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Abstract

Typical JHP bullet velocity loss and deflection
Jfrom penetrating automobile windshield glass has been
measured. Simple analysis of these test results provides
useful insight into the dynamics of bullet penetration of
windshield glass.

Introduction

The penetration of vehicle window glass with
handgun ammunition is a common law enforcement sce-
nario, especially for highway patrol agencies. Windshield
automobile glass is heavier than the glass in the doors and
rear window, and so presents a more stressing test of am-
munition. When the FBI made a reevaluation of handgun
ammunition after the disastrous 1986 Miami shootout, they
mtroduced windshield glass as two elements in their revised
handgun ammunition test protocol. Other individuals and
organizations soon recognized the validity of this approach,
and testing of handgun ammunition against windshield
glass is now quite common. All of this testing that is
known to the authors has not been phenomenological or
systematic by engineering standards, and so has left unan-
swered questions that are not only interesting, but funda-
mentally important to users and ammunition designers. It
is possible that some of the major ammunition manufactur-
ers have done more fundamental testing but have consid-
ered this data a "trade secret” and not published it. At any
rate, in October 1994 the authors implemented testing to
answer some of the fundamental questions related to hand-
gun bullet penetration of windshield glass.

Test Implementation

Several windshields having relatively minor dam-
age were obtained from auto repair shops. Laminated
windshield glass on recent model automobiles is standard-
ized by government regulation. The thickness of this stan-
dard glass is Smm, but the thickness on some trucks and on
carlier automobiles is nearly 6mm. The bulk of the testing
was done using the standard 5Smm glass. There is no tech-
nical reason to believe that the standard 5Smm glass from
different sources would give significantly different re-
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sponses to bullet impact, and the tests indicate that any
differences are small.

The test setup included a fixture that held the
windshield glass at desired angles, a chronograph (to
measure the bullet velocity after glass penetration), a paper
target with a small bullseye (to provide a precise aiming
point), and gelatin blocks (to catch the bullet). The paper
target was 4.04 meters (about 13% feet) behind the wind-
shield glass; this distance is obviously much larger than
ranges of practical interest (a vehicle interior), but was
used to accentuate any bullet deflection from glass impact
and thereby reduce deflection measurement errors.

Test ammunition was the Remington 40 S&W
180gr JHP (the California Highway Patrol issue load at the
time) and the Winchester Ranger .45 ACP 230gr JHP (the
law enforcement version of the discontinued Black Talon).
These loads had been previously chronographed at 6 feet
and had shown relatively small velocity dispersions; the
average velocities were 980 and 855 ft/sec, respectively.

The desired test measurements were the bullet
velocity loss and bullet deflection during glass penetration.
Bullet deflection was expected to complicate velocity loss
measurement and present some threat to replaceable parts
of the chronograph. Test data was taken first with bullet
impact perpendicular to the glass to minimize the test
problems anticipated from bullet deflection; the subsequent
testing explored off perpendicular impact and different
glass. The test data is described herein in the order that
seems most logical ex post facto; this is not necessarily the
order in which the data was taken.

Test Data at 90° Incidence Angle

All the 40 S&W load data at 90° incidence angle
is given in Table 1. The bullet velocity prior to impact is
assumed to be 980 fi/sec (the average for this load in the
CHP issue pistol used); this assumption means that the
estimated velocity loss 8V on any shot may be in error due
to muzzle velocity variation from the average value, but the
average velocity loss should have small error. The deflec-
tions are measured 4.04 meters (about 13% feet) down-
range from the windshield glass.
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Table 3
Remington .40 S&W 180gr JHP data
at 60° incidence angle

glass Vait OV deflection - cm
ft/sec  ft/sec horiz vert

5mm #1 -10 -2
Smm #1 -6 +0
Smm #1 -9 +0

Smm#1 757 213 -11 -4
Smm#1 792 188  -11 -3
ave 780 200 -9 -2

It is obvious that there is no deflection from
penetration of the glass at an angle; the vertical de-
flections are smaller than the horizontal deflections.
The absence of any deflection from penetration of the
glass at an angle was not expected, but a subsequent
subsection of this paper explains this result using the
penetration dynamics determined in these tests. The
random dispersion in deflection is about the same size
as for the 90° incidence tests.

No attempt was made to measure the velocity
loss for the first three shots because the expected de-
flection had to be determined to avoid damage to the
chronograph. After the first three shots it was clear that
the nominal deflection was zero, so velocity was meas-
ured on the last two shots. Since there was no determi-
nistic deflection, it was no surprise that the velocity loss
was similar to the 90° incidence tests.

All the 45 ACP load data at 60° incidence an-
gle is given in Table 4. all other conditions were the
same as for the 90° incidence angle tests.

Table 4
Winchester Ranger .45 ACP 230gr JHP
data at 60° incidence angle

glass Veq 6V deflection - cm
ft/sec ft/sec  horiz  vert

5mm #1 -7 +0
5mm #1 -16 +0
ave -1 +0
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The deflection was again only small and ran-
dom; by happenstance, there was no measured deflec-
tion in the vertical axis (that had the 60° incidence an-
gle). Velocity loss was not measured.

The lack of deterministic bullet deflection at
60° incidence angle did not necessarily preclude deter-
ministic deflection at smaller angles; in fact, theoretical
considerations seem to ensure deflection when the inci-
dence angle is very small. It was decided to test for
deflection at the smallest incidence angle that the fixture
could reliably support the windshield; this turned out to
be 34°. The fixture had not been designed to hold the
glass at very low angles because it was belicved
(correctly) that very low angles do not represent practi-
cal shooting scenarios. It can reasonably be argued that
even the 34° incidence angle is below conditions that are
practical in field shooting scenarios (not only geometri-
cally but visually).

