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APPAREL WORN ON, IN OR UNDER THE WATER 
AND A MANUFACTURING METHOD THEREOF 

CROSS REFERENCE TO A RELATED 
APPLICATION 

[0001] This application is related to co-pending Regular 
US. application Ser. No. 09/473,139,?led on Dec. 28, 1999, 
and co-pending Provisional US. Application Ser. No. 
60/183,599, ?led on Feb. 18, 2000, both of Which are 
incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

FIELD OF THE INVENTION 

[0002] The present invention relates to an article of 
apparel designed and adapted to be Worn by a human in, on 
or under the Water, and preferably to a Wet suit, diving suit, 
dry suit, Waders, shorts, shirts, vests, hoods, socks, etc., 
made of or comprising a polymeric material such as a 
gelatinous elastomer composition, and a manufacturing 
method thereof. The present invention also relates to an 
antimicrobial silver-containing layer applied to the article of 
apparel. 

BACKGROUND OF THE INVENTION 

[0003] Apparel Worn by swimmers, divers, and outdoors 
men, e.g., Wet suits, dry suits, exposure suits, diving suits, 
vests, shorts, etc. generally provide the Wearer With a layer 
of protection against cold temperatures. Such apparel also, 
hoWever, affects the overall buoyancy of the Wearer. Impor 
tantly, commonly available diving apparel undergoes sig 
ni?cant changes in buoyancy With changes in depth/pres 
sure, making it dif?cult for the Wearer to maintain a depth 
other than speci?cally targeted for the appropriate Weight 
belt. That is, for example With classical neoprene Wet suits 
and dry suits commercially available, less and less Weight is 
required as the diver descends more deeply into the Water to 
maintain position, and the amount of excess Weight on the 
diver can become signi?cant When the diver proceeds to a 
depth greater than originally anticipated. For example, there 
is a reduction of approximately 40% in the amount of Weight 
required to remain neutrally buoyant at a depth of 33 feet as 
compared With the surface. At 66 feet of depth, the amount 
of ballast must be further reduced by approximately 30%. 
Accordingly, there is rarely a time When their Weight belt, 
etc. provides them With neutral buoyancy. Instead, most 
divers expend excess energy and air to keep at the desired 
depth. Becoming incapacitated in a negatively buoyant state 
is extremely dangerous, for obvious reasons. Rising too 
rapidly also can have serious consequences, such as the 
bends. 

[0004] Another problem With conventional exposure suits 
is that foam cells contained Within the insulating material 
collapse due to an increase in pressure as the diver descends. 
Thus, the diver’s buoyancy is further affected. Also, as the 
foam cells in the insulating material collapse, the insulating 
value of the suit decreases. Further, the foam cells eventually 
take a permanent compression set and the suit eventually 
loses much of its buoyancy and insulation value. 

[0005] To solve the problem of a diver’s buoyancy chang 
ing at different depths due to the collapse of foam cells, 
Jonnes et al (US. Pat. No. 3,660,849) discloses a Wet suit 
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Which includes an insulating layer formed from separated 
compartments or packets containing microbubbles. The 
microbubbles are pressure resistant and are used to reduce 
the amount of change in buoyancy. 

[0006] HoWever, a problem With the J onnes et al invention 
is that the diver still experiences a positive buoyancy effect 
due to the Wet suit. That is, the Jonnes et al Wet suit is not 
neutrally buoyant. Thus, the diver is required to Wear an 
excessive amount of Weight to descend. As discussed above, 
the Weight required for the diver to descend changes at 
different depths. 

[0007] To offset the effect caused by the Weight belt, 
external air systems are used to increase or decrease the 
buoyancy of the diver. HoWever, this increases the amount 
of equipment the diver must Wear, and further adds to the 
overall Weight of the diver, While using up the limited air 
supply. 
[0008] Another problem With the Jonnes et al invention is 
that it describes the use of block copolymers including 
polystyrene-polyisoprene-polystyrene and polystyrene-po 
lybutadiene-polystyrene. Such compositions have fairly loW 
strength, can degrade With exposure to oxygen or oZone or 
UV light, are excessively tacky, tend to suffer from exces 
sive “bleeding” (migration of oil to the surface or onto 
adjacent materials), and are rather dif?cult to process. 

