| NTRI NSI CALLY SAFE BATTERY PACK AND SYSTEM BACKGROUND
[0001] An intrinsically safe battery pack may incl ude
a built-in safety circuit to prevent arcing during
installation and/or renoval of the battery pack. One
such battery pack includes a safety circuit that
de-energi zes termnals of the battery pack when an
operator turns off the unit powered by the battery
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pack, the operator runs the risk of arcing mhlch may
BACKGROUN astrophic results in certain hazardous
environnents (e.g. an oil refinery). [0002] In another
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additional obstacles. Wireless sensors typlcally do not have an on/off switch. As such, the
operator commonly is unable to turn off the wireless sensor prior to installation and/or removal
of a battery pack. Moreover, the operator commonly can not wait until the battery of the battery

pack is exhausted prior to replacing the battery pack.

" BRIEF DESCRIPTION OF THE DRAWINGS

| [0004] The invention described herein is illustrated by way of example and not by way of

limitation in the accompanying figures. For simplicity and clarity of illustration, elements
illustrated in the figures are not necessarily drawn to scale. For example, the dimensions of some

clements may be exaggerated relative to other elements for clarity. Further, where considered



appropriate, reference | abel s have been repeated anong
the figures to indicate corresponding or simlar
el enents. [0005] FIG 1 shows a circuit diagram of an
enbodi mrent of a battery pack used to power a |oad.
[0006] FIG 2a shows switch operation of the battery
pack of FIG 1 in response to an operation nenber of
the battery pack being placed in a safe or disengaged
i t
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anot her enhodi nent of a battery pack used to power
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battery pack of FIG 3 in response to an operation
aloadnenber of the battery pack being placed in a safe or
di sengaged position. [0010] FIG 4b shows sw tch
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g grences in the specification to "one enbodlnent
powera dii%enmbodi ment", "an exanpl e enbodi ment", etc.,

i ndi cate that the nmbodi nent _descri bed nmay include a
[0009] part i Elfp-Sa ﬁows sw1t§1 operation of the battery pack of FIG. 3 in response to an

operation member of the battery pack being placed in a safe or disengaged position.

[0010] FIG. 4b shows switch operation of the battery pack of FIG. 3 in response to an
operation member of the battery pack being placed in an intermediate position between an
engaged position and a disengaged position.

[0011] FIG. 4c shows switch operation of the battery pack of FIG. 3 in response to an
operation member of the battery pack being pﬂaced in an engaged position.

[0012] FIG. 5 shows mechanical aspects of a battery pack system that includes a battery

~ pack holder and a battery pack.

DETAILED DESCRIPTION OF THE DRAWINGS
[0013] References in the specification to "one embodiment”, "an embodiment”, "an
example embodiment", etc., indicate that the embodiment described may include a particular

feature, structure, or characteristic, but every embodiment may not necessarily include the



feature, structure, or characteristic, but every
enbodi nrent may not necessarily include the 2
particul ar feature, structure, or characteristic.

Mor eover, such phrases are not necessarily referring
to the sanme enbodi nent. Further, when a particul ar
feature, structure, or characteristic 1is described in
connection mﬁth an enbodinent, it is submtted that it
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battery pack 10 used to power a load 12 is shown

is descpibgd ingonnepkan withup epbpdiptent; § ipaprebedihatdils yithinibe lsaqyrlédge of
or housing 20 that houses a battery 30 and safety
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couple the battery 30 to a positive battery pack

embodimenms whdth@2r andexplicidgdtscribeddat t ery pack term nal 24
external to the housing 20. The positive battery pack
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may be detachably coupled to the load 12. [00151 The
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enbodi nent s, homever may use other types of primary
the loadd?y s or even rechargeable cells. 100161 The safety
circuit 40 may include a positive batten% interface
y

[0015]t er ni e batgery 40 mapipegvideqoventd b daad 12 vig thy safey plreuit 40 and the
positive battery termnal 32 of the battery 30 and a
termingie ) 2y & ofxadrbledymentt tbe baeey 3@ meiuded onkdr noré miearfyaekds such as
and electrically couple to a negative battery term na
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include a thermal switch 50 in series with the
cells of the battery 30 may have low self-discharge and long shelf lives which are useful for
powering low powered wireless sensor loads. Other embodiments, however, may use other types
of primary cells or even rechargeable cells.
[0016] The safety circuit 40 may include a positive battery interface terminal 42 to
interface and electrically couple to a positive battery terminal 32 of the battery 30 and a negative
battery interface terminal 44 to interface and electrically couple to a negative battery terminal of
the battery 30. The safety circuit 40 may further include a thermal switch 50 in series with the

positive battery interface terminal 42. In one embodiment, the thermal switch 50 is biased in a

closed position and activates to an open position in response to an over-temperature condition.



positive battery interface termnal 42. In one
enbodi nent, the thermal switch 50 is biased in a

cl osed position and activates to an open position in
response to an over-tenperature condition. 3 In
particular, the thermal switch 50 maybe placed in

cl ose thermal contact with the battery 30 and may
protect the battery 30 from over-tenperature
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limt 62. In the event of a high overcurrent

voltagecyndi tion, the fuse 52 may either pernmanently or
tenporarily open depending on its construction.

[0018] The fuse 52 may protect the battery pack 10 and the load 12 from potentially high
overcurrent conditions. For example, a high overcurrent condition may occur in response to a
flow of current through the voltage limit 62 due to the voltage across the voltage limit 62
exceeding the threshold voltage V; of the voltage limit 62. In the event of a high overcurrent
condition, the fuse 52 may cither permanently or temporarily open depending on its construction.
The fuse 52 may be selected with a current rating at the lower of a maximum safe operating
current for the battery 30 or a maximum current allowed by safety requirements of an operating

environment.