All the 40 S&W load data at 34° incidence
angle is given in Table 5; all other conditions were the
same as for the 90° incidence angle tests.

Table 5
Remington .40 S&W 180gr JHP data
at 34° incidence angle

glass Ve 3V deflection - cm
ft/'sec  ft/sec horiz vert

Smm #1 -9 -5
5mm #1 -24 -2
Smm #1 -15 -9
Smm #1 +9 +4
ave -10 3

Even at the 34° incidence angle there was no
indication of deflection in the vertical axis. The hori-
zontal axis, which still had a 90° incidence angle,
seemed to have larger random deflection variations, but
it is hard to see how this could be other than happen-
stance. It i1s very easy to delude yourself into seeing a
pattern in random numbers when no pattern or cause is
really there; problems associated with not understanding
statistics are discussed in some detail in Chapter 3 of
Bullet Penetration (in the context of misinterpreting
data from combat shootings).

37






WOUND BALLISTICS REVIEW

JOURNAL OF THE INTERNATIONAL WOUND BALLISTICS ASSOCIATION

The force on the bullet varies considerably during
the glass penetration, but the average force can still be used
to give an indication of the dynamics during the penetra-
tion. The frontal area of the bullet contacting the glass is a
minimum when it first touches the glass; this small annular
area 1s less than 1/30 of a square inch, so the average force
corresponds to a pressure of over 160,000 psi (5400 Ibs
divided by 1/30 inch squared). This pressure will cause
yielding in almost all metals, including most steel alloys.
The maximum frontal area of the expanded bullet is about
2/3 of a square inch (at the end of glass penetration), so the
average force would correspond to a minimum pressure of
about 8000 psi for this area (5400 Ibs divided by 2/3 inch
squared). This minimum bound on the average pressure is
far above the yield point of lead (which is below 3000 psi -
see page 127 of Bullet Penetration), so the bullet lead de-
forms at a force level well below the average force during
penetration. The first deduction from this observation 1s
that typical JHP bullets deform throughout the glass pene-
tration. The second deduction from this observation is that
a round or pointed nose bullet will undergo at least some
deformation during glass penetration even if constructed of
high quality steel (and such a bullet would be very inferior
in wounding effectiveness). The overall conclusion is that
any ordinary bullet will always be significantly deformed
during the penetration of windshield glass; it is not possible
to eliminate this deformation, so bullet design must be di-
rected towards making the ultimate deformed shape as de-
sirable as possible. Bullet design to accommodate a wide
range of incidence angles in windshield glass penetration is
a very difficult design problem.

Bullet Deflection Dynamics

The approximately 5400 pound average force on
the bullet calculated in the previous subsection provides an
explanation for the absence of an observed deterministic
bullet deflection from the windshield glass penetration.
This force is very much higher than the force the glass will
support in a small area, and the glass fractures with very
small deflection, so the momentum impulse delivered to the
bullet by the glass is very small before initial glass fracture
occurs. Once the glass fractures, the shear force it can
support is reduced to a negligible value. The principal
shear force support after glass fracture is the organic lami-
nate (probably polyvinyl butyral) between the glass plates;,
penetrating this laminate causes most of the bullet momen-
tum loss that is not due to inertial forces. The penetration
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of this laminate at a 90° incidence angle by the bullet and
the glass fragments from the first plate will inevitably be
somewhat asymmetric, and so introduces lateral forces on
the penetrating bullet that are unpredictable in magnitude
and onentation. This lammate penetration asymmetry ef-
fect seems to be roughly the proper magnitude to account
for the observed random bullet deflection during windshield
glass penetration, and is probably the cause of it. It super-
ficially appears that this-effect should be different at differ-
ing incidence angles (and so would introduce a determinis-
tic deflection), but any incidence angle effect is negated
when the total penetration is considered. A JHP bullet that
impacts windshield glass at an angle undergoes deforma-
tion that tends to produce a contact surface that is parallel
to the initial glass (and laminate) surface, so the laminate is
contacted by a surface that is approximately flat and paral-
lel to it for all incidence angles from 90° down to at least
34°. Note that the deviations from flat and parallel that are
indicated by the "approximately" can go either way and are
a major contributor to the small random deflections.

Some JHP bullet designs might show a deter-
minsstic deflection, but the insights into windshield glass
penetration phenomenology that have been gained from this
testing make this appear improbable. It would be prudent
to verify the observed windshield glass deflection character-
istics for any load that is expected to be used in this sce-
nario, and the authors would be pleased to leam of any

such testing.

Conclusions Relative to JHP Bullet Deflec-

tion by Windshield Glass

Limited testing of typical JHP handgun bullets
shows that windshield glass penetration seldom causes a
bullet deflection angle greater than 2° for incidence angles
between 90° and 34°. This deflection angle 1s not consis-
tent in magnitude or orentation relative to incidence ge-
ometry; it seems to be essentially random. The expected
deflection is small (less than 2 inches for a target located
anywhere in a typical automobile), and no compensation is
possible because the deflection angle is unpredictable.

The bullet deflection by windshield glass impact
should be ignored in tactical situations involving an officer
firing into an automobile. This includes not having mental
reservations or concems about this deflection; don't worry
about it, it 1s not important.
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