the mark on the rod depicted in figure 13. THE PROJECTILE
INSERTION ROD IS THEN EXTRACTED FROM THE GAS GUN’S BARREL and
returned to its storage position on the gas gun support structure as depicted in figure 8. The
loaded gas gun barrel is then returned to its’ original position on the support structure. THE
GAS GUN BARREL BREACH ATTACHMENT NUT IS THEN SECURELY
TIGHTENED WITH A “CRESCENT” WRENCH TO THE QUICK RELEASE VALVE
as depicted in figure 11. Next the clamshell clamps depicted in figure 7 are reattached to the
supporting structure by screwing the socket head cap screws depicted in figure 8 down with a
final gentle snugging with an “Allen” wrench.

Figure 11: Gas Gun Barrel Breach To Quick Release Valve Attachment Nut.
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Figure 12: Seating An Oiled Wadding Patch Swaddled Projectile.

Figure 13: Maximum Projectile Insertion Mark.
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3.2.2 Laser Barrel Alignment

A laser bore sight, depicted in figure 14, is used to check the probable fight path of a projectile
before it is expelled (ie fired) from the muzzle of the gas gun’s barrel. The bore sight is held
against the muzzle of the gas gun and a piece of white paper is held against the front deflector
shield of the Shrapnel-Debris Ballistic Shield Enclosure. If the beam is within a projectile’s
diameter of the edges of the deflector shield’s entrance slit then do not fire the projectile as the
gas gun barrel and support assembly needs to be realigned to assure that the fired projectile does
not impact the front deflector shield.

Figure 14: Laser Barrel Alignment.

3.2.3 Gas Gun Pressurization And Fast Release Valve

The projectile is propelled up to speed by the rapid release of pressurized nitrogen gas. The gas
is first transferred from a nitrogen gas cylinder thru a pressure regulator to a single shot pressure
chamber which is released into the breach of the gas gun’s barrel with a firing command to the
quick release valve sent from the control section of the BIR. These are depicted in figure 15.

The gas gun initial pressurization sequence consists of the following steps. The first step
consists of removing the cap from the nitrogen gas cylinder. BEFORE PROCEEDING
MAKE SURE THAT THE VALVE ON THE REGULATOR IS CLOSED. The second step
consists of attaching the pressure regulator to the nitrogen gas cylinder. The regulator is attached
to the nitrogen gas cylinder by a threaded nut. THIS NUT MUST BE SECURELY
TIGHTENED WITH A “CRESENT” WRENCH BEFORE GAS IS RELEASED FROM
THE NITROGEN GAS CYLINDER. The third step consists of releasing gas from the
nitrogen gas cylinder. The first gage on the regulator reads the pressure of the gas in the nitrogen
gas cylinder. The gas gun’s pressure chamber is pressurized by opening the valve on the
regulator. The second gauge on the regulator reads the pressure of the gas in the gas gun’s
pressure chamber. Once the gas gun’s pressure chamber is pressurized close off the valve on the
regulator.

13
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Figure 15: Gas Gun Pressurizatioh System.

o

3.3 Control Section

The third section of the BIR is the Control Section. It consists of a laptop PC running the
projectile speed data collection program; the same laptop PC also runs a gas gun pressure
chamber pressure gauge program and a gas gun pressure chamber rapid gas dump control box
triggering the firing of a loaded projectile. This controlling and data collection equipment is
located behind a steel blast shield separating it from the Impact Section and the Gas Gun Section.
The Control Section is depicted in figure 16.
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Figure 16: Control Section.

