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-1- What is clainmed is: 1. A met hod of transferringgygﬂ} y ing?ﬁgve
| oad:'from one el ectric power source to another electri o] source} (gai d
met hod conprising the steps of: disconnecting the highly inductive Ig&?
from said one el ectric power source; monitoring residual voltage on S PAH -5
hi ghly inductive | oad; and connecting the highly inductive load to said
anot her electric power source only after said residual voltage on the
hi ghly inductive | oad has decayed to at |east a predeterni ned value. 2.
The nethod of claim 1 wherein said another power source has a nom nal !
voltage, and said step of connecting conprises connecting said highly |
i nductive load to said another power sourde only after said residual
vol tage on the highly inductive | oad has decayed to a predeterm ned val ue
which is equal to or less than about 30% of said nominal voltage.

METHOD AND APPARATUS FOR TRANSFERRING

BETWEEN ELECTRICAL POWER SOURCES WHICH

ADAPTIVELY BLOCKS TRANSFER UNTIL LOAD

VOLTAGE DECAYS TO SAFE VALUE
BACKGROUND OF THE INVENTION

Field of the Invention

This invention relates to apparatus and a method for providing electric
power to a load from alternate sources, and more particularly, to a transfer switch
system which prevents connection of a source to a load bus as long as a large out-of-

5 phase voltage such as would be produced by a highly inductive load remains on the
load bus. '
Back d Information

Alternate power sources are provided for any number of applications

which cannot withstand a lengthy interruption in electric power. Typically, power is
10 provided from a primary source with back-up provided by a secondary source. Often
the primary source is a utility, and the secondary source is an auxiliary power source -
such as an engine driven generator.
Transfer switches are used to switch between the two power sources.
The transfers can be made automatically or manually. In the case of a generator driven
15 auxiliary power source, pbwer must be stabilized before the transfer can be made. In o
any event, the two power sources cannot be connected to the load simultaneously
unless they are in phase. Thus, most transfer switches make an open transition .
transfer. That is, the previously connected source is disconnected from the load before

the other source is connected. However, there can still be a problem if the load is

20 highly inductive .. otor which can produce a residual voltage on the load bus. .




- 2- “The frequency of this residual voltage is a function of
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The most common approach to overcoming the problem of the residual
voltage produced by highly mductwe loads is to provide a time delay whxch allows the
residval voltage to fall to a safe level before the second source is connected.
Typically, the new source can be connected to the load when the residual voltage has
dropped below about 30% of the initial value. While this is effective, it requires
providing a time delay ad_eqﬁate to accommodate the worst case.

"There is a need therefore, for an improved apparatus and method for
transferring highly inductive loads from one power source to another.
- There is also a need for such an apparatus and method for making such
a transfer as soon as it can be safely made.

There is also a need for such an apparatus and method for making such
a transfer without having to provide for synchronization of source voltage and residual
voltage produced by the load.

SUMMARY OF THE INVENTION

These needs and others are sgtisfied by the invention which is directed

to 2 method and apparatus for transferring a highly inductive load from one power

- source to another power source with an open transition by monitoring an electrical

parameter on the load bus and closing in on the new source only after the value of that
parameter has dropped to a predetermined percentage of a nominal value. Preferably‘,
the electrical parameter is the load voltage, which for a motor load is the residual load
voltage or back EMF of the motor. In the exemplary embodiment of the invention,
the transfer to the formerly inactive source is made when the load voltage falls below
about 30% of normal line voltage.

