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50 rue Victoria e Place du Portage1l e Gatineau, (Québec) K1AOC9 e www.opic.ic.gc.ca i+

50 Victoria Street e Place du Portage 1 ¢ Gatineau, Quebec K1AO0C9 e www.cipo.ic.gc.ca C anada



2013/022755 A1 ||V )Y N0 OO 0 0 001

W

(43) International Publication Date
14 February 2013 (14.02.2013)

CA 02844200 2014-02-03

(19) World Intellectual Property
Organization
International Burecau

WIPOIPCT

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2013/022755 Al

(1)

(21)

(22)

(25)

(26)
(30)

(71)

(72)
(75)

(74)

(81)

International Patent Classification:
HO2H 3/00 (2006.01)

International Application Number:
PCT/US2012/049534

International Filing Date:
3 August 2012 (03.08.2012)

Filing Language: English
Publication Language: English
Priority Data:

61/515,496 5 August 2011 (05.08.2011) US

Applicant (for all designated States except US). MAXON

INDUSTRIES, INC. [US/US]; Dba Maxon Liftt Corp.,
11921 Slauson Avenue, Santa Fe Springs, CA 90670 (US).

Inventors; and
Inventors/Applicants (for US only): ABLABUTYAN,
Karapet [US/US]; 1349 Raymond Avenue, Glendale, CA

91201 (US). MARJI, George, Y. [US/US]; 14730 Escal-
ona Rd., La Mirada, CA 90638 (US).

Agents: ZARRABIAN, Michael et al.; Sherman & Zarra-
bian LLP, 1411 5th Street, Suite 306, Santa Monica, CA
90401 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AQO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,

(54) Title: SOLENOID OPERATED CIRCUIT

(84)

BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW,
SC, SD, SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM,
IN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
AYS

Designated States (unless otherwise indicated, for every
kind of regional protection available). ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, SZ, TZ,
UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK, SM,
TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

as to the applicant'’s entitlement to claim the priority of the
earlier application (Rule 4.17(1ii))

of inventorship (Rule 4.17(iv))

Published:

with international search report (Art. 21(3))

[Continued on next page]

16 16A 10
\‘r———“—-—‘ ____—__'1' /
: | 18A
)
Battery H Solenoid Contacts H \
! ' Motor | Pum Reservoir
\ i Sol |'dC i \E 3 AN \
olenai Ol [
15 165, i / Solenoid 18B
R | Valve [~18E
ittt B 17
|
| |
| |
| | —| Actuator 1
i Time Delay Power Assist | | oL
| Circuit Circuit i L
i E platform [~18D
: / 13 |
i 14 |
| |
| Arc |
i >, Suppression i
E 19" Circuit |
|
\Controller_|____ i\
Toggle 11
Switched
Power
15A FIG. 1

(57) Abstract: A solenoid operated circuit (10) comprises a solenoid switch (16) having a solenoid coil (16B) for moving one or

more electrical contacts (16A) from a first position to a second position to switch an electrical motor (17) ON/OFF, and a solenoid

controller (11) that includes an arc suppression circuit (12) that mitigates a reverse self-induced voltage from the electrical motor

o (17), thereby suppressing electrical arcing on switch contacts (16A).
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SOLENQOID OPERATED CIRCUIT

A

FIELD OF THE INVENTION

[0002] The present invention relates generally to
electrical power control and in particular to controlling

electrical solenoids for electrical motors.

DESCRIPTION OF RELATED ART

[0003] Lift gates are typically mounted at a structure
such as the rear of a vehicle to lift payloads on a platform

from one level (e.g., ground level) up to another level

(e.g., the bed of the vehicle), or vice versa. Solenolds
"such as electrical motor starter solenoids are used in lift
gate pump electrical motor actuators. Electrical arcing
(sparking) occurs when a current flowing through a lift gate
pump motor coil is interrupted. The interruption occurs when

the 1ift operation 1is stopped by the operator, wherein a
reverse self-induced voltage 1s generated from the pump motor

coil in the starter solenoid contacts that causes metal to

rransfer from one electrical contact to another.

