WO 01/ 69078 PCT/ GB01/00840 -1 A METHOD AND A CONNECTOR ARRANCGEMENT FOR
CONNECTI NG AND DI SCONNECTI NG A GENERATOR TO A CIRCUI'T W TH AN EXI STI NG

ALTERNATW}I%I%%ENT The present invention relates to a nethod and a
connector ~ arrangement for connecting and di sconnecting ahCHGRIPI%Y,

generator such as a prine nover driven alternator to a circuit with an

existing alternating current such as the mains electricity supply. A

nunber of problens are encountered wheri-connecti ng and di sconnecting an

el ectrical generator to a circuit carrying an existing alternating current

such as the mains el ech MEGEPY ANB )| GPNNERTAR ARRANGEMENE RQRt or can be

started in isolation FANNECTENG 2§ RESCOHNEGHING oRENERARAR t y and t he

appropriate frequdifcp CAREUPHITTH ANJEXFRIINGOARCERMATING CHRREND ns

electricity supply. However, the provision of a control device to nonitor

the power quality of a generator and then connect the generator to the

mai ns electricity supply when the appropriate power quality has been

achi eved i s Exgpepsésmt | Noreg@des trhe@acespkexiat ymaxhoihanded ceoratyttics | 1 abl e

to error. When disconnecting the electrical generator fromthe mains
arrangement for connecting and disconnecting an electrical
generator such as a prime mover driven alternator to a
circuit with an existing alternating current such as the

mains electricity supply.

A number of problems are encountered when connecting and
disconnecting an electrical generator to a circuit carrying

an existing alternating current such as the mains electricity

supply.

An electrical generator can be started in isolation until it
reaches suitable power quality and the appropriate frequency
and phase, and then connected to the mains electricity
supply. However, the provision of a control device to
monitor the power quality of a generator and then connect the
generator to the mains electricity supply when the
appropriate power quality has been achieved is expensive,

increases the complexity of the device and is 1liable to

error.

When disconnecting the electrical generator from the mains
electricity supply, arcing is produced between the contacts
of the switch used for disconnection. This arcing wears out

the contacts of the switch impairing performance and
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electricity supply, arcing is produced between the contacts of the switch
used for disconnection. This arcing wears out the contacts of the switch
inpairin%&gerfornance and SUBSTI TUTE SHEET ( RULE 26) WD 01/ 69078

PCT/ GBO1/MB8UPY® necessitating regul ar repl acement whi ch PCI/GRILGMRNi ent
and expensive. Arcing also disturbs the quality of the mains electricity
signal which is prohibited. Arcing can2al so cause danage to ot her
conponents and the starting of fires and its prevention by for exanple the
provision of an inert gas atnosphere is expensive. It is an object of the
present invention to overcone one or nore of the above problens. According
to a firBecaspeErtongt FEePresentePAFEAPEBR Astthot® JPCEBNRELEFrg FPri ne
nover driven electrical alternator _having two term.nals tg a circuit with
an exi st FBeN&RVEr nat i AHCLDAr @&S%o%??%%scéﬁﬁe&%}gl%eog wGPeertiifidt s of

ver driven alternator. together, t h as itabhy | ow i npedance

a prime Ergu
such t h&LSEREIGHF¥e ST aFPafifed T oPEPRYBIERE al t erHarSte d588 © move
substant i al | n e the alter o] g r current,..
initialigﬁﬁﬁgt%%gﬁ régémgggegmgﬁweﬁP?éF%ﬂ%%% ?ﬁ%igé%fklﬁg 8% fires

and its prevention by for example the provision of an inert

gas atmosphere is expensive.

It is an object of the present invention to overcome one or

more of the above problems.

According to a first aspect of the present invention a method
of connecting a prime mover driven electrical alternator
having two terminals to a circuit with an existing

alternating current comprises

connecting the two terminals of a prime mover driven
alternator together through a suitably low impedance such
that the prime mover arranged to drive the alternator does
not move substantially and cannot make the alternator

generate a current,

initialising the prime mover arranged to drive the
alternator so that it is in a suitable condition to drive the
alternator at the frequency of the alternating current in the

circuit to which it is to be connected and



alternator so that it is in a suitable condition to drive the alternator
at the frequency of the alternating current in the <circuit to which it is
to be connected and WO 01/ 69078 PCT/ GBO /00840 3 connecting the termnals
of the aMRP¥RPB to a circuit with an existing alternat PhYSEIMNPEAL to

cause the alternator to start novenent of the prine nover for the prine
nmover to drive the alternator to geneBate an alternating current with a
suitable power quality for the circuit thereafter. A Stirling engine is
preferably used as the prinme nover as it can be initialised by being
heat ed by an external heat source nd then remain in a state ready .to be
brought i nt o GPEreET RS E??réﬁﬁwnﬁiﬁcﬂfy.“@ TP AHE stPr i AigTEMgitne
only requires a spall anoynt of _ener singg t he istoggé m@ich are t he

movi ng mQQ@ e ¥efhifde tFFEﬁFlgﬁd urrent” to cfuse alrérnator

accelerated fromrest Vvery

easily. 0%02%??%?3' LOLEA Ol d e g@f{&gsm%g@ Y i GANHOURELLE Lae

nor mal engi ne, I near sinple harnonic notlon.

starti nq%zgir}\%]?%%é fﬁgggﬂlgegrbxo&l e G o NE, alied Al eyrrent {rem the

circuip e prine nmover ~driven alternator is To be connected,
whi ch 'SaWéylmcgwefpaf@alityofféfetﬁéa&pfc@itthseaéggeaat.or through a
o)

sui tabl e i npedance imt the inrush current and to bring the alternator
A Stirling engine is preferably used as the prime mover as it
can be initialised by being heated by an external heat source
and then remain in a state ready to be brought into operation
extremely quickly. Starting the Stirling engine only
requires a small amount of energy since the pistons, which
are the moving part, are relatively 1light and can be
accelerated from rest very easily. The acceleration of the
pistons from rest is continued in the normal operation of the

engine, by linear simple harmonic motion.