The fuse 52 may be selected with a current rating at
the |l ower of a maxi num safe operating current for the
battery 30 or a maxi num current allowed by safety
requi renents of an operating environnent. 4 [00191
The safety circuit 40 may further include a current
limt 60. The current limt 60 may be placed in
series between the voltage limted, thermally and

over cuhre r.ot ed ter 30 and .eit. he -
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between the battery 30 and the positive battery pack
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t hreshol d. en the battery 30 conprises a primary

As the RARLEAYN1 il EUbh 60 he lshidhyl thRSh ITRNLAFRIBLE gf'ek'gﬁed by the current

current fromflowng fromthe battery pack termnals
imit 6 ey Eibrcne 143 gRBRE brcine b0 AR SR BTG Bbctklh » el Breshola
urrent Llimt.60 ma r,ovi de.a current. imtin
when B RAGRY30 ¢ Ghbrity p 8RBl ey 1P it od ot e fhsplude curent
t er m nal 2, 24 to the battery 30, further ) X
from F3VESETR B pas \efginialg 3¢ Zrfp alaqm&sr.y%@og%ae ggabodiment in
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further lpadtécting thepgmokryt3@rfrannddmae. The negative term nal
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i ncTude a magnetically oOperated,
with the voltage limited, thermally and overcurrent protected battery 30 and the positive battery

pack terminal 22. The negative terminal switch 72 may be placed in series with the voltage
limited, thermally and overcurrent protected battery 30 and the negative battery pack terminal

- 24. In one embodiment, each of the terminal switches 70, 72 include a magnetically operated,
normally opén reed switch which closes under the influence of a magnetic field. Moreover, the
presence of both a positive terminal switch 70 and a negative terminal switch 72 may provide
single fault tolerance. More specifically, if either the positive terminal switch 70 or the negative

terminal switch 72 fail closed, the other functioning terminal switch may still prevent the battery



normal |y open reed switch which cl oses under the

i nfl uence of a nmagnetic field. Mreover, the presence
of both a positive termnal switch 70 and a negative
termnal switch 72 may provide single fault

tol erance. More specifically, if either the positive
termnal switch 70 or the negative termnal switch 72
fail closed, the other functioning term nal switch may
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termnal switch or a negative termnal switch. [0021]
only a pssitbleawmingd swit€ibor Ascgaiet t2dmindlliesittler m nal swi tches 70,
72 in one enbodi nent nmay conprise reed sw tches that
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battery 30 Is di sengaged fromthe battery
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in which the battery 30, is engaged wth {he batter
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permtting the battery 30 to supply power to the ]
2b conygagelethpws glmne@ﬂﬁn gmbep 0 inm enpgd Ppsitipreingydeinthi dattery 30 is
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engaged Wiihabk batierypmack termivels 2y 28 b tha battery packrld, B85 p&ittingthe battery
rotate about an operation shaft 90. The operation
30 to suppisogorweB @ thl pattéry padkgernmingb dl22magnet s 100, 102
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[0022] and N&ag opdigtichli ibdrather |80 itdyQ@BmpHse a B, GflinfldtEoraPaicdited Bhaped
menber 80. As a result of
component having distal portions 82, 84 that rotate about an operation shaft 90. The operation

member 80 may further include magnets 100, 102 positioned radially away from the operation
shaft 90 and near the distal portions 82, 84 of the operation member 80. As a result of

- positioning the magnets 100, 102 radially away from the operation shaft 90, the operation
member 80 may position the magnets 100, 102 away from the terminal switches 70, 72 as a
result of being rotated to the disengaged position of FIG. 2a and may position the magnets 100,
102 close to the terminals switches 70, 72 as a result of being rotated to the engaged position of

. FIG. 2b.



positioning the magnets 100, 102 radially away from

the operation shaft 90, the operation nenber 80 may

position the nmagnets 100, 102 away fromthe term na

switches 70, 72 as a result of being rotated to the

di sengaged position of FIG 2a and nmay position the

magnets 100, 102 close to the termnals switches 70,

72 as a result of being rotated to the engaged

positi 0 R . 2 | enbodinent, the..
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magnetic field received by the term nal swi tches 70,

switchegZ0j 82 sueh tHal mamnic fieldorectioslkbyt thetetraimal svalchesfi(t, h dssinst¥ficient
72 as shown in FIG 2a. Wile the operation nenber 80

to closd the ietmirahewicihseNgIged siead iniFIG, 24, Whilethebpahtivnéabe 30 is in
70, 72 remain open and prevent the battery 30 from
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ratio nber 80 is rotated to the engaged
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their respective closed position. In one enbodi nent
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and positioning of the magnets 100, 102 may cl ose or

activatea fidirgkippcibleQddted position. In one embodiment the fully engaged position of the

operation member 80 is 90 degrees offset from the fully disengaged position. However, in some
embodiments, the strength and positioning of the magnets 100, 102 may close or partially close
the terminal switches 70, 72 prior to the operation member 80 fully reaching the 90 degree offset
- from the disengaged base line. Similarly, in some embodiments, the strength and positioning of
the magnets 100, 102 may result in the terminal switches 70, 72 opening prior to the operation
member 80 fully returning to the disengaged base line. The positive terminal switch 70 and the

negative terminal switch 72 in their closed position permit voltage to be developed across, and -



the termnal switches 70, 72 prior to the operation

menber 80 fully reaching the 90 degree offset from

t he di sengaged base line. Simlarly, in sone

enbodi nents, the strength and positioning of the

magnets 100, 102 may result in the term nal sw tches

70, 72 opening prior to the operation nenber 80 fully

returning to the di sengaged base |ine. The positive
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curren B P Bl eh ekl B, Pl AN 24 G BV ety DR tormina
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pack termnal 24 to provide power to the |oad 12.
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nuneral s. Moreover, such simlar conponents are not
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140 of thehatigryingels o1q withey ipfudase batiery ahisporget sprigh 42 radprminal shunt
. . disconnect switch 112 may be biased to a_closed
switch J 4 prd piermmabdipng resigtar 120 tAsshownaihe batient disgonnsea switch 112 may
When activated, the battery disconnect switch 112 may
be placgg) mserigs with therttattenyr30e e bhttany fiscmntdiewiich 1 B maBhe bissed to a
the battery pack termnals 22, 24. In one enbodi nent,
closed phstidiatotpenyit cirsmofloe Gthes wot hivaidd Waybactiaaied vhé Balteby
an appropriate magnetic field. In particular, the
disconiat $vaikch 1dR $EBTVPEE to vk dn€ Burdeh? floR Yrohd ¥hE BEErP36 BAe battery pack

terminals 22, 24. In one embodiment, the battery disconnect switch 112 may be activated by an

appropriate magnetic field. In particular, the battery discoﬁnect switch 112 may include a reed

switch that is biased in the closed position but opens in response to the appropriate magnetic

- field.

