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A battery pack Field 5 The present invention relates
to a battery pack particularly though not solely-te -
an underwat er propul sion device for attachrrent

scuba diver. Background 1o US patent nunber g%mﬂ\ﬂw\“ﬂm‘m\\“\

("Mazin") discloses a | eg nounted propul sion evi L8 o
for swmers and divers as shown in Figure 1.

Propul sion units 14 arep othe di ver's | egs.

A battery pack is either &tg{t&%ﬁ%pas a wei ght belt g6

or as a cylinder beside the air tank 13. A controller"

is attached to the belt 16 Dbeside the buckle

storrach of the diver. 15 Mazin may suffer fro,mmHmmrm"""”m"l“m
nber of di sadvant ages including | ack adequat €5y
gl ing for the battery pack, |ack of rmduh;rrrrr

dlfflcultly of access to the «controller (especially

when the diver's hands are al ready hol di ng ot her
equi pnent), |ack of flexibility in control, and/ or

T reaeRG PGl T e o caRaDs 6% baistiky tnBlalf 1k porey to
R Hvattr|s bp@l%@’n dsvageorigachfent & a\deuba diesr cones
one or nore o hese di sadvant ages or which at | east

provides the public with a useful choice. 25

Background

US patent number 6823813 (“Mazin”) discloses a leg mounted propulsion
device for swimmers and divers as shown in Figure 1. Propulsion units 14 are
attached to the diver's legs. A battery pack is either attached as a weight belt 16
or as a cylinder beside the air tank 13. A controller is attached to the belt 16
beside the buckle on the stomach of the diver.

Mazin may suffer from a number of disadvantages including lack of adequate
sealing for the battery pack, lack of modularity, difficultly of access to the
controller (especially when the diver's hands are already holding other
equipment), lack of flexibility in control, and/or lack of user friendliness and

difficulty of user servicing.

It would be desirable to provide a battery pack or underwater propulsion device
which overcomes one or more of these disadvantages or which at least

provides the public with a useful choice.
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2 Summary In general terns the invention proposes
that a mcro-controller is housed inside the battery
pack and/or the battery pack is double sealed. This
may have the 5 advantage that sealing of the battery
pack may be inproved even ifyathe outer casing is
opened while the diver is still wet, additiona
énxhnes may be easily added, a nuch wi der range of
options and user interactivity may be
p033|ble user friendliness nmay be inproved and/or
users may easily service or upgrade the device
anymhere. 10 In a first particular expression of the

I|a &\é%gtéél 3§rrte?h .reﬁ@ia{%pﬁcr)rg ﬁgéj%dsf%qugg %%%{Sntr& [2RY! lh%lJQ@d inside
theWa8eB patk @ha/d?fthé fbétlé’ﬁy gatk ¢ daublepsenléd.e THi® neayy have the
one of clainms 3t In a second particul ar

asiypntagsi that @eatlm@ qf m% rbsatt@n/ pack a3ysbeinprenad gven if the outer
c%g n?eirsyt petf o}mﬁ)? GhaidiRg br’stlﬁlv@étmaaglti%ha?%od%%ﬁfﬂﬁ be easily

aw ngs e Oor nore exarrp
anbdduarmum Widerhr@nlevehcomﬁblv\bptionsoan@eJS%SIDtGFb@td/lty may be

vam%staﬁ)r'eerlg%?&ﬁgg |“E§%Sw g:"h‘%w%‘feg’e @éﬂﬁ%ﬁ@gwt%s y service or

q]%e%édwleé%h?Wﬂér&eVI ce; 3 Figure 2is a
schematic view of a propul sion device according to an
exanpl e

In a first particular expression of the invention there is provided an underwater

propulsion device as claimed in claim 1 or 2.

Example implementations of the invention are provided in any one of claims 3 to
19.

In a second particular expression of the invention there is provided a battery

pack as claimed in claim 20 or 21.
Brief Description of Drawings

One or more example embodiments of the invention will now be described, with

reference to the following figures, in which:

Figure 1 is a plan view of a diver equipped with a prior art propulsion device,
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enbodi nent; Figure 3a and 3b are transparent view of
the el ectronics battery pack in Figure 2; 5 Figure 4
is a perspective view of the hand controller in Figure
2, Figure 5 is a perspective view of the thruster in
Figure 2; Figure 6 is a perspective view of the
battery pack in Figure 2; and Figure 7 is a flow

i agram of the control strateqy. 1 ' .
Rodtr? R Porerameueibelp MoBiar BV Eedcciypg to an example
emssstithenfl to the exanpl e enbodiment is shown in
Figure 2. There are two thrusters 202, each with
straps 204 to attach to the calf qf a diver, The —
Rigures3a pad Abparg apsrarent vigm of Sr?ﬁ%%tf@g‘:? aligry;gack in Figure
£l ectronics battery pack 206 via cables 208. A further
¢able 210 electrically connects the electronics
battery pack 206 to a hand controller 212. Electronics
Fiaureet 15 Paekspestiesiew etthediangscandraller ih figure 206 i s
shown in nmore detail in Figure 3. An outer casing 300

: F%%% RSk iR i .. The open
#éﬁléﬂeg%g?gé eaflg%v\%lﬂ\{ a@ctﬁver ?:gflgm'llﬁgz'cover 384 has
two quick release clips 308 to lock it in place. The
Rigtrer 6 tsoa pesRelive sevaolthei bajtesy patkh bntFigyreiBoand hal
way down its length to attach via stainless steel

[ 0 ' 0 nsator 25 device
%é@%ﬁkﬁhﬁlﬁ/ﬁéér{%@%{:% %‘8“%8&?5 ade of clear
Pol yoxynet hyl ene t hernopl astic

Detailed Description

An underwater propulsion device 200 according to the example embodiment is
shown in Figure 2. There are two thrusters 202, each with straps 204 to attach
to the calf of a diver. The thrusters 202 are electrically connected to an
electronics battery pack 206 via cables 208. A further cable 210 electrically
connects the electronics battery pack 206 to a hand controller 212.