(0004 ] As metal erodes on each solenoid contact opening,
the resistance throuch the contacts increases, leadling to
temperature increase on contacts. Contact resistance and

temperature increase lead to melting and ultimately welding
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H

together of the contacts, wherein the solenoid contacts

remaln 1n the closed position and 1n the ON state.
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BRIEEF SUMMARY OF TH.

L]

INVENTION

[0005] In one embodiment, the present invention provides a

solenoild operated circuilit comprising a solenoilid switch having

a starter solenoid coil for moving one or more electrical

contacts from a first open position to a second closed

position to switch an electrical motor ON/OFF, and a solenoid

controller that 1ncludes a suppression circult that mitigates

H
—

a reverse self-induced voltage from the electrical motor

coll, thereby suppressing electrical arcing between starter

solenoid contacts.

00006 ] In one embodiment, the solenoid controller further
comprilises a power assist circuit that regulates electrical
power to the starter solenoid coil1l to maintaln the starter

H

solenoid coi1il voltage above a dropout voltage of the starter

solenoid coil.

(0007 ] In one embodiment, the solenoid controller further

comprises a time delay circuit that maintains an ON Delay

~—

state of the starter solenoid coil for a time period to allow

electrical power to energize hydraulic valves solenoids first

and while the electrical motor coil 1s being energized

through starter solenoid contacts.

I

10008 ] These and other aspects and advantages of the

present i1nvention will become apparent from the following

detailled description, which, when taken in conjunction with

H

the drawings, 1llustrate by way of example the principles o:

)

the 1nvention.
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BRIEEF DESCRIPTION OF THE DRAWINGS
10009 ] For a fuller understanding of the nature and

I

advantages of the invention, as well as a preferred mode of

)

use, reference should be made to the following detailed
description read 1n conjunction with the accompanying
drawlngs, 1n which:

H

[0010] FIG. 1 shows a block diagram of an electrical pump

motor circult architecture including a solenoid controller,

ﬁ

according to an embodiment of the 1nvention.

ﬁ

[0011] FIG. 2 shows a schematic diagram of an

H

1mplementation of the solenoid controller in the architecture

I

of FIG. 1, according to an embodiment of the invention.

I

[0012] FIG. 2A shows a schematic diagram of an

H H

1mplementation of a power assist circuit of the solenoid

~—

controller of FIG. 2, 1llustrating a first operational mode

H

of the power assist circult wherein a first electrical path

supplies electrical power to the power assist circuit to

store electrical charge 1n a charge storage therein,

H

according to an embodiment of the 1nvention.

H

001 3] FIG. 2B 1llustrates a second operational mode of

the power assist circult, whereiln a second electrical path

supplies electrical power from a battery to the solenoid coil

I

to energize the solenoid coil, according to an embodiment of

the 1nvention.

10014 ] FIG. 2C 1llustrates a third operational mode of the

power assist circuit, wherein a third electrical path

supplies electrical power from a charge storage i1in the power
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assist circuit to the solenoid to energize the solenoid coil,

I

according to an embodiment of the i1nvention.

I

10015 FIG. 2D 1llustrates a schematic of a hydraulic

solenoid valve, 1n a de-energized closed valve state.

H

11llustrates a schematic of a hydraulic

L]

10016 FIG. 2.

solenold valve 1n an energized open valve state.

[0017] FIG. 2F 1llustrates a schematic of an energized

hyvdraulic solenoid valve with voltage drop.

ﬁ

10018] FIG. 2G 1llustrates a schematic of an energized

H

hyvdraulic solenoid valve, according to an embodiment of the

invention.

H

[0019] FIG. 2H 1llustrates a schematic of an energized

hydraulic solenoid valve energized with solenoid valve

H

priority power, according to an embodiment of the 1nvention.

[0020] FIG. 3 shows an example solenoid coil voltage

waveform and pump motor current waveform 1n the electrical

pump motor circulit architecture, without a solenoid

H

controller of the i1nvention.

