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TERMINOLOGY

Monolithic Sheet
polycarbonate |

Laminated Sheet

— A sheet of standard
PC).

— Composite PC sheet

consisting of multiple layers.

Lexan, Makrolon, Palguard - Trade names for

f laminated PC.
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AND OUT THE BACK GLASS.

;



THE PROJECTILE:
AREA - 2"X1.5"X1.0",
WEIGHT - .5 POUND




Knowns:
Masss of Projectile.
Distance from hammer to impact point.
Materials penetrated.
Final resting place of projectile.

Unknown:;

~ Co-efficient of drag of projectile through Lexan.

> ojectile through glass.




7093 Fleet Glass Services

Hammer Point Ballistics Rough Estimation, Rev 0

2/23/2016

Given

m/s

deg

m/s

m/s

mph

Test projectile x-section 2.06(in”
Mass of projectile D4lg
"3 30' \.LBI\J 180' |
Cab height 10|feet " g '
3.0/m
10 @nmmmmmm e b
Cab width 6|feet I D ______________________________________
Lexan to windshield dist. o5lfeet | oy o e
Projectile flight to cab 30|feet
Projectile flight beyond cab 180|feet
54.9\m
Lexan shield thickness 0.25|in
Tempered glass thickness 0.25(in
Lexan Front Windshield Back Windshield Flight to Ground
r 1.20|g/em3  medium density r 244|gfcm3  medium density r 244gfem3  medium density g 9.8
A 13.31fem2 Cross sect area A 13.31cm2 Cross sect area A 13.31|em2 cross sect area t 0.79
M 224.00|g projectile mass M 224.00(g projectile mass M 24.00|g projectile mass & 0
Cd 12.00|unitless  coefficient of drag Cd 6.00[unitless coefficient of drag Cd 6.00Junitless coefficient of drag X 549
v, 69.6
a 0.428|1/em  retardation coef. a 1/em  retardation coef. a 1fem  retardation coef.
5 0.635|cm material thickness 5 0.635|cm material thickness 5 0.635/cm material thickness
E0 100 Assume 100% Ke initial E0 58.1 Rel.Ke IN E0 334 Rel.Ke IN
E 58.1 Rel. Ke final E 334 Rel. Ke final E 19.2 Rel. Ke final
Vi 158.5m/s Velocity Initial Vi 120.8/m/s Velocity Initial Vi 91.7|m/s Velocity Initial " 69.6
354.7|mph 270.3|mph 205.1| mph 155.6
Ke 2815.4)) Ke Initial Ke 1635.5)) Ke Initial Ke | 9415 Ke Initial ke | 5400
a= r X A X (4 E = Eje~20s per Harvey, etal in Beyer
M
Notes

1
y—yp = (vpsinfy)t - igtz

x—1xp = (vycosBy)t

Velocity Initial

Ke Initial

Several approaches were investigated, considering quite a few more references than those listed on the Reference tab, including hole punch force. Lambert's approach (taken from Beyer) seemed like a reasonable starting point. The critical part of
this method is in deriving the coefficient of drag for each material. Harvey, etal. in Beyer's work empirically measured the Cd for each material to be penetrated (in Beyer's work this would be flesh and bone). Ideally, the kinetic energy attenuation

values of a projectile through Lexan or tempered glass could be empirically measured and better Cd values approximated.



A projectile (approximately Y2 pound) separated
from the hammer point and fraveled through @
/4 sheet of Lexan (polycarbonate).

The projectile continued traveling through the
front windshield of the cab and out the back
glass missing the operator by inches.

The projectile was found approximately 60 yards
(180 feet) from the back of the cab.

The projectile was traveling at a speed of 240 to
' er hour.

d been struck it



OUR MISDIRECTED FOCUS:

Was To protect the windshield.

Should have been protecting the
operator from serious injury or
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"H' ranrpreming methods.

1. The operator must be fully protected by
a protective shield between the operator

and hammer.
2. Do not weld, cut with acetylene torch or

' - hard-face this tool.
3 See the Operators Manual for correct..‘,.

resharpening methods. “ALLIED




SHIELD

ELYING DEBRIS CAN CAUSE SERIOUS OR FATAL INJURY

~* Read NPK Operators Manual
*e Operator must be protected by an impact resistant

shield or cab window , .

e Keep bystanders away H100-7010




NPK Service Department — "No standards”,
but a 4" 1o 2" sheet of Lexan is known to
work in protecting the windshield from

flying rock.

Allied Construction Products Service
Department — "No industry standards” but
J bullet resistant Lexan.