Electronics Battery Pack

The electronics battery pack 206 is shown in more detail in Figure 3. An outer
casing 300 is in the shape or an open ended cylinder. The open end 302 is
sealed with a cover 304. The cover 304 has two quick release clips 308 to lock
it in place. The outer casing 300 has a D-Ring 310 located about half way down
its length to attach via stainless steel clips to the diver's buoyancy compensator
device (BCD).
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(mar ket ed by Dupont TM under the nanme Delrin(r)) or

Pol yet hyl ene (al so known as Pol yt hene or PE)

t hernopl astic to withstand 30 bar (300m.

Alternatively 5 ultra high nol ecul ar wei ght

pol yet hyl ene (marketed by Raoyal DSM under the nane
Dyneema(r)) can be used if up to Level 3, 7.62 balls

is required. The cover 304 is sealed to withstand up

to 100m of water. There are two O- rings sealing the

top cover. The upper Oring 312 is to withstand i npact

Tove tduker basingp 300vds rhadengf délear Polybxyethylanearthermoplastic

[l SR T
lé”ﬁ@ﬁﬁ;érﬁar gﬁ%rmlbobswﬁﬁﬁanalﬁ frsdr @Ob’fh)t hternatively

cabl es’ 208 and an Underwat er Sea- Co

uttomn iégh orolgawat meighinpelpethylenel Gnarkstad L»Yd?oymeDﬁM gnder the

PR Eh S hnEltanBSuse 1 yp o 38| & FoR WS Ryl

conpartnent 330. The Underwater Sea-Con connectors
316, 318, 320 are an underwater & pressure-proof
connection, can be disconnected & connect ed in the

2! Shier St sb o5 SR o0l 94087 THAfe e o O
PR ksedfing and téﬁ‘%o@éremie%rbpfér (D-fiiﬁh g 3P isttoewithgthA€limpact on the

séal ed vvlthln the internal artment 330 by a
tep cooMbar GuERG | dive, @m}@mgsshearh aceprih Meraéawrmoﬁa# is to

on if diver should
vgﬁﬁltw?/aﬂ{@)r%%rh P tpﬁ{e)olzoec%é']cover during a dive. A
hol der 336 holds the el ectronics pack 334 25 from

rising up (as air expands when ascending). The
secondary seali ng cover 335 incI udes two O rings 338,

Hiodiar R R 4o 56! SE8KET BBt 485 or bon e
thruster cables 208 and an Underwater Sea-Con connector 320 the controller
cable 210. The male connectors 316, 318, 320 in turn are connected via female
connectors 324, 326, 328 into an internal compartment 330. The Underwater
Sea-Con connectors 316, 318, 320 are an underwater & pressure-proof

connection, can be disconnected & connected in the water.

The internal compartment 330 houses the battery pack 332 and the electronics
334. The battery pack 332 and the electronics pack 334 are further sealed
within the internal compartment 330 by a secondary sealing cover 335. This
provides additional sealing, and provides protection if diver should accidentally
unclip the top cover during a dive. A holder 336 holds the electronics pack 334
from rising up (as air expands when ascending). The secondary sealing cover
335 includes two O-rings 338, 340 at the top of the electronics pack 334 to seal

against the inner wall of the outer casing 300.
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5 \When deliberately opening the top cover 304, a

di ver hands can be dripping wet. The secondary

seal ing 338, 340, prevents water fromentering into
the electronics pack 334. 5 Several water detectors
are installed in the batterys pack on several levels in
the wunit, to detect any presence of water. The hand

ﬁéwd%!)&faté} nd. i bl Rov@N9b8! a8lEr RBHAY canNBY dipping
W ofehing, W iR govit '3

hér e ‘be any ts%andror - soun
wmtt he $éwndar3e|seamg r3@83(340wwe‘aerﬁs watee frordi erderiog into the
u the tr arent casing if water is detected. 10
ODICSRRfT qgf eal i ng cover 335 also includes cable
glands 342 to connect the thruster cables 208, and
the controller cable 210, into the electronics pack
334. The cable gland 342 may be brass nmade ni cke

| at ed and/ or plastic, hst and wat er press
eral yyater de ors,ﬁreém%talfew|'§ﬂ maﬁ%@ngﬁeé@ il fevelS in the

unfi & Qfe'f'é‘(g &g}ﬂ PesHrRBASH wakire The %ﬁ@%ﬂ@llépﬁﬁrﬁﬁay light up

pressure or wet connectors. \Wen |nsert|ng

andfasvemy &qu@dbahpgiq/trmel(o@azyumaf@rtdeée@@dei—lgmguaﬁ@/or sound

D 18 byl P S EARERYRISh o) rion coso

if3dater edotedtddt wo functions. 1) To renbve excessive
hydrogen gas build up fromthe batteries, if left
over long period of tinme in an encl osed conpartnent.
The port plug 348 enables the rel easing hydrogen gas
by controlling the gas rel ease, a speci al

The secondary sealing cover 335 also includes cable glands 342 to connect the
thruster cables 208, and the controller cable 210, into the electronics pack 334.
The cable gland 342 may be brass made nickel plated and/or plastic, to
withstand water pressure up to 5 bars (50m). Alternatively they may be glass-
reinforced cable glands, able to withstand 30 bars pressure (300m) or wet
connectors.

