2251130 MOTOR CONTROL SYSTEM AND COVPONENTS THERECF Background of the
Invention This invention relates generally to a notgr _control systemand it
al so relates -generally to individual conponents of ?ﬁé’%?@tenl Mor e
particul arly, but not by way of limtation, the invention relates.to a
transformer, a unitary housing, and a dou- ble interlock mechanism all of
whi ch are suitable for use in an appar at us for operating a three-phase
nmotor to drive a subnersi- ble punp. The present invention is also

nor e part i cul ar oy RKIPRRAI0 Sy S CRNN oML roRksR! | i ng the
energi zati on of @ transformer-—s secondary w narng crrecurt to which a thr"ge\i
phase notor is connected. Submersible punps are used, for exanple, in oi

wel ls at renote IocathauﬁkgﬁuuﬁapbﬂSEhelmnbdutﬂmﬁors are typically used
to drive these punps. Such a notor Is rated tfor a nomnal |ine- to-voltage
whi ch nusThie pinventetioni trellatespgentiradlyol toarcendbort lnontmtal sy stenk.
Thi s volta e is typically provided froman electric utility through a

t r ans?@f mert aAdseot Belabasr generallyr &6 diantihgiéuailam:@np@nea@@ apf the
control to operate the nptor_as_desired. ,Tra or ner s not.or controllers
whi chS%H3 @mbeenM8§§d Bar HbaElY haiheBR sgb‘ér ey p‘?gdﬂti[“’ai tatgigr.; & ? he -
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0osi ng conpohen a partrcul ar
apparatus for operating a three-phase motor to drive a submersi-

n.

ble pump. The present inveﬁtion"is also more particularly
directed to a system and method for controlling the energization
of a transformer's ;econdary winding circuit to which a thrée—
phase motor is connected.

Submersible pumps are used; for example, in o0il wells at
remote locations; Three-phase electric motors are typically used
to drive these pumps. Such a motor is rated for a nominal line-
to-voltage which must be provided within a specified tolefance
for the motor to work. This voltage is typically provided from
an eleotric utility through a transformer and motor controller to
provide the suitable voltage and control to opérate the motor as
desired. - ST BT

Transformers and motor ooqtrollers which have been used in
the past have been separate products. That is, the transformer
has had its own housing and the motor controller has had its own

- housing. External connections between the two are needed to have
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application, it has the possible shortcom ngs of increased price for two
rather than one unit-and of .i hcreased costs for shipping and warehousi ng.

. Two separate units would also likely require nore space at the location
vihere they are to be used. Therefore, there is the need for-a unitary power
supply package wherein a transformer and notor controller are

: d d
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subner e punp. To t he use such™a unitary power” supply

pac kaggppligatadnt,e 110CRAas OBhel ipo¥¥aBIG %&E@c‘:&ﬁﬁﬂgﬁo ofhdlincr dus@d ppete
ator on the ground can have access to at |east sone internal parts

shouldfbhetwneméﬂhntnthanaoneduwiﬁﬂanﬂﬁmf|nntheaﬁeél¢o§3snfmklshépping

3§cess shoul d al so be provided so that the operator can readily select a

esi r ednduanehmis g e f Fwe heepazateo unlitsewguddd ahsior dddiely coagudirea .

master on/off switch of the power 20 supply packa Access to at

| east WPER SPRCEy@tcdhRrkorattenuvheraokbeyr arke ter g’@m%%ﬂ by Thesaiore.,

I nterl ocks which oper- ate_when the master switch is " For safety, and
econonfl'®FRe 4§ ahlg?om,eﬂ vFeRi & (HELtRREr PRUBE algmﬂa)ekags 288ul in a
desi n d to_provide eeded oyt and 25 erat i olt ng it
shoul d5PR8 EREMREs S rroRtr Bl e2 8> e e Wiiadited (1nd iSuged da
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10 locations and easily connected to a source of electricity and a
\., load, such as a three-phase electric motor driving a submersible
pump. |

To facilitate the use of such a unitary power supply package ‘
at a remote location, it should be designed so that a human oper-

L5 ator on the ground can have access to at least some internal
parts should they need to be repaired or checked in. the field.
Ground-level access should also be provided so that the operetor
can readily select a desired;outbut suitable for the load to be
energized and readily controi'a master on/off switch of the power
supply package. - Access to at least high voltage components
should, however, be prevented by automatic interlocks which oper-

ate when the master switch 1s=“on."
For sefety.and economy, fhe-transformer within the power sup- -
plyepackage should be designed to provide all needed output :and

25 operating voltages, and it .-S,should also be designed to shield
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Such.-a unitary power supply package should also include a 5 readily
transportabl e housi ng which acconmopdates all the other needs nentioned
above. Another feature of the prior transformer and notor controller
systens is that the notor controller package includes an air- insulated
mast er’ power smﬁtch a conbi ned current Iiniting and 10 | oad sensing

o BAIRRH c BiRe e“ﬁ#ﬁfgﬁe‘éopeﬂ?ﬁt Segratdcayiy’t ﬁ§§”ﬁ%§m§ﬁené§(é§ﬁsaﬁe
* doeloddiedd W1 OLAER. The HLSTUPYME Al e ¢ volo b BUsLeY pigeed

expensrve I'S “expensi ve because

@q§'<§e§?§b béd- 9@@{@&3 safely within its air-insulated environnent:
urther

nast power switch is typically not used as a conplete safety

dl SCONRREdn DACAUSELaty | HoWEr CUBPLYC Ikl agdli shoUIEt aiabel inehedet e

motor is energized; rather it is used to isolate the downstream conponents

af refad iey ctrhaspottailiec hhoeshagi which betotimdatext adlt Mehavother: An

air-insul'ated power switch ade- quate to break the load directly woul d ‘be

evareedy enendpiorsed eabovgpi cal ‘conbi ned current I|n1t|ng and |-oad senS|ng
fuse used in prior motor controllers is also relatiyvely expensive;

t her ef dnothew ofgature af ther prdiorc dinanstamer nd onpter sontseller
overl oad condition clears the fuse, it_ Jjust be replaced; mnth a -3-

4
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load sensing fuse ‘and an'-electrically -operated start—stop”“
contactor switch*mechanism cdnnected in“series; “This" places-all
these components on one side of the transformer. | |

The disadvantage of the typical. master power switch is thatf'

it is expen51ve. It is expensive because it must be constructed}f

to operate safely within its alr-insulated environment -Further,“”“
the master power switch is typically not used as a completeﬂ"i
safety disconnect because ‘it is not constructed to disconnect"' -

safely when the'motor-is"energiZed:‘rather;it is'used“to 1so1ateﬂf'

the downstream components after the contactor . switch ‘mechanism -
has disconnected-the motor. An- air—insulated power switch ade-

guate to break the load directly would be _even more expensiwe.«

A typlcal comblned current limitlng and load - sensing fUSef”

used in prlor motor controllers is also :--re_la.t:.vely expens:.v-e,
therefore, everytime a short-circuit fault_.or"other'-currentve

overload condition clears the fuse, it must be replaced with a

(”'> |



I'n view of these additional disadvantages, there is 5 the need for a
system whi ch incorporates a relatively inexpensive, truly energency safety
master power switch which is-directly manual |y operabl e w thout ‘the aid of
any tools to break a fully |oaded circuit. There is also the need for the:
systemto utilize fusing which is relatively 10 inexpensive and which is
fully effective to protect the system upstream of a short-circuit fault
regardl ess of ‘a selected transforner output. The present invention

over congs &inikarxlyocexpehsiie fuses- ndnother disadvahbtageoofnysisg t he

rior art gnd 15 meets aforenenti oned needs rovidin ovel .and

P proved afR bh 98! BRIGR RAoRAR AR Hat, Lorcantof, B Fated gor
present in [ t ' V| f , t L0494 ee- phase :
Potor comei (e | CFLfsEoriie? bEput MR RIoEE b0MiTabIGeT NIA0E
and a three-phasdmerbeniaos thedengdditidbraladisadeantagesdi there is

transformati on of a three-phase input voltage to a three-phase nmotor .-
ener gi zithg ¥he tneed §@€oﬂdﬁY?tﬁPnU%%&Qﬂﬂﬂﬁﬁ#PQEéﬁﬁﬁf%rrﬁ akavelyy a

cireu i oot iysy FrREe RRRROsHalL ditket] Aadtll bour Busl 0,
wi ndi ng t o witieh Vs Sdifeébl femaRiall y Sptraike GrZtiidut Othaoaiflr of sy
transforner, for controlling the application of said three-phase notor
ener gi zi ng taRlsdgeo fhvarkaadfuddyndoaded mirepit. o Toereohscsilse the
three-phmy%égac¥6ragge system to utilize fusing which is relatively
10 inexpensive and which is fully effective to protect the
L system upstream of a short-circuit fault regardless.of-é"
selected transformer output.
The presenf invention overcdmes at least some of the
above-noted and other shortcomings of the'ptior art gﬁd R
15 meets aforementioned needs by providihg a novel and |
“improved motor control system_and'cdmpbnenﬁs thereof.
| According to the present invention there'is'prdVidéd
* a system for operating a three-phase motor, comprising:
a transformer including a three-phase primary wihding
20. and a three-phase secondary winding, said traﬁsformer
_:providing transformation of a three-phase input voltage to
a three—phase motor energizing voltage; _ _.
| '”éécéﬁa§§§“aiﬁa{§§ Qircuit meahs.fpr connecting a
| three-phaée motor to said éeébﬁdary winding,_;aid.secqﬁdary_.
25 winding circuit means ihdluding.motor control méahs; | -
~ connected to said seéondary'winding to receive said three-
phaSe motor energizing_Voltagé from said transformer,'for'
controlling the application“of séid_three-phase motor
eneréizihé voltage from said Secondary winding to a

30 connected three-phase motor; and
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- 5 - primary winding circuit neans for connecting to a three-phase power
source and for controlling whether current flows through said three-phase
primary winding froma connected three-phase power source, said primary .
winding 5 circuit nmeans including master on/off sw tch means, connected to
and | ocated in a common housing with said primary w nding of said
transforner and responsive to direct ggnual operation with neans for_nanual

operation Iocated within reach of a pérson adj acent said notor contro
nmeans, for sel [ ¢ oLmer “sQdt hat
sai d three- ph S€E. r@gﬁé?hézﬂgrcngtgm%3§£9?ﬁ%?ﬂ% QF ?agﬁysprOV|déd or
not promhme-tphassedpmenr soum:eolandesz c'Brﬂ:::anmg whetheron may further .
provi de a unltar .power -suppl,y. package wi.th the. |nterionnected - :
t r ansf or‘ﬂﬁ-’rr BRPRERY &pig, RnesTRhRSE P winddnghfXeman be
readily g & Epg@ﬁi dﬂyg asid ¥a d urce of .
el ectri CI ty and *éo‘gdmgécﬁngst h hr ee ée rr%ot%rcg??@?n gt'ig&g'm?m bl e

punp.5 Zwircuit'ﬁnean-uinogudingomtm:t e:n/tafﬂ)esmimhchneansl;ue ground during
use so that a hu er.a r,eadi acce CtIO es and at

| east s&f‘g‘rﬁﬁﬁg‘a&’c R ot QﬁP e &”oﬁsé%?@%}tﬁ'ﬁ gl'ﬁ aﬁﬁﬁg Access to
such i Ny figdy-p iﬁdfﬁe b 8898 twArsrIrnR tai'ﬂfsrééplonglyédtBy a. doubl e 25

i nterl ocking mechani smwhich i s activated whenever the package i s operated
to providicresiamanwal opettatibn withsmeans for inanyal kagerahﬁohe filtered

o0 10U A PO LR LR b Ryl WA R LT ostat ool Y
10 control means, for selectably energizingfor~de-energizingr I
said_transformerpso tnﬁt.said=three-pﬁése*mbter-energizing : i&
voltage is thereby selectably proyided:orwnot?provided,to
said motor control means.: o | : e o i
The present invention may further provide a unitary
15 power supply package with the 1nterconnected transformer
and motor controller combined in a 51ngle hous;ng which can
-'be readily transported to remote locations and - eas11y
connected to. a source of electricity and load such as the
“three-phase motor dr1v1ng a. submer51h1e pump.____, _
20 The housing is constructed to be placed on the ground;,;,
during use s0 that a human operator can readily access .

function sw1tches and at least some internal components and.

observe conditlon indicators. Access to such internal

parts and to some function switches 1s limited by a double
25 interlocking mechanism which is activated whenever the '

~package. is operated to prov1de power to a load..

 The transformer of the package may be filtered and

double shielded to protect against magnetically and |

electrostatically coupled transients.:' This is achieved in
30 part by an integral tertiary winding which also prov1des a

suitable output level to operate’ the motor controller.



30 part by an integral tertiary w nding which also provides a suitable
output level to operate the notor controller; - 6 - therefore, separate
transforners are not needed:i-n the power supply package. Direct |ightning
strikes to the secondary circuit of the power supply package shoul d be
~elimnated because the secondary circuit is conpletely 5 enclosed in
~solidly grounded netal surfaces of the foes+ng and arnoured cable. Both
current -limting and | oad sensing fuses nay be connected serially to each
phase of .t Heherefare,osepagratatfansferndhe swet votameedesesimrthein the
preferred 10 enbodi nent, contained within an oil-filled chanber of the
housi ng mth@WﬁrtﬁEPPﬁXn?ﬁ&hﬁQewmrﬁﬂﬁgﬁtaléght§éngo§&m&¥eﬁlk9t?h%h|s

oi | -insul ated construction the switch is relatlvelé |nex ensive, and yet it

can provi deS@CPREBTENEIFENAF OFf diRe Pe¥eR ERPPLY Raskage shewid P ect |y
side of ngﬁﬁﬁégﬁﬁﬁeg GoUFaIe 305 %&ng?sﬁh?oiﬁf”'t FhELY 5f the’
sensi ng T useaS1GRERNin g l{.uqsé‘g‘rs‘y‘ 36 Febfl RuR s s e 3&?‘3%'?# ting
i footive t5Tar eRUBLYl BRI 12, Tl eos of the output voltage of the

transformer. ThusgothecRreesd! rl%@ﬁﬂ%rhmswéaaaéﬁgsﬁgpmsﬁ iy e

safety, econony, conpactness and relirability
connected serlally to each phase of the primary of the
transformer. The switch and fuses are, in the preferred

k/' 10 embodiment, contained within an oil-filled chamber of the

housing wherein the transformer windings are also 1ocated.“
Due to this oil-insulated construction the switch is
relativgly inexpensive, and yet it can provide a true
 emer§ehcy'safety disconnect because it can be directly = .

