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VEHICLE PROTECTIVE STRUCTURE 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 

[0001] The invention described herein Was made in the 
performance of of?cial duties by employees of the Depart 
ment of the Navy and may be manufactured, used, licensed by 
or for the United States Government for any governmental 
purpose Without payment of any royalties thereon. 

FIELD OF THE INVENTION 

[0002] The invention generally relates to protective struc 
tures. In particular, the invention relates to protective struc 
tures used for protection against projectiles. 

BACKGROUND OF THE INVENTION 

[0003] The invention relates to protective structures. There 
is a signi?cant need for the invention as there are no protective 
structures available or knoWn Which provide the features and 
bene?ts of the invention. 

SUMMARY OF THE INVENTION 

[0004] The invention relates to protective structures. The 
invention relates to protective structures adapted to protect 
against projective Weapons or fragments that in one embodi 
ment is mounted to a vehicle to enclose at least part of an area 
that a Weapons or apparatus operator occupies. Embodiments 
of the invention have an upper section Which has protective 
overhead segments that can be locked and positioned such 
that an occupant of the protective structure have overhead 
protection as Well as the ability to exit from the protective 
structure by positioning the segments to permit exit or entry 
from the top area of the protective structure. The structure has 
a latching mechanism for at least tWo of the overhead protec 
tive segments Which are adapted to Withstand an impact from 
projectiles or fragments from bomb blasts. The protective 
structure has ballistic WindoW placed around the structure, 
including the overhead protective segments Which permit 
vieWing through the WindoWs and protection against 
expected projectiles or fragments. 