When inserting or removing the battery pack 332 into the outer casing 300, air
must be able to escape/enter. A port plug 348 is installed on the secondary

sealing cover 335, serving two functions.

1) To remove excessive hydrogen gas build up from the batteries, if left
over long period of time in an enclosed compartment. The port plug 348
enables the releasing hydrogen gas by controlling the gas release, a special
thread enables the gas to be released without any damage to the battery pack

or user.

2) To allow excessive air flow - at times when diver seals the compartment
too tight or dives too deep, air contracts more than it expands after the diver

ascend to the surface, so it may be hard to pull out the battery pack. By




10

15

20

25

thread enables the gas to be released w thout any
damage to the battery pack 25 or user. 2) To allow
excessive air flow - at times when diver seals the
conpartnent too tight or dives too deep, air
contracts nore than it expangds after the diver ascend
to the surface, so it may be hard to pull out the

batt.ery,pack. n e . 3
Syl ol Hoa g 4P TR MW LBBide Bt GocBlup g patery
cbmpaftasont femexsl remieil. renoving the battery pack 332 a
pulling ring 350 is located at the centre 5 of the
entire electronics & battery pack. The concentrated
and focus the force to pull out the battery pack, on
the m ddle. Any excess force will be spread out,
Wl@@HJ ﬁérﬂgwﬁgythéﬂﬁtte@y baa&t 33'2*faepe|hﬁgtrrngr35@ |sbI@bIa&=fd>/atpmkcentre
have i ndependent aplcatlon romthe r@eft
orce fo

oéth ﬁ'@"@cﬁi??ifﬂ!ﬂ?s Ftaﬁﬂeéxaﬁﬁke he,eonganteied gad O‘ﬁ%ﬁ/t

ol A o BAHERY poBRIGH hONREIS! AT BHERITIORTTM 93 soread out
redwdinglaBy avear & teacontrol | er, notor drive circui ts, a
battery power supply for the electronics, and water
detectors. The input fromthe hand controller 212 is
provided as an input to the mcro-controller. The

m cro- controller includes a stored algorithm or
T}heogelamms dj’aé'tdaw grack ree6 aray haye iuepeneeab@mpplication from the
signal to send to the not rive circujts. In tu
R TS 1ol ATIOR (G Giaiery ietkatiay i ok to extend
p%We?‘t’cbdl§ iPheYardeudiaryss §h %i.s to the thruster

Electronics Pack

The electronics pack 334 includes a micro-controller, motor drive circuits, a
battery power supply for the electronics, and water detectors. The input from the
hand controller 212 is provided as an input to the micro-controller. The micro-
controller includes a stored algorithm or program which determines an
appropriate control signal to send to the motor drive circuits. In turn depending
on the control signal the motor drive circuits provide drive signals to the thruster

cables 208 to energise the thrusters 202.

The circuitry is water-proof and splash-proof. Critical components will be resin-
flooded (adding a thick layer of plastic composite to withstand water pressure —
the plastic composite will combine chemically, forming a thick non-penetrating

layer on the electronics, apart from withstanding water pressure, it also prevents
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cables 208 to energise the thrusters 202. The
circuitry is water-proof and splash-proof. Critica
conmponents will be resin- flooded (adding a thick

| ayer of plastic conposite to withstand water pressure
- 25 the plastic conposite w Il conbine chemcally,
formng a thick non-penetrating |ayer on the

electronies, apart .fro i th L . :
oRRGE BT S hodh O, hé DEERGHES, IS PERTRA, o
eRhaating Btalsilityah Sahbmiggisiiect i on, further enhancing
stability in transm ssion). The el ectronics pack 334

i ncludes a plastic housing 352 to reduce any 5
condensation fornmed. Heat dissipated by circuitry wll

be spread out in the casing 352 to heat up water

THRP @WEctioficaU Back 834 effcluieisea PRitic Theusingt 352! &5 reddde any
allow air within the internal conpartnment 330 to _
cendensation: fargrede ddeatr dissipatadibyoeireyity rwillobe gypread out in the

c%?@g;te\?%ﬁ ﬁ%ﬁ&tﬁ%&g@%@i JaHouf Itﬁr%hgﬂghé %eﬂf"ﬁgle%?fobtlt. @e-r%t holes

usi s ‘attache t the top
354caltolar gir swithinnthe dnternal 3é&mpattmemé 330 ttonenterfexit for easier

attached to a stai nless steel_ base 356. The base
rPEOVALINS S Ion G N PaRERP ARk B oAk ine FlEC a8 PRCh A
downwar ds. The el ectronics pack 334 is electrically
connected with the battery pack 332 by 15 electrical

spl ash-proof connectors. The physical connection is
via 2 fasteners. | ndependent power isolators, are

Tiheonlagtiel hpgpingndh iatinchad ebie KD Foig seerndasy sealing cover
e . i i Gl .