The starting energy is provided by applying the alternating
current from the circuit to which the prime mover driven
alternator is to be connected, which is usually mains power,
to the stator of the alternator through a suitable impedance

to 1limit the inrush current and to bring the alternator

closely into phase with the mains.

According to a second aspect of the present invention a

method of disconnecting a prime mover driven electrical



closely into phase wwth the mains. According to a second aspect of the
present invention a mnethod of disconnecting a prinme nover driven
electricgl (%/1\%99718/ 69078 PCT/ GBOI /00840 4 alternator from gefikeHbdsagM th an
exi sting a(f ernating current conprises connecting an inpedance I n parallel
with the prime nover driven electrical alternator, the inpedance having a
sufficiently | ow inpedance to require a current in excess of that which
the alternator is able to deliver to prevent the prime nover fromdriving
the alt @nrabemtard tfisn stal ldingdie aldrer nat oresainat i ¢ oot natgi didne
alternator fromthe circuit with an existing alternating current. By

stal | i ngutrrenal toempaticresbef ore di sconnecting it fromthe nmains, the arcing
caused when it is disconnected is substantially reduced. According to a
third aspect of the present invention an apparatus for connecting a prine
mover driven alternator to a circuit wth an existing alterpating current
conpri ses ancompedEics A tidmasaaqantia M%ﬂke%fw%fb%}%ﬂ | R 1M RS Rfe ment
with the alternator, the inpedance being of  suffi cidentl I ow val ue that
the pri @&iMePer ehARBYLERLve dlf¢rnator,” the  impedanc aving a

sufficiently low impedance to require a current in excess of
that which the alternator is able to deliver to prevent the
prime mover from driving the alternator and thus stalling the

alternator and

disconnecting the alternator from the circuit with an

existing alternating current.

By stalling the alternator before disconnecting it from the
mains, the arcing caused when it 1is disconnected is

substantially reduced.

According to a third aspect of the present invention an
apparatus for connecting a prime mover driven alternator to a

circuit with an existing alternating current comprises

an impedance switchable into and out of a parallel
arrangement with the alternator, the impedance being of
sufficiently low value that the prime mover cannot drive the
alternator to produce a current around the parallel impedance
and a switch to connect the prime mover driven alternator to

the circuit with an existing alternating current.



alternator to produce a current around the parallel inpedance and a swtch
to connect the prinme nover driven alternator to the circuit with an
existing_ alternating current. WO 01/69078 PCT/ GB01/00840 5 According to a
fourth adpetoolt the present invention.an apparatus for HFSCHIME¥HYng a

prime nover driven alternator froma Circuit with an existing alternating
current conprises an i npedance switchable into a parallel arrangenent with
the alternator, the inpedance being of sufficiently |ow value that the

prime noyerc£aNAgt ¥ i ¥e fdieraht eipRler Le m@u'ﬁge@ep@ur{ﬁ%ne&eﬂn% he
paral |l el inpedance and a switch to  disconnect the prinme nover driven

al ternat gpphtatubh€cei réildondddi@n 8XipHinRy wddF Nath RenC WIte¥na A
exanpl e il?ustrating the present invention will now be described with

ref erencérvm sheiacubnpabyhngndeansngag altetrnaling gureehtshenprda ses
connector arrangenent for connecting a prine nover driven alternator to a
circuit with an existing alternating current, Figures 2 to 7 show the
effective state of that circuit at various intervals, Figure 8 shows a
control systedifdPPe@ARES| FVhCEAPLenésto @ PREadRAcBEIRNGCTEIFe rarith

the alternator, the impedance being of sufficiently low value
that the prime mover cannot drive the alternator to produce a
current around the parallel impedance and a switch to
disconnect the prime mover driven alternator from the circuit .

with an existing alternating current.

An example illustrating the present invention will now be
described with reference to the accompanying drawings in

which:

Figure 1 shows a connector arrangement for connecting a
prime mover driven alternator to a circuit with an existing

alternating current,

Figures 2 to 7 show the effective state of that circuit

at various intervals,

Figure 8 shows a control system for controlling switches

in the connector arrangement,



WO 01/69078 PCT/ GO /00840 6 Figure 9 shows the sequence of steps foll owed
by the control systemto connect a prinme nover driven alternator to a

circuit wWddieagrsexi sting alternating current and Figure 18-8Ra¥WSookde
sequence of steps followed by the contrél systemto di sconnect a prine

nover driven alternator froma circuit with an existing alternating
current. The prinme nover which drives the alternator 10 in the present-
exanpl e shown in Figure 1 is a Stirling engine as is well known in the
art, such as Rilgairgnhe® dE&h@ishet e n SROUSHF4878  stePsexkppl evedokv ekheany
ot her suitable prinme nover such as a gas engi ne, an internal conbustion
engi ne GPEIStlesHSTER FNeCPRREEX afpPE I GUMRVEE SHUVAR &1 ¥R RT abPe

al ternat or_.may .he used but _i.n the present_exanple a linear alternator has
been f ot o KR (b (S i o TR B o ng St 1 ng
engine. In the present exanple shown in Figure 1 the mains electricity
supply 20 between neutral 21 and a live termnal 22 acts as the circuit

ith i st I ' , t 1 nal
117,20, 2 PGB0 S st ol wdler chpsclan dermia

11, 12 one o 11 1s connected fo neutra 2 of

the alt erpaten Jsg,sitsens:ome&i@@bﬁné@t Bherhinke mdRichs BURRLY 22t bynivor
paral l el paths 30, 40. The first electrical path 30 has a swtch 31 and a

meter 3Zxoh a circuit with an existing alternating current.