15 ,hahually oéerated without any tools to break the circuit on |
the primary side of the transformer ‘even when a load
connected to the secondary of the transformer is operating.
The fuses are selected and used so that the load sensing
fuses, which are more likely to clear than tﬁe.current

20 limiting fuses, are relatively 1nexpensive, can beﬁieadily
replaced and are fully effective to protect t;e systenm
regardless of the output voltage of. the transformer. -

Thus, the present invention has advantages pertaining

to safety, economy, compactness and reliability.

25
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Therefore, fromthe foregoing, it is a general object of the present

Jnventron to provide a novel and inproved notorcontrol system It is also

general object of the present invention to provide a novel and inproved
transforner and a novel and inproved transportable contai nment neans. 1In
their preferred enbodi nents, these conponents are adapted for use in the
I nventive notor con- trol system but they-are not limted to such use.
Qt her and further objects, features and advant ages of  the present. |nvent|on
will be readily apparent to those skilled in the art when the {foll ow
description of the preferred enbodi ment is read in con- junction mnth“the
acconmpanying drawings. Brief Description of the Drawings FIG 1 is a
schematic circuit diagramof transformer and notor controller portions of
the preferred enbodi nent of ‘the notor control systemof the present
i nvention. FIG 1A is a block diagramof a w nding configuration for. one -
-7- phase of the preferred enbodi ment of the transformer withi‘n the.
transforner portion of the nmotor control system FIG 2 is a side _
el evational view of the preferred enbodi nent of a transportable contarnnent

means et dfo B! OFrbi il foregsiitd SMtFLE a3 d&ézé’i BpyLey @f tﬂ??e

transportabl e contal nment

present invention to provide a novel and improved motor control'
system. It is also a general object of the present invention to
provide a novel and improved transformer and a novel and-improved[

transportable containment means. In their preferred embodiments, i- QJ
. these components are .adapted for use in the inventive motar;con: :
trol system, but-they'are not'limited.torsuch use. .cher;and
further objects featureSnand'advantages of'the-present inVentionfdr
will be readily apparent to those skilled in the art when theL?
following description of the. preferred embodiment is read in con-f

junction with.the accompanying drawings.

Brief Description of the Drawing_

FIG. 1 is a- schematic circuit - diagram of transformer and

A

motor controller portions of the preferred embodiment of the Aﬁ(r'

TR B o e

motor control system of the present’ invention.

FIG. 1A is a block diagram of a winding configuration for one



heans. FIG 4 is an end el evational view of the transportabl e con- tai nment
means. 10 FIG 5 is another end el evational view of the

transportabl e contai nnent neans. FIG 6 is an el evational view of an
interior wall of the transportabl e contai nnent neans, to which wall
conponents of a high voltage section of the notor controller portion of the
not or 15 control systemare nounted. FIG 7 is an enlarged partial side
el evaphesel of cbhehprefenrad penbedinantniofdi thet tornsfegmae vhtBinodliehg
means QRf.-the present invention in one operative position. FIG 7Ais an end
sect | sransfioameaniportleomefi the matox gontrodhsystemeic 7. FIG 8-is an

enl arged partial side elevational view of the preferred_enbodi nent .qof the
doubl e i nE&G-ocki¥®y %E%*éeo?lFﬁﬁtﬂaPB-awsgﬁﬁwi &PreEShEefe m%ggﬁg}qr\%

Phe. db%hi @ | REAMSRRT TR B arConFaEeRbs: FEBRCLnil (it chOfot | taitey

with a c%ver noved to an open position and the handl e of the double

i nt er P8 eﬂb‘ means |l ocked in its illustrated position. FIG 10 is an
enl ar ged i aly elygvatio Vi euOf o her s e-t £ £is 868r e8I MBBh e nindriti Ch
of the do%de' [ r?ter%oc ingiégans 5 shown in a latching position. FIG 11

I S anpRRly.ged partial el evational view of the latch shown in an unlatching
posi tion..

"~ FIG. 4 is an end elevational view of the transp'ortabie" con-
tainment means. | |
10 .FIG. 5 is another end elevational view of the jtr:anépoz:table
containment means. | ’. o
FIG. 6 is an ‘elevational view of an interior wall of the |
trahsportable containment '-rﬁeans, to which wall “component's" of a
high voltage section of the motor controller portion of the motot
15 control system are mounted. | |
| FIG. 7 is an enlarged partial side elevational view showing
the preferred embodiment of a double interlocking means of the
present invention in one operative position.
FIG. 7A is an end sectional view taken alohg lines 7A-7A
20 W shown" in FIG'. 7. | | |
l' FIG. 8 -is an enlarged-partial side elevational view of thé
prefetred embodiment of the double interiocking__méans of the pre-
sent inventidn in another'op'ez':ative' positién. | i
FIG. 9 is an enlarged partial side elevational view showing

25 the double interlocking means in the position shown in FIG. 8,



FIG 12 is a side view of a switch operating’connector block of the double

~interlocking neans. 10 - FIG 13 i's an end view of the connector bl ock.
“FIG 14 is an opposite end view of the connector block. FIG 15 is another

10

15

20

side view of the connector block. FIG 16 is a sectional view of the
connector bl ock taken along line 16-16 shown in FIG 15. 15 FIG 17
is a side view of a door latch operating nmechani sm of the doubl e :

i nt Yo KiHY AegpverFrpovers te-am epanypewisionh@nthothe ahahddpeodt ithe -
rrecm sm FIG 19 is an opposite_end view of the door | atch operatingu
mec

Rif Hprerlockipgameapsi doghechdn itk IAkusbratag pesitismch 7

operati vi ew of _the door _latch

i FIG,21 i ti L
oper at i %#‘:gﬂsnéﬁwﬁﬂt%@%ﬂrﬁl?angﬁ%&ﬁ‘élgge Avabianain ey af thecprer s a

reaeriel CnBoiiebt 6B LARSHILE: Bhk Uaitle il hfan o e,
FI Ggreste si@né)tfﬁfc@%g@ é?gwtg_{mt.he switch handl.e | ocking block. FIG 25 is

a side elevation _ ! 2 !
for the pryer1of 1ghant -bﬁl%é&%@r@?&iaéﬂlev%ﬁbn@a@ietﬁ95 28el 3 AkEND.

view of the retaining plate. 27 is another end view of the retaining
pl atshown in an unlatching position. DR
FIG. 12 is a sidefﬁiew of a switch operating connector bloék-
of the double interlocking means. |
"FIG. 13 is an end view of the connector block.
FIG. 14 is an oppbsite end view of the connector Block, -
- FIG. 15 is anothefjsidé view of thé Cbnﬂeétof-blo¢k.
E_‘_IG. 16.. is a sectional ._-'vie'w _6f;.the ;c'onnectof- block taken ¥
along line 16-16 shoﬁn.in FIG. 15. |
FIG. 17 is a side view éf a door latch operating mechanism of-,
the double'intetlocking,means;: ._
' FIG. 18 is an end view of.the doorliatch;bpérating mechanism;J
FIG. 19 is an opposite end vieh of the -door latch o?etating-

mechanism.

FIG. 20 1is another side view of the door 1latch operating O

mechanism. . . ... T Ca _._qﬁrﬁ

.FIG. 21 is a sectional view of '_thé'do-o-r latch operating mech- .
anism taken along line 21-21 shown in FIG. 17. . . -
FIG. 22 is a side view of a switch handle locking block. of -

the double interlock means.

a retaining plate pro- 5 viding a locking tab -

Cr
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Det ai | ed Descripti‘on of Preferred Enbodi nent The preferred-

enbodi nent of the notor contrel systemof the present invention is
schematically shown in FIG 1 as including a transfornmer circuit 2 and a

not or

controller circuit conprising a high voltage section 4a and a | ow

vol tage section 4b. These are 15 enclosed within a transportable
cont ai nment apparatus represented b¥ t he dot-dash |
b

transf oraeEFISr AR ti9 an epBpyLew: o

LR B R S W b B, 1

source,such as a three-phase el.eciric utilify power source 8... The source
8 typical | FI§-ov?dedsa apptheppsi %aVin"né?% OPBFné%ﬁégiﬂ%ri?ﬁgﬁnﬂne

tolerable line-to-line voltage of a load to be energized with the present -
i nvent P&RKr t he preferred enbodi nent descri bed herein the power source 8

prov oo, FREAEra"hl 4l o ¢85 HER. AL e -

(gsubs
vol t ag

g&%ﬂngd- ly f&eﬁ&ﬁt +aBNEYP AT NSobbHCb¥athant an¥pdeabDai- gohtain-

conventional voltage source). This is the - 10 - i nput

vol t agRen® tardg ansforner circuit 2. The present invention |owers this
~voltage and controls its application to the |oad, a three-phase notor 10
connect ed, H1@. izt BHcen éndaviehnmefsithec nebginlihg plated ndi ngs of the
notor 10 are connected to outputs A, B, C of the high voltage section 4a of
the notor ®IGJs @7 eisfanotheruendi viest cft dthe retadning |plateent enpl at ed
particul ar application, the notor control system would be placed at the o
base of a typical riser pole which supports the three-phase power |ines of
Ege utility power source - '

15

25

Detailed Description of Preferred Embodiment

The'preferréd embodiment of the motor control system.of the
preséﬂt invention is'SChematically Shown.in FIG. 1 as including a
transformer circuit 2 and a motor controller circuit comprisihg a
high voltage section 4a and a low voltage section 4b. These are
enclosed within a transportable containment apparatus represented
by the dot-dash line 6. | |

. The input of the transformer circuit 2 is adapted'to-be'cbnf
nected to a suitable powé; source, such as a three-phase electric
utiliﬁy power source 8. ihe“source 8 typically provides a nomi-

nal line-to-line voltage higher than the tolerable line-to-line

nvoltagé of a load to be?energiéed with the present- invention.

In the preferred embOdimeét described herein the power source 8
provides a substéntialljé constant a.c. (alternating current)
voltége'fkom within the'£ange of about 4160 Vac to about 34500
Vacr(ﬁsubstantially constgnt" encompassing fluctuations from the

nominal voltagelin a convéntional'vbltage source). This is the

-10-



8. Cables“fromthe source 8 would be run down the riser pole and connected
to the inputs HL, H2, H3 of the transformer circuit 2. Fromthe outputs A,
B, C of the high vaoltage section 4a, cables woul.d be extended to a vented
junction box from ¥hi ch cabl es woul d extend to éonnect to the notor 10.
Referring to FIG 1, the transfornmer circuit 2 includes a transforner 14.

Thipl £ 3081 688 +14 £rthisalbrS PGl R SRU91 £ 3NSTREOLIRIs Al RV £153 e

onl'y voltage~©l evel conversion between € power -so or. in

théwets U R eYo2taed NBRY . dottirdias (RECpPl{Ba¥ivhNddI0Ehsba0ddb MEC

and three secondary™w ndi ngs 18a, 18b, 18c.™ The w'ndi nhgs 16, 18 are "
codvieerphise Mbtce 10 ncrmected)difog sinstinee £ tona tsikmetrgiblet pagonnect ed by a
sui tabl e output selection switch 20, such as one used in trans- formers. .
nd2uf aher stindirgsitdficthebnotori 2 0Caymgomteckedhton obtipnts &, B, -
particul ar enbodi ment, the switch 20 has two exterior handles 22, 24 (FIGS. |
L a0§ . thenhigh voltager sechioni 4g ff dhg motoroseatreddern fior athe 6.

Rot ati'\.I g tge hagdl es 22, 24 selects - 11 -  different taps fromthe =
VPR g ussregedods, FdiGr dgi fferent out- puts. The handl es 22, 24 are,. .

Cont 150 s pat e T SaD Rl S Bfe3reticiy BheoheRen crdtrebs o
LR, WS B L SHEPHR RO b R AR poSBEERTIN Y

RS Ehel (e iioe, RavbE L1pEE of | BMELENITP PARE sdifel™s
8. Cables from the source 8 would be run down the riser pole and
connected to the in_pﬁts- Hl, Hz, H3 of the transformercircuit 2.
From the outpi;-ts A, B.._ COf the high voltage .___s_'e;:ti_on _4a,:‘ _.cabl_e__s_ o
Qou;d_ be ~extended to _._a 'v_en_'_l:_ed jgnc_i_'_.io_n box frdm _wh,i'c_h cables ;
would extepd to connect '_t:_o jt-h_e,metor '1:0_, | | -

_- Regerring- to FIG 1., the 't;:_r}a_nsfq:m'_er circuit 2 ;n;;ﬁ'de§ &
tra_nsforn_l,er 14. 'i‘he_ t;__ejnsformer 14, which -is_ __a. _step-é_own __tr_ens.'é
forme:_ _ that__ ,provi_del_s_ th__e o:;_ly_ _voltage 1ev_e_1_ chﬁ_ef_s_.ion between
the power source 8 and the motor in the illustrated embodiment,
includes three primary 'Wi_n_di_n_gs l6a, 16b, _.lsc.a.nd:i_:hree secondary

_wind_ix;gs lsa, :18b_,_- 18c. The windings 16, 18 are co_nven_tiional. )

()

,LiThgf,SQEQnda?y' wipdingszélg ‘are switchably interconnecteg, PY;?é;w;
formers. manuf_actuire__du by seuthwe_st.., Eﬁ?_s'e'c"_tr.ig :Go.rnpany_ ._.__o.f Oklahoma
City. In a particular e!_!l'b‘?di',“.en_t' ﬁhe switch 20 i_h-as.’_tw‘o .__.""‘-.X.tel?jlf‘:’r
handles 22, 24 (FIGS. 2 and gj mounted én“Shéfts;Passing:ﬁhrogéh;if'
the containment apparatus 6. Rotating the hﬁnéigs 2_2, 24 ..s'elects___.