S5 AT (B Aoflo B i REHTEAS St fuse 350 s

usiet ho transferHeat Bnd rspcsadBttet tempdPaitike dpwowiadds.

additional safety in addition to having a safety

switch on the hand controller. Wen the

The electronics pack 334 is electrically connected with the battery pack 332 by
electrical splash-proof connectors. The physical connection is via 2 fasteners.
Independent power isolators are provided for individual battery or power source.
As the battery is capable of highly discharge electric current at very fast rate,
individual power switch within the Electronics Battery Pack, provides additional
safety in addition to having a safety switch on the hand controller. When the
isolator is turned on this will provide power to the Microcontrolier. However, only
when the safety switch 406 is turned on, will the micro-controller activate the
thrusters 202. This provides further safety against accidental powering the
device by children or dropping from heights, and to reduce the risks of having

electric shock.

The control strategy 700 is shown in Figure 7. In a conventional device a short-
circuit or leakage, could cause the motors to malfunction and going into
uncontrollable. The Micro-Controller 702 in the example embodiment provides
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20 isolator is turned on this will provide power to
the Mcrocontroller. However, only when the safety
switch 406 is turned on, will the mcro-controller
activate the thrusters 202. This provides further
saf ety agai nst accidental pogering the device by
chil dren or droppi ng from hei ghts, and to reduce the

ks o el ectric . shock, .2
el Zoflrobgtielbenfananf Frerhi ccaré; I e BivEoaater 702 is
ddenagea thes bystem WlllrshulttioWn Feakageplethe mhotmridrivet 104 will only
notors to nal functl on .and going into _uncontroll abl e.

proreed e srasihiaf@ yalid signaliffor e MiciepPentEpissdi ment

provides 8 digital control, intelligence, and enhance
safety. If the Mcro-Controller 702 is danmaged, the
systemw || shut down. For exanple the notor driver

704 will onlh/ %Qg?ceed on receipt of a valid signal
Tieomiarersoptrelier tdhis Bewered Bomya vmt%%r%mmmogrcmcted to

Q5P A 587, uy9ohagE SR 190 95 AMIRELE) i o

daneagimg theamycroxcantrodiét 202 damagi ng t he

m cro-controller 702. The use of a micro-controller
all ows much greater control over the speed of the 1o
thrusters and nanagenent of the battery charge. Also
wat er detector(s) are connected to the

TReClige 6PaNhietd-eonteslle eilews (Mlich Yheemedrstrolicved ¢heepedd of the
LED and/or buzzer will activate and mcro-controll er

thustergeand Mmanagement plof\a batiery ehargexdysqwater detector(s) are
cWﬂh@&teHStoC{h"eahl% ~ddMerof¥® b8 edrofy gft Wihe waRdr! |stcﬂ-ﬁected LED

mcro- contro can be connecte di tional
amdéarl eszzandvill hactiviatensmdemicro-doatroller will deactivate the propulsion
unit 202 until the water is clear or the system is reset. As well the micro-
controller can be connected to additional modules and the firmware can be
upgraded to offer further functionality. For example location or GPS
functionality, communications or GSM functionality and interacting with other
wireless devices. For example a cellular telephone module can be installed in
the Electronics Battery Pack compartment. The diver can then speak though a
full face mask to connect to the above water telephone network via a surface
buoy. Voice commands may be used to call preset nhumbers, or if the device
detects an emergency condition an emergency number might be called with a
pre-recorded emergency message. Also since the motor control is done in the
electronics pack 334, only one cable is required to go to the hand controller

212, making it lighter and easy to manipulate.

The firmware or algorithm may include digital control over the speed of the
thrusters. In the event the safety switch is activated, or any errors conditions
occur (eg: cable unplugged, short circuit, over temperature, water detected etc)

the thrusters are immediately deactivated. A different type of power switch can
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15 upgraded to offer further functionality. For
exanple location or GPS functionality, comunications
or GSM functionality and interacting with other

wirel ess devices. For exanple a cellular tel ephone
nmodul e can be installed in ¢he Electronics Battery
Pack conpartnent. The diver can then speak though a

ful l c k.t o conne tp. th ter. tel :
oretest B G i SRERE6 S5 By menTE oY Batfleiiishi. Jegssion. A
diuse@dahpresd bnwﬁ&ﬁid_ g loagee hand®wiich drl“aéfr?gee’ 'se_ﬁs%ldagﬁdéd in the
an energency condition an energency nunber N
fvar FeQUISIar s MO RISFRCURER GOBRET 18 RToNBL LR legver's jaws
h3ldithel RROUIR bRce: OI"H'rbgéh ite st Reo iMethBAs, §h{SUHABHG8duction in
pack 334, only one cabfe is required to go to the hand
foroas r wlill etrigget 2 therakiicrg-¢antialight tr derttivatsy the thrusters 202
.rranioﬁ)%{l fate. 25 The firmvare or al gorithm nmay incl ude
GMAAPYcont rol over the speed of the thrusters. In

the event the safety switch is activated, or any

errors conditions occur (eg: cable unplugged, short
circuit, over tenperature, water detected etc) the

hr u8ters are inmmedi ately deactivated. A different
t{%—@ﬂ@!ﬂer switch can 9 be used to detect diver
awar eness, by neans of hand or jaws depression. A
di ver can press on a spring |oaded hand switch or a

force sensor installed in the diver regulator’'s nouth
i ece, which senses the amount of force the dive

inewband oferiralis #bditin e In TRPRR J1eteihd8 oF iohee 4. Fhe switch
, _ UGk d O] THie

CBRRSE s SRUGHIIDD, 4921900 Wi fe AR, ) ohBacc

dhamgeld ar ebgily serviced. The switches 406,407 in section 404 are US Military

approved, grade MIL-25224-3 (switch) and MIL-B-5423 (switch boot).