The prime mover which drives the alternator 10 in the present .
example shown in Figure 1 is a Stirling engine as is well
known in the art, such as the one described in WO 94/04878
for example. However, any other suitable prime mover such
as a gas engine, an internal combustion engine or a steam
turbine for example would be suitable. Any suitable
alternator may be used but in the present example a linear
alternator has been found to work particularly well with the
reciprocating Stirling engine. In the present example shown
in Figure 1 the mains electricity supply 20 between neutral
21 and a 1live terminal 22 acts as the circuit with an
existing alternating current. The alternator has two
terminals 11, 12 one of which 11 is connected to neutral.
The other terminal 12 of the alternator 10 is connectable to
the live mains supply 22 by two parallel paths 30, 40. The
first electrical path 30 has a switch 31 and a meter 32 in
series and the second electrical path 40 has a first
impedance 41, which in the present example is 10 ohms, a

second impedance 42, which in the present example is 27 ohms,



series and the second electrical path 40 has a first inpedance 41, which
in the present exanple is 10 ohns, a second inpedance 42, which in the
present §xgGRide;d S 27 ohns, WO 01/69078 PCT/ GBOL/ 00840 7§8‘Tﬁ3’ﬂ0§)§&4€'3 and a
meter 44 1n series. Between inpedances74l and 42 a line connected to
neutral 21 is provided. The Iline 50 has two switches 51, 52 in series.
Before starting the Stirling engine and connecting the alternator to the
mai ns supply, switches 31 and 43 are opened and switches 51 and 52 are

cl osed teo spridducet 3 en@ffevebee 44i Aouisersieown iBeTvWepn elmoe@ancesstdtor 41
connected around the alternator 10. The inpedance of resistor 41 is

sel ect e@nd ¢t hea sdfifeciZht FYRROWESAchOt REUHIRE pd neSnBverV idgedren The

al ternator 10 cannot produce a current_required to pass through the

resi stol e S0 tRE TR BHFHET st a3 e FRFT%®pt in a stationary
condition. The engine (not shown), which in this case is a Stirling
engine, is then brought into a condition ready for use by applying heat to
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is sufficiently "warned u i'eve steady State operation nd 1T is

desired 4o 6oaRect Jhe ) ternal o dh o 08 Bl ds: ) eleetsd cily syoply 20,

switch §% i's opened and swtch 4371's ~ closed. Switches 52 and i%yare

provi dednby fAvi't¥eaK bef QR 52 are closed to produce the effective
circuit shown in figure 2 with resistor 41 connected around
the alternator 10. The impedance of resistor 41 is selected
to be sufficiently low such that the prime mover driven
alternator 10 cannot produce a current required to pass
through the resistor 41 so that the engine is stalled and
kept in a stationary condition. The engine (not shown),
which in this case is a Stirling engine, is then brought into
a condition ready for use by applying heat to one end of its
piston chamber and cooling the other end. When the engine
is sufficiently "warmed up" to achieve steady state operation
and it is desired to connect the alternator 10 to the mains
electricity supply 20, switch 52 1is opened and switch 43 is
closed. Switches 52 and 43 are provided by a "break before
make" switching arrangement as is well known in the art to
ensure that switch 52 is open before switch 43 is closed.
The connector arrangement is then effectively in the
configuration shown in figure 3 with the alternator 10
connected to the mains 20 through the two impedances 41 and

42 in series. The particular total value of the impedances

41 and 42 is selected dependent upon the particular prime



make" sw tching arrangenent as is well known in the art to ensure that
swtch 52 is open before switch 43 is closed. The connector arrangenent is

then ef f gedbhy&oYs I N the configuration shown in figure 3 y 40
al t er nat or % 0cgonnect ed to the mains 20 through the two }%rr%}g aﬂg(gs 41 and

42 in series. The particular total value of the inpedances 41 and 42 is
sel ect ed dependent upon the particular prinme WO 01/69078 PCT/ GBO /00840
mover and alternator conbination that is used. In the present exanple, the
sum of tiryeser ped | abeeomzesr haonbdartiss] echal ats 3BSEErs whi dR dilkeat es
the current which passes through the coils of the alternator and which in
turn diRRERssy tPeaTpiee &PS| iBH t 81t AEenEHEE potPPER2BFeFhdiaS| PeeRat or
within the coils which in this case is a piston. The fol_rlc nust be
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excessive that it produces so_nu force_that the pistpn damages, the
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sel ect ed,.woul b ep t . the particul e_af .prijne % and
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parti cularly syidabl & {00 Lge whthsaslidd iNng cghgi Bg<as ithe, %w@oﬂpver of

the alternator as the Sti I’FI ng engine can be powered by an external heat
source apgd tMfe MANR Nbé NsAr 81 €28Y Stat 8theadndvematbidiuigite i H1 Ston

operation

and yet must not be so excessive that it produces so much
force that the piston damages the alternator or prime mover.
As can be seen, the particular impedance value selected would
be dependent upon the particular type of prime mover and
alternator used. The connector arrangement 1 of the present
invention is particularly suitable for use with a Stirling
engine as the prime mover of the alternator as the Stirling
engine can be powered by an external heat source and then
remain in a steady state ready to be brought into operation

extremely quickly. Furthermore, starting the engine only
requires a small amount of energy since the piston 1is
relatively 1light and can be accelerated from rest very
easily. The acceleration of the piston from rest is

continued in the normal operation of the engine by linear

simple harmonic motion.