BRIEF DESCRIPTION OF THE DRAWING 

[0005] In the draWings, Which are not necessarily to scale, 
like or corresponding parts are denoted by like or correspond 
ing reference numerals. 
[0006] FIG. 1 is a side vieW ofa vehicle With an embodi 
ment of the invention mounted thereon; 
[0007] FIG. 2 is a top vieW ofthe vehicle ofFIG. 1 Without 
the an embodiment of the invention mounted thereon; 
[0008] FIG. 3 is a perspective vieW of one embodiment of a 
vehicle protective structure; 
[0009] FIGS. 4A, 4B, 4C 4D and 4E are top, front, curb 
side, driver side and rear vieWs, respectively, of the structure 
of FIG. 3, Without the shield; 
[0010] FIGS. 5A and 5B are perspective and top vieWs, 
respectively, of an embodiment of a ?rst portion of a vehicle 
protective structure; 
[0011] FIGS. 6A, B, C, D, E and F are perspective, top, 
sectional, curb side, rear and driver side vieWs of an embodi 
ment of a second portion of a vehicle protective structure. 
FIG. 6C is a sectional vieW along the line 6C-6C of FIG. 6E; 
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[0012] FIGS. 7A and 7B are perspective vieWs of one type 
of ballistic WindoWs; 
[0013] FIGS. 8A, B, C, D, E, F, and G are perspective, top, 
bottom, curb side, front, driver side, and rear vieWs, respec 
tively, of an embodiment of an third portion of a vehicle 
protective structure; 
[0014] FIG. 9 is an enlarged vieW ofa portion of FIG. 8C; 
and 
[0015] FIGS. 10A, 10B, and 10C are front, top and curb 
side vieWs, respectively, of FIG. 3. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0016] FIG. 1 is a side vieW of a vehicle 10 With one 
embodiment of a vehicle protective structure 12 mounted 
thereon. FIG. 2 is a top vieW of the vehicle 10 of FIG. 1 
Without the structure 12 mounted thereon. Structure 12 
includes a ?rst portion 14, a second portion 16 and a third 
portion 18. The ?rst portion 14 is ?xed to a turret (traversal 
portion) 22 (FIG. 2) on an upper section of the vehicle 10 and 
disposed around an opening 24 (FIG. 2). The second portion 
16 is ?xed to the ?rst portion 14 and includes a plurality of 
WindoWs disposed substantially vertically around the open 
ing 24. 
[0017] WindoWs used in these embodiments of the inven 
tion are ballistic WindoWs. Ballistic WindoWs are components 
that are capable of stopping bullets or projectiles, including 
bomb or explosive fragments, ?red at it and can be made of 
impact resistant materials including materials known as bul 
let-resistant glass or ballistic WindoWs. The term “bullet” is 
meant to be used broadly in this case referring to ballistic or 
high velocity projectiles or Weapons, including fragmentary 
devices and explosives or explosively formed projectiles, 
Which are ?red at or in the direction of the WindoW(s) in 
question. Bullet-resistant glass is frequently constructed 
using a strong but transparent material such as polycarbonate 
thermoplastic or by using layers of laminated glass. One 
desired result is a material With an appearance and light 
transmitting behavior of standard glass but offers varying 
degrees of protection from projectile Weapons depending on 
the Weight, con?guration and Weight requirements or limita 
tions. A polycarbonate layer, including products such as 
Cyrolon®, Lexan® and Tuffak®, is sometimes sandWiched 
betWeen layers of regular glass. The use of plastic in the 
laminate provides impact-resistance, such as physical assault 
With a hammer, an axe, etc. The plastic provides little in the 
Way of bullet-resistance. The glass, Which is much harder 
than plastic, ?attens the bullet and thereby prevents penetra 
tion. Ballistic WindoWs, ballistic glass, impact resistant glass 
or bullet-resistant glass can be 70-75 mm (2.8-3.0 in) thick, 
but could be more or less depending on the threat or Weapons 
the WindoWs are designed to defeat. Bullet-resistant glass 
includes glass constructed of laminated glass layers built 
from glass sheets bonded together With polyvinyl butyral or 
polyurethane. The glass can include one-Way bullet-resistant 
glass as Well as neWer types of bullet-resistant glass or trans 
parent materials such as aluminum oxynitride used as the 
outside “strike plate” layer. 
[0018] The third portion 18 is ?xed to the second portion 16 
and extends upWardly and inWardly from the second portion 
16 over the opening 24. The third portion 18 includes a 
plurality of WindoWs. A shield 28 may be disposed in front of 
the ?rst, second and third portions 14, 16, 18. In the case of 
armed con?ict, foreign internal defensive operations or riot 
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control engagements, structure 12 can protect a Weapons 
operator or gunner 26 (FIG. 1) Who operates a gun 20 or other 
device such as a Water cannon, high intensity laser or other 
anti-personnel or non-lethal personnel Weapon system. The 
gunner or protective structure occupant 26 is located in the 
opening 24. However, structure 12 can protect individuals 
other than a gunner 26, for example, an ob server. Structure 12 
can also be used to protect or mount a sensor system or other 
items of equipment requiring protection and impact resistant 
WindoWs standing alone or in combination With a Weapons 
system or other anti-personnel or riot control system. 
[0019] FIG. 3 is a perspective vieW of the vehicle protective 
structure 12 Without the vehicle 10. FIGS. 4A, 4B, 4C 4D and 
4E are top, front, curb side, driver side and rear vieWs, respec 
tively, of the structure 12 of FIG. 3, Without the shield 28. As 
best seen in FIGS. 3 and 4A, the ?rst, second and third 
portions 14, 16, 18 de?ne a front opening 42. The gun 20 
(FIG. 1) is disposed in the front opening 42 and the shield 28 
(FIG. 3) is mounted adjacent the front opening 42. 
[0020] In the embodiment shoWn in FIGS. 4A-4E, second 
portion 16 includes WindoWs 130, 132, 134, 136, 138, 140, 
142, 144. WindoW 130 is the front curb side WindoW; WindoW 
132 is the second curb side WindoW; WindoW 134 is the rear 
curb side WindoW; WindoW 136 is the right rear WindoW; 
WindoW 138 is the left rear WindoW; WindoW 140 is the rear 
driver side WindoW, WindoW 142 is the second driver side 
WindoW; and WindoW 144 is the front driver side WindoW. 
[0021] TheWindoWs 130,132,134,136,138,140,142,144 
of the second portion 16 are substantially planar (not curved) 
and may be rectangular in shape. Second portion 16 may have 
eight WindoWs as shoWn, but more or feWer WindoWs may be 
used. 