The controller 212 is universal and can be used on left or right hand. The first
section 400 is curved 408 to follow the shape of the diver's wrist and includes a
strap to attach firmly around the diver's wrist. Alternatively it may have a hand

strap to dangle loosely around the palm.

The third section 406 is the bottom plate which attaches the first and section
sections 400, 402 together.

All connections within the controller 212 will be pressure sealed by resin to 5
bar (50m). The sections 400,402,404 are made from plastic and are not

watertight. No sealing is required between sections 400,402,404.
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Hand Controller 10 The hand controller 212 is shown in
nore detail in Figure 4. The switch conprises 3
sections, 400, 402, 404 which are nodul ar and can be
upgraded, changed or easily serviced. The sw tches
406, 407 in section 404 are Y Mlitary approved,
grade M L-25224-3 (switch) and ML-B-5423 (switch

g AP 0 S i oal G s

%Qfdﬁéndaﬁ A%é‘c@hb %wltbhe#()?hsmsedfto tahlfustﬂ ithyee Bpéedvrfbe;tendlng on

and includes a strap to attach firm
the yeer's reguirgment|( w@eﬁgﬁr'tqépmﬂdsw At ﬁahtbe Ugeraen

chBoge ﬁah&"ééﬁ{rﬁllér%ﬁ‘:ﬂ tbIHe R d8-fré® dE8RyntdH Heﬁ"nds on design.

section 406 is the bottom plate which attaches the
first and section sections 400, 402 together. All
connections within the controller 212 will be pressure
sealed by resin to 5 bar (50m. The sections

ﬁ%ohﬁ%-ﬁgé d@Ean"WPlﬁ:ﬁ &8 &-@ﬁtdrf:sﬁi'f% Hiff A& the3peed preset

wat ert | séaling 1s required bet'ween sections
u4(‘10w4s;lﬂae¢lo40ff1—0h|gms@eed/| tTdTGelsarzd}BQmOESigncwmm ws$es mom-off-

rgaralo%{u |IEE@ %Jgﬁ(?qd gr@tgg{ glgé ddﬁtlliasng&sage[tyz ?qgéure which

a‘ﬂB%Qhe @amen 46 RPriRG bakk o BFShode WheH Useiaibabed tidfriger/
hands-free or hands-on) the user can choose t%

tﬂumb beﬁﬁ@mdhe@wnm However, sisen amisd congtant pug theothumb or
) i whi ch
128550 3 SER0 B endra P MR CRAE " ot T T ow

speed - off - high speed”. The hands-on desi gn, which
uses nom of f -

The speed can be Preset or Variable. For variable the user will either depress
the switch by adding additional force or turning a knob to adjust the speed.
Because the speed of the BLDC motor can be controlled exactly, synchronising

of the two motors and speed adjustment can be achieved easily.

The on/off switch 406 is designed to be hands-free but can be operated with
just a flick from the finger or thumb. The control signal from the on/off switch
406 to the micro-controller will sent via wired connection 210 or alternatively

maybe wireless eg. radio frequency, infra-red, etc.

Because the hand controller 212 straps onto the hand wrist of the diver, the
diver's hand is still free. Two hand straps may also be used to secure the cable
210 firmly to the diver's hand length towards the wrist. Thus the diver can still
hold a torchlight or other dive equipment in that hand. The location of the on/off
switch 406 is based on the ergonomics of average adult hand wrist, including

the angle of wrist to hand and thickness of the hands & thumb. The on/off
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nmomsw tch, will have the speed preset and an

addi tional safety feature which allows the switch to
spring back to off nbde when user rel eases the finger/
1o thunmb off fromthe switch. However, user nust
constantly put the thumb or 14finger on the switch to
energi se the thrusters 202. The speed can be Preset or

Vat%ha%ée é%'t:tgrrne\éa&l\ %plaegéggwonapo% ibh (BhwAas t‘i‘\%p&i%é?) which is

addi ng a rce or turning
skigioty hmredqilffmlttﬂmanapeetdrn oS Bewards positien Spaey fmmttln@ diver).

BLDC t b I d
bt kB o LR e o
hancjﬁlé(te St oPBndrfeddy bfdke#06 i s designed to be

free but can be operated with just a flick from
the finger or thunb. The control signal fromthe
on/off switch 20 406 to the mcro-controller wll
sent via wired connection 210 or alternatively maybe

'Ivﬁ]é %leg'rﬁg 880 ﬁ'\ﬁ?llﬂclfu J8&KoYs, fd?fé?arﬁﬁﬁ watér sPesdweisors or

contro 23trasontot e hand wi st of
ddpth diensors. tTe helndendrﬁroﬂahamsmsy|Iln¢|udeea§1 LGk prAAGWith GUI