Starting the prime mover driven alternator in this manner
ensures that the alternator 10 produces electricity of a
suitable power quality for the mains electricity supply with

the same frequency and in phase.



extrenely quickly. Furthernore, starting the engine only requires a small
anount of energy since the pistonis relatively light and can be
accelerakﬁp oy rest very easily. The accel eration of t%?w? [ elappalgelly
rest is conflnued in the normal operapion of the engine I'near sinple
harnmoni ¢ notion. Starting the prinme nover driven alternator in this manner
ensures that the alternator 10 produces electricity of a suitable power
quality for the nmains electricity supply with the sanme frequency and in
phase. Whé1/GO0ER tCT/ GBeENGE8¥Rt 91Thef cdirecraesantangememt iorof ishe
present invention is provided with a neter 44 which provides an indication
of the mueviededpasthny THrSught | WRbCRPT AT ides s%th%guga%%l gSelihet he

current neasured by nmeter 44 is checked to ensure that it _is within

expect e yrareiet @SS 1% ShEReER pibei 48s anAﬂQﬁf(ﬁﬁ%?ﬁpt%%tIFhélPﬁﬁ@dances
41, 42 and contacts of the _switches 31, 43, 5% are work g
satlsfeuﬁQﬁlq%Frqqﬁam?ﬁﬁ?¥ﬁﬁ 9%&?%?%6 3 h%t%?eﬁﬁs t?e%ﬁsﬁ§e B3Rt 161 1 er

101 which con%§res ' mh H ect ed values t ens%ﬁgﬂﬁyat tg%d%%pnector
arr angerignt “t°© nfuﬁ%?? F ¥?%%?? “If the*tfreastiéd YaPie 5§ ofit'si de

the desised valyes gngtccu}ié%mpgaaﬂéegemorrr&zaran%mégsegxtgmgf down
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switches 31, 43, 51, 52 are working satisfactorily. The

current measured by meter 44 1is read by a controller 101
which compares it with expected values to ensure that the

connector arrangement 1 1s functioning correctly. If the
measured value 1s outside the desired values the control
means performs an emergency shut down procedure as described
later. However, under normal circumstances, the reading of
meter 44 will be within expected parameters and so switch 31
is closed and switch 51 is opened to produce the effective
circuit shown in Figure 4. Switches 31 and 51 are provided
in a "make before break" configuration as is well known in
the art. After a suitable period of time has elapsed for
the current through line 30 to settle, for example 100 ms,
the current through meter 32 is checked to see whether it is
within normal operating parameters. If it is not then the
connector arrangement undergoes emergency shut down
procedures as are described later. However, under normal
circumstances the current will be within normal parameters
and switch 43 is then opened to eliminate the impedance
provided by impedances 41 and 42 such that the prime mover

driven alternator is directly connected to the mains as shown



| ater. However, under normal circunstances, the reading of neter 44 wll
be within expected paraneters and so switch 31 is closed and swtch 51 is

opened t quphoghye the effective circuit shown in Figure 4ctowoisiRes 31 and
51 are provided in a "nake before bredk" configuration as is well known in

the art. After a suitable period of time has el apsed for the current
through line 30 to settle, for exanple 100 ns, the current through neter

32 is checked to see whether it is. within nornmal operatin araneters. |f
it is notit RéHYEFRe > -connetiof éFr&ﬁﬁeM&ﬂ?qﬂﬁkﬁfﬂﬁéﬁﬁnﬁWbEaggssﬁat%&9M1
procedures as are described. ater. However, under_nornpl, circunstances the
current o1 PrBe T ;%n trﬁ?r%&?e?)a?ﬁrrgt\g& ea&n&’%ﬁ?f%hm%gei s FRENSSPEnNed to
elim nat e, L g, L NPEdapE es, PLAY! d9d,hxo! HPBANCER 415389 42 SUGR.ERAL Lhe
prime moVer CRFTVen arternator s direc y connected to the nains’as shown

Vo 01/ 699%%&9@ f%%/ gﬁ%ﬂ?&ghi N1 EHhgUTs Spedhalice |8yl benpresentexanpl e

SW t ches and ornmed together in a "break before nmake"

arrangengiin . t hergpepi-RtheOimciiirt (i ARl S & 0sESr Y t 6Bnb2Znubawevrebe NO
current passes through Iine 50 because switch 51 remains open. The prine

mover driyvescelyeesahectd@ eontiheues iy beipgliy exd | s cohoeat ed tfagulre nains

supply 20 as shown in figure 5 until it is desired to turn off the prine

nover. Deirungilnacnils @jeeriatdddntd heuenr pént thas gimgnet hmaxoemh. met &ur3ag s
normal operation the current passing through meter 32 is
monitored at regular intervals to ensure that the connector.
arrangement 1 1is working satisfactorily and to ensure that

the prime mover driven alternator is operating within its

normal specification.

When it 1is desired to disconnect the prime mover driven
alternator 10 from the mains supply 20 the heater of the
Stirling engine which is used in the present example is

turned off and the remaining heat in the Stirling engine is
used up. When the Stirling engine drops below a critical
temperature it starts drawing power from the mains 20 rather
than supplying it as is well known in Stirling engine
operation. A temperature detector 15 provided on the
Stirling engine is connected to a controller 101 (see Figure
8) and when this critical temperature is reached, which for
the Stirling engine used in the present example is 300°C,
switch 51 is closed to produce the effective circuit shown in
Figure 6 for a few milliseconds as the "make before break"

switch arrangement of switches 31 and 52 changes state. In



nonitored at regular intervals to ensure that the connector, arrangenment 1
is working satisfactorily and to ensure that the prinme nover driven

al ter natyg o gog9perating within its normal specification.pMIeRoiidosdos
desired to Jlsconnect the prinme noveridriven alternator 10 fromthe nains