10021 ] FIG. 4 shows an example solenoid coil voltage

waveform and pump motor current waveform 1n the electrical

ﬁ

pump motor circuit architecture of FIG. 2 with a solenoid

H

controller, according to an embodiment of the 1nvention.

)

(0022 ] FIG. 5 shows a diagram of an example 1lift gate for

a vehicle, 1ncluding an electrical pump motor circuit,

H

according to an embodiment of the invention.
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DETAILED DESCRIPTION

0023 ] The following description 1s made for the purpose

I I

of 1llustrating the general principles of the invention and

1s not meant to limit the 1nventive concepts claimed herein.

Further, particular features described hereilin can be used 1n

H

comblination with other described features 1n each of the

various possible combinations and permutations. Unless

otherwilise specifically defined herein, all terms are to be

given thelr broadest possible 1nterpretation 1ncluding

meanings i1mplied from the specification as well as meanings

understood by those skilled in the art and/or as defined in

dictionaries, treatises, etc.

10024 ] In one embodiment the present 1nvention provides a

controller for a solenoid circuilt 1ncluding a solenoid

switch. In one example, a solenoid switch comprises a

H

starter solenoid i1ncluding an electrical conductive coi1l of

wire wound around a ferromagnetic core such as a solid i1ron
core. A solenoid valve 1s an i1ntegrated device comprising a

solenoid which actuates either a pneumatic or hydraulic

valve, or a solenoid switch, which employs an

electromechanical solenoilid to operate an electrical switch.

[0025] When electrical current 1s applied to the starter

solenoid co1l, a resulting magnetic field 1s focused by the

solenoid core, thereby providing an electromagnet function.

Solenoids are used i1n switches to turn ON/OFF high current

devices based on such electromagnet function, such as

~—

magnetically attracting (engaging) one or more contacts for

closing an electrical circuit (such as 1n a pump motor coil)
when the solenoid coi1l 1s energized. As noted, electrical

Arcing occurs between starter solenoid switch contacts when a

current flowing through the pump motor coil 1s 1nterrupted.
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I

1 0020] According to an embodiment of the present

invention, 1n one aspect a controller for a solenoid circuit

reduces (or suppresses) electrical arcing on an electrical

contact when the current flowing through the pump motor coil

~—

1s 1nterrupted. The controller mitigates generation of a

H
—

reverse self-induced voltage from the pump motor coil that

causes electrical arcing between starter solenoid switch

contacts. In another aspect the controller regulates power

to starter solenoid coi1il. In another aspect the controller

provides priority power to hydraulic solenoid valves.

H

(0027 ] FIG. 1 shows a block diagram of an electrical pump

motor circult architecture 10 including a controller 11,

~—

according to an embodiment of the i1nvention. FIG. 1

ﬁ

11llustrates an application of a starter solenoid switch 16 1in

a li1ft gate wherein a battery 15 powers pump motor 17 for a

l1ft gate actuator 18C via a starter solenoid switch device

16. The starter solenoid switch 16 operates similar to a

relay, and comprises starter solenoid contacts 16A and

starter solenoid coi1il 16B. In one example, the pump motor 17

comprises a direct current (DC) electrical motor that

includes an electrical motor coil 17A, wherein the electrical

motor spins a hydraulic pump 18A for pumping hydraulic fluid

L]

from a reservoir 18B to/from a hydraulic solenoid valve 18

(FIG. 2) and an actuator 18C for raising/lowering the 1lift

gate platform 18D.

1 0028] In one embodiment the controller 11 i1includes an
electrical arc suppression circult 12, a power assist circuit
13 and a time delay circuit 14. The arc suppression circult

12 reduces (or suppresses) electrical arcing when the current

flowing through the pump motor coil 17A (FIG. 2) 1s

interrupted. The power assist cilrcuit 13 regulates power to
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the starter solenoid switch coil 16B for moving the starter
solenoid contacts 16A to turn ON/OFF electrical power to the

pump motor 17. The time delay circuit 14 provides priority

L]

power to hydraulic solenoid switch valves 18E.