' _'[0027] The terminal shunt switch 114 and the terminal shunt resistor 120 may be
provided in series, and the combination in parallel with the positive battery pack terminal 22 and

- the negative battery pack terminal 24. The terminal shunt switch 114 may be biased to an open

position to prevent current flow through the terminal shunt resistor 120, When activated, the



switch that is biased in the closed position but opens
in response to the appropriate magnetic field. [0027]
The term nal shunt switch 114 and the term nal shunt
resistor 120 may be provided in series, and the
conbination in parallel wth the positive battery pack
termnal 22 and the negative battery pack term na

24. The term nal shunt switch 114 nay be biased to an

. i ti . t I 1 he .
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22 and the negative battery pack term nal 24.

the posMMFAAUE pabilterRingl 2HA M RBhived HARedyPatl RAhinSHN tMoreover, in
resistofr 120 has a | ow enough resiStance that, in the
a>. i mal . _ .
one cxfptllent AR iR e idT198 b hodch reh MR, tnffg cven
re.all. acti.v ei t her, the .curr.e limt 60 pr the.
the pofi B S BT E e b0y SHHGE 2 ey fepPipe b G
t 0Si t1ve batter ack term nal__22 and the negatjve
114 af%ﬂgf?%we iordtBs seriok B8 Spyor i f\“%?lﬁzta%%ﬁ"t‘?‘&m“z? opaa
FI G 4a shows operation of the switches 70, 72, 110, .
potentighasrags the PoFiEve) B pask terminab &2 aghthe gegaﬁvgiﬁattery pack terminal 24 in
di sengaged/ safe position. As shown, when in t he
a fault epnglélingaged position, the operation nember 80 pl aces
the magnets 100, 102 away fromthe positive termna
[0029] swi t c FIGBa slmolvs operation of the switches 70, 72, 110, 112 when the operation

member 80 is in a disengaged/safe position. As shown, when in the disengaged position, the
operation member 80 places the magnets 100, 102 away from the positive terminal switch 70 and
the negative terminal switch 72 allowing them to be in their normally open position.
Furthermore, the operation member 80 places the magnet 100 in close proximity to the battery
disconnect switch 112, thus opening the switch 112 and disconnecting the battery 30 to prevent
current flow. Moreover, the operation member 80 places the magnet 102 in close proximity to
terminal shunt switch 114, thus closing the switch 114 and allowing current to flow between the
positive battery pack terminal 22 and the negative battery pack terminal 24 through the terminal

shunt resistor 120. Thus, any voltage potential difference between the positive battery pack



the negative termnal swtch 72 allowng themto be in
their normally open position. Furthernore, the
operation nenber 80 places the nagnet 100 in cl ose
proximty to the battery disconnect switch 112, thus
opening the switch 112 and di sconnecting the battery
30 to prevent current flow Moreover, the operation
menber 80 places the magnet 102 in close proximty to

. j j . S St .t ch 4
terminb Ul RV Mk it G R ot el B Qurtelt ows
ttery pack term 22 and the negative battery pack
thnmgggﬁﬁ9W§Pﬁﬁ&nFHFEﬂﬁﬁabhe termnal shunt resistor 120.
Thus, éy vol tage potential difference between the .
posi t RIG BANLAPS peiawiop of dieishossd, Zhd 12rid +rdgheperation
battery pack term nal 24 may be dissipated as heat as
membey Hlrigintanfipigupediatapesitisn befrecen dhadiseabagsd pasitioeef] HGofa and the
120. [0030] FIG 4b illustrates operation of the
engagedipiosiche of FIGi. 47.2As $H@yn, whdn nrtbaintdrmediperpasition theweeogion
80 is in an internedi ate position between the
membatiSSelgagibd npgsdté 1@ 104 suffiéientiadisnd fidiethe pagage@rminal switch 70,
position of FIG 4c. As shown, when in the
the nedafiV&fefBlhiaingtcR T3] thé Bittery MiScoRR&S 8t 12MRA RS teBUn il sBEQSwitch
the magnets 100, 102 sufficiently distant fromthe

114 to BREIuHE ¥&Qivh&STMAL oBWch SHitdfks. AkBRnAGHALLYR: Hﬁ:g)&'ﬁ@h terminal
switch 72, the battery disconnect swtch 112 nd t he
_ . ' : _ : :
switch 7880 (8 nc 8iVG ferilal Sicprrh in b BRESUMNGSR ALY Blafloah open

( . one. above, . e pO$I
posiio SRS et e SR L e bGAAR A e
posiioR 5 A B S, L0 1, SR B

.. and the termnal shunt switch 114 is biased to an open
positiop Betepithe dispngnsphpesitinading the engeged ppgHomeswss thettprgninal shunt
di sengaged position and the engaged position ensures
switch { krbopens gﬁn@l the pesitive tewiinad hwitdh)7bpahendpefivr termpinel switch 72 close
positive termnal switch 70 or the negative term na
to prevetiinadierdt discmege df thqdrattomrB0 thivaghy the tterntinall slsmb esg@r 420,
the battery 30 through the term nal shunt resistor
Additichally, clodthgitlid utty discofihe@swigcht 11€ poahitsahy aidieht IAREDtand the
switch 112 permts the current Iimt 60 and the

voltage limit 50 to energize in advance of activation of the positive terminal switch 70 and the

[0030]

negative terminal switch 72,

[0031] FIG 4c illustrates operation of the switches 70, 72, 112, 114 when the operation
member 80 is in the engaged position. As shown, when in the engaged position, the operation
member 80 places the magnets 100, 102 away from the battery disconnect switch 112 and the
terminal shunt switch 112 allowing them to be in their normally closed and normally open
positions respectively. In particular, the oi)eration fnember 80 places the magnet 100 in close

proximity te the positive terminal switch 70 to activate and close the positive terminal switch 70.
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voltage imt 50 to energize in advance of activation
of the positive termnal switch 70 and the negative
termnal switch 72. [0031] FIG 4c illustrates
operation of the switches 70, 72, 112, 114 when the
operation nenber 80 is in the engaged position. As
shown, when in the engaged position, the operation
menber 80 places the magnets 100 102 away fromthe

Furthep zﬂu% %Le\‘%]%b %?B%gﬁlgce%‘ﬂhtlﬁggnéegg() a OtSFI rox{n? r{% negau?’I ive terminal
S ETR ax%zx%@a?zpm&tnbve%a -