[0022] The eight WindoWs 130, 132, 134, 136, 138, 140, 
142, 144 may be the same siZe and, additionally, may be the 
same type of WindoW (i.e., interchangeable) as the WindoWs 
36 in the doors of the vehicle 10 of FIG. 1. “Same type” of 
WindoW means the WindoWs have substantially the same siZe 
and shape and are interchangeable Without any modi?cations. 
One ormore ofthe WindoWs 130,132,134,136,138,140,142 
and 144 may be hinged. In FIGS. 4A-4E, the front driver side 
and curb side WindoWs 144, 130 are shoWn mounted With 
hinges 40 to the second portion 16. Hinges 40 alloW WindoWs 
144, 130 to rotate outWard and rearWard. 
[0023] Third portion 18 may have seven WindoWs 146, 148, 
150, 152, 154, 156, 158 as shoWn, but more or feWer WindoWs 
may be used. WindoW 146 is the front curb side WindoW; 
WindoW 148 is the rear curb side WindoW; WindoW 150 is the 
right rear WindoW; WindoW 152 is the left rear WindoW; Win 
doW 154 is the rear driver side WindoW; WindoW 156 is the 
front driver side WindoW; and WindoW 158 is the top WindoW. 
WindoWs 146, 148, 150, 152, 154, 156 and 158 may be 
substantially planar. 
[0024] The WindoWs 148, 158, 154 may be the same type of 
WindoW (i.e., interchangeable) as the WindoWs 130, 132, 134, 
136, 138, 140, 142, 144 of the second portion 16 and the 
WindoWs 36 of the vehicle doors. WindoWs 148, 158 and 154 
may be rectangular. WindoWs 146, 150, 152, 156 may be 
trapezoidal in shape and be the same type of WindoW (i.e., 
interchangeable) as the WindoW 38 in the door of vehicle 10 
(FIG. 1). Top WindoW 158 (FIG. 4A) may be mounted With a 
hinge 40 so that WindoW 158 may rotate upWardly and rear 
Wardly. 
[0025] Front and rear driver side WindoWs 156, 154 (FIG. 
4C) may be mounted to the second portion 16 as a single unit 
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using hinge 40. Thus, front and rear driver side WindoWs 156, 
154 may rotate outWardly and doWnWardly as a single unit. 
Front and rear curb side WindoWs 146, 148 (FIG. 4D) may be 
similarly mounted using a hinge 40 to thereby rotate out 
Wardly and doWnWardly as a single unit. The front driver and 
curb side WindoWs 156, 146 may be the same type of WindoW 
as WindoW 38 in the door of vehicle 10 (FIG. 1), that is, 
substantially trapezoidal. The rear driver and curb side Win 
doWs 154, 148 may be the same type of WindoW as WindoW 36 
in the door of vehicle 10 (FIG. 1), that is, substantially rect 
angular. 
[0026] Third portion 18 may include right rear and left rear 
WindoWs 150, 152. The tWo rear WindoWs 150, 152 may be 
the same type of WindoW as WindoW 38 in the door of vehicle 
10 (FIG. 1), that is, substantially trapeZoidal. 
[0027] FIGS. 5A and 5B are perspective and top vieWs, 
respectively, of one embodiment of a ?rst portion 14 of the 
vehicle protective structure 12. The bolt holes 44 in the ?rst 
portion 14 form a pattern that may be the same pattern as the 
bolt hole pattern in both the second portion 16 (FIG. 6B) and 
the third portion 18 (FIG. 8C). First portion 14 includes a pair 
of mounting brackets 46 and a rear bolt Weldment 48 for 
?xing the ?rst portion 14 to a vehicle, such as vehicle 10. 
[0028] FIGS. 6A, B, C, D, E and F are perspective, top, 
sectional, curb side, rear and driver side vieWs of an embodi 
ment of a second portion 16 of a vehicle protective structure 
12. FIG. 6C is a sectional vieW along the line 6C-6C of FIG. 
6E. The Windows 130, 132, 134, 136, 138, 140, 142, 144 of 
the second portion 16 are not shoWn in FIGS. 6A-6F. HoW 
ever, the WindoW openings in second portion 16 for WindoWs 