More particularly, the invention embraces a transfer switch system which
includes switching means having a first closed state in which a first source is connected
to the load bus and a second closed state in which the 'second source is connected to

the load bus. One of these closed states is initially active and the other is initially




15 ..° There is also a need for such an apparatus and net hod
for making such a transfer as soon as it can be safely nmade. There is al so
a need for such an apparatus and nethod for making such a transfer w thout
having to provide for synchronization of source voltage and residual

vol t age produced by the |oad. 20 SUMVARY OF THE
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More parti cul Xeltage ispeeferabbinbelow ahent 3@ Bsofsthe mermaloload wpltage. syst em whi ch
The invention also embraces the method of transferring a highly

inductive load from one electric power source to another by disconnecting the load
from the one electrical power source, monitoring the voltage on the highly inductive
10 load, and connecting the highly inductive load to the other electric power source only
after the voltage on the load bus has decayed to at least a predetermined value,
preferably below about 30% of the nominal load voltage.
BRIEF DES ON OF THE DRAWINGS
A full understanding of the invention can be gained from the following
15 description of the preferred embodiments when read in conjunction with the
- accompanying drawings in which:
Figure 1 is a schematic diagram of a transfer switch in accordance with
‘the invention for supplying power to a load from a selected one of two electric sources.
Figure 2 is a flow chart of a computer program utilized by the transfer
20 switch shown in Figure 1 for making transfers between two power sources.
DESCRIPTION OF THE PREFERRED EMBODIMENT
Figure 1 illustrates an electric power distribution system 1 which
includes a transfer switch system 3 for selectively éonnecﬁng one of two electric power
sources 5 and 7 to a load bus 9 supplying power to one or more loads 11, such as
25 electric motors or other highly inductive devices. The two electric sources 5 and 7
can, for instance, both be utilities, or one could be a utility and the other could be an
auxiliary power source such as a motor driven generator or any other combination of
alternate power sources. The electric distribution system is shown in single line for
clarity, but may be either single phase or multiphase.
30 - The transfer switch system 3 includes a first electrical switch 13 for
connecting the source 5 to the load bus 9 and a second ‘electrical switch 15 for
selectively connecting the second source 7 to the load bus. In the preferred

embodiment of the invention, these switches 13 and 15 are circuit breakers which '




i ncl-udes switching means having a first closed state in which a first
source is connected to the | oad bus and a second closed state in which the
second source is connected to the |oad bus. One of these closed states is
initially active and the other is initially -3- inactive. A controller

I ncl udes neans for nonitoring the voltage.gnw. the | oad bus, opening neans
for opening the swtch neans fromthe initially active state to an open or

neutral state méb@&eﬁgemaﬁcmwwen%tmt&mgt Bdtiveen SBESs. | idridiveBREN
state to the |n|t|aIIy I nactive closed state only after the |oad voltage

falls below t swnehes withoup oyersuwent protbctian & wils sgpatale evercurnephralayseepul hf:s

predeter m ned val ue of t advlt e is ref r abl el ow 304
the normal | oBFAAS S \gt%ﬁé@ t| %{Ia hBrEeELs ﬁ% ‘%‘Sglf%]ang {% can
transferring aebbﬁbkﬁedlnﬁcmﬁgwaohaeqmier %ueleethﬂiwﬁmww power source to
anot her by di sconnectin romthe one el ectrical power source,

moni to¥i ng the vol tage g)pemnmfgwpwwmbeﬁ:ﬂb‘md 15 is controlled by a controller 17
which monitors the voltages of the sources 5 and 7 through voltage sensors in the form

of voltagé dividers 19 and 21 respectively. As is well known, the controller 17
selectively operates the switches 13 and 15. For instance, where the first source is a
commercial power source and the second source 7 is an auxiliary power source having
10 an engine driven generator, the controller 17 can designate the commercial power
source 5 as the preferred source which will be connected to the load bus 9 as long as
the monitored voltage of the commercial power source is within a prescribed range.
If the commercial power source does not remain within prescribed limits, or for test
purposes, or for other reasons, the commercial power source 5 can be disconnected
15 from the load bus 9 and replaced by the auxiliary power generator 7. The controller
17 continues to monitor the first source and when it returns to normal the controller
can automatically transfer back to the preferred source. These transfers between
sources are made through an open transition. That is, the initially active source is
disconnected from the load bus 9 before.the formerly inactive scurce is made active
20 by connecting it to the load bus. The controller 17 includes a microprocessor 23 which
applies well known criteria to determine the availability of the two sources and to