[0009] In addition, conventional diving suits are generally 
manufactured by forming several patterns of an insulating 
material, such as a neoprene foam material and in the 
process mating a fabric layer onto the outside surfaces. The 
patterns are then bonded together, for example, by seWing or 
passing a hot knife betWeen patterns so as to fuse the 
patterns together. Joints betWeen packets are then covered 
With a ?exible elastomeric tape, and then typically seWn. 

[0010] A problem With this conventional manufacturing 
method is that the joints betWeen bonded insulating packets 
tend to separate after continued use. Thus, the durability of 
the Wet suit is reduced. Yet another problem With the 
conventional manufacturing method is that an excessive 
amount of steps is required, thus reducing production ef? 
ciency. 

[0011] Another problem With conventional exposure suits 
is that elboW areas, knee areas, and other body joints do not 
properly stretch. That is, the conventional exposure suit 
generally contains a neoprene foam material With a fabric 
layer on the outside surfaces. The fabric layer covers the 
entire outer surface, thereby inhibiting free motion of body 
joints, such as knee joints or elboW joints. In addition, the 
neoprene foam material does not sufficiently stretch. Thus, 
the user is inhibited from freely moving When Wearing a 
conventional exposure suit. Further, because conventional 
exposure suits do not stretch appropriately, exposure suits 
must be made in many different siZes to accommodate 
different body shapes. 

[0012] Yet another problem With conventional exposure 
suits is they are generally not properly disinfected. That is, 
after a user Wears a suit, he or she generally Washes the suit 
off With Water. HoWever, this does not properly remove all 
of the bacterial associated With conventional exposure suits. 
In addition, many users rent diving suits, Which have not 
been properly disinfected after a previous user has used the 
suit. For example, a user Who is diving for extended periods 
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of time may urinate Within the diving suit. Clearly, this 
creates bacterial problems for the next user to Wear the suit. 

[0013] Still another problem With conventional exposure 
suits is the extra equipment needed for diving, etc., is not 
integrated Within the diving suit. That is, any extra equip 
ment is either carried by hand or attached With a separate 
belt. 

[0014] Still yet another problem With conventional expo 
sure suits is air becomes trapped in armpit areas, crotch 
areas, etc. This effects a buoyancy of a diver, for example. 

[0015] Consequently, there is a need for providing a novel 
diving suit Which is simple and inexpensive to manufacture, 
one Which is neutrally or near neutrally buoyant, one Which 
is durable and user-friendly, and one Which includes a 
built-in air bladder system. There is also a need for a 
seamless diving suit and a manufacturing method thereof, 
such as a one piece diving suit, Which does not contain joints 
that easily separate. It is also desirable that such a suit not 
alter in buoyancy or insulating value at common depths, 
such as 120 ft. or less. 

[0016] Further, there is a need for an exposure suit Which 
is effective against a broad spectrum of sepsis-causing 
bacteria and odor-causing bacteria, an exposure suit Which 
includes integrated diving equipment, an exposure suit 
Which includes stretch seams, and an exposure suit having a 
mechanism to release trapped air. 

SUMMARY OF THE INVENTION 

[0017] Accordingly, one object of the present invention is 
to solve the aforementioned problems. 

[0018] Another object of the present invention is to pro 
vide an article of apparel designed to be Worn by a human 
above, in, on or under the Water, referred to herein as a 
“diving suit” Which is neutrally (or near neutrally) buoyant. 

[0019] Yet another object of the present invention is to 
provide a diving suit having a built-in air bladder system; 
ideally one Which alloWs a diver to alter attitude and depth. 

[0020] Still another object of the present invention is to 
provide a seamless diving suit or a diving suit With minimal 
seams. 

[0021] Yet another object of the present invention is to 
provide a simple, cost efficient method of manufacturing a 
neutrally buoyant, or near neutral buoyant seamless diving 
suit having a built-in air bladder system (buoyancy control 
device, BCD). This BCD can be positioned anyWhere Within 
the diving suit. 