-11- - ST



10 nected in either a delta or a we connection by neans of a switch 26
whi ch has a handle 28 (FIGS. 2 and 9) nounted on a shaft of the swtch 26
passi ng through the contai nnent apparatus 6. An exanple of a suitable
switch 26 is the RTE Conponents (Pewaukee, Wsconsin) 150A externally
operated Series Multiple Switch. 15 Transfornmer 14 al so includes
tertiary w ndings 30a, "30b,. 30c. The primary wi ndings 16, the secondary

wi ndi ri§stierent tRes: fmam the windings 38 ficy providing ddififexart cout-

W t hin é%spectige : r%s t0£rovi de a:three-phase transforner. . Each phase
of thdprRferr e eft 32, w3dndare mManuRkker operiated by FRG Parsop

R T
TSSO AT B R AR B RS
19 e, Wl 0 pChuctics VAL TINOR iteat CoMETb B Roary o
16a anghé hedaidfcrme A4 Ns 3Qediciiidetol N SARYIET Yol | ”H%@g' eRd

the primary outer nost as drawn in FIG 1A, or vicé versa, is immtérial,; -
what ielecppitant i%bﬁétslbieter%hﬂp'y imotégdi aliy i net weed t herdferped S
that the electrostatic .shield 34 (if used) is radially in between the .
terti cembadiiinéht.pri mary. These sane relationships for the tertiary and
el ectrostatic shield should be retained if addi- tional radially disposed
wi ndi ngs’ dfkeutbuswiseliectedi pdrhdogsonf dthe windihgsg. 18 Fark dtharheconher
g0 phases _is simlarly 10 constructed as is apparent fromFIG 1. The.
]Ieg 3necked t ki pééger a delta or a wye connection by means of a switch

' 26 which has a handle 28 (FIGS. 2 and 9)'“mounted on a shaft of

the switch 26 passing through the containment .épparatus' 6. An
example of a suitable switch 26 is the RTE Components (Pewaukee,
Wi'scl':onsin)' 150A externally operatéd Series Mu'ltipl'é Switch. o
15 Transformer 14 also includes tertiary windings 30a, 30b, 30c.
The primary winc.lli'ngs.' 16, the secondary windings 18 and the 'té"r'."ti-'
ary winaings 30 "_'are all i'nductivei'y c'oupled' within .respective" |
groups to pf:oiride_ é th:ee4phase transformer. Each phase of the
prefertéd .emb'o.dim.eht is wound in the manner depicted in FIG. :J'.A'
20 W whe.rein a core léag.”32a suppotts the seébndary .winﬂdihg 18a, the
 tertiary w1nding 30a and the primary Winding 16a. It is an
.' iméoftant' fea{:uré; of the éreferred .e'mbodi'ment that these windings
are in the con'fig:;:ration shown in FIG. .lA. with the tertiary wind-
ing 30a radially in .bet'wéen the priiﬁary'wihding 16a and the sec-

25 ondary winding 18%-1. A conventional electrostatic shield 34&_15 |

_1a-
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15

20

25

~and thiat theg electrestatiq. sni@@ﬁfﬁéréﬁf ¥egdde i

32b, 32c (FIG 2) in the preferred enbodinent are part of an overall iron
core of a type known in the art. The tertiary w ndings 30 provide
el ectrostatic shielding so that the transformer 14 is doubl e-shi el ded.
This is achieved by 15 - grounding one end of each of .the w ndings 30a, -
30b, 30c as shown in FIG 1 (alternatively, one tertiary w nding could be
gro t y N§%a @dld thdeterOiaeyt Rindiag the
grogmﬁg§§$§igéﬁfb%ﬁ)%E?tén%ﬁ%?%ugéﬂgﬁgbtﬁg ‘gf ounded wnndlnggy Thi s ‘places
t he3@atoMPHe EREE ithed sSEUBAdREY 0Y8d igpRinristonandt the0 prihaey couteWOHal
el ectrostatic shield 34. Thus, both the elec- trostatic ' shield 34 =and
t hemoistr tasardrawnndnn@IG 3AA f |btevieleeolcefm.at isalimat_mm@ld, twhati dﬁt S;
therefore, they need to be di sposed between the primry and secondary- ...
wi ndmpexrtantsds Hehat e tertiary isoraéénllmsiélfbewe%htbﬁd‘éw ange
respectlve 25  electrostatic shield 34 needs to be rﬁgn thg grlnar .
t 4Bj pe WF@PHlng

o ?wg‘)btl R A g . i '%32?
SocGRERAARN naPRg et tEORBAkL o i 4 EF st Tg%a#?%g?ﬁefé n28RG,

TQﬁgéibni%l REALY FRCRoREA wihdtibeTand o?g%éc%?ﬁ%*eﬁ?%‘gﬁﬁ?@%ﬁ. oy
N&93 39%& ?8&;' ter %ﬁ“%fzca&ﬁd 'Md AN PHYYes | A sCOBiHAEKAY Wi th

capaC|tors 40 p sically l'ocated wi thin:the hi'gh voltage section 4a -
of H@héﬂ%ﬂ&téd”asfis apparent from FIG. 1. The leg 32a and the legs_ |

=

32b, 32c (FIG. 2) in the preferred embodiment are part of an N
overall iron core of a- type known in the art.__a _ | _ |
The tertiary windings 30 provide electrostatic shielding so l
that the transformer 14 is double-shielded _ This is achieved byl,.ﬁ
grounding one end of each of the w1ndings 30a, 30b 30c as shown I

in FIG._l (alternatively, one tertiary winding could be grounded
and the other tertiary w1ndings_ could be connected to the_
grounded winding, or to both ground and the grounded w1nd1ng)
This places these common. ends in a common . ground connection w1th_'

the conventional electrostatic shield 34. Thus, both the elec4

iﬁ:)'

trostatic shield _3gr'and the tertiary windings. 30 filter
electrostatically induced transients, therefore, they need to be
disposed between the primary and secondary windings .- So that
each tertiary -305-can 1tself be shielded 'the respectivea-

electrostatic shield 34 needs to be between the primary and the

-13-



ler but electrically connected to the tertiary wi ndings 30. The capacitors’

36, 38, 40 shown in FIG 1 are connected to the ends of the tertiary

wi ndi ngs 30 opposite the ends thereof connected to electrical ground. The

capakerbhasypr efordbfferentudiéanes ofic edegtirostetdic ishheiddngy stamgbe

|nduced |nt8 the tertiary and secondary w ndi ngs by_|ightning or Swi t chi ng
e

spi kedt?#pBdePHnithe hEeEFilﬁfEb'y Windings |%°m§‘@§7l?rné131l‘§8r@d’l%bd he tPRFd =
f f | d .
30
[{g{] HE 35 :‘A’S‘é‘iﬁ%l? Ararien | awlah Jength os PRl dettrpte 1
o kUL Oyl ) K LSSk i S
4
ng Pkl nw%%b'@%o ’i‘a'c ﬁ’?. Seddndaky, Witditos WE' 13 edbdfably
spi r:?édh‘icéeund 95 Wi HASRECLpNC AOTa pAYAL khSTLRLE1S WAdLR: SRTRLEAI0

i nch) spaci ng between turns. Wthin each phase of the transtormner each

of therteappcivinding GHHEA @ Bet 48 2easity ¥ Adrtg SAs cthel Aotigrnt ro£ athé -
i nsul ated by being wapped on kraft paper or other suitableée insulating

substespectivenprimalty windihte dr econdarycwindihg2 al so includes a
primary winding circuit which connects the prinmary windings 16 to the
power. sBheceerbarnyt hinbings s30r celse chulterednagnettcaliy vindaged
termnals HL, H2, H3. This circuit includes a primary switch 42 used for

sel dexamsienhsr dinziconiurctionnwidilyi papeRétersneor nd8, 40 physically
located within the high voltage section 4a of the motor control-

\;}er but electrically connected to the tertiary windings 30. The
capacitors 36, 38, 40 shown in FIG. 1 are connected to the.endg
of the'tertiary windings 30 opposite the ends thereof connected
to electrical ground. The capacitance preferably is such that
the magnitude of transient voltages induced into the tertiary_apd -

~ secondary windings by lightning or switching spikes imposed:onto
the primary windings is measurably reduced. _

A third function of the tertiary windings 30 is to prov1de_
control power and metering voltages to the controller sec?;on.:
This is illustrated in FIG. 1 by the connections 6f:the_teréia;y

xEﬁndin‘gs 30 to the low voltage section 4b of the motor coétrql

circuit.

In a particular embodiment, each of the tertiary
windings 30 is implemented by a respective layer of a 0.48 *

cm (3/16 inch) wide by 0.16cm (1/16 inch) thick rectangular

-14-
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14 and the notor controller fromthe power source 8. The switch of- the’
preferred enbodinent is intended to be operated manually by a person
standi ng on the ground adjacent where the notor control systen1|s | ocat ed.
Thvsrepﬁparaéﬂy yogndcn the respectivehelectrostatic ahibelduch as a hot .

stick., The switch 42 shoul-d be rated at least for interrupting full |oad

curf efiith. ‘?hés% t@l?f:l&z inch) (SRRCENG  BekWweeRat¥TPSIi sconnect - swit ch which
q@hﬁﬁ dlrec gé ?§ba person t.o break the current conductive path

be ifa &K F FRRNSEREMRE Rl mBach afi e mspw*éhve- &

o) %fgg%éé ”zagﬁrgée B T e
SHp oot oo e B B A A zfaséaf gois

SesgpSerEtel RALAAS inl The al.’lé‘hlf the secondary winding circuit is conpleted.
as subsequently descr.i bed e resul ting input current which flows through

the priher trdnefoiméhe diRsHor BEralldo | I neIREES i anap :ma?gtcfeudﬂm éso

current. The switch 42 is preferably one which is oil-insu
tedrcuits whichi winnecikespeise v prdamyt ewiaidiggsd! a st otlr ebkef Updwépad

current. Any suitable type switch can be used, such as a RTE Conponents
t V#PWEEet Bowher dbhhe apoiwesdsthr aa oiedcenaeg;tetdy pio shhechigh Woktagea
ti%ﬁe- hase switch with one Eole per phase connected in series between the
’E’é{%a ﬁdﬂa'rggpeéi?: ve This ciromity incindes 18 primeryt switah g2 14.
The ?O'é)eiatl ng nismof the switch 42 includes a shaft 43 (FIG 7A)
SEnAE AR (SREEGHE APanERd. ARraaRTaising Thhe fxmnstvTien. of
tqé and the motor controller from the power source 8. The- switchh .{D.
of the preferred embodiment is intended to be operated manuall; - |
by a person" st_a_nding on the ground. :ad;jacent where -th_e ‘motor
control - system is located. This operation is direct,.. i.e.,.
without the aid of any tools, such as a hot stickl The switch 42”f.
should be rated at least for interrupting: full load current. The
switch 42 is a true emergency safety_disconnect sw1tch-which can
be directly-operated'by“a-person-to break_the*Current conductive,.'
path between a connectedjpbwer'source-and_the primary windings
16.i When the switch 42 makes or completes the current conduCtive
path “the input a. c. voltage is applied to the primary windings,:g ﬁ% t
16 sa that an induced a.c. output voltage is pIOVlded on the;:.na"
secondary windings 18. This ‘causes an output current to flow in

a secondary winding circuit connected to the secondary windings

=15~
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cont ai nment apparatus 6 and the others referred to herein are nade
fluid-tight by suitable sealing nenbers as would be readily 15 known in
the art. Connected in series-with the respective section of the switch 42
are |l oad sensing fuses 44a, “44b, -44c and current liniting fuses 46a, 46b,
46¢. The switch 42 and the fuses 44, 46 can be in any order within the

-series @nffgyhat istitondary windifg &vpetitd iey ednpieted! ¥sf selbdequently
‘repl aceabl e, such as by being contained w thin draw out nechanisns that

penetr & sdfitbedde ahd heeselt shgminputppaurtent Swhichadl dws ethtouatl Utles

a fuse Tarrier 48 having term nals connected in the electrical series as

represgrisnhry $Fide ¢f theetrassfoamererl 48s prdporlionalconevickd dutpue

cont ai nment apparatus 6 so that an opening of -16- the fuse carrier

comunidmeenbut sThe swd taint4d nhenprefparbiys ong Mhossh 2ign@id-insnkaked
er 50 is rel gasabl y connected within the fuse carrier 48 an

reEpI acS&h1hak dtgh st relfdvey o#n%meﬂﬁégecéﬁﬁpértmé?einmab&dﬁ :ttséhl%‘ieak

DS oS oS0 O ERB oGk Bussablel ol SRR TERR-BRLuBel Y os

fhtf o BEE Lé%fﬁé%f%i ESRs %%ﬁﬁé%%f‘ﬁoﬂ%)f%@%%%%ﬂ%@h!%%@éeéﬂiéri%%% |
6 . 4 0 ' ' . :

L entipe pewibeh oSkt 260 o OtnrEROMNAG " sURLER LAY ohe Yole per

i npedannmdd LBRnRRYRH _Siqw§ér§eﬁdse@w?eant_ hehd "esd2Bee ofaddCat MR Be

14 with the secondary wi ndings short-circuited. "Stated another way, the
l@ses 4Py winding 16 of the transformer 14. The operating mecha-

\.,« nism of the switch 42 includes a shaftl 43 (FIG. 7A) which extends
thx_:ough the containment apparatus 6 This pass-through of the
containment apparatus 6 and the others referred to herein are
made fluid-tight by suitable sealing members as would be readily

15 known in the art.

Connected in series.with the respective section of the switch
42 are load sensing fuses 44a, 44b, 44c and current limiting
fuses '46a, 46b, 46c. The switch 42 and the fuses 44, 46 can be
in any order within the series configuration.