control the transfers between sources.
As mentioned above, highly inductive loads 11, such as electric motors,
generate a residual voltage on the load bus after they are disconnected from .an active
25 source. This residual voltage, such as the back EMF generated by a motor, is
asynchronous with respect to the voltage generated by the new sou;‘cé; and in the case
- of the motor, the frequency decreases as the motor slows down. Instead of utilizing
a time delay, which must be large enough to account for the largest inductive load that
may be present on the load bus, the controller of the present invention monitors the
30 load voltage through a sensor in the form of a voltage divider 25. The controller 17
blocks transfer to the new source until the voltage on the load bus falls to less than a
selected percentage of the normal load voltage when it is connected to a power source.

In the exemplary system, this selected percentage can be anywhere from about 30%




10 . | oad, and connecting the highly inductive |oad to the other

el ectric power source only after the voltage on the | oad bus has decayed to
at | east a predeterm ned val ue, preferably bel ow about 30% of the nom nal

| oad vol t age. BRI EF DESCRI PTI ON OF THE DRAW NGS A full understandi ng of the
I nvention can be gained fromthe foll ow ng.15 description of the
preferred enbodi nents when read in conjunc?lon wi th the acconpanyi ng

drawi ngs in ic diagramofi.a transfer switch in
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i nducti ve deJmpegantinad smmewlm the.indygiance ondghe Jogd pus can vary sub&anmlly For

instance, at certain times of the day a number of motors may be connected to the load

bus while at other times the inductive component of the load may be very low as where

only a few or even no motors are running.

10 Figure 2 is a flow chart for a program used by the microprocessor 23
to implement the invention. This program includes a conventional time delay as a
selectable alternative to load sensing. As shown, this routine 27 monitors at 29 the
sources 5 and 7 through the voltage dividers 19 and 21. If conditions indicate thata
transfer should be made as determined at 31, the active one of the switches 13 and 15

15 is opened at 33. If load sensing is enabled at 35, the load voltage is sampled at 37
through the voltage divider 25. If the sampled load voltage is below the load voltage I
setting for the neutral or open state as determined at 37, then a transfer is initiated at

EI R —

39. When the. previously inactive switch is closed, it becomes the active switch, as
determined at 41 the routine then returns to start at 43. The routine also returns to
20 - start if the sampled load voltage is not less than the selected setting as determined at
37. . i

If load sensing has not been enabled, as determined at 35, then the prior
art time delay is used. When the timer routine is first selected at 45, a timer flag is /

B

- set at 47. On subsequent runs of the routine the neutral timer is checked at 49 and /

25 when it has expired the transfer is initiated at 39. ‘

While specific embodiments of the invention have been described in

detail, it will be appreciated by those skilled in the art that various modifications and

alternatives to those details could be developed in light of the overall teachings of the

disclosure. Accordingly, the particular arrangements disclosed are meant to be

30 illustrative only and not limiting as to the scope of invention which is to be given the
full breadth of the claims appended and any and all equivalents thereof.




can,' for instance, both be utilities, or one could be a utiTity amd—the
other could be an auxiliary power source such as a notor dr| ;
or any other conbination of alternate power sources. The el mlﬁmelmﬂﬂw”m :
distribution systemis shown in single line for clarity, but ranlll
si ngl e phase or multiphase. 30 The transfer switch

system 3 includes a first electrical switch 13 for connecting the source 5
to the load bus 9 and a second electrical switch 15 for sel ectlvely

connecting the second source 7 to the | oad bus. Iff=the=pretessres e
enbodi ment of the invention, these switches 13 and| TBISSEEET ¥-38l&1EENr pakers
whi ch -4 - provide overcurrent protection as wdj | asP@m.t&bEDng beffween

sources. Alternatively switches wi thout overcurre ST 1

separate overcurrent relays could be used as the switches 13 and 15. As yet
anot her alternative, the swtches 13 and 15 can be conbined in a single
doubl e pol e, double throw switch.