ﬁ

[0029] FIG. 2 1s a schematic circuit diagram of an

ﬁ

implementation of the architecture 10, 1llustrating an

H

embodiment of the controller 11, according to an embodiment

I

of the present invention.

10030] In one embodiment, the arc suppression circuit 17

H

of the controller 11 functions as a filter circult at the

~—

instant of voltage reversal 1n the starter solenoid contacts

H

16A due to interruption of the current flowing through the

pump motor coil 17A.

0031 ] The arc suppression circuilt 12 absorbs the

electrical energy due to said reversed voltage at the starter

solenoid contacts 106A, and transfers that energy (voltage)

back to the pump motor coil 17A and the battery 15. Since

H

generally the electrical resistance of the pump motor coil

17A resistance 1s very low, that energy 1s dissipated

H

quickly. This reduces (prevents) electrical arcing of the

starter solenoid contacts 16A due to such reversed voltage

from the pump motor coil 17A, according to an embodiment of

the 1nvention.

[0032] In the i1mplementation shown in FIG. 2, the arc
suppression cilircult 12 comprises a passive electrical element
such as a capacitor Cl (e.g., about 2200 uF, 35V). The
capacitor Cl connected i1n parallel between the starter

solenoid switch terminals 16C and 1n series to the electrical

pump motor 17. Specifically, the capacitor Cl 1s connected

1n parallel with the starter solenoid contacts 16A and
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terminals 1oC (1.e., a solenoid battery power terminal and

starter solenoid motor terminal). The capacitor Cl functions

H

as a filter circuit at the 1nstant of voltage reversal 1n the

starter solenoid contacts 16A when the current flowing

through the pump motor coil 17A 1s 1nterrupted.

H

[ 0033] The energy due to said reversed voltage of the

starter solenoid contacts 16A 1s absorbed by the capacitor

Cl. The capacitor Cl then transfers that energy (voltage)
back to the electrical pump motor coil 17A and battery 15,

which 1s dissipated guickly in the pump motor coil 17A. 1In

another embodiment, the arc suppression circuit 12 may

comprise an active electrical element to absorb and dissipate

H

the reversed voltage from the motor coil 17A of the pump

motor 17.

10034 ] Without a regulated power source as 1n a

conventional solenoilid switch circuits 1n hydraulic lift gate

systems, the starter solenoid coill voltage can drop to or

below a dropout voltage. In one example, a dropout voltage

refers to the power level at which the internal forces 1n a

starter solenoid spring return overcome the solenoid coi.

magnetic field and can no longer mailntain a latched condition
(the dropout voltage 1s the starter solenoid coil voltage

which 1s to de-energize and break the circuit).

)

1 0035] This 1s considered as a critical operating state of

the solenoilid with respect to the magnetic field of the coil.

As the solenoid magnetic field becomes weaker, the contact

pulling force becomes less firm. Thus, contact resistance

and temperature 1ncreases.

[0036] FIG. 3 shows a diagram 20 that 1llustrates

graphical data demonstrating an example starter solenoid coil
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16B voltage waveform 21 and corresponding pump motor coil 17A

current waveform 22. In the example shown 1n FIG. 3, the

horizontal axis represents time 1n milliseconds (e.g., 10ms

per division), and the vertical axis represents two data

columns, to the right corresponding to starter solenoid coil

16B voltage waveform, and to the left corresponding to the

pump motor coil 17A current waveform.

H

10037 ] FIG. 3 further i1llustrates a profile of starter

solenoid coi1l 16B voltage drop 21A (e.g., voltage drop to

starter solenoid coil 16B 5.8 Volts, causing a weak magnetic

field pull force to starter solenoid contacts 16A and

ﬁ

terminals 16C) and corresponding profile of pump motor 17

current waveform 22A (e.g., pump motor coil 17A startup

current 424 Amperes).

[ 0038] FIG. 3 further 1llustrates critical operating state

areas 23 of starter solenoid contacts 10A and terminals 16C

(causing damaging chattering on the solenoid contacts).

Arcing and voltage drop on the starter solenoid coil 16B,

leads to solenoid contacts problems.