20 The fuses 44 are preferably field replaceable, such as by
beiingw‘ ‘contained within draw-out mechanisms that penetrate the
Ms:{de of the containment apparatus 6. ‘Each fuse 44 includes. a
fuse carrier 48 having terminals connected in the electrical
series as represented in FIG. 1. The .fuse, carrier 48 is also

25 connected to the containment apparatus 6 so that an opening of

. —-16-



current flowwthin thesprimary winding circuit in response to 5 current
fl owi ng therethrough exceeding a predetermned | evel in response to a
short-circuit fault in the secondary w ndings 18, the secondary w ndi ng
circuit, or a notor connected to the secon- dary winding circuit. That is,
when a short-circuit fault on the secondary side of the transforner 14

ocC S, the nmaonitude of the output .curyent. i Ncre; —and th nitude of
Cni N8 FRERLSF  Eoinubdeal ol dhsiide ne REORERTFRRERT B0GTARS 17,
cur resc pr edete i pedyl.ev the. fuses. 44..c. X e Ansdel er -

i el P eve %@?rg%f)ongs%ﬁ%@t ﬁ%q‘y&%e?toe gr]gﬁéjﬂ%géo?é#%ehg g‘égé: t}?.ev@%%n The .
f USGfe CHGSE  chP1bERRE! QHBE s2REp1AR MW AN Yo RItAE Bpenitig Of (tHE®
de- ener gl zed. Thi's protects the portion of the”system upstréam of -the -
f auhisd t euREFdErt 1@ POVEr AS Parddcul akh et%;‘ié'— of fuses whicheaanbpleonmsddie.
current limting fuses 46 except when the current exceeds the interrupting
capesi thheof RTE UorgponkhtsSudayredler - fRudd @ssembly arwlithedrlssl IRTE he
fuses 46. The current limting fuses 46 are disposed inside the con- -

t aiGorepenenppabualisSeasiogt Bay-O-et Fusendbinkpically field replaceable.
The fuses 46 are for clearing the power lines when the transforner 14

fails. Wepelysner 44 yare eelakively Anexpapaivg doofanheelham BIPWR L
pover LoRcCHTTERY cARRPTEVBELER pbat PR dosk nE fRke e
Co nts . . ELSP it - Limting B: se. Ath h . ngt_sh in.th

dr T TP R PR AN B COERER AnnCaPCsutes MR oottt EOEBRYah (TRl
a“é%%éﬁfet8fSQBQEf%§BEing a fault current with a magnitude limited :

solely by the sum of-the'intéfnal impeddnce of the power source 8 = “w/
added to the impedanéé of the'transfbfmér”14*with7the Sécbndéty
wihdingsishort-circuited; Stated anotheENWay; the fuses 44 stop
current flow within the primary winding -circuit in responSe_téf
current flowing therethrough exceeding a predefermined;levélﬁiﬁ”r
response to a short-ciréuit fault in the secondary windings 18,

the secondary winding circuit, or a'mctog?édnnécted”to the secon-

dary winding circuit. That is, when a shéft—circuit*fau1t on-tH¢3 
secondary side of the transformer 14 occurs, ﬁhe'ﬁagnitude-of.théi
output current.increéses'and the'magnifuée-df the*input:curfent ; i;f”
increases. in response. When_the-increa{eﬁof'the input*tﬁrrenﬁgbjgf; -
reaches a predetermined level, the quéS;{4_clear. The predetQEQ -
mined-le?él corresponds to the selected éating'of‘the-ques 44.

When the fuses clear,: the transformer anéfthe*sécondary'windiﬁgv
circuit are de-energized; This protééési*ﬁhe' poftibn of the ™.

system upstream of the fault (towards the.bowér'source). The !

~17~
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line to grourid in a conventional manner. The notor controller conponents of
the notor control sections 4a, 4b are conventional. Typically, the
particular motor con- troller.-would be specified by the user to coordinate

with ot her equi,pment. _An exanple of typical controller is a VORTEX .
(Tr adtSSRr #§ ot EPre okheo |qta%r.er§ef ifmgﬁbngo fpsgs 1461 RECERM WRPR age

conrtit ePriBtt icsedic thel ol ESrrhmPinl sahasi G6 B5 (e EHFER n, b,

Co\ it oRtar 10t pustUiid Ubd W0IEh0da by "EngUERMES [or [he sw Loh

26 are age section 4 rough termnals X1, X2,

X3. w&ée&wﬁﬁ-eﬂmgﬁfﬂbmsééﬁewuw dishOsbHUn sy S&bEhatéghlY

constant a.c. voltage wthin“the range of about 460 Vac to about 4160 Vac.

Thergaisméne cappagheuspobe 88’ ehate theyer aee bﬁbwe6t¥l§tcmpndﬁid1@f_
the transformer 14 and the output termnals A, B, C ~The contactor 52 is
an ateplaceablg.opaht efhs¥siri6 shpp Fort dledyiny tthespowert drines-wherct ed
tothe terminals A, B, Con or off when the output voltage is available at-
t he thettcansfoomes ddnfadilsd t More generakly sethedfvpes 4f rareccapans

t hrough the switches 20, 26 and the termnals X1, X2, X3. These connected
comfpkentef cdpermpting 0 faukbcourrents narikh cia cmagnityde cnlimitedt or

10 is connected to the secondary of the_ transformer 14. The wiring, such as

Cﬁbl%%];ejc%eHYtBhEST‘rﬁ@@Fn@ﬂe amnqﬁavr\%cep tqf—; tHae { BPHPRaFOULSe & so M @R~ of
_cof _he st oo .

St aBEE anE e oFBRLEBIES ifRci 88, 13 oRBPr o ROR orCORRPRER Ry BLFE ©
C?%P&é&&#ﬂi‘hb& BAKRY Funy put voltage it - | |

S~ Although not shown in the drawing, the transformer circui}:
can also include suitable convenfional arresters to shunt.eacg
line.to ground in 'a conventional manner. N

~ The motor controllér components of the motor control sections
4a, 4b are conventional. Typically, the particular.motor_cons.-

troller would be. .specified by the user to coordinate with other

equipment. ' An example of a typical controller is a VORTEX

(Trade Mark) brand motor controller.
Referring to FIG. 1, the high voltage section 4a includes a
v!acuﬁm contactor 52 which is electrically operablé. to connect or E
disconnect the outputs from thg switch 26 to the terminals A, B, .
C (and the motor 10 when connected thereto). The outputs from .
the switch 26 are provided to the high voltage section 4a through

terminals X1, X2, X3. In the preferred embodiment the output

-18-



is applied to the notor and output current flows through the secondary’
w ndi ng, the secondary winding circuit and the notor (when reference is
made- to a voltage being applied or the Iike fromone point to another, this
enconpasses any vol tdge drops 20 across i-ntervening circuitry). When
the contactor 52 is in a non-conductive state, the notor 10 is not '
energi zed. The hi.gh. vol tage section 4a al so includes three current

t r abBedudess a ssubstanbiallyc constiantense: voltege- ‘witbightheherange:
respective phase output. l'ine to provide control signals to.a 25 s cid
st 20E PbguE dhft rAa¢ ckosabontt #d60oNarol t Shere cis oAnepcontactor mele T

control ler 56 al so receives senS|ng

| nput s 21 In
ol 6BEF| gh?sefmnssﬁeesepﬁ%: N Pg@ceeaarm owef BRpberibn, 14
58 60
ODOLANECRY, S ki A0 OBl WO SRR SO i
noygogBagka 1A @@Hté&@ég@é/mﬁt gznwcigéguma&wgﬁdsd gt ey

age Secti o IS a conven- oug

tr apsERBAE ol 4 HY HedinitAlL A £t er@qsh GAtoREOwhbR Eh%p’ii@ﬂr&]!’tagé 42,
with or w thout fuses 44 or 46, 1n conbination with a

secpgdaiva CDABESt @t MOher daﬂﬁardﬂdzerpauese&sdinmeéd tee BREOTsETEEtEd ! er
conponents of the high voltage sec- tion 4a and the | ow vol tage sectlon 4b
of séeondbey ceinidibhgcsectdons atla:mmghehheorm#itd:hess 210q bz6 naindd, the: .
however, .that housing all these conponents of both the transformner CIrCUIt
2 ahdrmhsals x1nnxan<x3uromhesan¢onmecﬂedﬁEMmpqnﬁntsngbmpnnmajhhent

appara- tus 6 is also novel.
secondary winding circuit by whlch the motor 10 is connected to-

the secondary of the transformer 14¢' The wiring, such as cables, "/
used to connect the motor.lo to-the-terminals_can.also}be part-of.'
the secondary Winding circuit. -When'the-COntaCtor-SZTis=in-aﬁgu‘
conductive state ‘and the motor 10 is connected the entire secon—:'
dary c1rcuit is completed so that if there is output voltage it.
is applled to the motor and output cmrrent flows-through_the;
secondarygwinding,”the'seCOndary winding circuit and the_motor,
(when reference is made to a voltage being. applied or_the_l;ked,
from one point to another, ‘this encompa_sses any voltage drops
across intervening circuitrY)d- When ‘the contactor 52 is inlac-¢
non-conductive state; theamotor-10jie+not~energized..

The high voltage section 4a alSO'.in¢1UGes three cﬁrrénéf
transformers 54a, 54b, S4c 'Which"Sensedﬂcurrent through the
respective phase output line to provide: control signals to a'

solid state logic controller 56 in the low VOltage section 4b.
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Referring to FIGS. 2-6, the transportable contai nnment appara- tus 6 of °
the preferred enbodinment includes a single, nmulticonpartnment encl osure
68 nounted on a skid 70. The .skid 70 20 provi des a base for supporting
t he housi ng on the ground. The apparatus 6 can be positioned before or
after the external con- nection cables have been installed at the site
where the present invention is to be used. The encl osure 68 includes a

compart neningZ deeLPPRLY | B8 g rpcelOEROGMSI A IRBULIANSIOT WA as

C|rCU|tr253 These - nsforner

(excepénEPPiEEﬁgC%l%‘dﬁﬂféitéﬁ’ nggom“%e tt'lf‘rﬂra{ Wit AGE 48. an@bﬁéecaﬂses

n thé pre- ferre odi nent these conponents™are i mrersed

wi t hi ntaoYRkems©Ff ki Gidkate@nbys strk t abke 1pid-4nNQHandr dffeAltomadie)
surface 5. of the liquid is identified in FIG 2 by the reference nuneral

74. Foi schesf e, 160 Petegpebtiveless apslicwior ol ighesf 62e sdayndlerspds-of
the field replaceable fuses 44. The portion of each fuse carrier 48 into
whi ch atingegiomddiiilons uge ! knewn hannermonnkectkartsrecownden/anmetar t 6
surface of the liquid, as are 10 t he ot.her conponents of the .
transf 8 madse ringluded whhclkher dow tvektage sessionmdh, 7285 1Be & rORYERE
68 includes . a:conpartnment 76 in which the capacitors 36, 38, 40 and the-
conpon®fBSeoPutdetn®bor control sections 4a, 4b are |ocat ed. At one end

W thin { neREERBUSH Jher ERRSERRPER it ST6 H5 RRUTHRETRS COPRAIMARE 968
0 oL BT Pusd i TR G MOEMbGY HIAASORE G T Pin

1{\2 combination with a secondary-connected motor controller are each
i novel the motor controller components of the“high voltage sec-
tlon 4a and the low voltage section 4b of the motor control cir-
cuit are conventional. It is to be noted, however, that housing'
all these components of both the transformer circuit 2 and the.
15 motor controller circuit 4 within the single containment appara-
tus 6 is also novel.. N | ' |
Referring to FIGS.'Z-G' the'transportable containment appara-
tus' 6 of the preferred embodiment includes a single,
multlcompartment enclosure 68 mounted on a skid 70. The skid 70
20 W prov1des 'a base for supportlng the hpus1ng on the ground."The
apﬁgfa%ﬁs 6 can be positionéd before or after the external cBiH-
nectlon cables have been installed at the site where the present
1nventlon is to be used. | |

The enclosure 68 1ncludes a compartment 72 for receiv1ng the-

25 components of the transformer.circult 2 shown in FIG. 1. ' These

-20~-
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shown in FIG 1 are located in the outer chanber 82 and on the door 78,” and
t he capacitors 36, 38, 40: and the conponents of the 20 hi gh vol t age
section 4a shown in FIG 1 are located within the inner chanber 84. The
encl osure 68 includes a conpartnment 86 containing the high voltage
termnals Hl, H2, H3 (FIG '1) to which the power source 8 connects. A door
88 is connected at one end of the com 25 = partnent 86. -21- The -
conpdheide s the toansfoumerddi4 né¢exbepsti dfonaltihe 96apaeitenss wabl, s w 96,
and the doors 78, 88. ' These are al so defined by |ower plate 100, up

pl atd®) 108h el@%&t ofwibeh %2jecand| tthegofuses akd .cobfect kh t bhehet e 70

and ace fron1e h other transversely across the width of the base
f%ﬁreg%éj sPRBOGAMeRt. fhese SATPARBRES TR #rnrearwd. whthiman, ekume

%Eé%fﬁi; £§d 58c$£,§% %Z%q%}lg%f S5k kpdp et 9t 1 Eird ¥ '-‘%T-N #e'ls
Do SenbSln sy 82 36chbRtsbhe 1 BHGTo P T I HOGUACES RS
val iy 94, rRfsanehspacbaliy hseqwaahgenacz&gsn%rgéﬁﬁnbee SRS vRLl f%é“d

portions of the side walls 90, 92 extendl ng beyo

fr omdel exanpast BttHS. £181d rEpYaceawléheupesf ef4 ed @H@%&E&iohheof
conpartments 72, 76 are adjacent each other wth t he comon I nt ervening :
val lea@h fuSéeceemiart rtinfoi whilted s f replapeanlecEure t BEeinentofsg he
base 70. The conpartnment 72 is covered at the-top by the renovable-
~is connected is, ~however, below the surface of the liquid, as are ]

the other components of the transformer circuit 2 which are;

w1thin the compartment 72.