. 100 i cl ose proximity to the positive term nal

switchg/{fqnd E‘iwgﬂafﬂémﬁ@tﬁh’@ @Pﬁﬁééﬁﬁ hattepp 39 Jay enqrgizethe positive
swtch 70. 10 Further, the operation nenber places the

batteryiagh éarmimab22 andcthe segaivobdtient geck eerminal oyaenergizedand qvatent may
switch 72 to activate and cl ose the negative term nal

flow frowi the hat®2y 3Wotthe ed h2.t he positive terminal switch 70
and the negative termnal switch 72 cl osed, the

[0032]bat t erDue30 theegleetiay itzebadtiesy diashilidcy @vitdhat1l g ¥ npaehly closed
term nal 22 and the negative battery pack term nal 24

switch@he t1RREEVE RemMATvEh 176 the ABRAtvE lcBWinkl SMich7e 2R@tHe8EYninal
30 to the | oad 12. [0032] Due to the selection of the

shunt A{ch 81 ¥ 1IhREAMN 65N, ﬁ%&f@ﬁ/ clrtgit @? m%% IBL |1t¥ deh&ﬁSH even in the

swtch and the p05|t|ve erm na

presengsls\?m&?atlhéég f&‘?as aen mﬂw f}eﬁp ﬂ%aﬁ{%ﬂla} ?rég e}r(?emgf ma%neﬁf)held may

. y Clrcul
activatfr:rgr:ug%loseg;k% t]éc?s'tgxﬁe %ﬁé{#&?&%&\f/ 'fde] fhe neg%1v6é$ﬂ%q‘i ff h ’;2 arnélrta%

) gernal ni?‘pﬁ" c field y actlvate and cl ose

tmm%a ytisyich aclyptingang gpemingsthp Batigry élécqnéﬁcrhswgph 112.
switch 72 and the termnal shunt switch 114 while

Accordiggly.\fhe sakey atenitcifen thypreprnep af the eyteminbwagnetie fickdwiliseamnects the
112. Accordingly, the safety circuit 40, in the

battery 0o ths ledd 2vad exirinathe safgtyatfite Hattetychackil Kb onnect s

_ the battery 30 fromthe load 12 and nmintains the

[0033] saf et Elafricahaspbat éfahy bareeskpabkO10,[100 BBle ek désciibal above in
aspects of the battery packs 10, 110 have been

regard SHERIGS. baid Ndbyecdl Aspects of one embodiment of the battery pack 110 are shown

in FIG. 5 in regard to a battery pack system 200. The battery pack system 200 includes the
battery pack 110 and a battery pack holder 220. However, the battery pack system 200 may also
be implemented using the battery pack 10 of FIG. 1.

- [0034] As shown, the battery pack 110 include the housing 20, a circuit board 230, and
an electrical connector 250. The housing 210 may be sized to enclose the battery or batteries 30,
the circuit bbard 230 as well as other components of the battery pack 110 such as the operation

| member 80.
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regard to FIGS. 1-4. Mechani cal aspects of one

enbodi nent of the battery pack 110 are showmn in FIG
5inregard to a battery pack system 200. The battery
pack system 200 includes the battery pack 110 and a
battery pack hol der 220. However, the battery pack
system 200 nay also be inplenented using the battery
pack 10 of FIG 1. [00341 As shown, the battery pack

100350 ) R alelliReRP ol s 5B LR, ed%%%ﬁ%&'f’qhe cireuit
boafdi (f%rtex 2 'd’gég#ra bt Behgmabi t%é';? P 35 (B et imit

ery pack 110 such as _the o eratlon menber 80. 11

60, thﬂ[ ﬂcsrét@sq lﬂpﬁéoetb%mﬁm‘@d?me%ﬁw% Upnegpfévedenming) switely {3, the
140 may be mounted to the circuit board 230. For

batteryedigapphest switchoHa, Gertrpatinabsitunt $veitchHd Anaaid thatietnainalZbunttrpsstor 120
fuse 52, the current Iimt 60, the voltage limt 50,

are monhted pothietirnegt board?ilal Thewirtwhbaddd 23theayn Bgthtd heee treunted dhereto or
swtch 72, the battery disconnect switch 112, the

otherwi@rdoimnatedsharetd tsabatedy idtddFaceatchihd1e42, e NThabatteiypinterface
resistor 120 are nmounted to the circuit board 230.

termindiB 82 C44' 144 éng@é&fr%t&%&s%cﬁ%ﬁ%ﬁng@%@bdﬁ@ﬂﬂ&ﬁ%ﬂ@ 83,84 f the

or otherwi se connected thereto the battery interface

batterytﬁ}" b @nfiedin th‘b"baugxﬂ%o%we% bﬁ%@ﬁf@%esafétﬂﬂu%% 42,

4 may engag or ot herw se e B2t 1 cal y cohnect to

batter f ter

10036101 1o e 84 BRI 24 30 S0 n BBl ¥y boara 230,
saf e circuit 0. [00361 The bhatter usi

he befgys £ ol e 6t AR s Do S‘BEE‘&P Sesgfled by the

E ES|n§ g Ha further, define an external surface

baﬁerytmalf o eh g housing 29 may ipgluds ¢ lovepportipg 21 haxd agypper portion
pack hol der 220. The housing 20 may include a | ower

214. I'p@lilct ¢rehpdiment Ahellozier hpysing g@ﬁrqnu 28 deéll .a femalgpertion of the battery
enbodi nent, the | ower housing portion 212 defines a

pack héusing 29 tbatrh ¢camfiguied thecding ¢ evale poptarokeo olsiusing 20 defiaxtd Hysthe

~ configured to receive a male portion of the housing 20

upper lefing edrtioy 214 eHowprerin bthosémbpddaedts 0l 1&det.potinawedi @ rand upper

ot her enbodi nents the | ower portion 212 and upper

portion 214 may mechanically engage each other using other techniques. For example, the upper
portion 214 may define the female portion and the lower portion 212 may define the male
portion of the battery pack housing 20.