3.3.1 Laptop PC

Access to the Laptop PC’s contents is under the “USER” account, with the password “USER”.
The PC runs the sole program required to obtain the raw data required to determine the speed of
the impacting projectile. This program goes under the moniker “PCC” and is brought onto the
screen by clicking the purple and white human face icon on the tool bar at the bottom of the
screen as depicted in figure 17. At the beginning of a testing session the “PCC” program will
need to be set up to collect data from the “Phantom” digital image camera. Figure 18 depicts the
initial unset up “PCC” screen. The laptop data collection operator will need to select the
“Phantom” camera, designated “9575” in the grey bar in the “Live” drop down. The laptop data
collection operator will also need to select the desired Resolution, Sample Rate, Exposure Time
and other camera related features. These are also found in the “Live” drop down. When using
the “PCC” program, the “Play” drop down depicted in figure 19 allows the user to access and
manipulate videos of previously acquired projectile motions and impacts. Also when using the
“PCC” program, the “Live” drop down depicted in figure 20 allows the user to access and
manipulate the image that the “Phantom” digital image camera is detecting in real time.

15
DISTRIBUTION STATEMENT A.
Approved for public release; distribution is unlimited.



© Pec

B
=g b ==

Q0 00
Jump R
B e

' obestazmss '

RGB: 58,58,58

< Pec - =] X
‘]l o - W 4.4 I 1% % i 1+
S §iEe BB - [ 5 : &8 ) & ; 55 IS ve Py Manager
Fo < o
B Camera Settings
¥ Cine Sefings
1 - s
lame [Test 800<E00_1TkhaT1

XY RGB: 58,58,58

Figure 18: Initial Unset Up “PCC” Screen.

16
DISTRIBUTION STATEMENT A.
Approved for public release; distribution is unlimited.



< Pec

- o X
/‘gfiﬁo- nRNAe® - D D: Y 2R ) e Play Manager
9575 :Cine 1 | E ] | e -

9575 >Cne 1 "

Jump
B B To#

Ouve O ray ©) Rec Saving cine 1

X: Yz

RGB:

Figure 19: “PCC” program “Play” Screen.

< Pec

— =] X
p— R o T i
/ Si: Gon _*_‘\\“ 14 | 1145 ~ 2S00 @ Live Play Manager
~
9575 oo ) | Camere =] mi
9575 v
[» Camera Settings
| ¥ Cine Settings
Cne 1 - setal
Name [Test 800<600_11khz71
Descriton  [>
Resoltion  [1280x200 |
Sample Rate 24000 | pps
Eposue Tme 14467 ©| 4
EDR M
CsR Low Light
Image Range and Trigger Postion
£3105 Last: v 25678
_T_
I
Duration: 3,699 (887825) Delay-2.62%
|> Pash Memory
(> Advanced Settings
[»> Batery Control
[ Camera Signals
|» Auto Exposure

[> Frame Rate Profile

(> Image-Based Auto-Trgger
» Continuous Recordng
| Camera Info

@ Lve ) Play () RecCO

X:¥: RGB:

Figure 20: “PCC” program “Live” Screen.

17
DISTRIBUTION STATEMENT A.
Approved for public release; distribution is unlimited.




The Laptop PC also runs a pressure transducer display screen depicted in figure 21. This
program goes under the moniker “PressTransdmean” and is brought onto the screen by clicking
the yellow triangle with red dot icon on the tool bar at the bottom of the screen as depicted in
figure 17. The pressure transducer display screen provides a read out of the pressure in the gas
gun’s pressure chamber.

I PressTransdmean.vi - O X
lee Edit View Project Operate Tools Window Help @
| »E@n ?
\'
‘ stop
STOP
Numeric
6.22
Gauge

1700

1800
1850~
1900

1950~
2000~
2050 .
2100
2150 _
2200
2250

s 50 2450

)

|
Figure 21: Gas Gun’s Pressure Chamber Pressure Transducer Display Screen.
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3.3.2 Steel Blast Shield

All of the Control Section’s data collection and projectile firing control equipment is located
behind the steel blast shield depicted in figure 22. ALL PERSONEL IN THE BALLISTIC
IMPACT RIG AREA MUST BE BEHIND THIS STEEL BLAST SHIELD DURING THE
FIRING OF ANY PROJECTILE! This shield separates any portion of the BIR which can be
expected to have moving projectiles or debris from any personnel operating the BIR.