What is is Claimed is:
| 1. A transfer switch system (3) for providing electrical power to a
load (11) on a load bus (9) seleétively from one of a first electrical source (5) and a
second electﬁcal source (7), said system comprising:
5 switch means (13, 15) having a first closed state wherein said first
electrical source (5) is connected to said load bus (9) and said second electrical source
(7) is disconnected from said load bus (9), a second closed state in which said second
electrical source (7) is connected to said load bus (9) and said first electrical source (5)
is disconnected from said load bus (9), and an open state in which both said first
10 electrical source (5) and said second electrical source (7) are disconnected from said
load bus (9), and wherein one of said first and second closed states is an initially active
closed state and one is an initially inactive closed state; and
| a controller (17) comprising monitoring means (25) monitoring
an electrical parameter on said load bus (9), opening means (33) operating séid switch
15 means (13,15) from said initially active closed state to said open state, and closing
means (39) operating said switch means (13,15) from said open state to said initiall)f
inactive closed stafe, only after said electrical parameter on said load bus (9) falls
below a predetermined value,
2. The system (3) of Claim 1 wherein said monitoring means (25)

20 comprises means monitoring voltage on said load bus (9) as said selected parameter.
3. The system (3) of Claim 2 wherein said closing means (39)

operates said switch means (13,15) to said initially inactive closed state only after said

voltage on said load bus (9) has fallen below a predetermined percentage of a nominal

value. :
This Sheet Has Been RTlac ed
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5 . Operation of the switches 13 and 15 is controlle
controller 17 which nonitors the voltages of the sources 5 and “‘“ ﬁmnu lll”"
vol tage sensors in the formof voltage dividers 19 and 21 respe *
is well known, the controller 17 selectively operat eszthe svmtches 13 and .

15. For instance, where the first source is a comer gf FyPOWelr—SotEag.and
the second source 7 is an auxiliary power source havifn £ rHA&BEgng ne
driven generator, the controller 17 can designate th ~-==:::

source 5 as the preferred source which will be connected to the Farededlis O

as long as the nonitored voltage of the commercial power source is within a
prescribed range. If the commercial power source does not remain within
prescribed Iimts, or for test purposes, or for other reasons, the
commerci al power source 5 can be disconnected 15 fromthe | oad bus 9
and replaced by the auxiliary power generator 7. The controller 17
continues to nonitor the first source and when it returns to normal the
controller can automatically transfer back to the preferred source. These
transfers between sources are nade through an open transition. That is, the
initially active source is disconnected fromthe |oad bus 9 before the
formerly inactive source is nmade active 20 by connecting it to the

| oad bus. The controller 17 includes a ri#roprocessor 23 which

4. The system (3) of Claim 3 wherein said closing means (39)
comprises means operating said switch means (13,15) to said initially inactive closed
. state only after said voltage has fallen below about 30% of said nominal value.
5. The system (3) of Claim 4 wherein said first electrical source (5)
5 and said second electrical source (7) provide a source voltage having said nominal
value, and wherein said closing means (39) comprises means operating said switch
means (13,15) to said initially inactive closed state only after said voltage on said load
bus (9) has fallen below about 30%  of said nominal value of said source voltage.
6. A method of transferring a highly inductive load (11) from one
10 electric power -source (5,7) to another electric power source (7,5), said method”
comprising the steps of:
disconnecting the highly inductive load from said -one electric
power source (5,7); _
monitoring residual voltage on said highly inductive load; and
15 connecting the highly inductive load (11) to said another electric
power source (7,5) only after said residual voltage on the highly inductive load (1 1)
has decayed to at least a predetermined value.
7. The method of Claim 6 wherein said another power source (7,5)
has a nominal voltage, and said step of connecting comprises connecting said highly

20 inductive load (11) to said another power source (7,5) only after said residual voltage |
on the highly inductive load (11) has decayed to a predetermined value which is equal
to or less than about 30% of said nominal voltage.