'[0037] The electrical connector 250 may detachably couple the battery pack terminals 22,
24 to the load 12 when the battery pack 110 is placed in the battery pack holder 220. As shown,
the electrical comector 250 may be coupled to or otherwise attached to the lower portion 212 of

| the housing 20,

[0038]} The operation shaft 90 may extend through the upper housing portion 214 to the

lower housing portion 212 passing between the batteries 30 and through the circuit board 230,
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portion 214 may nechanically engage each other using
ot her techni ques. For exanple, the upper portion 214
may define the female portion and the | ower portion
212 may define the male portion of the battery pack
housi ng 20. [0037] The el ectrical connector 250 may
detachably couple the battery pack termnals 22, 24
to the load 12 when the battery pack 110 is placed in

An op&ﬁﬂﬁo:pﬂnhfer%slgﬂ%% J?)ﬁlélg@ fo t‘ﬁ% %erﬁmféﬂgﬁg?ﬂ to %Eb?e &1% J‘f{ %&?tween

connect or cou to or erw se a
{ th
L I T

housi n on 214 to the | ower u5|n por.ti

tothe S5 aRaBE P satafaile i raans AR A wgiphamdle 52 i
circuit board 230. 12 An operation handle 92 nay be

rotate oupl ed to the operation shaft 90 to rotate the shaft
90 between an engaged position and a di sengaged

[0039]posi t i Anmerfivacdpmvatthorpamsivnencnggr B mayiceophss st anhieder, or
to the operation shaft 90 to rotate the operation

some otharisbape8 Combenent leyingphista tpodivnk 82,H4ah&2otate abowttint @ebration shaft
[0039] As nentioned above, the operation nenber 80 nay

90. Tle@Ppratise m2mbetso myy fuatlerinclGde me@PR IWONE RRIBEEH radially away
conponent having distal portions 82, 84 that rotate

from tiedXspetatiol ShAPRY AdirRAy BO@Eal e 82, TNARES k41O niE%{H%?BO 80
may further include nagnets 100 102 positioned

[0040]" adi a'ﬂn?agéi‘@éﬁaxgﬁ:@gé& %ﬁ'@ gp@tﬁ{lg e QftachBatd thggﬂ%&%nggaﬁber 80, and

the dis operatlon ne
IS 262 na tt e
tocking filtlrs 2703 TR e TRBEY el o Sl mdipdiL G020 e
be attached to,engagenent 60, .
engagefét e éﬁ@éﬁ% PO i Aoy morges ﬁﬁfﬁﬁéwﬁa@? lofldns
g rs 270, 272 such the | ocki
memb%é"o 272 Slsdablyaaag%eéﬂﬁ@ 5&@%@@%@6?@%5&1@ @é dewem& g@and
. 216 of the hou3|gg 20 and openings 222 of the battery
openingyle ¢fdhejeatteppmclifelden 228 véisa il onsration heardle 9Disiin therengdged
engaged
position. Thus, when engaged, the lockmg members 270, 272 lock the battery pack housing 20
to the battery pack holder 220 and prevent the removal of the battery 30 ﬁ'_om the battery pack
housing 20. Additionally, if the operation handle 92 is in the engaged position while the battery
pack 110 is removed from the battery pack holder 220, the engagement members 260, 262
extend the locking members 270, 272 such that locking member 270, 272 prevent the battery
- pack 110 from being inseried into the battery pack holder 220. Furthermore, the extended
locking member 270, 272 in conjunction with the operation handle 92 prevent the upper portion

214 of the housing 20 from being removed from the lower portion 212 and thereby prevent

- replacement of the battery 30 while the operation handle 92 is in the engaged positioh.
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position. Thus, when engaged, the |ocking nenbers 270,
272 |l ock the battery pack housing 20 to the battery
pack hol der 220 and prevent the renoval of the battery
30 fromthe battery pack housing 20. Additionally, if
t he operation handle 92 is in the engaged position
while the battery pack 110 is renoved fromthe
battery pack hol der 220, the engagenent nenbers 260,

[00411262  ep{eQREratifembAs K 00, i NBRRAL e mddfers 2600 260 @by further
| ocki ng menber 270, 272 prevent the battery " pack 110

s LR R000 S 0k Ul - ook B Ty
92 is ilgglgjél:ijs%ﬁ%a:gg@ B#it&ogll?s%rg%)\ﬁtéoﬁlﬁégéfﬁg&%g&fkgmzﬁ fﬁ%ﬁ%ﬁgb&’ 9‘?2, the

re ed fromthe | ower portion 212 and thereby_ prevent
baﬁeryrf@;snﬁﬁel&we&?tl Ognayhsaemayaddram & baey @agoldg @8t Megeover, asa
handl e 92 is in the engaged position. 13 [0041] The
result ofgefrasting therdecking mgobeys 47¢, BE2. dhjanpenportiond Hbapy beggroved from
262 may further retract the |ocking nenbers 270, 272
the lower gartioh @ 12 pEthe hgesi1 ) tapamP plahenerit o€ theettery 36 when the
handle 92 is in the disengaged position. As a result
operatioh hagile 8T isiin thetdiengapedk poritiorenber s 270, 272, the
battery pack housing 210 may be renoved fromthe
[0042)bat t enyhipawk dREIbERE haddRen MRERANEInd RScribed ir88#Ail inQhe drawings
retracting the | ocking nenbers 270, 272, the upper

and foﬂ%g&h'% Q8chaporBUchRE i BIRYGChnk REBriptiBRis 10 BE EorRfietddQB e£diplary
of the housing 20 to permt replacenment of the battery 7
and nof MR, a0 ol e SERRAR v been
illustrated.an cribed in.detail . .in the draw ngs.
shown g AR5 3l S5 0 R0 ope gD e i of the
discl descrig%jgn is to be considered as exenplary and not
sclospreare desired o hePretfictpdicter, it being under st ood t hat
only illustrative enbodi nrents have been shown and
descri bed and that all changes and nodifications that
come within the spirit of the disclosure are desired

to be protected. 14
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WHAT IS CLAIMED I S: 1. A battery pack to power a |oad
havi ng an associ ated battery pack hol der, conprising
a plurality of battery pack termnals to deliver power
to the | oad, an operation handl e noveabl e between an
engaged position and a di sengaged position, a safety
circuit conprising one or nore battery interface
termnals to couple to one or nore ternmnals of a
battery, the safety circuit to selectively couple
WHABDISCLAIMED &8 to the one or nore battery interface
termnals to the plurality of battery pack term nals
bas acbateBpapR s pdvad adbad HahrgOpasakitnl taaat! ack Bslderdcomprising
| ocki ng menber to prevent renoval of the battery pack

fﬁ@[ﬁr&lhﬁ oPBdticy YacRaGkilM delelildr polvLicaneloalii on handl e
is in the engaged position. 2. The battery pack of

c Lu@.bﬁ@rgtionfﬂéﬁalg HoveHIP Bét@iegg%lg%@%%ﬁ&éitﬁﬂ%ﬁh & Qisgfg%a%&? position,

one or nore attery inte nals to sup

B?%ﬁy}c?r}({:ﬁig ?o&%rgﬁq%g\é@% otrg glgqgg Egt?etr in?%rga.%g gatnn%%gs ttB gfﬁfpele to one or