H

1 0039] In one embodiment of the i1nvention, the power

ﬁ

assist circuit 13 of the controller 11 regulates electrical

power to the starter solenoid switch coil 16B to maintain the

starter solenoid coil voltage at a desired level (e.g., above

H

sald dropout voltage). In the i1mplementation of controller

11 shown 1in FIG. 2, the power assist circuit 13 comprises a

capacitor C2 and three diodes Db, Do and D7, 1interconnected

~—

as shown. In one i1mplementation, the capacitor C2 1s of

large charge capacity (e.g., about 5000uF or more) to assist

1n mailntaining the starter solenoid coil voltage above a

dropout voltage. The 1nterconnected diodes D5 and D7 block a
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H

voltage drop caused by the motor coil 17A of the pump motor
17.

10040 ] In comparison to FIG. 3, FIG. 4 shows a diagram 30

ﬁ

including graphs of example solenoid voltage 31 and example

H

pump motor coil 17A voltage profile 32 under control of the

controller 11 with power assist from the power assist circuit

13 (e.g., based on supply voltage from CZ2 as a 10000uF

I

capacitor), according to an embodiment of the 1nvention.

H

With such power assist, the magnetic field of the starter

solenoid coi1l 16B can maintain a proper and firm contact pull

(push) force to maintaln starter solenoid contacts 16A

against terminals 1oC.

(0041 ] As shown 1n FIG. 2, the controller 11 1s connected

to electrical power (e.g., battery 15) and draws current

therefrom as needed (e.g., about 10mA draw).

H

10042 ] FIG. 2A shows an enlarged view of the power assist

H

circuit 13, 1llustrating a first operational mode of the

power assilist circuit 13 wherein an electrical path supplies

electrical power to the power assist circuit. In FIG. 2A the

arrow A 1llustrates said electrical path through which the

diode D7 supplies voltage to the capacitor C2 from the
battery 15, wherein the capacitor CZ stores electrical charge
therein.

H

1004 3] FIG. 2B 1llustrates a second operational mode of

the power assist circuilt 13, wherelin a second electrical path

supplies electrical power from a battery 15 through relay 13A

to energize the starter solenoid coil 16B, to maintain the

~—

voltage of the solenoid coil 16B above said dropout voltage.
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(0044 ] As shown 1n FIG. 2, 1n one embodiment, the 1lift

gate 1ncludes 1ts own toggle switch 15A (FIG. 1) which 1is

used to supply electrical power to the starter solenoid coil

I

16B for switching the pump motor 17, and solenoid coils of

other hydraulics valves for switching and operating the 1lift

gate.

10045] In one example, upon running the lift gate via 1ts

own toggle switch 15A, when voltage across diode D5 1s higher

than the voltage across the diode D6, the starter solenoid

col1l 16B 1s energized from the battery 15 via the second

electrical path through the diode Db (as shown by arrow B).

)

The starter solenoid coil 16B 1s energized 1n this manner for

a time period (e.g., about 12Z2mS) as indicated 1n FIG. 4 by

I

the plateau region 31B of the solenoid coil voltage to

H

malntain the voltage of the starter solenoid coil 16B above

sald dropout voltage.

10040] FIG. 2C 1llustrates a third operational mode of the

power assist circuit 13, wherein a third electrical path

supplies electrical power from a charge storage i1in the power

assist circuit 13 to the starter solenoid 16 to energize the

starter solenoid coil 16B to maintain the voltage of the

starter solenoid coil 16B above said dropout voltage,

H

according to an embodiment of the invention.

10047 ] As shown 1n FIG. 2C, as voltage across the diode Db

drops below the voltage across the diode Do, capacitor CZ

supplies voltage to the starter solenoid coil 16B via the

diode D6 (as shown by arrow C 1n FIG. 2C), preventing a large

voltage drop that may otherwise occur as shown 1n waveform 1n

FIG. 3.
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H H

10048 ] In FIG. 4, region 31C of the voltage of the starter

solenoid co1l 16B 1ndicates diode Do supplying power to the

starter solenoid 16 when voltage from diode D5 drops. Region

31D 1ndicates voltage drop to a first level (e.g., about 7V)

of the

L]

beyond the critical operating state area. Regions 31!