‘The enclosure 68 includes & compartment 76 in which the-
capacitors 36, _3-8_-,__ 40 and the components of the motor control_'
sections_4a, 4b are located At one end of the compartment 76;_
there.is a door 78. There is a door 80 located within the inte-
rior of the compartment 76 to divide the compartment 76 into two.
chambers 82 84._ The components of the low voltage section 4br
shown in FIG. 1 are located in the outer chamber 82 and on the
door 78 and the capacitors 36, 38 40 and the components of the-
high voltage section 4a shown in FIG. 1 are located within the..&er
1nner chamber 84._ T I _ o :ﬁﬁ;,”

The enclosure 68 includes a compartment 86 containing the
.high voltage terminals Hl, H2, H3 (FIG. 1) to which the powerl
source 8_connects.-.A door 88 is connected at one end of the com—

partment 86. .
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top 106 bolted to a flange extending around the respective side 20 walls -
and end wal |l s. The conpartnent 76 is conpleted by the |lower plate 100 and
t he upper plate 102 and the door 78 extendi ng between the side walls 90, 92
at the end of the conpartment 76 opposite the end wall 94. The door 80
within the compartnent 76 is di sposed between the side walls 90, 92

i nternedi ate the end 25 wal |l 94 and the door 78. '‘Wthin the inner
chanber 84 of the com, - partment 76, the_capacitors 36, 38, 40. and
the conpsherkhe o‘?°’f'l’i%r'ﬁm3ﬂt§o7?agéwse@t5| m'%@%ﬁm# by Feide1wald smdht &R

end 3; 8 SR B Y ol BB cBorm 6 VBB e e{ﬁffér?ﬁ%ﬂei' RPN
0 o
Eﬁ?ﬁﬁéf:ﬁé’“ﬁe%?enﬁ%fgn%%' "RBpR RASRRN O T oaiE 8P 398% rhose por-
Lb??gmooftthe éaiggw%&s %egéorarépzzér)t ﬁéh?i@%g % Qﬂe?ugéﬁanqgeﬁ{ﬁgd%? ét{d
upger plfadn 184ch Ulﬁx@ﬁdt@fanfs%r%@ﬂyaracrdgﬁt e ORRALH eoi:‘mtt@i‘dbéi@leI

is closed by the door 88. The bottom of the conpartnment 86 is |eft open S0

that undiregeuniieakhls can Bergrtisasuseoredrifiartd by 1haiogapant, it
W t hout passing through the door 88. Qther features of the contai nnent
hou5|ngﬂ&tﬁ&cdnnecteﬂlugkatés (sughowsﬂbx;wnid&mgpr 1Thegneéxtend p@erpen-
panels 112. The cool - ing panels 112 are vertical flat plates connected to
t he si dédimdlagly fremshbhenbaseFlG. 5, associated with the end wal | 96 of

the encl osure 68 above_the conpartnent 86 is a pressure relief
The end walls 94 96 are connected to the base 70 and to the

;M, side walls 90, 92 so that the first compartment 72 includes the
end walls 9¢, 96 and the portions of the side'walls.90 92 in
between. the end walls 94, 96 and so that the compartment 76
includes the end wall 94 and portions of the side walls 90, '92
extending beyond the end wall 94 away from the compartment 72

15 Thus in the preferred embodiment the compartments 72, 76 are
adjacent each other with the common intervening wall 94. 'The
compartment 72 1ncludes a floor provided by the top of the base
70." The compartment 72 is covered at the top by the removable

| top 106 bolted to a flange extending around the respective side

25’; walls and end walls. The compartment 76 is completed by the
lower plate 100 and the upper plate 102 and the door 78 extending
between the side walls 90 92 at the end of the compartment 76
opp051te the end wall 94. The door 80 w1thin the compartment 76

is disposed between the side walls 90, 92 intermediate the end

25 wall 94 and the door 78. Within the inner chamber 84 of the com—
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20 val ve 114 for relieving excessive pressure fromw thin the com"
partnment 72. Al so associated with the end wall 96 abovethe com partnent
86 is a fill plug 116 through which the oil or other suitable liquid is
flowed into the conpartnment 72. A drain valve 118 (FIG 4) allows the
liquid to be drained. An oil level gauge 25 - 120 and an oil tenperature
gauge 122 on the side wall 90 nonitor -23- t hese condi'tions of the

| i gpadtmeaitdg é,hechnp npepaetbdrs 236, A3sgnapl &id 4Re compbnemtsuruﬂedtm the
side wall- 90. Al'so associated with the side wall 90 is a cover: 124. he
covkigh2yaldagmnsectiiono 4laheshmm o$or FIEB sb aket mounted eon1thes endis
novabl e between an open |t|on (FIG 9), wherein the output selectioh’
swiVehlhiAdrSs showm4n d {a wye switch handle 28 and the fuse carriers
48a, 48b, 48c are acceSS|bIe

wher ei n’ bgeﬁmm?s ﬁm}rﬁe efﬁf‘%bgﬁ’ ? f‘%f? héFé-Sseg%f”Iu&%‘daf |
o ShEBBRorE °§¥mz§{'§e te sPrBerEeRl Qﬁn ¢ abns EofiReEtment, 6 os
OUt%igﬁeode %?%d wehb N Gdrf‘mgh tefgé ?3?21 159, 9% 98¢ ;Fé’{ngguse

SCr her herer nb he ‘cove |chudes are alm

bl abgydgd %w%@%ﬂpnastgaagdggomln P COMSErLAdnBPRas { ridifs Igor_ edoe

connected to the support plate’1 “embod- 1 ment” {

ret@iohsg o atnel%ad@Swerscmﬁt rost aQcheutehd Wdehwafd 2to Jrosnd
i ncl udes a tongue portion 130 at the top of which a support. shoulder 132 is

conbecedrd asb thm botesiendf rheebase cubar | ymwacntpamame Bengﬂs
portion 130. The portion 130 20 'i‘'s bevel ed, notched ot .ot herw se- -
confugthed ﬁ@ﬁ@nad(hytxha upper plate 104. The end of the compart-.
ment 86 opposite the end wall 96 is closed by the door 88. Thel_
bottom of the compartment 86 is left open so that undergroundl
cables, for example- can be received_into the_compartment Without
passing through the door 88. _. N _pn - | _
Other features of the containment housing 6 are lifting lugs
ioe; a grounding connector 110 and cooling panels 112.' The-cool-.
ing panels 112 -are vertical flat plates connected-to the side
wall 92. As shown.in‘FIG._S, assoc1ated w1th the end wall 96 ofn
the enclosure .68 above the compartment 86 is a pressure relief
valve 114 for relieving excessive pressure from within the com—' 'kgjj
partment 72. Also associated with the end w%lr 96 aﬁove the com—__ -
partment 86 is a £i11 plug 116 through which the 01l or other_
suitable liquid is flowed into the compartment 72.' A drain valve~
118 (F;G. 4) allows the liquid to be drained. An Oil_level gauge

120 and-an oil temperature gauge 122 on the'side nall 90 monitor
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end to be retained by a retaining menber (subsequently described) when the
cover 124 is to be locked in its closed position and a space to allow
passage of the tongue portion, 130 past the retaining nenber when the
cover 124 is permtted to be opened. A 25 tab 134 extends fromthe
support shoul der 132. The tab 134 has a -24- hol e 136 for receiving a
screw or bolt 137 or other suitable mechani smwhich can be adjusted

i nvar dighee @@ €idns hoguthet B8 qhalie 1had ded @{@acgﬁn%ai"ﬂﬁ\éﬁéed 2nut Al?tﬂame
fixed tg%he side wall 90 for stabilizing the cover 4 inits closed

posi ti @laiee tix3d iveabso moartedldf ¢hes side Xl e30. Wen the cover 124 is
inits closed position, the retaining plate 128 is. engaged by part of a
doubl e i nt slsxmkassbaiadedl 38l th Thhemsdideniwall380bdtsh aocoverhelzéover Tis
in.its closed position and.locks the door 80 in its closed position in

r espons@ver théd pisngopnesitesh toithe tennlogurer §8 -socthatf theecoyierc 24 2

glng swtched to. jts energizing position.. The double interlock mechanism
138 geddt m‘gﬂwe@. betwepn ANGORRMRPFLELOR éEFF;y Sowhereinsthe putput

SEQPSE%% tlhe Buit sﬁf‘s%@%ﬂea‘jaa“idpgcem &ei%%-?&ﬁﬁéﬁfs%%aﬁ 'eZtelslze'
15 - )
fmgferloass“‘%%@ AN R B A e SR I N PR
en 1 hg ey :ttﬁb #7163 .S\ tchffdaaa Gé, ewﬁa%ghngtﬂgéét' gppos|¥lonmpwen

occur s “when SWtCch 2 i's nove énergi zin

the SWﬂHHbdﬁh érténiht%HE'§¥Hé w1 96”8&6'&H§kd¥§%ib£@; thg @H§“§¥
cover 124 and t'he closed door 80 are |ocked to prohibit ..access t he

i0ses fedretemboliimg8t the cover 124 is hinged to a sSupport plate 126
~ weldéd or otherwise suitably connected to the outside of the side
wall 90'intermediate.thé end walls 94, 96. 'Fbr a use to be
described further hereinbelow, the cover 124 includes a retaining
plate 128 connected along the edge of the cover 124 opposite the
15 edge connected to the support plate 126. In the preferred embod- |
iment the retéining'platé.128 has the construction shown in FIGSJ'
25-27. This includes a tongue portion 130 at the top of which a
support ‘shoulder 132 is. connected so that it extends perpen-
: dicularly outward from the tongue portion 130. The portion 130
204 is beveled, notched or otherwise configured to provide both an
efid to be Tétained by a retaining member (sﬁbsequently descriBed)’
when the cover 124 is to be locked in its closed position and a’
space to allow passage of the tongue portion 130 past the
retaining member when the cover 124 is permitted to be openéd.'A

25 tab 134 extends from the support shoulder 132. The tab 134 has a
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adj usting switches 20, 26 behind the cover 24 and the high voltage
section 4a conponents behind the door 80. Referring particularly to

FIGS. 10 and 11, the double 25 i nterl ock mechani'sm 138 includes a .

| at ch 140 which is novable -25- bet ween a position to engage the door 80

(FIG 10) and a position to disengage the door 80 (FIG 11). The latch 140

sjde of the side wall 90 within

is pivptally connected at. one end on the i _“g_ side |

t he%%‘ﬁ%atlt nt°%6.recRiying 43 FKR¥t €%t h °#- a1t P TL40Tf (RRPF v SuitpEe
b f_RL tiqn. - The |atch 140 : a catchs ;.
roniir 1o 68, HATPACCE PRoBULBLRY My R0 peta RIS SR i

CTOnSUAs PO Ver a6 80hadRe W 0858 BEguhl 48 el LB 0 1

this position, the or I'n 1158 closed positT

140 for "BY8H11921hg the coVereNUAd | 1% ' lhat the.
D sengagenent cgn' gc%&? ign'te%g' pref--:g‘rgrjggi'%-?E%%i'e?e'ﬁét(&.&e:'f1?1‘§r1 3%%1&1: atij'Thoen' of

t he chuit €124t @oeeC ihdBoRat B8] 13Rheh lthdagakEY 121 tiddin URLEN disddt ch
140 through a small opening (not ~shown) provided in the door 80. The dc

i nt erdsictki omchbhesreta@nahgo platieidess nbsuehghged MypesaEt NgFMBAdDU e
concurrently operating the primary switch 42 ‘and the | atch:140 so that the
| at dinterleck i rechandsor 1368gagiThe prethanhsmhadn st o th | backs sbheclkeott s

doubl e -

operated, for ene&g&zing the primary winding 16 of the transformer 14 and so

t hatt4helRadds x #%d;iaosétﬁeao;a_rm sbagksi tdiepoioer oB0wien 1he eliomed 20

switch 42 . is operated to its de-ener ng position. The manual operatin
oAl PR o By FPSRORF e R cHhe  PRAMEEYorSHBECR 87 Heibhimtbhe CZ@AS1s

C'°%%¥A£?fé£££h£€:£?Ee£88?s82§Lh£8“t%ﬁ%Qs e@ergiéing_positiqﬁ.. -

The double inﬁﬁrléck_mgchanism_138'generally depicted in FIG. . -

2 and more clearly shown in FIGS._7-11_is_cqhne;ﬁéawto the pri-
mary,switch 42.ﬁ wh§n:the swi£ch-42'i§ ménually opératéd_by_a:
person on_the,groundiadjadént the conﬁéihﬁent appaﬁéius G,Lthg;
double _integlock me;hanism 138 agtqméﬁicaily. imééhanica1i§j_
interlocks o:_releaséé.the cover 124 and the”déor 80,:_iﬁterl§;g:
occurs .when the switch 42 is switched to its.energizing pbsitiéh?;
and release occurs 'when the switch_i42;_is. mOVéd-_to  its  dé;

energizing position.  When the switch 42 is in its 'circuiﬁj

gnergizing position, the closed cover ng{and the ¢losed;door.éo__ o~

are locked-to. prohibit .access to the fuses 44 and voltage -«

adjusting switches 20, 26 behind the  ¢9vef 24 and__the hiéh
voltage section 4a components behind'the'épét 80. _ _
Referring particularly to FIGS. ld _aqd 11, the;_doublé

intg;lock mechanism-lBB_includes a latcﬁ 140 which is @ovabié
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the cover 124 is-in its closed position and the primary switch 42 is inits
energi zing position. This operating neans is disposed 25 on the
exterior of the housing 6 in connection with the side wall -26- =~ 90. The
manual operating neans includes operating mneans for operating the |atch
140. The operating neans is nounted through the side wall 90 so that there
is a portion.of the operating 5 nmeans _inside the conpartnent 76 and

anot hePeEUF?Poﬁ @PT%%&%t?%ﬁa%aﬁgeongFdéot HE Iléi)ué(h)g E‘d ’-ThE"51ti°n
r ns 1 n S Y} n 4

; EE g.t bR rds, S oalnened (Y theﬁzat e, ofatd %ei’?rpi Ba119

Tho mehBBhedsdBd Brid dIY U ndCIRE st Be Trd) Tihe Q’{ja’gs%% ohEndh; Ehe,,

end of %Eggtrnf% AU ed & ﬂﬂd #%ﬁﬁfgg'e-lﬂ%§ N | PA+ERY 1900 LA hﬁibﬁiﬁﬁg.