ura e na ry

ack of .clajim further .conprising a batter c

more fbpfg*  bAReae ik SR ERTRIH el R o the one or
Iocking menber, wherein the | ocking nenber extends o

more hplighrigierizes Wangekide the PRt Rg ety Park tpraindds hassdpRon position of
hol der to prevent renoval of the battery pack from

the opetgiopagndds; yndhack hol der if the operation handle is
pl aced in the engaged position. 4. The battery pack of
cé kicking membret lreprevamtrpmicsiahef the batterepackaok thedagerygatloholder if
receive the battery, safety circuit and | ocking

the opomatibeligndidie ireihp ehfuged podiiicty nmenber ext ends beyond the
battery pack housing and prevents insertion of the

b2t TRE YatRAEHack BF Slainh €, faAhér@bypPigikk a9 coiylled RR&he one or more
-operation handle is placed in the engaged position.

battery interface terminals to supply power to the load via the safety circuit and the plurality of
battery pack terminals,

3. The battery pack of claim 1, further comprising a battery pack housing to receive the
battery, safety circuit and locking member, wherein

the locking member extends beyond the housing to and engages the battery pack holder
to prevent removal of the battery pack from the battery pack holder if the operation handle is
placed in the engaged position.

4. The battery pack of claim 1, further comprising a battery pack housing to receive the
battery, safety circuit and locking member, wherein

the locking member exténds beyond the battery pack housing and prevents insertion of

the battery pack into the battery pack holder if the operation handle is placed in the engaged

position.
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15 5. The battery pack of claim11, further conprising
an operation nenber coupled to the operation handl e,
and one or nore nmagnets coupled to the operation
menber, wherein the safety circuit conprises a
plurality of switches that are magnetically activated,
the safety circuit selectively couples power to the
battery pack term nals based upon selective
activation of the plurality of switches, and the
opseTat bawerypadhest cRiOEill fivthér édigpriigg or nore nagnets
Wth respect to the plurality of switches to

S @h 8pdrhtid Merdbdrickapied ioBle BpdHatddn HandRf asdwi t ches based
upon the position of the operation handl e. 6. The

b3hd & Mo&gagéagneé GlAdMoThe YL @hber SRfkeiANe SW tch

of the pl Ity of swtches 1s biased i n an open

PAR! b cifcgﬂ tCﬁIg&){g %egtrag)?ura nt?/ oF ﬁgrkeu?l?eg ?léag Igrse Iﬁg%r%%%aﬂg tact(i)¥ated,

i
response ron-mne ng

| Uy il B BRRLRp PO D1 GO fisa Rl Sed pon
bi d i I d iti d activat t
selects SFYaGAM o e eLNK B FYHE Bler at i on menber pl aci ng a

magnet of the _one or nore nagnets in close proxinity._
7thepperafion mempeinasitiops the|oae ot Brorgynagnefsivitihiesragt wtthe plurality of
. circuit further conprises a current limt to limt
switcheg ta shictif¢lpactivate the pledlite ofswotbks basedripral the pesitibreof the operation
voltage Iimt to limt voltage across the battery pack
handld.erm nals. 16 8. The battery pack of claim 7, wherein
the safety circuit further conprises a thermal switch
biased in a closed position, the thermal switch to
agl TH@bRiehPpRR oPBRAN BOShdrbiN t hat
at least one switch of the plurality of switches is biased in an open position and activates
to a closed position in response to the operation member placing a magnet of the one or more
magnets in close proximity, and
at least one switch of the plurality of switches is biased in a closed position and activates

to an open position in response to the operation member placing a magnet of the one or more

magnets in close proximity.

7. The battery pack of claim 6, wherein the safety circuit further comprises
a current limit to limit current flow to the battery pack terminals, and

a voltage limit to limit voltage across the battery pack terminals.
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decoupl es a battery fromthe plurality of battery pack
termnals in response to a thermal condition of the
battery pack exceeding a tenperature threshold
associated with an upper Iimt of a safe operating
range. 9. The battery pack of claim®6, wherein the
safety circuit further conprising a shunt resistor,
the plurality of switches includes a term nal shunt
S\ Thb bliag pabkiod chfimdpehefeisthé sadey cirtliefigthendonipeesi thermal
is coupled to the plurality of battery pack termnals
switcl/ bidsddn a8 fisditionS théMkerfdl dvilth 1@ Bclivalto @RBHE pdaition that
menber positions the one or nore nagnets such that the

decouﬁ)ﬁ‘:ﬁ HibR@dry $fahe pRiaLics Br bz?tte?}‘;ﬁdclé%mﬂnatlsomcrk:@%ﬁﬁ BQhdrhan

when t he operatl on handle 1's in the di sengaged

condﬂﬂgéftpt}lgga erylgack;ggcg%ﬁ?%hetgﬁlx ke tﬂesﬁél@ LW 6Sinte {hezlnqﬂ)grr limit of

ura es 1t ncludes a positi ve

a safeM é and a negative termnal swtch that are each
5Pased 'A% open position, the positive terninal
swtch is positioned in series wwth a positive battery
of the safety circuit and a positive battery
pgcﬂ%fg@ﬁ¥¥@ﬂc &f cleHB OpVhssEI ty of battery pack
termnals, the negative termnal switch is position in
_sﬁ}eﬁé@twwmt@rﬂ@ga@mp@mm slanyresisioni nal of the safety
circuit and a positive battery pack term nal of the
pthempdirality ob$witehics ercludosia keringrahshval syitchrbdased kean open position,
operation nmenber positions the one or nore magnets
stheRhiith aésistdrds papidd tv ehd uraiityadf bawery hclagathinble via the terminal
negative termnal switch are activated to a cl osed
smnugﬁﬁﬂihﬂﬁ when the operation handle is in the engaged
position. 17 11. The battery pack of claim6, wherein

L8 op@h&SY mEb&W dsitloHé iHA%he GPABE Mfihef sl Hhhe hE FdrHiR shunt

switch is activated to closed position when the operation handle is in the disengaged position.