[0022] Another object of the present invention is to pro 
vide a diving suit Which is effective against a broad spectrum 
of microorganisms, such as sepsis-causing bacteria and 
odor-causing bacteria. 

[0023] Still another object of the present invention is to 
provide a diving suit Which includes integrated attachments 
and/or pockets for integrating diving equipment into the 
diving suit. 

[0024] Still another object of the present invention is to 
provide a diving suit Which includes stretch seams at elboW 
joints, knee joints, etc, and a diving suit Which appropriately 
stretches to custom-?t a variety of body types. 
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[0025] These and other objects are accomplished by pro 
viding a diving suit including a polymeric material. Also 
provided is a method of manufacturing the diving suit 
including the steps of placing a prefabricated male mold 
inside a prefabricated female mode, and injecting the poly 
meric material into a gap formed betWeen the male mold 
placed inside the female mold. Alternately, polymeric mate 
rial can be placed in the female mold before introduction of 
the male mold. The polymeric material may also include an 
antimicrobial composition Which is effective against a broad 
spectrum of microorganisms. The diving suit may also 
include stretch seams at appropriate locations to provide 
?exibility to the user. Further, a silver layer may be applied 
to a skin-side of the diving suit to combat a broad spectrum 
of microorganisms. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] Amore complete appreciation of the invention and 
many of the attendant advantages thereof Will be readily 
obtained as the same becomes better understood by refer 
ence to the folloWing detailed description When considered 
in connection With the accompanying draWings, Wherein: 

[0027] FIG. 1 is a perspective vieW of a male mold used 
to manufacture the diving suit according to the present 
invention; 
[0028] FIG. 2 is a perspective vieW of a female mold used 
to manufacture the diving suit according to the present 
invention; 

[0029] FIG. 3A is a vertical cross-section illustrating one 
example of applying inner and outer fabrics to the diving 
suit, as Well as adjusting a siZe of the diving suit according 
to the present invention; 

[0030] FIG. 3B is a vertical cross-section illustrating 
another example of applying inner and outer fabrics to the 
diving suit, as Well as adjusting the siZe of the diving suit 
according to the present invention. Also illustrated is a 
method producing skin-tight ankle and Wrist portions, for 
example, of the diving suit; 

[0031] FIG. 4 illustrates an integral air bladder system of 
the diving suit according to the present invention; 

[0032] FIG. 5 is a perspective vieW of the front of the 
diving suit according to the present invention; 

[0033] FIG. 6 is a perspective vieW of the back of the 
diving suit according to the present invention; 

[0034] FIG. 7A is a perspective vieW of a tank harness for 
the diving suit according to the present invention; 

[0035] FIG. 7B is a perspective vieW of the tank harness 
shoWn in FIG. 7A attached to the diving suit according to 
the present invention; 

[0036] FIG. 8 is a perspective vieW of a seamless cuff of 
the diving suit according to the present invention; 

[0037] FIG. 9 is a perspective vieW of an attachment 
mechanism for attaching the tank harness shoWn in FIG. 7A 
to the diving suit; 

[0038] FIG. 10 is a perspective vieW of padded and 
?exible areas of the diving suit according to the present 
invention; 
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[0039] FIG. 11 is a perspective vieW of surface mounted 
and embedded attachment mechanisms of the diving suit 
according to the present invention; 

[0040] FIG. 12 is a perspective vieW of a seamless Wrist 
portion of the diving suit according to the present invention; 

[0041] FIG. 13 is a perspective vieW of an air-pocket 
release system for the diving suit according to the present 
invention; 

[0042] FIG. 14 is a graph comparing a neoprene diving 
suit With a diving suit according to the present invention; 

[0043] FIGS. 15A-15C are cross-sectional vieWs of mul 
tilayer compositions Which may be applied to the diving suit 
according to the present invention; and 

[0044] FIGS. 16A and 16B shoW additional multilayer 
compositions Which may be applied to the diving suit 
according to the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0045] Throughout the description of the present invention 
the term “diving suit” Will be used. HoWever, it is to be 
understood that the present invention relates to any type of 
article of apparel Worn by sWimmers and divers (e.g., Wet 
suit, dry suit, etc.), ?shermen (e.g., Waders, overalls, socks, 
gloves, hoods, etc.), boaters, sailors, lifeguards, longshore 
men, captains, mates, etc. 