-,

. Thls Sheet Has Been Replpc

N IIIIHIIIIIHI I ll




appties well known criteria to determ.ne the availability of the two
Sources and to control the transfers . between sources. As nentioned above,
highly inductive |oads 11, such as electric notors, generate a residual
voltage on the | oad bus after they are dlsconnected froman active 25
source. This residual voltage, such as the back EMF generated by a notor,
I's asynchronous with respect to the voltage generated by the new source,
and in the case of the notor, the frequency decreases as the notor slows
down. Instead of utilizing a time delay, which nust be |arge enough to

account for the largest inductive |oad that may be present on the |oad bus,

the controller of the present invention nonitors the ge
through a sensor in the formof a voltage divider 25.} '(?"#'S SHE H@ eg

bl ocks transfer to the new source until the voltage o s.falls
to I ess than a sel ected percentage of t__Iy_a_ normal | oad voltage when it is
connected to a power source. In the exenplary system this selected

per cent age can be anywhere from about 30%

DECAYS TO SAFE VALUE
TRACT OF THE DIS

Transfer between alternative electrical power sources (5,7) for highly

inductive loads (11), such as motoi:s, is made using an open transition with the load

(11) conpected to the new source (7,5) only after the voltage on the load bus (9) has

5 fallen below a predetermined value, preferably a value which is about 30% or less of
the nominal source voltage. ’

I
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-'5- «on down to 0% The load voltage will be asynchronous with respect to
the new source to which it is to be conngcted, however, when the anplitude
of the back EMF i s bel ow about 30% of 't he source voltage the misnmatch can
be absorbed by the-system By nonitoring the |oad voltage in accordance
with the invention, the transfer between 5 sources can be nade as
soon as the back EMF has decayed to a safe level. This is inportant in a
system where the inductance on the |oad bus can vary substantially. For

i nstance, at certain tinmes of the day a nunber of notors may be connected
to the load bus while at other tines the inductive conponent of the |oad
may be very low as where only a few or ev zzno notors are running. 10
Figure 2 is a flow chart for a programused by the m croprocessor 23 to

i npl ement the invention. This programincludes a conventional ti del ay as
a selectable alternative ®o | oad sensing. As shown, this routin 7
nonitors at 29 the s gﬁ es 5 and 7 through the voltage divid 19 and 21
I f conditions indica hat a transfer should be made as det ed at 31,
the active one of the |switches 13 and 15 15 is opened at|33. If |oad
sensing is enabled at |35, the |load voltage is sanpled at éﬂz

t | !
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t hrough the voltage divider 25. If the sanpled | oad voltage is below the

[ oad voltage setting for the neutral or open state as determined at 37,
then a transfer is initiated at 39. Wien the previously inactive switch is
closed, it becones the active switch, as determned at 41 the routine then
returns to start at 43. The routine al returns to 20 start if the
sanpl ed load voltage is not |ess than the selected setting as determ ned at
37. |If load seng§ ng—as not beermmjenabl ed, as determ ned at 35, then the
prior art tine d\sl\ayM@mmRss@URcméa—{-he—t—i—Ter routine is first selected at
45, a tiner flag i&_set at 47, subsequgnt runs of the routine the
neutral timer 8 when it has expired the
transfer is initi c enbodi nents of the invention

have been descridged inTmNgﬁﬁRI? it W appreci ated by those skilled in
the art that varisuys nodificationg and alternatives to those details could

be devel oped in |ight of 4he overal | teachings of the disclosure.
Accordi ngly, the parf{igcular flamggenent s di scl d are neant to be 30
illustrative only anﬁ&ﬁh AQT&EH as to the s%e of invention which is to
be given the full bré¢adtSWI6H t e cl ai s appended and any and all

equi val ents t hereof. _
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6-Vhat is-claimed is: 1. A method of transferring a highly inductive