AT

Figure 22: Control Section Steel Blast Shield.
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3.3.3 Gas Gun Firing “Trigger” Console

The firing of a projectile is controlled with the toggles and buttons of the Gas Gun Firing
“Trigger” console depicted in figure 23. From this console the pressure in the gas gun’s pressure
chamber can be increased by pressing the “PRESS” button or decreased by pressing the “VENT”
button. It and the gas gun’s quick release pressure chamber gas dump valve are powered by the
power box depicted to the right of figure 24. This console is powered up by toggling the black
switch at the bottom of the small box depicted on the right hand side of figure 24.

THE TOGGLE LABELED BOTH “ARM” AND “SAFE”.
MUST ALWAYS BE SWITCHED TO “SAFE” AT ALL TIMES, EXCEPT FOR WHEN
ALL OF THE FOLLOWING ARE MET:
1. ALL PERSONEL ARE BEHIND THE CONTROL SECTION’S BLAST SHIELD!
and
2. ALL PERSONEL ARE WEARING HEARING PROTECTION!

Only when the above conditions are met can the TOGGLE LABELED BOTH “ARM”
AND “SAFE” be switched to “ARM” and the button labeled “FIRE” be pressed.

A loaded projectile can only be fired after the toggle labeled both “ARM” and “SAFE” is first
switched from “SAFE” to “ARM” and then only after the “FIRE” button is pressed.
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Figure 24: Gas Gun Firing Control.

3.3.4 Gas Gun Projectile Digital Image Capture Data Collection
3.3.4.1 Data Collection Initialization

To determine the speed of a projectile about to impact a specimen or sample digital images of the
projectile are captured by the “Phantom” digital image camera as video (ie RAM) by the “PCC”
program on the laptop. Additionally, the pressure in the gas gun’s pressure chamber at the
moment of the projectile’s firing is also captured by the “PressTransdmean” program on the
laptop. But before any specific projectile test firing can accurately occur both of these programs
need to be cleared of the results of prior test firings.

Before capturing digital images with the “PCC” program, make certain that the video from any
previous activity, is removed from the program. The “PCC” program uses the word “RAM” to
describe these videos. To remove these videos ie RAMEs first click the “Capture” button depicted
at the bottom right of figure 20 while in the “Live” screen and then accept the remove all RAM
request by clicking “Yes” and then click the “abort recording” button depicted at the bottom
right of figure 25 when that screen appears.

Additionally any previous gas gun’s pressure chamber reading on the “PressTransdmean”
program screen on the laptop needs to be removed and the reading re-zeroed. This is
accomplished by clicking on the arrow depicted immediately below the “Edit” and “View” tabs
in figure 21. The screen will change the “Stop” button to an “Abort” button. By then clicking
the “Abort” button the “PressTransdmean” program re-zeros its readings.
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Figure 25: Abort Recording “PCC” Screen.

3.3.4.2 Projectile Speed Digital Image Data Collection

To capture the speed of a projectile about to impact a specimen or sample the following series of
steps are to be taken. First one of the two required BIR operators clicks the “PCC” program to
present the “Live” screen depicted in figure 20. The image shown in the main sub-screen of
figure 20 is that now being taken by the “Phantom” digital image camera. It should be an image
of the test sample/specimen in the holder. If it is out of focus the “Phantom” digital image
camera will need to be manually focused. To begin capturing a video of an about to be fired
projectile the first BIR operator clicks the “Capture” button at the bottom of the “Live” drop
down in the “PCC” program. Since the “Capture” has a small amount of startup, it is best to start
the camera recording at least two seconds prior to firing the projectile. This action begins
capturing the images taken by the camera in video form. After a few seconds, the second BIR
operators presses the “fire” button on the Trigger Console and fires the projectile. After another
second or once the projectile has finished impacting the specimen, the first BIR operator clicks
the “Trigger” button as depicted in figure 25 at the bottom of the “Live” drop down in the “PCC”
program. The clicking of the “Trigger” button causes the “PCC” program to pause and stop
collecting images coming from the “Phantom” digital image camera.