(ﬁrpﬁ}‘% gag{ ﬁgségfagg} l%%ﬂoing)chcglte?rafgg\% \Mf allﬂlf ea%%rnzégn then be

Jéﬁkégéb&arﬁi viahsEnthedudh theInicfo- t@mtcdﬂlerg\ha \mreles&eransmlssmn

t that h
(Goor-FroIAnC hand S eco0eA Su SNSRI GH GORTRIIGalghe divers wrist

U ke T S g o
Wlfr@{\sﬁmilﬂng% mngdmocrgﬁog’sthewaﬂew pack to thedivieriamerist and display
ositi.on
BfrmaSan: Opngn dlves S, APkofiNe JISREUP ofspBYdn ierpadiie” on  the
ééfﬂf@aﬂ ¢ Bt 4Bbits, teEAhRaklcomherdis, mlmﬁlp/ differedt dformation may
0

tural actuation of CJoushl ng forwar d r an
be gathered and/or displaye

Thrusters

The thrusters 202 are shown in more detail in Figure 5. Each thruster 202 is
rated over 1 HP to provide 7kg of thrust. Higher power ratings can be provided
depending on the application. Thrust is provided by a brass propeller 500 or
turbine/jet system. A shaft 502 connected to the propeller 500 is stainless steel
or titanium. An internal SKF bearing is used to absorb vibration. With oil filled
sealing it is rated to 100m depth rating, or with metal sealing rated from 300m -
1000m. The casing 506 is aluminium. A motor 508 connected to the shaft 502
may be a brushless DC (BLDC) motor for high efficiency and precise control.
The motor 508 is electrically connected to the thruster cable 508 via bushing

510 and connector 512.
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i mredi ate stop or energency brake. 5 The device 200

may i nclude sensors, for exanple water speed sensors

or depth sensors. The hand controller 212 may incl ude

an LCD panel with GU (G aphic User Interface) and/or
touch interactivity. Informgbion can then be packaged

and transmt through the mcro-controller via wreless
transm ssion 1o (Radi o- Frequency) and decoded by

another mcro-controller at the diver's wist. The

system can also relay a power signal (RF may be
ThenCak dtraps \Z2eareumatie of Kelvarbwwdraaemmﬂ\ietg)rene. They are an

LRI EARon [ PP TBn TIPS SolEmbsgien, A Hian Strap s

Jé@é%lﬁécdréﬂ{@ﬁéble%@fﬁjﬁéﬂdl%ré h’ﬁgh A éQﬁ‘ﬁél@Fél@é’ee allowing
sports, technical, comerci al ITtary, different

e dp ralerss theystrapsnian geeraanay. dhe/ Sransi aist Woaeiand tear, heat

r Er%a rusters 202 are shown in nore detail
al-m {:ﬁ"é‘ . 'tétlljn thruster 202 is 20 rated over 1 HP

to prOV|de 7kg of thrust. Hi gher power ratings can be
provi ded dependi ng on the application. Thrust is
provi ded by a brass propeller 500 or turbine/jet

tem A shaft 502 connected to the propeller 500 is

| ess steel or titanium An internal SKF bearing

is used to absorb vibration. Wth oil filled sealing
it is rated to 100mdepth rating, or with neta
sealing rated from 300m 25 1000m The casing 506 'S

um_ A or 508 connect to the shaft. 5
B ack S8 sy AOTS:Satal M 1inghidp s gertical
r
L?Q'Eﬁ%??é%’“?&%&f‘?%ﬁ%"&’é‘?%%ﬁa‘i eBR fE UpEa ygparately for each
thruster, but the micro-controller may control battery usage depending on the

application. More batteries can be used for different applications.

A stainless steel top plate 604 is attached to the base 356 to transfer heat and
to provide structural support to the electronics compartment 334. A plastic
middle 606 and base plate 608 reduce condensation and help guide the
electronics and battery pack 206 into the internal compartment 330. A stainless
steel casing 610 is to transfer heat and provide shock-resistance, with vent
holes 612 to allow air to flow in and out easily when the electronics and battery

pack 206 is being pulled out of the internal compartment 330.

The batteries 600,602 are mounted with rubber to provide protection against
shock damage.
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510 and connector 512. 12 The Calf straps 202 are
made of Kel var, Nyl on and/or Neoprene. They are an
ergonom ¢ design to support the thrusters on the calf
nmuscles. A thigh strap is wused to secure the cable
208 to the diver's thigh witjg a quick rel ease,
allowing 5 diver to release the strap in an energency.

he, str ar.e _wear tear :
T-Hg P@?%??S% g%tgpﬁd t? b%{?{é 6@4 pgﬂ% %gé&?dsé ealmg cover
335 ean mui;ebéldasilg ffstéhlé@ aﬁd ddparateduess tHeV@étt;tr@ﬁbs pack 334,
Li t hi um Pol yner batter.i es 600, 602. Each batter
aheipedasiianypecy K Taeilovhasycicoento i olc dlronics pack 334

?bg;g may control battery usage dependi ng

orﬁ% p '{Cﬁ |)on More batteries can be used for

di fferent appl | catl ons. 15 A stainless steel top plate

604 is attached to the base 356 to transfer heat and

to provide structural support to the el ectronics
%%@?rtment 334. A plastic mddle 606 and base plate
educe condensati on and hel p gui de the
el ectronics and battery pack 206 into the internal
conpartnment 330. A stainless steel casing 610 is to
transfer heat and provi de shock-resi stance, with vent

] 6 I i '
%@E@%Iﬁlzve '%&8&% é@@'a@ﬁ;]v rétﬁcfg‘r @)V\fhenelegtg%@% b% 3 éack 206 to
tRe|BECO driveight e, bAHavien reésdypty tanwntthéaaatemae thrusters 202
batteries 600,602 are nounted with rubber to prov

qu(ﬁtaghpgr{oatgg, lggs anghthekh M@gtrolg 212 to the wrist. Snce in the

water, when the diver is oriented in the desired direction, the on/off switch 406

is actuated to energise the thrusters and speed is controlled with switch 407.
Any further control(s) (non-critical) can communicated wirelessly between the
Hand Controller 212 and the Electronics Battery Pack 206 and other devices
such as a heads up display in the diver's mask. An acoustic modem with a
hydrophone, can be installed in the Electronics Battery Pack 206 to exchange
information with other diver teams in the water. Information received by other

divers, can in turn be displayed on their mask, allowing networking in the water.