10. The battery .pack of claim 6, wherein

the plurality of switches includes a positive terminal switch and a negative terminal
switch that are each biased in a open position,

the positive terminal switch is positioned in series with a positive battery terminal of the
safety circﬁit and a positive battery pack terminal of the plurality of battery pack terminals,

the negative terminal switch is position in series with é negative battery terminal of the
safety circuit and a positive battery pack terminal of thé plurality of battery pack terminals, and

the operation member positions the one or more magnets such that the positive terminal
switch and the negative terminal switch are activated to a closed position when the operation

handle is in the engaged position.
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the plurality of switches includes a term nal shunt
swtch biased to an open position, a positive
termnal switch biased to an open position, a negative
termnal switch biased to an open i position, and a
battery di sconnect swtch biased to a cl osed position,
the shunt resistor is coupled to the plurality of
battery pack termnals via the termnal shunt swtch
t hé Phsbdtiemepdckioficlaah 6swhdrein i S positioned in series
with a positive battery termnal of the safety

C kHeGlfety dRlitdufias cbinyBsddatsh@ityesdek term nal of the
plurality of battery pack term nals, the negative

t@{erphﬁail s i s SRR b b@MirlaNSINBE LORIHibded o REGRhipbSition, a
battery gern1na of the safety circuit and a negative

o R LI LA e S0 8 e

[ with negative, batte and the
p0s1t10n an? ba%%eb%fhtsconne 3% tC glraFﬁd 136} a’clogﬁ%p?she bper at i on

nb posi ti.ons ne .or nets such that the
DI BRI G FHP erhi%%ecmurah@gﬂﬁﬁw%sﬁﬁeﬁaﬂna@m f crminal
and term nal shunt switch are deactivated and open,
shunt §§idch, he  battery di sconnect switch is deactivated and
cl osed when the operation handle is in an internediate
pthsippsitve seninektwitches psittongd feserigpwith apasitive batieey terminal of the
engaged position. 12. A battery pack systemto power
safetyairbwaahd ceospiviediatigy patiatetreinyl qdalekploahpr ofdiattegrypaslafeeninals,
circuit, a battery, an operation nenber, at |east one
| the lggiveedth@ial switc © @stitiona daféd Witly a pagitivt Bittdrf@rminal of the
and a housing to house the safety circuit, the

safetyRatdi€ind a RRdHt GRS ak 'té?ﬂlrﬁli‘ﬂptﬁé phdfly ésbaﬁte%&tcﬁ & minals,
pack hol der associated with the | oad, the battery pack

%erter%r 9155 %btvs%w{cﬁ ?s afotngt{ h é%ﬁ?é‘wﬂﬁ] gﬁ ativE B%R:lrfﬁmﬁlal and the

| eas attery term na
negatlve Batt%r)y p&%ﬁ?ermmal, and

the operation member positions the one or more magnets such that the positive terminal
switch, negative terminal switch, and terminal shunt switch are deactivated and open, and the
battery disconnect switch is deactivated and closed when the operation handle is in an
intermgdiate position between the disengaged position and the engaged position.

12. A battery i)ack system to power a load, comprising

a battery pack compriéing a safety circuit, a battery, an operation member, at least one
locking member, at least one battery pack terminal, and a housing to house the safety circuit, the

battery, and the operation member, and
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hol der further conprising at |east one opening
positioned to receive the at | east one | ocking

nmenber, wherein the battery pack further conprises an
operation handle external to the housing and coupled

to the operation nenber via an operation shaft that
passes through the housing, the safety circuit

sel ectively couples power supplied by the battery to

t hdaadry pedsholdnassobatederith the toad bt bhds e gadkiimihddp @sfet¢iodthe
of the operation handle, and the operation nenber

batterz Phak 89 taboufle thaat RRRLAE bk pakiterdfindl Re1HRAGIEIHMAttery pack
andl e noves between an engaged position and a

holdeﬂ%ﬁntga%gﬁgisﬁl%%it fea@ne gﬁéﬁ%sﬁtﬂﬁe@_&o e8¢ 1hQRelh R Bké f@)%king

d 1
er intothe at |east one opening of battery pac

I when the operation handle is in the engaged
nwnﬁ%ggﬂ%%%%b and retracts the at | east one | ocking nenber

f h . [ f.the b K.
B ek et (RSt ss RSP swamion e RRbinal e EhgAeand
i 130T bat t t f clai 12, .
coupl 3 s 913 SRS G eGP aB Sl btapRes POl A

| ower portion detachably coupled to the upper :
pBetspishy, ClecHH St’lﬁ@w@b’é‘r"&?%bHo‘ﬁﬁrﬁéplél}eddb’éh%tbﬂtm torthe at lggsgone
at | east one | ocking nenber prevent renoval of the

battery tepinapleased wporf grosition o€ tHemperatipo handbn andhen t he at | east
one | ocking nmenber is extended through the at |east
othe oppetivmmenibet doatdabbdrtye gacdkionchalens tht 4perdtien handle moves
battery pack system of claim 12, wherein the operation

betweBRiD@IgagddpdsRRAQAAS 8 disengagbEpopeinbitemtishBNs 1easbid18ckiiz member
t he engaged position, extends the | ocking nenber

into tHRQY RAE ohb8ped MRS HalleS pat PRo1BA MR LB atldd HRRE & the engaged
Insertion of the batféry pack into the battery pack

posititg\ﬁ grggl:’e}]ra%tg te}fggaé}eg%l%ng ﬁ}ci(ﬁlrg%%é foYothE %Fsd ?)%? !3%@;1}1% of the battery

y Circuft conprises a p

pack oYt SAES w8 raRESndBANE L H2\l4n S04 YELESH.

13. The battery pack system of claim 12, wherein,

the housing comprises an upper portion and a lower portion detachably coupled to the
upper portion, and

the operation handle, operation shaft and at least one locking member prevent removal of
the upper portion from the lower portion when the at least one locking member is extended
_ through the at least one opening of the batiery pack holder.