The collected digital images now need to be saved in some file form of the BIR operators choice.
This is accomplished by the first BIR operator clicking the “Play” drop down in the “PCC”
program. When the “Play” drop down in the “PCC” program is clicked the “PCC” screen will
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change to that depicted in figure 26. The size of the videos captured by the “PCC” program is
extremely large, but only that brief portion of the video in which an image of the projectile about
to impact a specimen or sample is of use to calculate the speed of the projectile as it impacts the
specimen or sample. The first BIR operator finds this brief portion of the video by clicking on
the specific video frame pointer “ ¥ and slowly moving it along the slider bar under the “Play”
drop down in the “PCC” program until an image of the projectile, typically that depicted in
figure 9, is located. The first BIR operator then clips the size of the video by moving the end of

video pointers P»t0a length immediately surrounding the specific video frame pointer “ ¥ ”
as depicted in figure 27. The clipped video can now be saved by clicking the “Save Cine” button
at the bottom of the “Play” screen of figure 27 and saved in a file of the operator’s video format
of choice.
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Figure 26: Play “PCC” Screen From Which Video Can Be Saved.
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Figure 27: Found Projectile Frame and Clipped Video To Be Saved.

3.3.5 Choreographing Projectile Image Collection And Firing “Trigger” Console

Collecting digital image data from the “Phantom” digital image camera to determine the
projectile’s speed at impact with the test specimen or sample on the laptop and firing the
projectile from the gas gun requires two BIR operators. The first BIR operator executes
commands primarily on the “PCC” and also the “PressTransdmean” programs to collect needed
speed determination data. The second BIR operator executes commands on the “Trigger
Console” to fire the projectile. The actions of both of these operators need to be choreographed
so as to effectively acquire accurate fired projectile speed data. A recommended approach to
achieve this is with the five, four, etc, zero countdown sequence listed in table 1.

Table 1: Recommended Data Collection and Firing Sequence

Count | Action

5 Operators In Place And ready

4 In “Live” screen of the “PCC” laptop operator clicks the “Capture” button at the
bottom of the screen

Trigger Console Operator Makes Final Pressure Chamber Adjustments

Trigger Console Operator Makes Final Pressure Chamber Adjustments

From Trigger Console the “fire” button is depressed and the projectile is launched

OoOIFRrINW

In “Live” screen of the “PCC” laptop operator clicks the “Trigger” button at the
bottom of the screen
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4 OPERATIONS
4.1 Pre-Testing Arrival Preparations

Before going to the BIR it is important that the operators take with them the items listed in Table
1.

Table 2: Pre Experimental Testing Arrival Preparations

A portable hard drive to download the impact image videos.

A mouse to ease access and control of the various data collection programs on the laptop.

All specimens to be tested.

Any special sample holder jigging.

Any special projectiles.

“Hoppes” gun oil.

Projectile wadding patches.

4.2 Operational Sequence

The BIR should always be found Shutdown and only be in Operational Mode during
experimental runs with a minimum of two people present.

ONLY CONDUCT TESTS WITH TWO OR MORE PERSONS
PRESENT.

4.2.1 Experimental Run

To safely and effectively conduct an experimental run using the BIR the user must rigorously
and methodically follow in sequence the “Step: (#), Action” Operational Steps detailed in Tables
3 through 5 while meticulously heeding the associated “WARNING: (#), Action” Operational
Use WARNINGsS also detailed in Tables 3 through 5. The “Note: Activity”, denotes suggestions
to make the BIR operations go easier for the users.
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Table 3: BIR INITIALIZATION Sequence

WARNING 11 Ensure BIR was properly put into Shutdown before beginning use.
If not follow the checklist in SHUTDOWN.

WARNING: 12. ONLY CONDUCT TESTS WITH TWO OR MORE PERSONS
PRESENT.

WARNING: 13. Ensure Arming Device remains on SAFE until all personnel are
safely behind the Control Section’s Ballistic Shield.

Step: 11 Ensure all materials are present for an experimental run. (projectiles,
wadding, test samples, sample holding fixtures, sufficient Nitrogen Gas,
etc)

WARNING: 14 Assure that all sample holding jigging is firmly affixed to the
ballistic shield enclosure structure.

