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get a charge size at which the new visors would 
survive. The test data in which the three cate-
gories of visor can be compared starts with vi-
sor “New 6.”

Photographs and high-speed video were 
taken of the visor blast trials. The photographs 
in Table 2 (see page 73) show the extent of 
damage to the visors that were broken in the 
trial, as well as the post-blast photos of the vi-
sors that did not break. During the trials, the 
pieces of broken visor were found dispersed 
throughout the tent area and the pieces were 
photographed where they landed. All visor 
pieces were then collected and reconstructed 
for the photographs as illustrated in Table 2 
(see page 73). 

Ballistic Test Results
The results of the ballistic tests were much 

more difficult to interpret. IMAS 10.30 states 
in paragraph 4.3: “PPE provided to reduce 
the risk from such a hazard should include, 
as a minimum … ballistic body armour with 
a STANAG 2920 V50 rating (dry) of 450m/s.” 
It continues, “Eye protection should be no 
less than that offered by 5mm of untreated 
polycarbonate.”10 It does not explicitly state 
that the visor should provide a V50 rating of 
450m/s, nor does it explicitly define what V50 
rating provides an acceptable level of pro-
tection. Indeed, it is possible to use the note 
about 5mm polycarbonate to allow any V50 
rating to be acceptable as long as the visor 
is made of polycarbonate 5mm or thicker. 
This ambiguity makes evaluation of the re-
sults somewhat problematic.

Table 3 (see page 74) shows the V50 test data 
for the new visor. The strike velocity is the ve-
locity at which the projectile struck the face of 
the visor. If the projectile traveled through the 
visor and kept moving, its exit velocity was 
shown as residual velocity. Residual velocity 
was not captured in all cases. To calculate V50 , 
three shots that did not penetrate and three 
shots that did penetrate were selected, while 
attempting to keep the strike velocities reason-
ably similar (the target was within 60m/s). 
This method prevents the far outlying data 
such as shot 1 from influencing the V50 value.

The V50 ballistic tests are summarized in 
Table 4 (see previous page). They show that 
within the error of one standard deviation, all 
three conditions of the visors have effective-
ly the same V50 rating. If anything, the heat 
treatment may have improved the V50 perfor-
mance slightly.

Figure 3 (see previous page) presents the 
results of the ballistic testing in a way that al-
lows comparison of the three conditions. The 
data points along the horizontal axis show the 
shots in which complete penetration did not 
occur (residual velocity is zero), while those 

above the horizontal axis show those that did 
penetrate completely. 

A variety of trend lines can be drawn 
through the three data sets, but they are very 
close to overlapping. With the wide spread 
of velocities and relatively few data points, 
there is really little or no significant differ-
ence among the three curves. In other words, 
these tests suggest that neither the scratching 
nor the heat treatment of the visors degraded 
the new visors from a V50 ballistics standpoint.

Discussion
The results of the blast testing illustrate 

that the threshold for visor breakage for 
scratched, heat-repaired, and even new vi-
sors was far below the recommended charge 
size, when 200g C4 was used. Comparison of 
the results of the blast testing of the scratched 
visors with the scratched and heat-treated vi-
sors, as noted in Table 2 (see page 73), reflects 
more extensive shattering of the heat-treat-
ed visors. The significance of this difference 
would require further testing, especially since 
all three groups of visors were found to break 
at less than half of the specified CEN Work-
shop Agreement charge size.

Observations from field experience sug-
gest that visors subjected to detonations of up 
to 240g TNT do not tend to shatter as they did 
in these tests. Assuming these observations to 
be accurate, it could indicate that there was a 
flaw in the experiment or that the CWA op-
tion to use a substitute for TNT needs to be re-
viewed; either the equivalency criteria need to 
be changed, or perhaps no substitute for TNT 
should be allowed. More experimentation will 
be needed to answer this question.

With regard to the V50 ballistic testing of 
the visors, it was seen that all three groups 
performed comparably. The estimated V50 falls 
between 225 and 250 m/s for all three groups, 
with no statistically significant difference 
among the new visors, scratched visors and 
heat-treated visors. STANAG 2920 is not clear 
with respect to what V50 rating is required for 
visors; it may be 450 m/s or it may simply be 
a 5-mm-thick, untreated polycarbonate visor 
with no requirement for a specific V50 rating. 
Further, if the CEN Workshop Agreement 
(CWA 15756) is taken as “an accepted alterna-
tive ... developed as an international standard” 
(IMAS 10.30, para 4.3.a10), then a less damag-
ing fragment may now be more appropriate for 
future tests of this type. 

Conclusions
Following the blast and ballistic testing of 

the visors, it was determined that: 
•	 	Scratching the visors did not appear to 

have any detrimental effects on the blast 
resistance of the visors.
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•	 	The proposed heat treatment of the 
scratched visors appears to degrade the 
blast resistance of the visors.

•	 	All of the visors, including new ones, 
were broken during blast tests using 
charge sizes half the size recommended 
by the relevant standards.

•	 	Neither the scratching nor the heat-
treating process appears to have any det-
rimental effects on the V50 performance 
of the visors under test. The V50 ratings 
for new, scratched and heat-treated vi-
sors fall within the 225–250m/s range.

•	 	Contrary to popular opinion, there is 
actually no requirement to have visors 
achieve a V50 rating of 450m/s.

•	 	There is a need to investigate whether 
the revised CWA should allow substitu-
tions for TNT, and if so, what equiva-
lency criteria should be applied. 

See Endnotes, Page 79 
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