supply 20 the heater of the Stirling engine which is used in the present

exanple is turned off and the remaining heat in the Stirling engine is

used up. When the Stirling engine drops below a critical tenperature it

starts thasi ayrpowementomhheermime 2Datifhbecatlgn iSupfidy PYCASCEs wel |

known in Stirling engine operation. A tenEerature detector 15 provi ded on
n

the StFREEAGLIERGI nelTECRbnACtRE (3 W ContFEPHER 107 (LBESERgGFe 4B) and
when this critical tenperature i s .reached ich far the Stiyrlin i
et | MTRRcvBIUSaRE. SrBRERE e Hoge SalAtan HE che g Tot hrb s ha®
effecti circuit shown,in Figure f i llise the. "make
bef oreI \éﬁegk'lmlélsﬂqvceﬁ a‘ﬁ Y\%rélrr%% ‘_e‘ror?aésgv)ﬁrrt gﬂeg\%? zfrlflg%s%%c%hdczntgzes g)?%a?%? In
VO 01/ G%SZQIP iRY /affhr é%aéértéaz%né{rgggaﬁget suz%j%l@nr&e SiAkd 5 begause
it cannot produce sufficient current t e driven through the 1 npedance

41. ThBeVaEg%.eﬂf chIRedan e Al des f@)eqthiedsd Ahdihe ard Aciharsd ypes . of

prime nover driven altérnator 10 used such that the prine
After a suitable period of time for the prime mover driven
alternator to stall, in this example 1.5 ms, switch 31 of the.
"make before break" switch arrangement of switches 31 and 51
is opened to disconnect the prime mover driven alternator
from the mains 20 to produce the effective circuit shown in
figure 7. Substantially less or no arcing is produced as
the prime mover driven alternator is already stopped before

it is disconnected from the mains supply 20.

When the prime mover driven alternator is disconnected from
the mains 20 in an emergency situation, for example because
the current detected at meters 32 or 44 is outside normal
parameters, then switch 51 is closed and switch 31 is opened
without waiting for the remaining heat in the Stirling engine
to be used up. This should prevent the prime mover driven
alternator from suffering any damage due to operation outside

its normal conditions.



nover driven alternator cannot produce sufficient current to be driven
through the resistor 41 so that the engine stalls. After a suitable period
of tinme f rime nmover driven alternator to stall npl e
1.5 ns, v&ﬁgﬁﬂﬁ 1 of the. "make beforg2break” switch arragagﬁgﬁmﬁﬁﬁ
switches 31 and 51 is opened to disconnect the prinme nover driven
alternator fromthe mains 20 to produce the effective circuit shown in
figure 7. Substantially less or no arcing is produced as the prine nover
driven afher natoangemEnteadyt st oppedcbetopé isysitemdi SeohnexEr d¥bimg he
mai ns supply 20. VWen the prine nover driven alternator is disconnected
from thewitches2031n &3 .enk? ged@y Bitt (FdtS oRanner &effdlidaskcabsye the
current detected at meters 32 or 44 is outside normal paraneters, then
switch 53hPYncipsEdIaF@ $witch 31 is opened without waiting for the
remai ning heat in the Stirling engine to be used up. This should prevent
the prime nover driven alternator fromsuffering any danage due to

oper 2t ohgul siderchus.nougs! seIckll ono. P O SUIS. 02, FETL PO 00540

The arra e con system controllTng es 3

22 11 ths offBRPEL. g3CLidafiahaue (e SNAMkd 1Y 04a &o H&é&@tf?lgrﬁ%lol

a m croprocessor conputer or exanple has data |
110 1114&°r@%b%%%£$%ﬁ¥“5nd a data link 112 to temperature detector

15 on the Stirling engine. The controller 101 also has
actuating 1links 115, 116 to "make before break" switch.
arrangement 31, 51 and "break before make" switch arrangement

43, 52 respectively.

The sequence of operations followed by the control system for
connecting the prime mover driven alternator 10 to the mains

electricity supply 20 is shown in Figure 9.

At step 201 the connector arrangement 1 is initially put into

the condition in which:
SWITCH 31 is OPEN
SWITCH 43 is OPEN

SWITCH 51 is CLOSED

SWITCH 52 is CLOSED

At step 202

SWITCH 52 is OPENED and



44 respectively and a data link 112 to tenperature detector 15 on the
Stirling engine. The controller 101 al so has actuating links 115, 116 to
"make before break"™ switch. arrangenent 31, 51 and ' bre r sﬂpke
switch aMCHEa¥8nt 43, 52 respectivehy. The sequence of ‘Op réﬁlons

foll owed by the control systemfor connecting the prinme nover driven
alternator 10 to the mains electricity supply 20 is shown in Figure 9. At
step 201 the connector arrangenent 1 is initially put into the condition
in which: SWTCH 3tireHOREN i sSWLOQEDM3 is OPEN SWTCH 51 is CLOSED SW TCH
52 is CLOSED At step 202 SWTCH 52 is OPENED and WO 01/ 69078 13

PCT/ GB01/ 00840 SWTCH 43 is CLOSED At step 203 Areading is taken from
meter 44 and if it is outside expected conditions enmergency shut down is
activat adt attest €93208. If the reading is inside expected conditions the
control neans proceeds to step 204.

A reading is taken from meter 44 and if it is
outside expected conditions emergency shut down is
activated at step 208. If the reading 1is inside
expected conditions the control means proceeds to

step 204.

At step 204

SWITCH 31 is CLOSED and

SWITCH 51 is OPENED

At step 205

A reading is taken from meter 32 and if it 1is
outside expected conditions emergency shut down is
activated at step 208. If the reading is within
expected conditions the control means proceeds to

step 206.