Step: 12 If required install any unique sample holding jigging and assure that it is
firmly affixed to the ballistic shield enclosure structure.

WARNING: 15 Assure that any sample is firmly affixed to the sample holding
J1gging.

Step: 13 Put a test sample in the Sample Holder and assure that the sample is
firmly affixed to the sample holding jigging.

Step: 14 Ensure the Sand Catch has a proper amount of sand and is taped.
Replace box as it becomes necessary.

Step: 15. Locate High Speed “Phantom” digital image Camera directly over
sample, connect and power it on.

WARNING: 16 Flood Lighting can become hot, use with caution to prevent burns.

Step: 16 Plug in to power up Flood Lighting, locate in position for best digital
image Camera Results (may take trial and error depending on Sample)

Step: 17 Turn on Chronographs and ensure units are set according to test needs
(m/s or fps)

Step: 18 Power up Laptop, log in and start up the “PCC” and “PressTransdmean”
programs.

Step: 19 Review High Speed “Phantom” digital image Camera video quality and
adjust its’ focus and the flood lighting position as necessary.

Step: 110 . Connect Pressure system to include Nitrogen Tank, Pressure regulator,
and Pressure Chamber

WARNING: 17 Make Sure the tank valve is tightly closed before proceeding.
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Table 4: BIR EXPERIMENTAL TEST RUN Sequence

Note: Repeat steps T1-T22 for each Sample

Step: T1 Put a sample to be impacted into the sample holder.

WARNING: T1 | Assure that any sample is firmly affixed to the sample holding
Jigging. The impact event is violent and any improperly secured sample
will be tossed about the interior of the ballistic shield enclosure structure
damaging instrumentation contained within it.

Step: T2 SECURE THE SAMPLE IN THE SAMPLE HOLDER.

Step: T3 Close up and secure the ballistic shield enclosure structure’s doors. If
the sample is larger than the enclosure then drape tarps over the open
areas.

WARNING: T2 Loading a projectile into the barrel is a complicated process
REQUIRING AT LEAST TWO PERSONNEL.

Step: T4 Load a projectile into the gas gun.

Step: T5 Use laser bore sight to ensure the barrel is properly aimed at the sample
and will not impact the walls.

Step: T6 Pressurize the small firing pressure chamber by opening the regulator to
the anticipated correct pressure setting.

Step: T7 Locate all persons behind the ballistic shield to preparing for FIRING.

WARNING: T3 No personnel should be downrange once the Firing process has
begun.

Step: T8 Second BIR operator pressurizes the gas gun with the ARMING device.
Vent as necessary to achieve desired pressure.

Step: T9 First BIR operator prepares “PCC” program to begin Data Acquisition.

Step: T10 Announce “FIRING” prior to using device.

Step: T11 Set ARMING device to ARMED.

Step: T12. On the count of 5 Operators In Place And ready

Step: T13 On the count of 4 In “Live” screen of the “PCC” click the “Capture”
button.

Step: T14 On the count of 3 “Trigger Console” Operator Makes Final Pressure
Chamber Adjustments.

Step: T15 On the count of 2 “Trigger Console” Operator Makes Final Pressure
Chamber Adjustments.

Step: T16 On the count of 1 “Trigger Console” Operator presses the “fire” button
launching projectile.

Step: T17 On the count of 0 In “Live” screen of the “PCC” click the “Trigger”
button.

Step: T18 Vent any remaining gas and return ARMING device to safe.

Step: T19 Save Collected Projectile Speed Data.

Step: T20 Go down range open ballistic shield, remove sample and inspect sample.

Step: T21 If Sand Catch is penetrated, tape hole.

Step: T22 Prepare New Specimen And Sample Holder for next test.
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Table 5: BIR SHUTDOWN Sequence

Note: If the testing session is completed, shutdown the BIR with the following steps.

Step: S1 Ensure the Device is on SAFE and NO cartridge is loaded.