[0046] Referring noW to the draWings, Wherein like ref 
erence numerals designate identical or corresponding parts 
throughout the several vieWs, FIG. 1 illustrates a male mold 
202 Which is to be inserted into a female mold 210 (shoWn 
in FIG. 2) to manufacture a diving suit according to the 
present invention. The male mold 202 may be a sand cast or 
fabricated aluminum mold, and is machined to dimensions 
of the female mold 210 minus a desired Wet suit thickness. 
That is, a gap corresponding to the desired Wet suit thickness 
is formed betWeen the male mold 202 and female mold 210. 
Also illustrated is an arm portion 205 and a leg portion 207 
of the male mold 202. A trimline 204, indicated by a dotted 
line, illustrates a portion of the diving suit to be trimmed and 
accommodated With a Zipper, for eXample. Also illustrated is 
an inner fabric 206 covering a portion of the male mold 202. 

[0047] FIG. 2 illustrates the female mold 210 used to 
produce the diving suit according to the present invention. 
The female mold 210 may be a sand cast or fabricated 
aluminum mold, similar in composition to the male mold 
202. Preferably, the female mold 210 includes tWo portions 
217 and 218 secured With rivets 219. The female mold 210 
includes the tWo portions 217 and 218 to facilitate machin 
ing the female mold 210 to the desired thickness of the 
diving suit. Also illustrated is an arm portion 213 and leg 
portion 215 corresponding to the arm portion 205 and leg 
portion 207 of the male mold 202, as Well as an outer fabric 
216 covering an inner surface of the female mold 210. 

[0048] Prior to inserting the male mold 202 into the female 
mold 210, the inner fabric 206 is pulled over the male mold 
202, and the outer fabric 216 is placed inside the female 
mold 210. The inner fabric 206 and outer fabric 216 pref 
erably include an elastomeric material Which easily 
stretches. In addition, it should be noted that the diving suit 
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may be manufactured Without the inner fabric 206 and the 
outer fabric 216 or With only one of the inner fabric 206 and 
the outer fabric 216. 

[0049] Then, the male mold 202 having the inner fabric 
206 on an outer surface thereof is inserted into the female 
mold 210 having the outer fabric 216 on an inner surface 
thereof. Thus, a gap 230 (as shoWn in FIGS. 3A and 3B) is 
formed betWeen the inner fabric 206 and the outer fabric 
216. Apolymeric material may then be injected into the gap 
230 to form a seamless diving suit. In another embodiment 
the polymeric material can be added to the female mold and 
the male mold can be inserted. 

[0050] Turning noW to FIGS. 3A and 3B. FIG. 3A 
illustrates one eXample of applying the inner fabric 206 and 
the outer fabric 216 to the diving suit, as Well as lengthening 
an arm portion 205, 213 and/or leg portion 207, 215 of the 
diving suit. 

[0051] To apply the inner fabric 206, an inner fabric 
molding 222 is disposed Within the arm portion 205 and/or 
leg portion 207 of the male mold 202, thus securing the inner 
fabric 206 to an outer surface of the male mold 202. To apply 
the outer fabric 216, an outer fabric molding 224 is disposed 
Within the arm portion 213 and/or leg portion 215 of the 
female mold 212, thus securing the outer fabric 216 to an 
inner surface of the female mold 212. Therefore, using the 
inner fabric molding 222 and the outer fabric molding 224, 
the inner fabric 206 and the outer fabric 216 are secured, and 
form the gap 230. In addition, the inner fabric 206 and the 
outer fabric 216 are preferably applied prior to injecting the 
polymeric material. HoWever, the inner fabric 206 and the 
outer fabric 216 may be applied to the diving suit after the 
molding process is completed (i.e. by glueing or seWing the 
fabrics to the molded polymeric material). 