14. The battery pack system of claim 12, wherein the operation member, in response to
the operation handle being in the engaged position, extends the locking member beyond the

~ housing of the battery pack to prevenf insertion of the battery pack into the battery pack holder,
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the safety circuit selectively couples power to the at
| east one battery pack term nal based upon selective
activation of the plurality of switches, and the
operati on nmenber conprising one or nore nagnets and
positions the one or nore magnets with respect to the
plurality of switches to selective activate the
plurality of switches based upon the position of the
opér dhe batdnppatkaystdit of dlaan bAtwissrsinpack system of cl ai m
12, wherein the safety circuit further includes a

S Mf&ﬁ&t@ﬁt%mpﬁsés%rﬁ]ﬂuﬂﬁﬂy oTRWRthes \thd: G hAgeehIlly Qctvhted,
open position, a positive termnal switch biased to an

0 H%%a&@ﬁb&duﬁ%eleé\tnfé%blé@ pbREMHL TR at3¥st & baﬁé@%ﬁ& feBminal based
an open posi t1on, and a battery di sconnect switch

upon @1&%@9 a&t&aﬁoxﬁ&ﬂﬁ@ﬂ PR bf sQ»HtcBEJ“ enfhunt resistor is

coupl e e at east one aftery pack termnal via
shunt _sw t

t Hle ogﬁrangn Blgglbfr COH‘Ié)d‘lSlnlg 081,18 rOII‘ glé)rf\:l\ll F%ne; ggjotSIIIOIéS %g PP ?I‘ morce
m nal of the at t . ositive b
magm‘ft% b aapedo aupy shavi s %cew‘yaca%(e%%{l%ﬁmyaﬁgfofk swilches
negative termnal switch is position in series
bmmdwpﬂhmﬁPﬁ@&ﬁ?PQ@¢BQ¥F§W¢“@éFn1naI of the battery and a
negati ve battery pack term nal of the at |east one
bi®.t Ehs/basgekpack syrterabf cleivelhatheesiy di sconnect switch
is positioned in series with the positive battery
t treshfetl ciehit firtter beiudes y slamdrdsis@r posimineleshbatt swétcl bpaekto an
termnal, and 20 the operation nmenber conprises one or
open PRIt BEERE téffind) @&itth Bilasedtthan 0ph [UsitIvAl £negdFlgREfinal switch
such that the positive termnal switch, negative

blasedttS &l %&Yﬂcﬁ'lcﬁhd PHketyedifionAder SHHEH biasWitd & BloREEposition,

deactivated and open, "and the battery di sconnect

Smegﬁght rcsslsq@rqg Edu\bﬁ:td%g t I&L%%%att?}‘gﬁyg i @ﬁnﬁ%;ﬁ{ﬂeqaminal

is In an rnterned ate posit between t
Shmnswgﬁpgaged p03|t|on and the engaged position

the positive terminal switch is positioned in series with a positive battery terminal of the -
battery and a positive battery pack terminal of the at least one battery pack terminal,
the negative terminal switch is position in series with a negative battery terminal of the
battery and a negative battery pack terminal of the at least one battery pack terminal,
the battery disconnect switch is positioned in series with the positive battery terminal of

the battery and the positive battery pack terminal, and
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17. A battery pack to power a | oad having an
associ ated battery pack holder, the battery pack
conprising a housing defining an external surface that
is sized to be received by the battery pack holder, a
plurality of battery pack termnals external to the
housing, a battery in the housing to supply power to
the | oad, an operation handle external to the housing
anltk gpetgtioe theinbeatompeeabnoor Manhernéts aidposithoas sheghe\vir énore
an operation shaft that passes through the housing, a
magn6ts 68dhi thatiBagdditve érifnd) QWaLH) Gegdtie t& kil bwitdh) @hdlterminal shunt
conprising a safety circuit to couple the battery to

switch B@ dehdtfvatell hiYd fenD@d BE ¥atRAG Hist &t tRaieh YL GRRRRASEA R sed
t he operation handle being 1n an engaged position and

when 1 (ﬂ)%&?iﬂﬂ hendiOR i34 hﬁéﬁﬁeﬁfa%otsﬁﬁﬁ Bl kﬂ&di&%ﬁ%ﬁ}p@giﬁon and the

pack termnals In response to the operation

en abgingﬁ&p a di sengaged position, and a plurality of
8GR I'ng menber coupled to the operation nenber

wherein the operation nenber extends the plurality of

| ocKki nmenbers out of the housing when the aperation
hdfdneHE iRk wa@i%ﬂd ¥ingiaB A A dpery pack bder, the batiery
plurality of |ocking nenber into the housing when the
Padi%ﬁﬂﬂqmﬁgon handle is in the di sengaged position. 21 18.
The battery pack of claim 17, wherein the operation
me irbesing defioingran exteend) aurfee yhat posiedfte berdoeivedby thebatiery pack
fromthe battery pack hol der while the operation
holdeljandl e is in the engaged position. 19. The battery
pack of claim 17, wherein the operation nenbers

Pk phedlity bhigatleAl fRk YermpaKexiérRaNd Gic@usingerted into the
battery pack hol der while the operation handle is in
t Qﬁatte%? HAge HOL&Q@I tBiSQﬁbly power to the load,

an operation handle external to the housing and coupled to an operation member in the
housing via an operation shaft that passes through the housing,

a circuit board in the housing, the circuit board comprising a safety circuit to couple the
battery to the plurality of battery pack terminals in response to the operation handle being in an
engaged position and to decouple the battery from the plurality of battery pack terminals in
response to the operation handle being in a disengaged position, and

a plurality of locking member éoupled 1o the operation member, wherein

the operation member extends the plufality of locking members out of the housing when

the operation handle is in an engaged position and retracts the plurality of locking. member into

the housing when the operation handle is in the disengaged position.
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20. The battery pack of claim 17, wherein the safety

circuit conprises a plurality of magnetically

activated switches that selectively couple the

battery to the plurality of battery pack term nals

based upon a magnetic field, and the operation nenber

conprising at |east one magnet and positions the at

| east one nmgnet with respect to the plurality of

md§ndhe batierypanktaf ehired 7 swharein dlse apgction hadmtcheprevent the battery

plurality of magnetically activated sw tches couple
pack frova Heigtremyvdddrdm ehefHatieg patly hallertvetiileahiy ofpasiontandie ieinshe

when the operation handle is in the engaged position

engag@f@ogigeupl e the battery fromthe plurality of o
battery pack term nals when the operation handle is in

t he di sengage position. 22
19. The battery pack of claim 17, wherein the operation members prevent the battery

pack from being inserted into the battery pack holder while the operation handle is in the

engaged position,

20. The battery pack of claim 17, wherein

the safety circuit comprises a plurality of magnetically activated switches that selectively
couple the battery to the plurality of battery pack terminals based upon a magnetic field, and

the operation member comprising at least one magnet and positions the at least one
magnet with respect to the plurality of magnetically activated switches such that the plurality of
magnetically activated switches couple the battery to the plurality of battery pack terminals when
the operation handle is in the engaged position and decouple the battery from the plurality of

battery pack terminals when the operation handle is in the disengage position.
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