At step 206

SWITCH 43 if OPENED and

SWITCH 52 is CLOSED



At step 204 SWTCH 31 is CLOSED and SWTCH 51 is OPENED At step 205 A
reading is taken fromneter 32 and if it is outside expected conditions
energency shut down is activated at step 208. If the reag' i it hin
expect ed*&?f(ﬂgﬂsons t he control neansuroceeds to step 2 %f'/%ﬁbﬁ@%ﬂfo 206
SWTCH 43 if OPENED and SWTCH 52 is CLOSED WO 01/ 69078 PCT/ GBO1/ 00840 14
At step 207 Meter 32 is nonitored and if a reading is taken which is
out si de expected conditions enmergency shut down is activated at step 208.
Q herw gg- tdweep system continues with this switch arrangenent until
di sconnection is required as shown in Figure 9. The sequence of operations
foll owed by the control system for disconnecting the prinme nover driven
alternator 10 from the mains electricity supply is shown in Figure 10.
Initially Meter 32 is monitored and if a reading is taken

which is outside expected conditions emergency shut

down 1is activated at step 208. Otherwise the

system continues with this switch arrangement until

disconnection is required as shown in Figure 9.

The sequence of operations followed by the control system
for disconnecting the prime mover driven alternator 10 from

the mains electricity supply is shown in Figure 10.

Initially

SWITCH 31 will be CLOSED
SWITCH 43 will be OPEN
SWITCH 51 will be OPEN and

SWITCH 52 will be CLOSED

At step 301 the heater for the Stirling engine is turned off
and the temperature of the Stirling engine is monitored on
line 112 until it reaches a critical temperature at which the
engine begins drawing or is about to draw power from the

mains. When this temperature is reached the control means

proceeds to step 302.



SWTCH 31 will be CLOSED SWTCH 43 will be OPEN SWTCH 51 will be OPEN
and SWTCH 52 will be CLOSED At step 301 the heater for the Stirling

engi ne i sydrdvesk off  and the tenperature of the StirlingpenR@igdfodsso
nmonitored on line 112 until it reaches5a critical tenperature at which the

engi ne begins drawing or is about to draw power fromthe mains. Wen this
tenperature is reached the control neans proceeds to step 302. WO 01/69078
15 PCT/ GB01/ 00840 At step 302 "make before break" switch arrangement 31,
51 is abti ¢AERd39dch MA@ BSWORTH eak” BOSER aRETERBRATCBI T 31 i1
OPENED For energenc hu% down the control system proceeds directly to
step 302?C%F§ng$iﬁ C8n§fPRE driven alternator 10 and connector arrangenent
1 can be transported with the connector arrangenment 1 arranged with
switches 31 and 43 open and switches 51 and 52 closed to produce the

effective circuit sﬁ??&ﬂ.%@ E%gegﬁégéa%?gazpehn this condition the piston

of the Stirling engine’'is he I'Ty stationary so that no damage
wi Il be caused to thershi khi ng epghpg by novenent

For emergency shut down the control system proceeds directly

to step 302.

A Stirling engine driven alternator 10 and connector
arrangement 1 can be transported with the connector
arrangement 1 arranged with switches 31 and 43 open and
switches 51 and 52 closed to produce the effective circuit
shown in Figures 2 and 7. In this condition the piston of
the Stirling engine is held substantially stationary so that
no damage will be caused to the Stirling engine by movement

or vibration during transportation.

The use of mechanical switches to perform the shutdown
sequence rather than an external timing device enables
shutdown to be performed even in the event of loss of the
power supply. The connector arrangement 1 is able to provide
both connection and disconnection from the mains power supply
with the same components thus lowering the component count by

providing dual functionality.



or vibration during transportation. The use of nechanical switches to
performthe shutdown sequence rather than an external tim ng device
enabl es vehoi/ghey to be performed even in the event of | ossrRiBot ks POVEr
supply. The connector arrangenent 1 isléble to provide both connection and
di sconnection fromthe mains power supply wth the sane conponents thus

| oweri ng the conponent count by providing dual functionality. WO 01/69078
PCT/ GBO /00840 16 The connector arrangenent 1 provides both a reliable

mai ns  sUPpl FABEY oATEABIEMSEF e I nRYANEd8Fsdetiect | 8 1iAPLRe m@RAt Of

| oss of mains electricity supply. The nmethod reljes on connection to a
circuit WHPRI¥n EXREFMPT alPrer rat iSAd cut FEhERE uH SEORE TdiThs 1RAER®I | as

using the full circuit design,.part .of the .circuit .my be ed for_a
parti cul EVeEBnn%%ti & Sorogi gr% cEIST EEAp; (\tiycaFPBR.lyFor ex Erﬁl g Hed

di sconnegl 91 161 L 6ONLAPE, yaed Lor a.atand alane gggeralprcand, the

connecti On~Crrcui cou used for gri ndependent “starting.

01/ 69078 Eggégggﬁhgoggqrekz sGA ME FhAdBhod of connecting a prine nover

driven e?ectrlca

As well as using the full circuit design, part of the circuit
may be used for a particular connection or disconnection
application. For example the disconnection circuit could be.
used for a stand alone generator and the connection circuit

could be used for grid independent starting.



alternator arranged to generate a current between two termnals to a
circuit with an existing alternating current, the nmethod conprising
connectupgoﬁﬁmbgpedance of such a value between the terpHatsy1Rbssbhe

al ternat or at the prine nover arranged to drive the alternator
substantially cannot nove and cannot nake the alternator generate a
current, initialising the prine nover so that it is in a suitable
condition to drive the alternator at the frequency of the alternating
current GuAIM& circuit to which it is to be connected and connecting the
termnals of the alternator to a circuit wwth an existing alternating
current to cause the alternator to start novenent of the prinme nover. 2. A
met hod according to claim1l, wherein the prine nover is a Stirling engine

dth I ' i I : / .
R L e S S S

initialised yd g ta one ghBdefhtel tS5 PiSTOR: ChaRRlen 4twd
met hod accor Hﬁg 015%5 Snghg preced?ngeclafns in which the é?}cht W th
an existing qteifais$ the HBI PSrcuit with an existing alternating

current, the method comprising

connecting an impedance of such a value between the
terminals of the alternator that the prime wmover
arranged to drive the alternator substantially cannot

move and cannot make the alternator generate a current,

initialising the prime mover so that it is in a
suitable condition to drive the alternator at the
frequency of the alternating current in the circuit to

which it is to be connected and

connecting the terminals of the alternator to a
circuit with an existing alternating current to cause

the alternator to start movement of the prime mover.