I ncl udes cyl i ndrical® por acting as a cam upon

latch B4Bkwhirdeovesr besé tbh¥el’ difebivotltionl0 ehe lhtcrﬁpweénéééeslétS

on the shaft 15 148 carry a sealing ring and a retaining ring f

provi deagich wember i Db eoahedtrid® tdeth8abbodBashesn th@omémeuodas
wal | 90. The pulley 150 has a threaded cavity 158 defined therein for

recei ving bdtscrédoort o emgaging ¢osdct i t amd t khepuddey 180 abs sdilvesmdéntlsy
descri bed herei nbel ow. 20 The manual operating neans al so includes a
handl elldustoetededineFIGu si@e tEr tbhdsi pgsdtion,hdhenidedr480 isnheld in
partlcular the handle 160 is connected to the shaft 43 of the switch 42
passi ndtshr 6dgsed hoosideiaml (unbdl  thei sledslectliddh iks ngmeved to . its

10 disengaging position shown in FIG. 11. Disengagement can occur
KJ in the preferred embodiment eithér by operation -of the double
interlock mechanism 138 or by manually lifting up on the.latch.
140 through a small opening (not shown) provided in the door:80.
' The double interlock mechanism 138 also  includes. manual
15 operating:means for concurrently operating the primary switch 42
and ‘the ‘latch 140 so that the latch 140 is in its-door-engaging
position when the primary switch 42 is operated for energizing
the primary winding 16 of thé transformer 14 and so that the
latch 140 is in its door-disengaging position when the.primary-
2@; . switch 42 is operated to its de-energizing. position. The manual
operating means also concq:reatly~prevents;the cover 124 from
“being-moved-ffom its closed position to its open position when
the cover 124 is in its closed position and the primary switch 42
is in its energizing position. - ThiS-oﬁerating means is disposed

25 on the exterior of the housing 6 in connection with the side wall
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n

through a drive nmeans for coupling the handle 160 to the pulley '5 150
of the latch novenent nmenber 146 so that operative novenent - 27 - . of
the handl e 160 actuates the operating nmeans to operate-the |ach 140.- The
drive neans includes a connector 162 for con- necting the handle 160 to the
shaft 43 of the switch 42 outside the housing 6 so that the handle . 160 is

nmovabl e between a switch 5 = energizi ng position (FIG 7) and a switch,
de-%ﬂergl zing position (FI GS. 8 and 9). ' The ‘drive neans al so incl ude_s _
coupl i n,g means foé’t coupling the, connect or. ﬁ%e{md t he Iatch novenent er
.146 so thet PABYPY cRPREGE biRgs | peansnh FRES

ref éﬁ??ﬁaﬁﬁé%ﬁ% € " ERE Sea%?"%f 7 Rass ?%chfﬁgg oo, wlPBuR: oo
6 6 160.
ThothdSb Ry 013 SETREamEOtRell 18, S rpbeian: e el t‘%ﬁ SREERR

r ecRéHRE' “ﬂﬁQ!!&E aahaXIebmﬁaL—eméﬁt 7468and CRABERbEA! bBQt %Ee gﬂée 168
is an axial cavity 170 which receives the end of the swtch sha

pr obpedatngut miedast heutwige natife (Fdasity - 6.5et PRECVSpePasual. thegaded
hol es 172 secure the connector 162 to the shaft 43. - Another transverse

t hr badkddes| e 114atohcancesmanthmemissr shaibt mtartabliz?ﬁncﬁtﬁhfed Ao 2€he
whi ch defines a retainer nmeans for engaging the retaining plate 128 on the
coveideoaall hePetin rengagemgnt:hewiﬁvethezzlatcht 346l os&?hqo(prefenreﬁen

the cover 124 is_closed and the handle 160 is noved to. the position

whetBbadimgats\@f ckheslateh mevemente rﬂ@?@bﬁrn@-%s isi cmhqwne iposFIGSA of

handl e_160 shown in Fl G
J(.ﬂl . The member 146 shown in these drawings includes a shaft -

148 on the exterior end of which is- mounted a pulley 150 __--T_h'e : V
interior end-ofgthe shaft 148" includes.a_half cylind:ical portichﬂ._
152 acting -as a cam uﬁon ‘which the J-._a_féh-'v-;itlb--'_---'-rides'_:._'as best
illustrated in f‘iGS..' 10 and 11. Groers:.':_.'I.ISat-,-' "15_6-'--on-}'the.--sh'a'ft’;_;--'
148 carry a seél_i'ng-_ ring and .a_ _ret-aihin_'g- -:-,_;_i:ihg-.'--fof ,p-tovid_i_ng. a
fluid tight seal where the shaft 148 passes through the side wall -
90. The pulley 150 has a threaded cavity. ;:L_S-S---t{l?fiﬁed-_t?h,_e:re-in_ for -
rec‘efving- a screw to retain a drive belt on the pulley 150 as :
subsequently described hereinbelow. o |

- The manual operating means also includes a handle 160 .con-- .7
nected outside the housing 6 to the sw-i’éi:h 423~ In particular,
the handle 160 is connected to the shaft 43 of the -switch 42 -
passing ‘through the ‘'side ;Qéll - 90. .This éqnnection__is :made-
through' a drive means fb.-r-coupling the handle _-;6.0---to the pulley

150 of the latch movement member 146 so that: _opé_fative movement .



25 7). -28- The coupling neans of the drive nmeans of the preferred
enbo- dinent includes a drive belt 178 extendi ng around and connect to the
cylindrical body 164 and the.cylindrical pulley 150 as illustrated in FIGS.
2 and 7-9. A guard 179 (FIGS. 2 and 7) can 5 be mount ed over the belt
178. The doubl e interlock nechanism 138 further includes nmeans for

reventdi h Yafol| 0_f ' ' r t h 1
bei noOtuyde ( HBHATH, 90, aFtARteR (bhe0 EHer dLIRF PRAARS) 1o MOreR e Ke
FI GS. 12 aRd +7 t RdySa 1 e ogk, 0 ' n d -
t he s%%é'e\%alﬁﬂgb arl?otv&é taﬁgugoﬁ%%:%miég%.gggsg n%rgagﬁggﬁdyﬂs%\g\%nﬁleﬁgg'

22- 24pethend adle 188ndPE 26001t 4He dshafed aBh&yithe sWiedh ofk ddfsiide
manual |y novabl e to a handl e enabling position atop the support shoul der

132 othehtoudiiaidii61ose! thatl2Beothdndie s if4mokeblehdetwesnis switch 15
closed position as illustrated in FIGS. 2, 7 and 8-. The bl ock 180

- But onmehecglizyd ngo s Dyiom ayFIG. t 3 )a anthdd eswitehl degepergizinghpesitione
hol e 182 of the bl ock 180 receives the pin 176 in response to the handle
160 beFEGS.i 8 i agds\Wilt.ch Tbeeriyeimgapssialisen ireledes:c SRIPLNGMRBRE]
‘to its open position as is 20  shown conpleted. in FIG 9. . A hoég 183

( FI GSEox2 compldarg e | Goppeckpsc R 628Nt Jehe b2 5Chi avenent grepkeEsi4f. )

S bl ofc e it s AR, el i
oo noERRS Endf "3h Bk ' 88" swiddif 280" rblpBnb8°¥d FBpkiGtidd oF the?®
10 handle 160. : : _ .
L Réferring “to FIGS. 12-16, the connector 162 includes a
cylindrical body 164 havihg a transverse bore 166 to receive one -
end of the handle 160. The end.af-the handle is engaged by a
retaining screw or pin (not shown) received through an axial:holel_
15 168. = Communicating with the hole 168 is an axial cavity 170 -
which receives the end of the switch shaft 43 protruding outside
the hoﬁsing 6 (FIG. 7A). Set scre&s through threaded.hqle$ 172
secure the connector 162 to the shaft 43.  Another transverse
threaded hole 174 receives a threaded shaft or pin 176 .(FIG. 7A)
20 . which defines a retainer means foriengaging-the retaining plate
. 128 on the cover 124,.thereby.re€aining the cover 124 _in its.
closed position when the cover 124Eis_closed and the handle 160
is movéd_ to. thé position whereié the switch. 42 is in .its,_
energizing position  (the positionjhf handle 160: shown in FIG.
25 7).
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- -29- source and a | oad, such as the power source 8 and the notor 10 é

10

15

20

25

2

subnersi bl e punp 12 conbination. Transportation to and pla- cenent at the

| ocation are facilitated by the single containnment housing 6 which has al
the el ectrical conponents |ocated and 5 i nterconnected therein. Once at
the | ocation, conventional power connections are made to the high voltage
termnalg HL, H2, H3 within the conmpartment 86, and .conventional, |logd
connect iThS SPUPKRE FE2ASe AfortHAJELRE BeaBs! ok e BROTBFEe TRYT on
4a [ned in chamber, 84.of 10, - .f : .76, Access to L .%§%3

vol EAMSHELERCTHAR K ar fuf orle 1F¥ (BRECHREDg B 0" Behhodhelet

t he gor. qﬁﬁf <114 O0BE WS tEHLS ArnS8: +1,80 3.4 410 £ ator 23506%hgof .
t he %t girih'co r%ﬁ{é%gggctbiogy 41531&]?5 agggytggcgﬁgq%%feifeg%r ?gr]%l? t eésgnﬂﬁ e

door; 1A% d#t&ked) in PEESSS ot A0 4 he Hoghal®@ 199 NGrreE PUR BAB- 745 can

mnals A B, C and the other conmponents W thin the high voltage section 4a,
howtee moustéd Nbvred tREEBdlLEg1yRQn the state of the double-interlock.
mechani sm 138. Prior to operation, the handle 160 of the double interlock
mechani sThd 3@oublédihterhockr mechathiism 138 funsthepnisbdudesnmz@dns forls 9.
This allows the door 80 to be opened so that connections can be nmade to

t he preygatingnitie shandBe C60anfirom deinagl mowedt hin cyesponse t§obethpened
to permt access to the fuses 44 and the vol tage adjusting sw tch handl es
22, cavepgl24heinghaovede from j&s ghered; m@%té@a 150 élg§p9Pieﬁt P -

posigjon shoun ip FIG, 28 o9 Lo prevent thg hangle, 160 from peiga npyed

Pivotally:connected to_the sidé wall 90 abdve-theICOnnéctor 162 _
As more clearly shown in FIGS. 22-24, the?bloCk 180 ‘has a hole ot
182 defined therein. = The block 180”isfmanuélly'movable to - a: |
handle enabling position atop - the support shoulder 132 of the':
retaining plate 128 of the cover 1245when the'céver is in its
closed position as illustrated in FIGS. 2, 7 and 8. - The block
180~éutomaticaliyimbves.by g:avity-to-a haqdlefdiéablingrpositidﬁL“
wherein ﬁhe hplé“ISZ-Of:the block 180 receives the pin-176 in
‘response to thefﬁhandle"lso”.beiﬁg' in its switch dééeneggizin§+
position and- the cover being moved to itsﬁopen-positibn.aSwiSj
shown completed in FIG. 9. A hole 183 (FIGS. 22-24) defined in :}
the block 180 receives: a pivot pin 185-(EIGS;'7497;conneCtingethe@»Jﬁf;
block 180 to the side wall 90;‘ A_pin-184 (FIGS. 7-9)~stops-back¥? |
ward movement of the block 180. | |

In use, the motor'control-S&Stem of the present invention is

transported to a location where it is to be connected to a power

-29-



énergi zing position. Once the connections have been nade and the out put:
vol tage sel ected the door 80 and the cover 124 can be closed. To close the
cover 124, the block 180 is manually lifted and placed on the 5

retaining shoulder 132 as illustrated in FIG 8. The handle 160 is now
free to be pivoted clockwise into its switch 42 energi zi ng position shown

N Pl Gorce VAR W0 828 8uLR0 4 ERUCHCIRL NouPOs! bl Uhd t BRePibELES. 16

y pivote w se and atch 140 pivoted countercl ockw se

(as Viﬁfr’dsm‘iﬁmé?@iﬁi@""'ﬁﬂﬁ&) i® d8mbinkBebh.M €M PYEr 088 LbhORD HHMPLa-~
FIG 7.7 The pin 176 then overlies the tongue portion 130 of the retalning

plate daferp hbethevAodAdendarberbaith tht@edvsy | tke shaglat domeadrmendt s
on the door 80'to retain the cover 124 and.the door 80, respectively, in

their onwesHilgp®@si whoeh. hdhi aljr edleat elieot mimek tampoment® docateds andgo
from bei ng opened while the transforner circuit 2 and the notor controller
@G r cuiirsteecodbeatedetbegiedad. Even when these circuits are energized, the
| ow vol tage section 4b is accessible through_the door 78 if needed. | '

access is QmEenatdthe dRcaddon.7Eonuenel @k eROURY EQQQﬁﬂ&quq ?ESiW%@?
Dur | et GpERR: PGV aHkage aherBuABL S A1  HBZr gt WhEt . £be’ KRkt Ok ge
(esul 440 LA RS0 CHLLAT A0 GRE°K: o B e tbinens
crceost Vo, EaCHhE Rl YA RARE 46 2n 4oPEOHRRLr i WaS8: OB of
10 compartment 76. Access to the high voltage power input terminals
\;;_ Hl, H2, H3 is through the déof 88. Access to the normal opera-
tionél  switches 58, 60 and. indicators 62, 64 oOf ‘the motor
controlier section 4a is easy because these are mounted on .the
door 78 (FiG. 4). Aécess_through the dbor 80 to the_output_tet-
15 mihalslA, B, C and the ofher_coméogents within thé.high voltagé,
section 4a, h§ﬁever, is.limited depending.upon.the state of the
doﬁble iﬁterlock mechanish 138. | .. _ | N
Prior to operatibn, the.handle 160 of the double interlock
mechanish_138 would be_iﬁ;.or moved to, the position shown in
20 FIG. 9; This allows the door 80 to be opened so that connections
can . be made to the output ﬁgrminals A, B, C, and”it also a;;ows
the éover-124 to be opened to permit access to the fuses 44 and
the voltage adjusting switch handles 22, 24, 28; ﬁhen the cover
124 is open, the block 180 drops into the position shdwn in FIG.