130,132,134,136,138,140,142 and 144 are labeled With the 
corresponding WindoW reference numeral for clarity. 
[0029] The gun 20 (FIG. 1) ?ts in front opening 42 (FIGS. 
6A, B, C). Front opening 42 provides for about 60 degrees of 
horiZontal gun rotation, that is, about 30 degrees each side of 
the center position. Thus, the ?rst, second and third portions 
14, 16, 18 provide about 300 degrees of protective to the 
gunner. The pattern of the bolt holes 50 (FIG. 6B) may be the 
same as the pattern of the bolt holes 44 in the ?rst portion 14 
(FIG. 5A) and the pattern of the bolt holes 52 in the third 
portion 18 (FIG. 8C). 
[0030] FIG. 7A shoWs a rectangular ballistic WindoW 36 
(see also FIG. 1) that includes a frame 56 and a ?ange 58. 
WindoWs 36 may be used for WindoWs 130, 132, 134, 136, 
138,140,142,144 ofthe second portion 16. Flange 58 may be 
bolted to second portion 16 so that each WindoW is positioned 
in a corresponding WindoW opening. The front driver side and 
front curb side WindoWs 144, 130 (see also FIGS. 4D and 4C), 
rather than being bolted to the second portion 16, may be 
mounted on a hinge 40. A manually operated opening and 
closing device 60 (FIG. 6B) (details not shoWn) may be 
provided for rotating the front driver side and front curb side 
WindoWs 144, 130 outWardly. 
[0031] FIGS. 8A, B, C, D, E, F, and G are perspective, top, 
bottom, curb side, front, driver side, and rear vieWs, respec 
tively, of an embodiment of an third portion 18 of a vehicle 
protective structure 12. The WindoWs 146, 148, 150, 152, 154, 
156, 158 of the third portion 18 are not shoWn in FIGS. 
8A-8G. HoWever, the WindoW openings in third portion 18 for 
WindoWs 146, 148, 150, 152, 154, 156, 158 are labeled With 
the corresponding WindoW reference numeral for clarity. Bal 
listic WindoW 36 of FIG. 7A may be used for WindoWs 148, 
158, 154. FIG. 7B shoWs a ballistic WindoW 38 (see also FIG. 
1) having a frame 34 and a ?ange 32. Ballistic WindoW 38 may 
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be used for WindoWs 150, 152, 156. Flange 32 may be bolted 
to third portion 18 so that each WindoW is positioned in a 
corresponding WindoW opening. 
[0032] Referring to FIGS. 8F and 8D, the front and rear 
driver side WindoWs 156, 154 and the front and rear curb side 
WindoWs 146, 148 are ?xed to respective frames 66, 64, 70, 
68. Frame 64 is ?xed to a hinge 40 and frame 66 is ?xed to 
frame 64 such that WindoWs 156, 154 may be rotated out 
Wardly and downwardly as a single unit. Similarly, frame 68 
is ?xed to a hinge 40 and frame 70 is ?xed to frame 68 such 
that WindoWs 146, 148 may be rotated outWardly and doWn 
Wardly. 
[0033] Referring to FIG. 8B, frame 72 for WindoW 158 may 
be ?xed to third portion 18 With a hinge 40 such that WindoW 
158 may be rotated upWardly and rearWardly. To secure top 
WindoW 158, driver side WindoWs 156, 154 and curb side 
WindoWs 146, 148 in a closed position, ?anges or bosses 74 
(FIG. 9) are ?xed to frames 72, 68 and 64. Frame 72 has tWo 
bosses 74 and frames 68, 64 have one boss each. Each boss 74 
includes an opening therein for receiving a quick release pin 
76. Thus, the opening in boss 74 of frame 68 is aligned With 
the opening in one ofthe bosses 74 of frame 72 and pin 76 is 
inserted therein. Similarly, the opening in boss 74 of frame 64 
is aligned With the opening in the other of the bosses 74 of 
frame 72 and pin 76 is inserted therein. To rotate the top 
WindoW 158 and the side WindoWs 156, 154 and 146, 148, the 
quick release pins 76 are removed from the openings in the 
bosses 74. Pins 76 may be attached to lanyards to prevent 