2. A method according to claim 1, wherein the prime mover

is a Stirling engine and the alternator 1is a linear

alternator.



electricity supply. 5. A nethod according to any of the preceding clains,
in, which the termnals of the alternator are connected to a circuit with

an exi stiyig@opédo®y Nnating current through an inpedance. 6. pprivaioda6ka0
according to claimb5, in which the inpadance through which the term nals

of the alternator are connected to a circuit with an existing alternating
current is subsequently short circuited. 7. A nethod according to any of
the preceding clains, in which after the termnals of the alternator are
connected to & cheelpd Woaersinski 5§01 vg-3dm e? natitng"hie®r &Mt $herling
characteristics of the current _passing through that connection are checked
to determnne WRGERS 1% nédpiiielwsen) rP}éxﬁ‘éEPgﬁlﬁﬁr Cer's® 8heA S hot
according to claim.6, in ich the <characteristics of the current passing
through the shH&® BB EH S PCT/ GB01/ 00840 circuit are checked to
determ ne whether they are within expected paraneters. 9. A nethod
according to claim7 or claim8, wherein if the <characteristics of the

current gre Ol sheenSXPeCiRta by apBt ey Loe ehlergalotal sgdicacannecigd
fromthe 'circuit wth an existi'ng alternating current.
which the circuit with an existing current is the mains

electricity supply.

5. A method according to any of the preceding claims, in.
which the terminals of the alternator are connected to a
circuit with an existing alternating current through an

impedance.

6. A method according to claim 5, in which the impedance
through which the terminals of the alternator are
connected to a circuit with an existing alternating

current is subsequently short circuited.

7. A method according to any of the preceding claims, in
which after the terminals of the alternator are
connected to a circuit with an existing alternating
current, the characteristics of the current passing
through that connection are checked to determine whether

they are within expected parameters.

8. A method according to <claim 6, in which the

characteristics of the current passing through the short



10. A nmethod of connecting a prinme nover driven electrical alternator
arranged to generate a current between two termnals to a circuit with an
existin | t ting current substantially as hereinbef ihed with
refer eng‘é’%t%/%%(ﬁ acconpanyi ng draw ngs.s 11. A net hod of icgré(gﬁﬁ@cbﬁgng a
prinme nover driven alternator froma circuit with an existing alternating
current conprising connecting an i npedance in parallel with the prine
nover driven alternator, the inpedance having a sufficiently |ow inpedance
val ue to requiffcaicuarenthenkeéxcesdenérnhae whecherhthakt erpawothiz abl e
to deliver to prevent the prine nover fromdriving the alternator and

t hus stallingetpecped neanaveresdd di sconnecting the alternator fromthe
circuit with an existing alternating current. WO 01/69078 PCT/ GB01/ 00840
20 12. A nethod according to claim 11, in which the prine nover is a

Stirling engine and the alternator is a lpnear _.alternator. 13.. t hod
accor di ny t o 2IBEHA2, AFRORRFLH ’fﬂecgf‘?'?‘l 7ng* Ehgife hagggrﬁéﬁt & gﬁ& t he

heater is turned off and ;heat in fhe StLNIINY ¢0gl gk keed yB.hetare the
parameters the alternator 1is disconnected from the

circuit with an existing alternating current.

10. A method of connecting a prime mover driven electrical
alternator arranged to generate a current between two
terminals to a circuit with an existing alternating
current substantially as hereinbefore described with

reference to the accompanying drawings.

11. A method of disconnecting a prime mover driven
alternator from a circuit with an existing alternating

current comprising

connecting an impedance in parallel with the prime
mover driven alternator, the impedance having a
sufficiently low impedance value to require a current in
excess of that which the alternator 1is able to deliver
to prevent the prime mover from driving the alternator

and thus stalling the prime mover and

disconnecting the alternator from the circuit with

an existing alternating current.



i npedance is connected in parallel with the alternator to stall the
Stirling engine. 14. A nethod according to any of clains 11 to 13 in which

the circydoohfa an existing alternating current is the pEaR0GdR&ErICity
supply. 15. A nethod of disconnecting a prine nover driven alternator from

acircuit with an existing alternati n% current substantially as

her ei nbefore described with referencé%o the acconpanyi ng drawi ngs. 16. An
apparatus for connecting a prinme nover driven alternator to a circuit with
an existing alternating current conprising an inpedance switchable into

and out of aﬂgﬁ@é‘}h% afLL2RERGROL whLhot he akhepnatar cnkheriifRedanes being

of suffTtie ow value t e prine nover cannot drive WO 01/69078

PCT/ GB0O1/ 008488_ 21 the akhgrnat ornd 0 jpiOdUEE 31 RHoar @dndh t he Hepedance
when connected in pararl el "with the alternator, and a switch to connect the

alternator tojargl-hgtbt. Wth an existing alternating current. 17. An
apparatus according to claim 16, including a control neans arranged to
connect the inpedance into a parallel arrangenent with the alternator,
arranged to di sconnect o
13. A method according to claim 12, in which the Stirling
engine has a heater and the heater is turned off and
heat in the Stirling engine is used up before the
impedance is connected in parallel with the alternator

to stall the Stirling engine.