| oad fromone el ectri.c power source to another electric power source, said
met hod conprising the steps of: disconnecting the highly inductive | oad ot
fromsaid one electric power source; nonitoring resi duaIThys)ist-mgerep‘acsmt shed
hi ghly inductive | oad; and connecting the highly inducti've |load to said

anot her electric power source only after said residual voltage e '

hi ghly inductive |oad has decayed to at |east a predet erii@éd %’?Sgn 2997
The nethod of claim 1 wherein said another power source has a nom nal

vol tage, and said step of connecting conprises connecting said highly

i nductive |load to said another power source only after said residual

vol tage on the highly inductive | oad has decayed to a predeterm ned val ue
which is equal to or |ess than about 30% -t

-8-

DECAYS TO SAFE VALUE
ABSTRACT OF THE DISCLOSURE

Transfer between alternative electrical power sources (5,7) for highly
inductive loads (11), such as motors, is made using an open transition .with the load
(11) connected to the new source (7,5) only after the voltage on the load bus (9) has
fallen below a predetermined value, preferably a value which is about 30% or less of
the nominal source voltagé.

(Fig. 1)
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to said inftiallly iMacti Ve cl affer sajdfvoltage has fhl{ en
bel ow about 30% of said nom nal_val'th, - syst gm (?) 10fp Chjgm ¥
wherein said first electrical source (5)-f- and| spi d secon J
el ectrical source (7) provide a source voltage havi ng| sard—Tonrmat—vel Ue,
and wherein said closing neans (39) conprises nmeans .operating said sw tjch
means (13, 1WhstGs slaintbdigi tially inactive closed state only atter sard

vol tage on said |oad bus (9) has fallen bel ow about 30% of said noni nal
val ue of said source voltage. 6. A nethod of transferring a highly

i nductive | qad (J\l}nétﬁ&fno‘?rl‘?arﬂs.@em%% a g!gfnfﬁn{&hhﬁvcfo?mr frﬁﬂm”%ﬁ%%éct?% é}o er: .

anot her el ectric power source conprising
source to another electric power source, said method comprising the steps of:

TN ot PR o

disconnecting the highly inductive load from said one electric power source;

monitoring residual voltage on said highly inductive load; and

connecting the highly inductive load to said another electric power source only
after said residual voltage on the highly inductive load has decayed to at least a

=

predetermined value.

o 2. The rﬁethod of claim 1 wherein said another power source has a nominal
voltage, and said step of connecting comprises connecting said highly inductive load
to said another power source only after said residual voltage on the highly inductive
load has decayed to a predetermined value which is equal to or less than about 30%

of said nominal voltage.
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di sconnecting the highly inductive | oad fro electric pomerq%’gj-rlcl:eg
(5,7); nonitoring residual voltage on said g’ﬂﬂ!@"ﬂiﬂ’ﬂ l Ioad; and 15
connecting the highly inductive |oad (11) t: ectric power
source (7,5) only after said residual voltage on the hlghly i nductive | oad
(11) has decayed to at |east a predeterm ned value. 7. The met hod of
Claim6 wherein said another power source (7,5) has a non1na| vol t age, and
said step of connecting conprises connecting said hi E

NT SHEER |

i nductive load (11) to said another power source (7§5
resi dual voltage on the highly inductive |oad (11) ha
predeterm ned val ue which is equal to or less than gabbui)2@iweeai
nom nal voltage. '

What is claimed is:

1. A method of transferring a highly inductive load from one electric power

source to another electric power source, said method comprising the steps of:
disconnecting the highly inductive load from said one electric power source;
monitoring residual voltage on said highly inductive load; and ‘
connecting the highly inductive load to said another electric power source only

after said residual voitage on the highly inductive load has decayed to at least a

predetermined value.

2. The method of claim 1 wherein said another power source has a nominal
voltage, and said step of connecting comprises connecting said highly inductive load
to said another power source only after said residual voltage on the highly inductive
load has decayed to a predetermined value which is equal to or less than about 30%

of said nominal voltage.
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