[0052] To lengthen the arm portion 205, 213 and/or leg 
portion 207, 215 of the diving suit, a length adjuster 220 may 
be inserted in the female mold 210. A thickness of the inner 
fabric molding 222 and the outer fabric molding 224 may 
also be used to adjust the arm portion 205, 213 and/or leg 
portion 207, 215 of the diving suit. 

[0053] FIG. 3B illustrates another eXample of applying 
the inner fabric 206 and the outer fabric 216, as Well as 
shortening a length of the arm portion 205, 213 and/or leg 
portion 207, 215 of the diving suit according to the present 
invention. Also illustrated is one eXample of forming skin 
tight Wrist and ankle portions, for example, of the diving suit 
(i.e., forming a dry suit). 

[0054] The inner fabric 206 and the outer fabric 216 in 
FIG. 3B are applied to the diving suit in a similar manner 
to that shoWn in FIG. 3A. That is, the inner fabric molding 
222 is disposed Within the arm portion 205 and/or leg 
portion 207 of the male mold 202, thus securing the inner 
fabric 206 to the male mold 202. To apply the outer fabric 
216, an alternative outer fabric molding 232 (Which is 
thicker than the outer fabric molding 224 shoWn in FIG. 3A) 
is also disposed Within the arm portion 213 and/or leg 
portion 215 of the female mold 212. Because the alternative 
outer fabric molding 232 is thicker than the outer fabric 
molding 224, the length adjuster 220 does not need to be 
included. This results in shortening a length of the arm 
portion 205, 213 and/or leg portion 207, 215 of the diving 
suit. 



US 2002/0023283 A1 

[0055] Thus, using the appropriate combination and place 
ment of the inner fabric molding 222, outer fabric molding 
224, alternative outer fabric molding 232, limb adjuster 220, 
etc., the inner fabric 206 and the outer fabric 216 can be 
applied to the diving suit. Further, a length of the arm portion 
205, 213 and/or leg portion 207, 215 is easily adjusted. 

[0056] FIG. 3B also illustrates one example of producing 
skin-tight ankle and Wrist portions of the diving suit. That is, 
the diving suit is sealed at the Wrist and ankle portions, and 
thus a dry suit is produced. A neck portion, Waist portion, 
etc. of the diving suit may also be sealed in a similar manner. 
This is accomplished by providing a thickened area. See 
e.g., area 234 in FIG. 3B. Therefore, after the polymeric 
material is injected, the diving suit Will seal tightly against 
the diver’s skin at the Wrist and ankle portions. The poly 
meric materials useful herein mimic the skin and provide an 
effective Water barrier. 

[0057] As discussed above, FIGS. 3A and 3B illustrate a 
method of adjusting a length of the arm portions 205, 213 
and/or leg portions 207, 215 of the diving suit. HoWever, a 
chest portion, neck portion, Waist portion, etc. (not shoWn) 
may also be adjusted using a similar method. Further, the 
siZe and shape of the components (e.g., inner fabric molding 
222, etc.) are not limited to that shoWn in FIGS. 3A and 3B. 
In addition, the components used to apply the inner fabric 
206 and the outer fabric 216 and to change the siZe of the 
diving suit should have dimensions (Weight, thickness, etc.) 
set to achieve the desired result. An important feature of the 
invention is that the inner fabric 206 and the outer fabric 216 
are easily applied, and that the siZe of the diving suit may be 
adjusted using the prefabricate male mold 202 and female 
mold 210. That is, according to the present invention, it is 
not necessary to use different molds to manufacture different 
siZes of diving suits. 

[0058] In addition, the inner and outer fabrics may be 
applied only at predetermined areas of the Wet suit. Thus, a 
stretch seam may be formed at predetermined locations on 
the Wet suit. In more detail, the Polymeric material accord 
ing to the present invention is extremely elastic and may 
stretch up to 2500% of its original shape. The inner and outer 
fabrics tend to reduce the stretchable feature of Polymeric. 
Therefore, by alloWing certain locations of the Wet suit to 
include inner and outer fabrics and other certain areas to not 
have inner and outer fabrics, stretch seams may be formed 
at the locations Where the inner and outer fabrics do not 
exist. 