Step: S2 Bleed off and excess gas throughout the Pressure System, including: Pressure
Chamber, Pressure Regulator, any additional valves and lines

Step: S3 Shut off the Nitrogen Gas

Step: S4 Remove the Pressure Regulator from the Nitrogen Tank and Cap the tank

Step: S5 Drop Ballistic Shield to access Sample Holder, leave down.

Step: S6 Remove any remaining Sample and debris.

Step: S7 Tape over any remaining holes in the Sand Catch and clean Sample Holder area

Step: S8 Remove any special sample holding jigs

Step: S9 Turn off all Chronographs

Step: S10 Disconnect/Turn off all Flood Lights for the High Speed Camera

Step: S11 Turn off High Speed Camera

Step: S12 Log off and Power Down Laptops

Step: S13 Clean up excess materials (Samples, Ballistic Wadding, Ball Bearings, etc)

Step: S14 Ensure all other electrical devices are powered down

Step: S15. Turn off lights and lock door when exiting

4.2.2 Shutdown

The Shutdown status puts the BIR into a safe, sealed, not being used, condition for long periods
of time. All pressured components should be both depressurized and disconnected from one
another (with the exception that the Nitrogen Tank itself is not depressurized). The Barrel is
empty of all foreign objects or loadings. The firing mechanism is on safe, and fully vented. The
Sand Catch is filled and taped. All electrical equipment including lights, cameras, chronographs,
laptops, and lasers are turned off, unplugged or powered down. The process of putting the BIR
into Shutdown state ensures that the system is safe when another user conducts testing with it
and none of the electronics/batteries degrade while the system goes unused.
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5 CONCLUSION

This Operations Manual clearly and briefly explains the functions of AFIT’s Ballistic Impact Rig
and its subcomponents. It systematically documents the operational steps and their required
sequence for the typical and safe use of the Ballistic Impact Rig . Additionally it summarizes
these steps into a usable check list.
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APPENDIX A: Pre-Testing Arrival Preparations Check List

A portable hard drive to download the impact image videos.

A mouse to ease access and control of the various data collection programs on the laptop.
All specimens to be tested.

Any special sample holder jigging.

Any special projectiles.

“Hoppes” gun oil.

Projectile wadding patches.
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APPENDIX B: BIR INITIALIZATION Sequence Check List

WARNING: I1. Ensure BIR was properly put into Shutdown before beginning use.
If not follow the checklist in SHUTDOWN.

WARNING: 12. ONLY CONDUCT TESTS WITH TWO OR MORE PERSONS
PRESENT.

WARNING: 13. Ensure Arming Device remains on SAFE until all personnel are
safely behind the Control Section’s Ballistic Shield.

Step: 11 Ensure all materials are present for an experimental run. (projectiles,
wadding, test samples, sample holding fixtures, sufficient Nitrogen Gas,
etc)

WARNING: 14 Assure that all sample holding jigging is firmly affixed to the
ballistic shield enclosure structure.

Step: 12 If required install any unique sample holding jigging and assure that it is
firmly affixed to the ballistic shield enclosure structure.

WARNING: 15 Assure that any sample is firmly affixed to the sample holding
J1gging.

Step: 13 Put a test sample in the Sample Holder and assure that the sample is
firmly affixed to the sample holding jigging.

Step: 14 Ensure the Sand Catch has a proper amount of sand and is taped.
Replace box as it becomes necessary.

Step: 15 Locate High Speed “Phantom” digital image Camera directly over
sample, connect and power it on.

WARNING: I6. Flood Lighting can become hot, use with caution to prevent burns.

Step: 16 Plug in to power up Flood Lighting, locate in position for best digital
image Camera Results (may take trial and error depending on Sample).

Step: 17. Turn on Chronographs and ensure units are set according to test needs
(m/s or fps)

Step: 18 Power up Laptop, log in and start up the “PCC” and “PressTransdmean”
programs.

Step: 19 Review High Speed “Phantom” digital image Camera video quality and
adjust its’ focus and the flood lighting position as necessary.

Step: 110 Connect Pressure system to include Nitrogen Tank, Pressure regulator,
and Pressure Chamber.
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APPENDIX C: BIR EXPERIMENTAL TEST RUN Sequence Check List
Note: Repeat steps T1-T22 for each Sample

Step: T1 Put a sample to be impacted into the sample holder.