The battery pack 332 may be charged by undoing the cover 304, removing the
housing 352, undoing the port plug 348 and then withdrawing the Electronics
Battery Pack 206 using the pulling ring 350. An electronic controlled charger is
then connected to the batteries and ensures all the cells within the battery are
charged evenly. There should be enough slack in the cables 208,210 between
the cover 304 and the gland 342 for unrestricted access to the internal

compartment 330 when the cover 304 is removed.



13 The base 356 is fastened to the top plate 604. The
secondary sealing cover 335 can thus be easily
fastened and separated fromthe el ectronics pack 334,
and the battery pack 334. This all ows easy access to
the el ectronics pack 334 and the power switch(s). 5
Usage A typical dive will involve the diver attaching

he el ectronics batte 0 . ght
T pSers ey i et 1 vBRBlscRoRiss padk SoF Y BhpiedBto any
spare onaeetors tat hieel mmrtbdwtﬁoﬂgs Addltlbhallwanmlcro -controller with
controller 212 to the %ﬁ % n.the wat dﬁ% |
qngéadﬁd/férrmwgr%mameeww Q 'i?@'af@sﬁ pexistingumiGraretealier In a plug
%ﬁy % &h 406 is actuated to energise the

rusters and speed is controlled wth switch 407.
Any further control (s) (non-critical) can conmmuni cated
wirel essly between the Hand Controller 212 and the

El ectronics Battery Pack 206 and ot her devices 15 such

{ [

AR PEARaHP offoRBl it b R IR IRonth AR beeliTicBEAved i detall
reheg vaoatiors ﬁ@tmcsssyblé’mthirﬁﬂfb seopexafthadgeventionoasiwill be clear to
mnth £the diver teans in the water. Information
3 glide -other divers, can in turn be displayed on
their mask, allow ng networking in the water. 20 The
battery pack 332 may be charged by undoi ng the cover
304, renoving the housing 352, undoing the port plug
348 and then withdrawi ng the Electronics Battery Pack
206 using the pulling ring 350. An electronic
controlled charger is then connected to the batteries
and ensures all the cells within the battery are



10

15

20

charged evenly. There should be enough slack in the
cabl es 208, 210 between 25 the cover 304 and the gl and
342 for unrestricted access to the interna
conpartnment 330 when the cover 304 is renoved. 14 The
user may add nodul es to the ¢@l ectronics pack 334 by
connecting to any spare connectors on the
Q%éﬂggontrpller. Additionally a mcro-controller with
_ ed firmmvare may be used to replace the existing
m crocontroller in a plug and play manner. 5 Wil st
exenpl ary enbodi nents of the invention have been
described in detail, many variations are possible

B swifh bfGeBER8roRpysi AVESPORRRRAL e, '

propul sion device conprising: at |east one propul sion
uni t atoedstamessropalsicrt it bomfigured far attashmentdo a user,
controller configured for attachnent to the user and

to receiv he user's jinp bat.t ;
.corrpaef.tcr‘?lgﬁr{‘)h%roﬁ’f’i1 gﬁhlrga #oara%{ﬂcp acq‘rtrztr?t ﬁ}eoﬁ% %re ANgelo fecpive the
wggf'lsqﬁpmgandbattery substantially water sealed in a

first enclosure, and the first enclosure

substantially water sealed in a, secon
a batteryycompartment configured for aga%]r%ggts L{gethelouser and
including a battery substantially water sealed in a first enclosure, and the first

enclosure substantially water sealed in a second enclosure.

2. An underwater propulsion device comprising:
at least one propulsion unit configured for attachment to a user,

a controller configured for attachment to the user and to receive the

user's input, and

a battery compartment configured for attachment to the user including a
battery and a micro-controller configured to energise the propulsion unit

according to the user’s input.

3. The device in claim 1 or 2 wherein the battery compartment comprises a
cylinder with a removable cover, a first O-ring configured to seal between the
removable cover and an end wall of the cylinder and a second O-ring

configured to seal between the removable cover and an inner wall of the

cylinder.