~— ~—

voltage of the starter solenoid coil 16B and voltage of the

H

pump motor 17 show capacitor supply of a sustalned voltage

above a second level (e.g., about 12V) during the critical

H H

timing of starter solenoid 16B operation. Region 32A of the

pump motor 17 voltage shows pump motor 1/ startup current

(e.g., about 444 Amps).

10049 ] In one example, at 1nitial startup, pump motor 17

current can peek above a threshold (e.g., 440 Amps within 6

ﬁ

milliseconds), wherein the magnetic field of the starter

solenoid co1l 16B 1s weakened by low voltage supply as shown

I

in FIG. 3. At this time mechanical urging of the solenoid

internal starter contacts 16A to the terminals 16C due to

I

magnetic field of the starter solenoid coil 16B becomes less

firm when closed.

H H

10050 ] The 1mportance of firmness (strength) of mechanical

~—

urging of the solenoid internal starter contacts 16A to the

starter terminals 16C when closed 1s that providing adeqguate

electrical contact surface area between the starter contacts

ﬁ

16C and the starter terminals 16A allows proper amount of

electrical current (e.g., high amperage) to safely pass

through between the starter terminals 16C and the contacts

16A without compromising firmness between the contacts 16A

and terminals 16C. With less electrical contact surface area
between the terminals 16C and the contacts 16A, such high
amperage causes substantial damage to contacts 16A and

terminals 1o6C. The high amperage and low voltage to solenoid
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contacts 16A surface area and coil 16B, respectively, 18

I

important i1in timing of the solenoid 16B startup operation.

100501 ] FIG. 2D 1llustrates a schematic of a hydraulic

L]

solenoid valve 18E and 1ts solenoid 18F, 1n a de-energized

closed valve state, and FIG. 2E 1llustrates the hydraulic

L]

solenoid valve 18E 1n an energized open valve state (without

~—

application of the controller 11). The solenoid 18F moves a

plunger 18J between open and closed positions. The plunger

18J 1s connected to the solenoid core 18P, which 1s spring

loaded to a closed position via the spring 18S when the

hydraulic solenoid valve 18E 1s de-energized.

H

10052 ] In the de-energized closed valve state of the

hydraulic solenoid valve 18E (FIG. 2D), the plunger 18J 1s

H

closed to block flow of hydraulic fluid from a hydraulic

fluid 1nlet valve 181 to a hydraulic fluid outlet wvalve 180

T 1

(FIG. 2E). In the energized open valve state (FIG. 2E), the

energlized solenoid 18F exerts pulling force on the plunger

18J to compress the spring 18S and open the plunger 18J to

H

allow flow of hydraulic fluid between an inlet valve and an

outlet wvalve.

[ 0053] FIG. 2F 1llustrates a schematic of an energized

H

(without application of the

L]

hyvdraulic solenoid valve 18]

controller 11) experiencing voltage drop through the coil 18H

ﬁ

of the solenoid 18F. Generally, such voltage drop on

hyvdraulic solenoid valve coi1l 18H, simultaneously with the

opposing hydraulic pressure 18K to a corresponding valve

H

plunger 18J, weakens pulling force of the hydraulic solenoid

valve coi1l 18H to close or open said valve 18G. This

H

combination of low voltage and pressure on the plunger 18J
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will not allow hydraulic actuators 18C to pressurize properly
for lifting of the 1lift gate platform.
10054 ] The cause of such voltage drop 1s that when the

pump motor coil 17A 1s energized 1t requires high inrush

current for start up. With battery supplied voltage (no

additional power support such as engine alternator), the

~—

battery voltage 1s proportionally affected by unpredictable

factors such as current draw and voltage drop due to

electrical cable length, etc.

H

[0055] Voltage drop through the coil 18H of the solenoid

18F causes low magnetic field and weak pulling force on the

core 18P to pull up the plunger 18Jd and open the valve 18G.