[0059] For example, a neck portion of the diving suit may 
be con?gured to not have an inner or outer fabric. Thus, this 
neck portion Will be extremely elastic and function as one 
siZe that “?ts all.” Obviously, other portions of the diving 
suit may be con?gured to not have inner and outer fabric, 
such as the Waist area of the diving suit. In addition, only one 
fabric (i.e., the inner or outer fabric) may be applied to 
certain areas of the Wet suit. Further, an elastic inner and 
outer skin may also be used at certain areas to form stretch 
seams. The elastic skin is preferably elastic enough to not 
signi?cantly reduce the stretchability of the polymer used. 
For example, a stretchable fabric may be one sold under the 
trademark LYCRA. Rubber based fabrics may also be used. 
Thus, by using a very stretchable fabric, a stretch seam may 
be formed and the polymer material is protected from UV 
light via the stretchable fabric. 
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[0060] FIG. 4 shoWs a built-in air bladder system 240 
according to the present invention. The air bladder system 
240 includes a valve 246 to regulate an ingress/egress of air 
to an airtight bladder member 256. The valve 246 may be 
threadedly engaged or glued, for example, into the diving 
suit after the molding process. The airtight bladder member 
256 includes a bladder fabric 248 glued or seWn, for 
example, to the inner fabric 206 or outer fabric. 

[0061] Further, ?tting members 252 and 253 are disposed 
betWeen the inner fabric 206 and outer fabric 216. The ?tting 
members 252 and 253 may be seWn or glued, for example, 
to the inner fabric 206 and the outer fabric 216 prior to 
injecting the Polymeric material. As shoWn, an entry point 
254 is formed in the diving suit betWeen the ?tting members 
252 and 253 and is con?gured to receive the bladder valve 
246. 

[0062] A description of the bladder valve 246 used to 
regulate the ingress/egress of air to the airtight bladder 
member 256 Will noW be given. HoWever, it is to be 
understood that other types of valves may be used in the 
diving suit according to the present invention. 

[0063] The bladder valve 246 includes an inlet 242, an 
outlet 244 and an extending member 255. The inlet 242 
receives air from an external air source to ?ll the airtight 
bladder member 256. Then, the airtight bladder member 256 
Would bulge the diving suit outWards and a buoyancy of the 
diver Would increase. The extending member 255 of the 
bladder value 46 may contain threads so that the bladder 
valve 246 may be threadedly engaged into the diving suit. 
Alternatively, the extending member 255 may be glued into 
the diving suit. Air is released from the airtight bladder 
member 256 through the outlet 244 by pressing a release 
knob 250. The release knob 250 includes a ?rst member 247, 
a spring 248 and a second member 249, as shoWn in FIG. 
4. When the release knob 250 is in a non-activated state, air 
is maintained Within the airtight bladder member 256. 

[0064] The air bladder system 240 is an integral part of the 
diving suit according to the present invention. Thus, the 
diver is not required to carry excess equipment. HoWever, 
the diving suit according to the present invention may be 
manufactured Without the air bladder system 240. Further, 
the air bladder system may be positioned at any desired 
portion of the diving suit. For example, the air bladder 
system may be positioned at a side portion of the diver 
betWeen the armpit and hip. Also, multiple airtight members 
may be used. For example, an airtight bladder member may 
be placed on both sides of the diver betWeen the armpit and 
hip. Both airtight bladder members may be activated by a 
single valve, or each airtight bladder member may have its 
oWn valve. The bladder valve placement generally is 
restricted to placement of the airtight member. HoWever, the 
valve may be a hand held mechanism connected to the 
airtight bladder member via appropriate tubing. 
[0065] When the appropriate components (e.g., fabric 
moldings, length adjuster, etc.) are set in their desired 
positions and the male mold is inserted, the Polymeric 
material may be injected to form the diving suit. After the 
Polymeric material has cooled, the female mold is released 
from the male mold 202, or vice versa. Thus, the diving suit 
having the inner fabric 206 and the outer fabric 216 is 
produced. Then, excess material may be trimmed from the 
diving suit. That is, the diving suit may be trimmed along the 
trimline 204 to accommodate a Zipper, for example. 