10

15

20

25

2. An underwater propul sion device conprising: at

| east one propul sion unit configured for attachnment to
a user, a controller configured for attachnent to the
user and to receive the wuser's input, and 15 a
battery conpartnent configungd for attachnment to the
user including a battery and a mcro-controller

£0nT Hay 8b8 F1EEA°5 ARAPLAMAIRN AinblectBRRY” By pack

fo the user™s in vi'ce claim

cohfigeriea tbhecdttetmsda tb@nplmdermm tommaceelsOamg&Othe two spaced
irst O-rj

cylinder with a re vable oV,
Qé‘ﬁgﬁ GaPigured toessgal t?\%'@”e’r\é/ \?QHI%S%%'U& CQ¥RY afan end
ok é@ctroﬁfostdﬁteﬁ?’ éélder and a second O ring

configured to seal between the renmpvable cover and an
inner wall of the <cylinder. 16 4. The device in
claim3 further conprising an el ectronics battery pack
configured to locate inside the cylinder and two

55PacqtheOdevites int B&irh @ ﬁRﬁ{é‘?dcorQ FisingS aC WYt BURRECtHP in the

seal between the 1nner wall and a sea i ng cover at an
rem@vablfe conerdoe @nr eieptrgzabaab@r betweek. the slectrnsicgehattasy pack,

_ cgchat
b plbor bl FTREBISY £ Cani o bet ween the

el ectronics battery pack, the propul sion unit and/or
the controller. 10 6. The device in claim5 further
conprising a substantially water tight cable

6. The device in claim 5 further comprising a substantially water tight cable
gland in the sealing cover for the electrical cable.

7. The device in any one of claims 4 to 6 further comprising a pull ring
located at the centre of the sealing cover.

8. The device in any one of claims 4 to 7 further comprising a removable

one way vent in the sealing cover.

9. The device in any one of the preceding claims wherein the controller is

configured to strap to either of the user’s wrists.

10. The device in any one of the preceding claims wherein the controller
includes a switch configured to deenergise the propulsion unit with an actuation
away from the user and to energise the propulsion unit with an actuation toward

the user.
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gland in the sealing cover for the electrical cable.

7. The device in any one of clains 4 to 6 further
conprising a pull ring |located at the centre of the
sealing cover. 15 8. The device in any one of clains 4

to 7 further conprising a reggovable one way vent in

the sealing cover. 9. The device in any one of the
precedi ng clains wherein the controller is 20

configured to strap to either of the user's wi sts.

10. The device in any one of the preceding clains

Mher éile dedcedntalaii &1 whereinuthescentralier durtheminiclges@ second

t Q deenerqgi se, the propul si on ,uni ' . i .
%NAI&E' qqrgllggfq{gtqj @@Fé)%ﬁ‘?ldt%?os‘)&‘?grﬁi tbgﬂrﬁ@ulé{bggﬁllﬁlg%h O%Jhn?(t:tuatlon
A\ frin ARk Udddroand aveloWer 2het igeats of .théd 7proplilsidheinit with an
device in claim1ll wherein the controller further

aqteatipneloward dR@HEer swi t ch configured to increase the

speed of the propulsion unit with an actuation away
fromthe user and to | ower the speed of the propul sion

unit with an 5 actuation toward the user. 12. The

device in any one of the preceding clains wherein a )
1t t eFhye ideviaee iro\aalyl ené rafnthen ereseding wlaigspwherainta bajtery is

e 5 R el Paopfirlelt 0 S°TEr el ogsi ng

around the batteries, and a plurality of plates
configured to |l ocate the batteries within the battery
conpart ment.

13. The device in claim 12 further comprising a plurality of removable
batteries, a metal casing around the batteries, and a plurality of plates

configured to locate the batteries within the battery compartment.

14. The device in claim 13 wherein the plurality of plates comprises a top

metal plate, a middle plastic plate and a bottom plastic plate.

15. The device in claim 2 wherein the micro-controller includes a motor

controller for the propulsion unit.

16. The device in claim 2 where the battery compartment includes an

electronic compartment including the micro-controller.

17.  The device in claim 12 when dependant on claim 2 where the battery
compartment includes a power switch between the battery and the micro-

controller.
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14. The device in claim 13 wherein the plurality of

pl ates conprises a top 15 netal plate, a mddle
plastic plate and a bottomplastic plate. 15. The
device in claim2 wherein the micro-controller
includes a notor controllekgfor the propul sion unit.
20 16. The device in claim2 where the battery
conmpartnent includes an electronic conpartnent
including the mcro-controller. 17. The device in
claim 12 when dependant on claim 2 where the battery
18onpahendetice e lamgesne of dwe presediny deimsewhetdie the propulsion
bat t rg angﬁtqﬁ m cro- 25 controller. 18 18. The
”BE\'fi“g% §$ha RSB @]C TRE or ecedi ng cl ai ms wherein the
propul sion wunit includes a brushless DC notor. 5 19.
The device in claim 16 further conprising water
detectors in the electronic conpartnent and the

battery conpartnment, 2 atter ack conprising a .
19_err03-§8I gey té?yagms?%nér&ery%é?@?meem%% qserﬁe‘_gors in the
eldct@hiccesrhpatiient and thd Baftérydonspertragar. € substantially
water sealed in a 1o second enclosure, the second

encl osure configured for attachnment to a user. 21. A
battery pack conprising a renovable battery and a
mcro-controller inside a substantially water seal ed

atter ;‘sqmj r t%tr% ; ied
2§Ser?\%{%e micfg[%@ﬁrﬁrrol é?a@gg?{)%ubrae gﬁgﬁ%ﬁg?ﬁ ewgaerseae
irelee dirsti emdlosure, |arall thee dirstr enelbbyrec substantidlly evatee sealed in a

battery according to fhe user's i.nput
secon eXcIosure, ?he gecon enclosure confuggred for attachment to a user.

21. A battery pack comprising a removable battery and a micro-controller
inside a substantially water sealed battery compartment configured for
attachment to a user, the micro-controller configured to energise an electrical

load electrically connected to the battery according to the user’s input.