14. A method according to any of claims 11 to 13 in which
the circuit with an existing alternating current is the

mains electricity supply.

15. A method of disconnecting a prime mover driven
alternator from a circuit with an existing alternating
current substantially as hereinbefore described with

reference to the accompanying drawings.

16. An apparatus for connecting a prime mover driven
alternator to a circuit with an existing alternating

current comprising

an impedance switchable into and out of a parallel
arrangement with the alternator, the impedance being of

sufficiently low value that the prime mover cannot drive



the alternator froma parallel arrangenent with the alternator and
arranged to connect the alternator to a circuit with an existing

al t er nat ivp@ ofkgorent . 18. An apparatus according to clai m b&rvkiglogdsd t he
control means is arranged to disconnegt the inpedance froma parallel

arrangenment with the alternator before it connects the alternator to a
circuit with an existing alternating current. 19. An apparatus according

to claim17, wherein the control means i s arranged to di sconnect_the

i npedance frofit& 2 hBPENREPT aF PaRGERBAE ®|FHrFﬁ@taPF@PﬁétGP%ﬁ%%QeQ%nce

connects the ternator to.a CIrCUI Wi.t h ag g stln%rr alternating current.
a

WD 01/ 69078 2%BePCTPERBTFBE8Al P262 Aﬁlaﬁfré B¢EEFERATE 0 of clains

16 to 19, wherein the alternator is connected to a circuit with an
existing alternating current through an inpedance. 21. An apparatus

according to claim %%ltqﬁl uding. feans. t @y Moy tor 1 chay agt eri lstHcCs of

the current passing rough the |npedance Scotinected bet vieen  t he er nat or

and a circui tywhhy ﬁneﬂg@&haga@kg%ha%&hagc%&e%@t 22. An appar at us
according to claim 21, wherein the control nmeans is arranged to short

circuit the inpedance connected between the alternator and a circuit with
an
17. An apparatus according to claim 16, including a control

means arranged to connect the impedance into a parallel
arrangement with the alternator, arranged to disconnect
the alternator from a parallel arrangement with the
alternator and arranged to connect the alternator to a

circuit with an existing alternating current.

18. An apparatus according to claim 17, wherein the control
means 1s arranged to disconnect the impedance from a
parallel arrangement with the alternator before it
connects the alternator to a circuit with an existing

alternating current.

19. An apparatus according to claim 17, wherein the control
means 1is arranged to disconnect the impedance from a
parallel arrangement with the alternator after it
connects the alternator to a circuit with an existing

alternating current.



existing alternating current if the characteristics of the current passing
t hrough the inpedance are within desired paraneters. 23. An apparatus for

connecting a arime nover driven alternator to a circuit puddpamegy sting
alternating current substantially as2berei nbefore described wth

reference to the acconpanyi ng drawi ngs. 24. An apparatus for disconnecting
a prinme nover driven alternator froma circuit with an existing
alternating current conprising an inpedance swi tchable into a parallel
arrangement 2w t hpphragbser aacordinge Fapeihc®theFAgiBF sdffiEPentiy WO
01/ 69078 2 3 PCT/ GB01/00840 |ow value that the prime nover, cannat drive
the al t er navdered nptdgued e ERTENt ST IR & & 191 S pedant ftand a
switch to disconnect the alternator fro %E’ceﬁ ci.rcuit. with an existing
alternating EFASEADT 55 TeARING LU Siic SFHWER &b IR %l udi ng a
make- bef ore-break switch to connect the inpedance into a parallel
arrangenent with the alternator before disconnecting the alternator from

the cirgyit Wil an ex|stLogoshi AENAU 08 LU 120! - 1261 uBIn8PRAIAIIS o
accor di %gt o\ﬁl& é”}prﬁazrfe%lrssc%glg% ,éwher ei'n ' S
monitor the characteristics of the current passing
through the impedance connected between the alternator

and a circuit with an existing alternating current.

22. An apparatus according to claim 21, wherein the control
means is arranged to short «circuit the impedance
connected between the alternator and a circuit with an
existing alternating current if the characteristics of
the current passing through the impedance are within

desired parameters.

23. An apparatus for connecting a prime mover driven
alternator to a circuit with an existing alternating
current substantially as hereinbefore described with

reference to the accompanying drawings.

24. An apparatus for disconnecting a prime mover driven
alternator from a circuit with an existing alternating

current comprising

an impedance switchable into a parallel arrangement

with the alternator, the impedance being of sufficiently



the prinme nover driving the alternator is a Stirling engine. 27. An
apparatus according to claim26, wherein supply of heat to the Stirling

engi ne i yd fi@hfsuPt €d before the inpedance is swtched i | el
arrangement with the alternator. 28. A®R3apparatus for di géég/r?%gfc?ﬁsﬁdg a

prine mover driven alternator froma circuit with an existing alternating
current substantially as hereinbefore described with reference to the
acconpanyi ng draw ngs. ) .
low value that the prime mover cannot drive the
alternator to produce a current around the parallel

impedance and

a switch to disconnect the alternator from the

circuit with an existing alternating current.

25. An apparatus according to claim 24 including a
make-before-break switch to connect the impedance into a
parallel arrangement with the alternator before
disconnecting the alternator from the circuit with an

existing alternating current.

26. An apparatus according to claim 24 or claim 25, wherein
the prime mover driving the alternator is a Stirling

engine.

27. An apparatus according to claim 26, wherein supply of
heat to the Stirling engine 1is interrupted before the
impedance is switched into a parallel arrangement with

the alternator.

28. An apparatus for disconnecting a prime mover driven
alternator from a circuit with an existing alternating
current substantially as hereinbefore described with

reference to the accompanying drawings.