1/8" Polycarbonate " Polycarbonate " Polycarbonate




"SOLVE THE PROBLEM”™

GE Plastics Division (now SABIC).

Mr. Joe Brown, Heavy Equipment Market
Manager visited one of our local mines.

“ABSOLUTELY NOT" - “Standard PC is not
esigned as a protective barrier from
' jectiles.”



PRODUCT RECOMMENDATIONS

The GE (SABIC) PC Engineering Group
recommended;

Lexguard MPC375 (3/8") (UL752 - Level 1-
9MM) for hammers up to 8000 lbs.

Lexguard MPCJ500 ('2") (UL752 - Level 2 -
357) for hammers over 8000 lbs.

eet 1o extend sheet




BALLISTIC FIELD TESTING
MORE QUESTIONS THAN ANSWERS.

Actual Field Testing of GE (SABIC's)
recommendations:

Test #1 — Standard monolithic vs.
Inated Sheet.

— Composite



Test

Plate

#1

Date
11/6/2015
11/6/2015

11/6/2015

11/6/2015

Base

Product

Monolithic

Monolithic

MPC500

MPC500

Base

Thick
ness

1/2u
1/2"
1/2u

1/2u

Cover

Product

N/A
N/A
N/A

N/A

Cover

Thickness

N/A
N/A
N/A

N/A

Caliber

0.357

0.357

0.357

0.357

Grain Type
158 JHP 15 FT. 73 76%
158  JHP 15 FT. 73 76%
158 JHP 15 FT. 73 76%
158 JHP 15 FT. 73 76%

Distance Temp Humidity PASS/FAIL

FAIL

FAIL

FAIL

FAIL




LEXGARD® MPC500 LAMINATE

Dffering innovative solutions for bullet,
blast, impact and wind resistance.

Material shall have a flexural strength Tested using ASTM F1915-03 forced

not less than 13,500 psi (AST™ entry standard:
D790); 83% light transmission Test result = Security Grade Level 2
(ASTM D1003). Material shall be a
total thickness of _S00" £ 5%. = LEXGARD® MPCS00 laminate is
Material shall have an abrasion capable of providing varying leveils
resistant surface to improve service of ballistic protection per UL
life performance, and must conform Standard 752 when used behind
with ICBO, BOCA, and SBCCI Model glass as a component in a
Building Codes as an Approved Light replaceable glass system.
Transmitting Plastic with a C1 (CC81) =  WMFL 60-minute forced entry
- LEXGARD® MPCSO0 laminate is flammability performance level.
a three-ply polycarbonate Tested using ASTM F1233-08 forced
laminate primarily developed LEXGARD® MPCS00 laminate alone entry standard:
for security protection. maintains no Underwriters - Test result = Contraband Class II
- LEXGARD®™ MPCS00 laminate Laboratories (UL 752) ballistic rating, {Last step passed = Step 6)
provides dependable protection but is used as a component in = Test result = Body passage Class V
and exceptional abrasion systems which indude laminated {Last step passed = Step 22)
resistance safety glass and an approgpriate
- UL Ballistic protection, air space to achieve varying ballistic GLAZING INFORMATION
LEXGARD® MPCS00 laminate ratings.

LEXGUARD - MPC 500 Laminate alone maintains no UL752 ballistic
rating, but is used as a component in systems that include

laminated safety glass and an appropriate air space to achieve
varying ballistic ratings.

LEXGARD® MPCS500 laminate, when P'VC EPDM or neoprene rubbef

= Percent Light Transmission used as a stand-alone glazing materials. Sanboprene‘ rubber
(Average Gardner Value): 83 product, meets the requirements of should be suggested. If these other
Clear HPW-TP-0O500.00 for: rubber products are required, a
= Level A — Ballistic material{ .38 protective barrier material should be
SPECIFICATIONS Special handgun) used between the rubber setting
= Level II (Step 14) — Forced entry block and the LEXGARD® sheet
Three-ply, dear, extruded material edge.

polymfbonate of the following
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Test #2 Composite
Base
Plate Date Product
9 11/8/2015 Monolithic
10 11/8/2015 Monolithic

MPC500

Shield

Base

Thickness

1/2"

1/2||

1/2||

Cover
Product

Monolithic

Monolithic

Monolithic

Cover

Thickness

1/4"

1/4"