25 9 to prevent the handle 160 from being moved to the switch 42
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wi nding, the notor or the intervening circuitry such as the cabl es. Such
short-circuit faults reduce the secondary side inpedance so that, wth
the output- voltage substantially constant, the,output current increases.
Fuses 46 protect against 5 a conplete transformer failure. |If one or
nore of the fuses 44 opens or clears when its current handling capacity is
exceeded by the i nput. current, it can be replaced when the transforner 14
IS, efesrRyies egogytiag switch 42 and the cover 124 opened. The used fuses
are extracted from and new ones inserted into the fuse 10. . carriers in
a known ommeth&orcd&teeéwmgf hbvee Bsat. madee fnEeehed cﬁ\i’@p@ﬂt vid1e) e
repl aceabl e wi'thout renoving the top 106: or -otherw se disassenbling t _
enclsediscted, gthe dobry sintand hehe copeet eG4 G¢An \Hercldnsedusea‘wﬁ:l@:rsew
clear, ‘the input voltage is..renoved fromthe prinmary.w nding so that the

 trardfeoavennt245 thet héookhéBOdé\snmmix lorifieed sandeplecedeog e

10

15

20

25

During operation of _the transformer the electrostatic shields 34 and

the inkng vﬁh@?ﬁé§r3@32bé%giﬂ%%@%%@méénf't% d4 meFheahanddeoddd y
W A gBvs e CHAPRaBLIR AR FLBSRW i Tl et E086 T SpeTli er{qtlf”J
eroRs A AR, SRR Péi?’ggnb'ytr*ge °§$§§%€ Ilﬁ@fcasy“erné{a% CE Wadg
e S ot 0 AR 510 81 RIS PORROTE 124 8 e
di r agidah 13?0 pivoted counterclockwise (as viewed in the drawings) to '
their respective positions shown in FIG. 7_. The pin 176 then.'.
overlies the tongue portion 130 of the retaining plate 128 on thei
cover 124 and the latch 140 overlies the catch member 144 on thes
door 80 to retain the cover 124 and the door 80, respectively, in:
their closed pos:.tions. This prevents the cover ‘124 and the door- -
80 from being opened while the transformer circuit 2 and the:_.”
motor controller circuits 4a, 4b are energized - Even when these'-.
circuits are energized the low voltage section 4b is accessible"'
through the door 78 if.needed. If access is not needed the door
78 can be closed and padlocked if desired | Operation ‘of the )
motor controller circuit itself is conventional. SR L U
During operation of the transformer 14 ‘the fuses 44 protect-'
against damage resulting from an overload current in the secon-.lz
dary circuit. An overload current can occur in the secondary-
circuit, which causes an excess1ve input current to flow on the

primary side, because of short-circuit faults in the secondary
-31-



‘and safely accessible so that no het stick or other tool is needed to
actuate the handle. Fromthe-foregoing description of the apparatus shown
in FIGS. 1-27 and the operations thereof, it is apparent that the 5

system can be used to provide the follow ng described nethods. A nethod of
controlling the energization.of a notor circuit conprises selectably

energi zing and de-energizing the notor cir- cuit froma primary w nding

ci rcurisdimggctitte t motdy | B Y thendintepbenaingansl pEuBtry TBachDt 85 cthéui t
includgg a three- 0 phase el ectrical subnersible punp notor and an

el ectaaltkesy op&Suathedshotrdrcdirantitst fpudwist chedooeecthd isecosdapydaside
winding circuit to a secondary wi nding of the transforner. The primry

wi ndi¥rpedanaet isec| uthkata swiittdh coimecoudpudt weeol tagepr ismhstagthbabhly and
a power source. _The step of selectably energizing 5 and de-energi zin

par t iSWERHL nEhadeutprty SUBree FRGERRIPR . sWRERSOA 6t REIfactr Q@%ﬂgng
fLircuit mﬁtgggt the aid of to?%i%to- selectably nmake and current

Kk
Fondibt FORDISER (RRARRAPTIRE EPIAIFew: nckinoBRIOF nBANREPE s Eic Fusqe, 44
oper ARERE CPEoBL AR AR SO (R IPAr AL FARIS DY

exi Stér%% piépﬁtsﬁﬁ dRly t ﬂd&QH be! %gh&ﬁk%ie%@grghéﬁégtkgﬁg%%eé Hpugn

the nb art-stop svi connect _ ary - wndimg circult’
o STPSSbEU0TRY, R U S0 GROCHEL UeRe BpA RN SRS oo
vol t afiesexi Hrfe | @xtiRactedondpbm Varndli ABwCidnes33Inserted into the fuse
19 . 'carriers 48 in a known manner for the type of fuse used. - The
~ fuses 46 are not field replaceable without removing the top 106
or otherwise disassembling the enclosure to gain entry into the
compartment 72. When the fuses 46 or 48 clear, the input voltage .
is removed from the primary winding so that the transformer and
15 the other downstream components. are de-energized. .

' nburing operation of the transformer 14,* the electrostatic
shieids 34 and the tertiary windings 30, being placéd between the:
primary and secondary wihdings, shield against electrostatically
coupied transients. The tertiary windings 30 in combination with

20 . the capacitors 36, 38, 40 filter magnetically - coupled -
transients.. : f _ : ’ *f;"""

During operation of the transformer 14, émergency shut-down .
can be effected by a person directly manually moving the handle.
160 from its switch 42 energizing position (FIG. 7) to its switch

25 42 de-energizing position (FIG. 8). The handle 160 is directly
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0

cuit for energiZi'ng the notor through the notor start-stop switch connected
in the secondary windyng circuit. For the follow npg defined nethod,
reference is again specifi- cally made to a threetphase el ectrical _
subnersi bl e punp notor. 5 The nmotor is connected by el.ectrical cabl es.

20 s eLEL (O ALY 0RELTECL SOUAN 00Tl STRIMAT ko 80D FLat! 1d O 2

secondary wn ranst or mer rans r —al sq 1 ncl udes a pr|
mar y, s del b EdthY RaRBLEEIY W ndl ng circuit to a substan- tially
" constant a.c. voltage power source. A nethod of operating 10 - this gp}or

CoNpri sesrciPthieNJ£bkagbanchd8eSbri e 1BACH£ S HE € AFPASELESE SHOWR Mn ™
wi ndi ng of. the transforrrer so that a substan- tiallyconstant a.c. out put

vol IS J s1+2vueed abmosopehtetlmm thersofi ndngiandmmmuthaﬁr ohe

fl ows through the secondary .w nd| ng, cables, contactor and notor in

r es pBYRtem gan e used dor provige the mcmmﬁgsmrcwt bei ng i'n a
conductive state. The nmethod al so i ncludes conducting. i nput current t hr ough
the pri darpethedi of contrellingi &bﬁn@ﬂﬁﬂﬁ@t@ﬂu?& tthapreberceirawdd ed

bet ween t he power source. and .the prinmary winding, the i gut current having

a w&@mnqﬁcﬁeefpr%gb%téh&v enengizing m@g zée-eneasﬁaﬁng

secgatarin 4 881 00 ELLEUEb ol © &Reaﬁgiﬁ\éegcafyncfiga&n%@t AT

pri mary “w Sponsé to t e |nput current

e B e s asmondte pone sebf o Pomapiialni-
operated motor start-stop switch connected in: a ‘secondary winding'--" -
circuit to a se’conda‘ry' 'winding- of the transfotmet.-' "-The' primary
winding circuit includes a switch connected between the primary"' '
winding and a power ‘'source. The step of selectably energizing'-'= _
and de-energizing particularly includes manually operating the - :
switc'h of the primary winding circuit without the aid of tools_.to.‘_-.-_-
sel'ec'tabl'y' make and._b_re'a-k_ -ar -current _conductive patﬁ between i:-h'e :
primary winding and -t_lie"poWei-' source. In response to -makihg"the'--._ 3
current condu'cti\'}e 'pa"_l:'h: ‘through unassisted manual :ope_i'-a_tion of i
the switch in the primary winding circuit, a voltage ':exi.si._-s__ dn
'-the motor start-stop switch connected in the secondar:;;~ —winding N
circuit. In response to breaking the current conductive path
through' unassi—sted- manual operation of the switch in the primary--::-

winding circuit, no voltage exists in the‘ secondary v:'_:ind'ing cir-:

o vedeney s Saseemee 080 JeTens
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the secondary winding circuit for energizing the u;'otor through -



‘circuit fault in the secondary wi ndi ng or the secondary w ndi ng circuit. A

met hod of operating a three-phase notor connected by a 5 secondary
winding circuit to a secondary w nding of a trans- former, conprises
energi zing the notor and protecting the primary w nding of the transforner

from damage by an excessive input current resulting froman excessive

: wi ndiStbtbor

out put CUﬁEent caused to flow as a result of a fault in the secondary

QhPRYEIHAARY the mofpxyithyauigh (hhe droter FbREE-SEOR .%1#%
oML J‘s%”‘éﬁnaa%%apmgsSﬁhtiq%hécm“' by i ng oo eng A
EﬁeES?L{Wh@‘%ﬁgﬁmiﬁééss M nodls Retdtendt| B aghl Shectes,
' nputc 5 kO ét? aprﬁﬂ?’ééf—ﬂﬁ% utgl\%t::lttrtl%atf gglﬁn@%g% acrg@i‘ﬁ\?hmotor.

substa y constant a.c t-age |

5S€CORgd %n&‘taf" 1S cdilfddtéd nﬁgt A BNl Sablekudiig Céﬁsbigc%'i'icall&rar y

~
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electrically operated notor start-stop swtch con- nected in the secon

Wi ndigiereitedli cohBabebre T tdaseesasEy YwAd inghidikhdigi Bngot Be sEoNd Y
that .the output voltage is applied to the notor and an output current flows

t hr owgindirgy sef oadarpans foirmer . t h@hee dorates formedi ad sa rincludes shemipi or .
The output current is responsive to the inpedance of the secondary wi nding,
t he s@xnaekndingdtognectedi byaad priimanyt ovindimgecyreudy the a25ubstant-or
further _includes conducting an input current through the -35- primary

Wi nditﬁ\gillmwsmt auEr eNPlEages DomgY SR eespohshethed ofe cmﬁrmhing

curr% gtecthg the circuits upstream of the '
his motor comprises applying the voltage of the power source

across .the primary winding of the transformer so that a substan-
tially constant a.c; 6utput voltage is induced across_the'secoﬁ- _
dary wihding and an output current flows through,the secpndargi_
winding, cables, contactor and motor_in.respdnse to the contacﬁo;!_
in the_ﬁecqu;:y winding circuit being in a conductive state.
The method also includes conducting input current through the
primary'winding circuit, including through a fuse,théreof con-
nected between the power source and the primary. w1nding, the
input current having a magnitude proportlonal to the output
\_ Current. The method further includes de-energizing the trags-
former and the secondary winding circuit in response to a short-
circuit fault in the secondary winding or the secondary winding
circuit. . This is achieved by clearing. the fuse in the primary
winding circuit in response to the magnitude of the input current

reaching a predetermined level as a result of the magnitude of

~34~-



25

fault includes automatically clearing a fuse connected to the primary
winding. This clearing occurs in response to the input current exceeding a
predet ermi ned magni tude. Upon clearing, the input .voltage is renoved from
the primary winding. Thus, the present invention is well adapted to carry -
out the objects and attain the ends and advantages nentioned above as well
as those inherent therein. Wiile a preferred enbodi nent of the invention
has kaan fRgpt Ragdrtent t DRcPRERIRY Yo 14 FedbECtBsUI Wit FYBIHCE SHobRE <
construction and arrangement of parts can be made by thdse ski'lled in &Ré
art, cwiictil tcheages ahe tiRf is@@lobaafpewammm%eobﬁl-ahas'.-séﬂf&idéﬁy-chahaﬁag”r‘é':' '
- 36 - - 37 - CLAIMS -~ | * L. M S * 1. A systemfor
oper gtiiregix.t hr ee- phase notor, conprising: a transforner including a

t hree-phase primary winding 5 ‘and a three-phase secondary w.nding, said .
transf or aermethoddioff topErsftingt imontbtee-phase- phateri ponnectedgdy oaa

t hr ee- phase notor energizing voltage;, secondary winding .circuit neans for -
Sconngecragasy hwiadingsechbeulitt teaiad secepdary -vwmﬁggs sefd asebsaasy 10
Wi nding circuit nmeans incl u-d}._-_ng-rm%ﬁr ~control. neans,, con .ect.gﬂ_ 10 ﬁa_i-.d'--
secof@EPPLsi FRAMRF 1SPT RRSTG1I2ANG ERP.BOLOR, A XAt eTEing  FhE PEAMAZY -

from 3fadaly 283" UHE" ¢ Hs AANLL' 1400 1 HEnBY 167U kRt hpRRSe

current fés’ultihg'ffbmf an ‘excessive output current 'c_'aUS_ed'_' to flow
as a result of a fault in the 'sec_dhdéfy"w:ifxdih:g or the secondary
winding cifmii’t or the motor reducing the seééndary side’ ;_mee'_-:*
dance to a shor.t-ciz_:‘cui_,?t':’ éf‘été' and’ p;oféét'ing--- any portion of the
second.ary' winding _ané the sécona'érgz winding circu.i'-*ti;" which is
upstream of the - fault from the  excessive output current. -
Energizin'g' the motor includes épplying"* a substantially constant
a.c. input ‘voltage to thé_ primary 'windi'n_g‘: of ‘the ‘transformer '_S'd
that a substantially constant a.c. ‘output voltage is induced "
across the secondary winding. E-ne'i':'g'_"iz"i'fn'g_' the motor also includes
closing: an electrically operated motor ."sf'ért-_"_s{i_op. '_'sw'it::.ch con-
nected in the secondary winding circuit "ixi'_*_betﬁé"e_n. the secondary -
winding and the motor so that the output "vpl'té'g'fe 'is ‘applied to \)
the motor and an output current fléh_é- through ‘the secondary |
winding, the 'se'condai:y'Wih'ding' ci‘rcuii:"':éha"‘ the motor. The output’
current is -responsivé to the 'imp'édan_c.:e i_)_f ':-tl.ie".se_conda'ry_wind-iné“, '
the secondary winding "ci'.jr't':uit’ and the;:"m:ot';ar-. -Energiiing_‘ ‘the

motor further includes 'cohd'uctin'g an input current through the
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energ|2|ng voltage fromsaid secondary mnndlng to a 15 connected
_ three-phase nmotor; and primary w nding circui-t neans for connecting to a
three phase power source and fer controlling whether current flows through

sa 'é’i'ég{fﬁar@'ﬂ%iﬁﬁ Bl ad n%éﬁéneahcﬁggf%e'ﬂaé{%?uéﬁhase ERET LR reans.
COBgeEhe] bRt Lo GEALEE. 11 AL SOUTBILSOUEL"G W 1 (BELERLY o o o

sald equnS| ve manual ."operati on wt h “nmeans for

MeeaEOR AUk | Qﬁ%bﬁﬁt‘éﬂbééllglgrégﬁgf‘%gga RETRAL AdonRidte €oMER

control neans, for select or de-energizing said trans orner

sqiimar dyawdnahhge phes es el @/ardiry GEdwes v oht &@ﬁspc&xééetab)ttz%e'ﬁ%@’@' y

provi de not provided to said notor control neans.
sysurrent exteeddngn |piedéterntnednmagndtudd.ch upens cleamaxy.edtﬁer

- de-energizing said transfornmer even when current is flow ng through said
s elnpittr yoltagengsaremavied diramndshe rprimacyrmindédgthereto. 5 3.
A system as defined in claim1 or 2, wherein: said three-phase primary
wi ndi WS, athet sresent; ciaventioanisnyelly @dapfed r b saraw iQute- bhese
po source,_said |nput vol tage being within the range of_about 4160 Vac

Fhircts 3296 ahtaipnthe ends angd; dAvaniagem sy yahpm RS s

aqqegat.f das % osgorJ.%t}e()x'e% thegleJSn\./Ol h?quler ecepln\:/eegerxe%a embo imex‘Pft] asg

the 1nvention has been described for the purpose of this disclo—
sure, changes in the construction and arrangement of parts can be
\Jhade by those skllled in the art, which changes are deflned -

by the appended claims.