misplacing them. 
[0034] Referring to FIG. 8A, upper opening 78 in third 
portion 18 may be closed With an elastic net 80 shoWn in FIG. 
10B. 
[0035] Referring to FIG. 8C, the pattern of the bolt holes 52 
(FIG. 8C) may be the same as the pattern of the bolt holes 44 
in the ?rst portion 14 (FIG. 5A) and the pattern of the bolt 
holes 50 in the second portion 16 (FIG. 6B). In one embodi 
ment, the second portion 16 is ?xed to the ?rst portion 14 
using threaded fasteners all having the same siZe head and the 
third portion 18 is ?xed to the second portion 16 using 
threaded fasteners all having the same siZe head as the fas 
teners used to ?x the second portion 16 to the ?rst portion 14. 
In some embodiments of the invention, the second portion 16 
is not used and the third portion 18 is ?xed directly to the ?rst 
portion 14. In other embodiments of the invention, the second 
portion 16 is ?xed to the ?rst portion 14 and the third portion 
18 is not included. 
[0036] Third portion 18 may include one or more handles 
30 (FIGS. 4A and 4B). 
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[0037] FIGS. 10A, 10B, and 10C are front, top and curb 
side vieWs, respectively, of FIG. 3. Shield 28 may be ?xed to 
a pintle (not shoWn) that is used to mount the gun 20 (FIG. 1). 
Shield 28 includes a front portion 92 and right and left side 
portions 84, 86 that extend rearWardly from the front portion 
92. Front portion 92 includes at least one ballistic WindoW 82 
and an opening 88 for gun 20 (FIG. 1). The transverse extent 
“h” (FIG. 10B) of the shield 28 is greater than the transverse 
extent “m” of the front opening 42. Front portion 92 may 
include a top plate 90 that extends above the opening 88. 
[0038] Projectile resistant armor (e.g., steel) and ballistic 
glass may be used to fabricate vehicle protective structure 12. 
[0039] While the invention has been described With refer 
ence to certain preferred embodiments, numerous changes, 
alterations and modi?cations to the described embodiments 
are possible Without departing from the spirit and scope of the 
invention as de?ned in the appended claims, and equivalents 
thereof. 

1.-13. (canceled) 
14. A vehicle, comprising: 
an opening and a turret around the opening; and 
a vehicle protective structure mounted to the vehicle, the 

vehicle protective structure including a ?rst portion 
?xed to the turret and disposed around the opening; a 
second portion ?xed to the ?rst portion, the second por 
tion including a plurality of ballistic WindoWs disposed 
substantially vertically around the opening; and an third 
portion ?xed to the second portion, the third portion 
extending upWardly and inWardly from the second por 
tion over the opening, the third portion comprising a 
plurality of proj ectile resistant members each adapted to 
selectively pivot along one end of said members and 
couple to said second portion, said projectile resistant 
members further adapted to selectively couple to each 
other of said plurality of members on a second side of 
said members, said third portion further comprising one 
or more ballistic WindoWs disposed on each of said 
plurality of proj ectile resistant members. 

15. The vehicle of claim 14 further comprising at least one 
door having ?rst and second types of WindoWs therein 
Wherein the plurality of ballistic WindoWs in the second por 
tion comprise WindoWs of the ?rst type and the plurality of 
ballistic WindoWs in the third portion comprise WindoWs of 
the ?rst and second types. 

16-18. (canceled) 
19-22. (canceled) 