1/4n

4ll

Caliber Grain Type

9mm

9mm

9mm

9mm

124

124

124

124

FMJ

FMJ

FMJ

FMJ

Distance

15 FT.

15 FT.

15 FT.

15 FT.

Temp

54

54

54

54

Humidity PASS/FAIL

47

47

47

47

Fail

Fail

Fail

Fail




Test #3

Base Base Cover Cover
Plate Date Product Thickness Product Thickness Caliber Grain Type Distance Temp Humidity PASS/FAIL
13 11/8/2015 Monolithic 1/2" Monolithic 1/4" 0.357 158 JHP 15 FT. 54 47 Pass

14 11/8/2015 Monolithic 1/2" Monolithic 1/4" 0.357 158 JHP 15 FT. 54 47 Pass




TEST #4

Base Base Cover Cover

Plate Date Product Thickness Product Thickness Caliber Grain Type Distance Temp Humidity PASS/FAIL

15 11/8/2015 MPC500 1/2" Monolithic 1/4" 0.357 158 JHP 15 FT. 54 47 Pass

Monolithic 1/4" 0.357 158 JHP 15 FT. 54




BALLISTIC TESTING SUMMARY

Test #1 — A composite shield is needed to
“Manage Energy”.

es developed after the first
INng to a failure.



INDEPENDENT TESTING OF
THE COMPOSITE SHIELD

Testing protocol:

Use actual pieces of a hammer point that have
been cut to size.

e projectiles at shields
' lithic, and



The Test Lalb;
We considered three test labs:
Sabic (GE) — Boston, MA.

Sabic could only mount projectiles on a standard
saboft for shooting so they declined.

Intertek — Architectural Testing — Springdale, PA.

Cannon designed to shoot the “Dade County and
Miami 2x4" for hurricane testing resulted in only 125
mph with our projectile.

— Ballistic Testing — York, PA.

ot our projectile but we
' ing, before



AlR
CANNON

/3. | I A 200 psi air tank
G | with butterfly valve
and 8 foot long 6"




LASER SPEED
METERS

Measures speed (FPS) of
projectile by passing
through the first meter
and triggering the




o

Ry SABOT

L A specially
, - deSigﬂed sabot
was bullt to

accommodate the
projectile. It looks




INSIDE OF SABOT

Projectile was wrapped
In paper which held it in
place in the Sabot. The
Sabot was then placed
in barrel and rammed

oximately 6 feet




Tested Three Plates
Plate 1 = 4" Monolithic sheet.

Plate 2 — Monolithic Base
Composite shield.

Plate 3 — Laminated Base
bosite Shield.




PLATE 1- BASE
LINE TEST

Plate 1 — The first two shots
at 235 and 224 MPH
showed impact points but
no noticeable cracking.
However, at the molecular
level there were fissures
oping throughout the




PLATE 1 - THIRD SHOT

On the third shot,
243 mph, the plate
exploded. There
was flying shards all
over the lab. It was
a very dangerous
situation and a
totally unexpected
result.




] PLATE #1
,. The explosion of

Plate #1 as a result




PREPARING TO TEST THE
SHIELD/BLAST PLATES,
SECURING THE FRAME.

An actual Equipment
Armor Shield Frame

was used for the
testing. It was
atfached o @
wooden/metal buck
system for support.




THE FRAME READY
FOR TESTING

This is a stainless steel
fraome made
specifically for testing
the shield at the lab.




PLATE #2
MONOLITHIC

e COMPOSITE PLATE
Shot 1 — 406 fps, 276mph

Results—Pass—Cover |9
plate penetration. U,PMENT ARMOR ”

6 fps, 175mph |

0
)\

————

;



Test Results: PLATE #3 LAMINATED
Shot 1- 376 fps, 256 mph COMPOSITE PLATE

Results — Pass.

Shot 2 - 250 fps, 175 mph
Results — Pass.
Shot 3 - 325 fps, 222 mph

gl s oy crpiate

a
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AN i
e
cqupvepl

ARMOR )



PLATE 2 MONOLITHIC COMPOSITE SHIELD
VS.
PLATE 3 LAMINATE COMPOSITE SHIELD

Plate 2 showed the greatest amount of base plate deflection
with Shot #4 at 252 mph.

Plate 2 did not show the amount of fissuring on the cover
s shown by Plate 3.

late deflection.




FINAL SHIELD RECOMMENDATIONS

1/8", 4", and 2" polycarbonate sheet alone is
Inadequate to prevent catastrophic events
from occurring.

A composite shield is capable of providing
catastrophic incident protection.

Given the difference in base plate deflection
from 175 mph to 300 mph, a composite shield is
capable of withstanding impact up to 400

te shield



CURRENT VALIDATION - ON ALL MATERIALS PURCHASED
UL752 - BALLISTIC TESTING
LEVEL 1 9MM AND LEVEL 2 .357.