What is claimed is:
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prrnary mnndrng so that said three- phase secondary "wi ndi ng provides sard

t hr ee- phase notor energi zing voltage as a three phase—ve+%age—m+%h+n t he
range of about 460 Vac to 15 about 4160 Vac. 4. defrned in
claim1, 2 or 3, wherein said transforner is adap Hﬁﬂﬁ Q Iﬂg al | the
el ectric power to be consuned by said notor opera .

connect ed t hr ee- phase notor.. 20 ~-537 - A systenraccordrng to any one
of the preceding cl ai ns, mherern said transformer is a three- phase N
transforner. pr.oviding. the only. vol t ageCLEIMS conver si on between said pomnwz_
source and said notor control means. 6. A system according to any oné of
the preceding 25 ¥4 ai ne® S¥EEeM LK EPPF&ﬁ'—é-P& &W%aﬁﬁcﬂ‘%ﬁ@&tert iary -
wi ndi ng neans for Provrdrng a three- phase mot or control circuit energizing
vol tage to PRIV RBhtroller of said. -39 - motor control means and for:

shi el ding sai d Segogdy df&ﬂéfnﬂnéiaagh%aasm ghdalse fr@(%rf”%i‘ﬁdiﬁ& ned

in claim®6, whereln sal terti-ary w nmeans’ | ween ‘sard-.

pri mary sancaria secang@éyphasdi 8geontdary /éu&usﬁrm asamftfeﬂsferﬁéel m6 or. 7, :
wherein said transformer further includes capacitance means connected to '

said terti @psovidihggtranagornatioht ef ragtlme-rmase mput volgage t,q
SyStem aceol 4l el Sphnte Shotor Lﬁir%&%&%‘é r\]rgoltage.
| 'i_secondary windlng circuit means for connecting a
three-phase motor to said secondary winding, said secondary
10 winding c1rcu1t means 1nclud1ng motor control means,
connected to said secondary w1nd1ng to receive said three—ﬁ
phase motor energizing voltage from said transformer, fcr_*f'
controlling the application of said three-phase motor
energizing voltage from said secondary winding to a |
15 connected three-phase motor; and |
primary winding circuit means for connecting to a
three-phase power source and for controlling whether _
current flowscthrough said three-phase primary winding from
a connected three-phase power source, said primary windlng
20 circuit means including master cn/off sw1tch means,
connected to and located in a ccmmon housing with said
primary;winding of said transformer and responsive to
direct manual operation with means for manual operationfi
located within reach of a person adjacent said motor
25 control means, for selectably energizing or de-energizing
said transformer so that said three-phase motor energizing
voltage is thereby selectably provided or not provided to

said motor control means.



cl ai ms, wherein said primary wi nding circuit nmeans further includes fuse
nmeans, connected in electrical series with said switch neans, for stopp

current flowwithin said pri.mary winding circuit mummn lu!fmﬂﬁ

current in 15 said primary.-w nding circuit neans et er mi ned
| evel in response to a short-circuit fault in said secondary mnndlng or
said secondary winding circuit or a threge phase notor connected thereto.

10. A_gystemaccording to any one of clainms-1 to 8 20 further conprising
fuse npans, connected Ansgsten asaldefitied imtdlaimdlsvwwheredmaraid or
stopping current flowin said primary winding in response to a current

t hrough seswiitchemeanss isx adaptad £or cdetenergidingy said tranmfmmen a
short-circuit fault on the secondary, side of said 25 transformer. 11.

syst em acceVemrighen guyrent éfs &Jmmnq wgughusenér semmdaﬁmgfinﬁ%@q

fuses, each of said fuses * 40 - connected in
el ect ri cal2R@rd ckhpeenphase M"t‘b"h ‘F%‘H?EC'F%‘P Eherebecti ve phase of said

th t | 1
o e PO O Kevsten ot HAGRA AR Hah! 2.8 200 vrdratt T
f f id fi t ed | ect d tch
means for a resyRRLR ERFRASPRRAES, HARA v HRLnd Do RalR AL ek "etch of
sai d fuse%ré@ef@iﬂgfhﬁsﬁﬁ§ﬂf-voltage from said three=phase power

source, . said input voltage being within the range of about

4160 Vac to about 34500 Vac; and

\,; 10 said three-phase secondary winding is adapted to
fespond to said input voltage]receiﬁed by said three-phase
primary:winding so that said three-phase secondary winding
provides said three-phase métor energizing voltage'as a
thfee-phase'voltage=within the range of about 460 Vac to

15 .about 4160 Vac. _

4. A system as defined in claim 1, 2 or 3, wherein
-said'transformer is adapted for conducting all the electric
power to be consumed.by said motor operating system and a
connected three-~phase motor.

20 - 5. A system according to any one of the preéeding
claims, wherein said transformer is a three-phase
transformer providing the only voltége level conversion
between said power source and said motor control meahs.

6. A system according to any one of the preceding

25 claims, wherein said transformer further includes tertiary
winding means for providing a-threé-phase'motor control

circuit énergizing voltage to a motor controller of said



provi ding means for interrupting fault curfent mﬁ%ﬂ~Lhe~lg_L§;Lé\E?rrent
has a nagnitude limted solely by the internal i dance of S

t hr ee- phase power source;- and a second set of .thﬂmm’ f said
fuses of said second set connected in electrical v MMEM swi tch
means and the respective fuse of said first set for 15" a¥resp I ve phase
and each of said fuses of said seconéd 38 -providing neans for interrupting
fault current when the fault current has a magnitude limted solely by {he
sum of t hmotoire controlpatsans and sfor shieddings saidvseaondaky and t heml.

i npedance of said transforner with said three-phase 20 secondary w nding
short - ci rwdntidug From transiemtsccording to any one of clains 1to 8,

further conprising a current-limtjng, fuse ,and_a,l oad- sensing fus
connected in el dotricd system af (defined pin glaim Gu; ﬁ@‘%’geﬁﬁiiw tch

i thor cbABEAeTY, wir Seaancrn: Shapasel bAbHRAT SAAhETORaRE affly
S

* primary winding circuit

said trangformer sai.d . C L M _
means ndsegp&seggo QARG ting circuit means. 15. A system according to

switch neans 5 ~and sal Ses are me

means. 165aid.%ﬁ§ﬁ§f3§ﬁ§rdfﬁfﬂﬁgriﬂn&iﬁh@b%%gp&%iﬂhﬂé&,means R

_connectedito said tertiary;winding,heans for filtering

claim 14 and ang one &f%éﬁ @st'@esu :e_rggéeaiaiﬁ' %Wt’ﬁn’frf?é eirgdl d

transients. .
10 9.-5 A systgmfacqo:ding~to*ahy one-ofgthe:preqeding %
claims,_wﬁerein said primary winding-circuit means . further-
includes fuée_means, connthed in electrical'serieS*with
said switéh_means, for stopping current flow within said
primary winding.circuit,means-in,response-to-currentain
15 . said primary windihg circuit means exceeding a -
.predeﬁermined 1évelein response to a shortfcircuit.fault-in
said seqondaryfwinding or séid secondary winding circuit or
a three-phase motor connected thereto. -
1o0. A system according to,anynonefof;eiains 1 to 8,
20 furthe;ﬁppmpriging_que meahs, connected in electrical
series with said switch means,_ﬁot-stopping qurrent_flow'in'
said primary win&ing_in-xesponse té-a,currént-through'said'_
fuse means exceeding é'predetermined level in response to a
short-circuit fault on the secondary side of said.
25 transformer.
11. A system-acqordin§ to-énY 6ne'of-c1aims 1 to 8,

further comprising three fuses, each of said fuses

I'n-o i I'd contai nment -

..



*wherein said contai-nment means includes:. an internal door and an externa
cover, both said 10 door and said cover novab ve open
and cl osed. positions; and double interlock neans, id switch
nmeans, for retaining said door and said cover i mﬂm '@g g cl osed
positions in response to said swtch 15 neans an

energi zing position. 17. A system aceogdi®g to.any one of clains™13 to 16,
wher ei.n sai d contai nment neans includes a first compartnent and a second
corrparct,ne cionrectied | inteléotzitcainserdesnwikh dsaidnswitchr meanss fior a
primary 20 winding circuit nmeans disposed therein within a volume of

l'i quid comaﬁpﬂntlvesahd8é|oftsaadp&hmnaﬂphasgjpnwerssonndeconpartnent
having said notor control neans disposed therein. stem as defi ned
in claim17, whédin: Xsystem asgpydipgotoc any (Qnﬁre%flsclh peddste Bigh

vol t age sectl n and a | ow voltage section; and said second conpartnent
i ncl udes qqﬁiﬁ cﬁﬂﬁﬂ%ﬁsbﬁﬁ° 42 - a second chanber, said first chamber

AR AL WL L T ey TR S TR R e
laim 15, S %2%%@? pbifeR In.dhestrisdt serfé%yéiﬁfpdgéﬂe“ ned

switch means for a respective phase of said three-phase

power source and each of said fuses of said first set
providing means for interrupting fault current when the
W 10 fault current has a magnitude limited solely by the
internal impedance of said three-phase power source; and
a second set of three fuses, each of said fuses of
said second set connected in eiectrical'seriég with said
switch means and thé respective fuse of said first set for
15 . a respective phase and each of said fuses of said second
set providing means for interrupting fault current when fhé
fault current has a magnitude limited solely by the sum of
the internal impedance of said three-phase power source and
the impedance of said transformer with said three-phase
20 secondary winding short-circuited.
13. A system according to any one of claims 1 to 8,
" further comprising a current-limiting fuse and a load-
sensing fuse connected in electrical series with said
primary winding and said switch means.
25 ' - 14. A system according to any one of the preceding
claims, further comprising a singié transportable

‘containment means for holding said transformer, said



«

-.di sposed between said first and second chanbers Gﬁ—&&%@—seeeﬁd—eeﬁpaftnent;

said system further conprises a |latch disposed in 10 _saj ' anber so
all lmlﬂi atch is
c s latch

that said latch is novable between a first positi o“!llm
positioned to engage said door, and a second posit

I's positioned to di sengage said door; and said neans for nmanual operation

i ncl udes manual 15 operating nmeans disp®bed on the exterior -of said

contai nment reans for_concurrently operating said switch neans and sai g~
latch so thxkmary Winding| sirguatt F‘P?E‘sp@é?qq i%?gq (PORRMIATE Yénding swiwmih
means beig&iﬁﬁiaied by said manual operating nmeans to energize said =~

t hr ee- pha PreRARS- wi ndi ng and so that said latch is in $aid second. .
position in res se to said switch ns,beindg i rateds b aj pual

oper ati ng neansl%lo%' 'de-%rﬂ%- R %3%8’-:5;% etaégigfmr%#lﬁ?n‘ggeggg A
system as | ' 4. clai - ellshy o2 oS ail Ll 8YS NEvg - *
I ncl udes (%)iﬁg%lg%t#%hmgémgfg rrégﬁ'si& %%r?r?efc??cffb g%%%ﬁ?‘e:éﬂp %?gls?

secondyy aiid i dsbaVard Subhetged :7Ad1l WEGRIn 'Beld céoRtaliflent -

exterior o
means.

16. . A systen asidéfined,in.élaim_13.§14 6: 15, .
wherein séid_édntainpent méanéfihqindés: |
an_interﬂalHdoor'and_an_gxte:hal,cqver,;potn.saidf”'
10 door and saidtépvgr movable betweehyréspective_open and -   _ \hj
clqsed_positiqhs;iénd | |
| __double;inﬁérlqck'megnsﬁ_qonngctgd-to-saiq sﬁitch
meahs, £or fetgining'Said door:an§,saidjcover'in said. -
respegtivé clo#ed_poéi;iqns in_tequnsg,tc_saidfsWitCH
15 'meaﬁé being operated to an'energizing:ppsipiqn,_
--_-17'.. A_sysﬁem-aqcorQing_;o any.ohe;of claimg-ls_tD::
16, wherein séid contaihmgnt'meansdincludes-g'firét |
.compa:tment,and a secbnd gompaftment,_saiq;firSt_' _:
| compartment haying said transformer énd_said'primary_ |
20 winding dircﬁif means diSposed.thgféin.wi}hin.a volume of xﬁ{
liquid contained in said :irst:éém;arﬁmgnt;_and said second
cémpartment having said mqtor_cbntfol means disposed
theféin. | _ B | _
18. A system as defined in claim 17, wherein:
25 ~ said motor control means.includes_a.high voltage
'section and a low Qoltage section;:énd

said second compartment includes a first chamber and
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- 42 -
a second chambefiygaid first chamber haQing said high |
voltage section of said motor control means disposed
therein and said second chamber having said low voltage
section of said motor control means disposed therein;

19. A system as defined in claim 18, wherein:

éaid containment means further includes a door
disposed between said first and second chambers of said
second compartment; |

said system further comprises a latch disposed in
said first chamber so that said latch is movable between a
first position, wherein said latch is positioned to engage
said door, and a second position, wherein said latch is
positioned to disengage said door; and

said means for manual 6peration includes manual

.operating means disposed on the exterior of said

containment means for concurrently operating said switch
means and said latch so that said latch is in a first
position in-response to said switch means being operated by
said manual operating means to energize said three-phase
primary winding and so that said latch is in said second,
position in response to said switch means being operated by
said manual operating means to de-energize said -three-phase
primary winding.

20. A system as defined in claim 19, wherein:

said system further includes output selection switch
means, connected to said three-phasé secoﬁdary winding and

having at least a part thereof mounted on the exterior of