WARNING: T1 Assure that any sample is firmly affixed to the sample holding jigging.
The impact event is violent and any improperly secured sample will be
tossed about the interior of the ballistic shield enclosure structure
damaging instrumentation contained within it.

Step: T2 SECURE THE SAMPLE IN THE SAMPLE HOLDER.

Step: T3 Close up and secure the ballistic shield enclosure structure’s doors. If
the sample is larger than the enclosure then drape tarps over the open
areas.

WARNING: T2 Loading a projectile into the barrel is a complicated process
REQUIRING AT LEAST TWO PERSONNEL.

Step: T4 Load a projectile into the gas gun.

Step: T5. Use laser bore sight to ensure the barrel is properly aimed at the sample
and will not impact the walls.

Step: T6 Pressurize the small firing pressure chamber by opening the regulator to
the anticipated correct pressure setting.

Step: T7 Locate all persons behind the ballistic shield to preparing for FIRING.

WARNING: T3 No personnel should be downrange once the Firing process has
begun.

Step: T8 Second BIR operator pressurizes the gas gun with the ARMING device.
Vent as necessary to achieve desired pressure.

Step: T9 First BIR operator prepares “PCC” program to begin Data Acquisition.

Step: T10 Announce “FIRING” prior to using device.

Step: T11 Set ARMING device to ARMED.

Step: T12 On the count of 5 Operators In Place And ready

Step: T13 On the count of 4 In “Live” screen of the “PCC” click the “Capture”
button.

Step: T14 On the count of 3 “Trigger Console” Operator Makes Final Pressure
Chamber Adjustments.

Step: T15. On the count of 2 “Trigger Console” Operator Makes Final Pressure
Chamber Adjustments.

Step: T16 On the count of 1 “Trigger Console” Operator presses the “fire” button
launching projectile.

Step: T17 On the count of 0 In “Live” screen of the “PCC” click the “Trigger”
button.

Step: T18 Vent any remaining gas and return ARMING device to safe.

Step: T19 Save Collected Projectile Speed Data.

Step: T20 Go down range open ballistic shield, remove sample and inspect sample.

Step: T21 If Sand Catch is penetrated, tape hole.

Step: T22 Prepare New Specimen And Sample Holder for next test.
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APPENDIX D: BIR SHUTDOWN Sequence Check List
Note: If the testing session is completed, shutdown the BIR with the following steps.

Step: S1 Ensure the Device is on SAFE and NO cartridge is loaded.

Step: S2 Bleed off and excess gas throughout the Pressure System, including: Pressure
Chamber, Pressure Regulator, any additional valves and lines

Step: S3 Shut off the Nitrogen Gas

Step: S4 Remove the Pressure Regulator from the Nitrogen Tank and Cap the tank

Step: S5 Drop Ballistic Shield to access Sample Holder, leave down.

Step: S6 Remove any remaining Sample and debris.

Step: S7 Tape over any remaining holes in the Sand Catch and clean Sample Holder
area

Step: S8 Remove any special sample holding jigs

Step: S9 Turn off all Chronographs

Step: S10 Disconnect/Turn off all Flood Lights for the High Speed Camera

Step: S11 Turn off High Speed Camera

Step: S12 Log off and Power Down Laptops

Step: S13 Clean up excess materials (Samples, Ballistic Wadding, Ball Bearings, etc)

Step: S14 Ensure all other electrical devices are powered down

Step: S15. Turn off lights and lock door when exiting
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LIST OF SYMBOLS, ABREVIATIONS AND ACRONYMS

qb

g
AFIT
AFRL
BIR
ENY

RX
RXC
RXCC

WPAFB

End Of Video Pointers

Specific Video Frame Pointer

Air Force Institute of Technology

Air Force Research Laboratory

Ballistic Impact Rig

Department of Aeronautics and Astronautics

Material And Manufacturing Directorate
Structural Materials Division
Composites Branch

Wright-Patterson Air Force Base
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