There 1s pressurized hydraulic fluid from the pump motor,

which causes pressure build up on the plunger 18J (as

indicated by arrows 18K). The weak pulling force of the

energlzed solenoid coi1l 18H on the core 18P and plunger 18J

cannot properly overcome said hydraulic fluid pressure to

open the valve 18G. As such, hydraulic fluid cannot flow

between the i1nlet wvalve 18I and the outlet wvalve 180.

H

[00506] In one embodiment of the i1nvention, according to

the controller 11 the ON time delay circuit 14 provides

priority power from the toggle switch 15A to the hvydraulic

to countermeasure an unregulated power

L]

solenoid wvalves 18.

L]

source (batteries) to the hydraulic solenoid valve 18E.

10057 ] The time delay circuit 14 delays (maintains) the ON

time delay of the starter solenoid coil 16B for a time period

(e.g., by about 160mS). The delay circuit 14 allows the

hydraulic solenoid valve coil 18H to be energized first and

become fully engaged in position, while the pump motor coil
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17A 1s being energized via starter solenoid contacts 16A to

L]

pump hydraulic fluid into the hydraulic solenoid valve 18E.

1 0058] Specifically, the ON time delay circuit 14 allows

electrical power from toggle switch 15A to energize hydraulic

solenoid valve coi1l 18H first (providing maximum pulling

force on plunger 18J) and become fully engaged 1n position

(lifting the plunger 18J and opening the valve 18G) as shown

in FIG. 2G. This 1s while the pump motor coil 17A 1s being

energlized via starter solenoid contacts 16A to pump hydraulic

—~ -

uid into the hydraulic solenoid valve 18E.

10059 ] When the pump motor coil 17A 1s energized, a

voltage drop at the hydraulic solenoid valves coils 18H will]

I

fect) the operation of the

I

not affect (or minimally e:

I

hyvdraulic solenoid valve coil 18H. This 1s because the
hyvdraulic valve plunger 18J 1s engaged to the open or closed
position and awaits the hydraulic pressure to maintain

hydraulic valve plunger position.

[00060 ] As such, when the motor coil 17A 1s energized,

ﬁ

fect of a voltage drop on the hvydraulic solenoid valve co1i.

ﬁ

o-

H H

fect (1f any) on operation of the hydraulic

H

18H has minimal e:

solenoid wvalve coil 18H, due to the applied hydraulic

pressure on a valve plunger 18J. As shown in FIG. 2H, even

with low magnetic field of the solenoid coil 18H with low

pulling force on the plunger 18J, the plunger 18J maintains

ﬁ

the valve open and allows flow of hydraulic fluid between the

inlet valve 18I and the outlet wvalve 180.

H

00061 ] In one embodiment of the i1invention as shown 1n FIG.

2, the time delay circuit 14 comprises a diode D1, a resistor
R1, and capacitor C3, 1interconnected as shown. The elements

R1 and C3 provide Resistance Capacitance (RC) Time Constant



WO 2013/022755

CA 02844200 2014-02-03

17

PCT/US2012/049534

(TC) for ON time delay circuit. When the toggle switched 15A

1s ON, capacitor C3 will

gradually charge up through the

resistor R1 until the voltage across 1t reaches the above a

Zener diode D1 reverse voltage set point value. Rl wvalue can

control C3 charge time.

0002 ] In one embodiment the controller 11 further

includes operation i1ndicators comprising three Light Emitting

L]

Diodes (L.

solenoid power 1ndicator L.

19C, as shown i1n FIG. 2.

1 0063] When the power switched indicator L.

indicates that power 1s ON

Ds) such as a power switched indicator L.

L]

D 19B, and a power 1indicator L.

L]

D 19A, a
D

L]

L]

D 19A 1s ON, 1t

from the lift toggle switch 15A to

4

energlize hydraulic solenoid valve coils 18E and ON time delay

to pump motor starter solenoid 16. The L

D 19A turns OFF

L]

when the 1i1ft toggle switch 15A 1s 1n the OFF position.

100064 ] When the solenoid power 1ndicator L

L]

D 19B is ON, it

1indicates that the delayed power 1s ON to energize solenoid

coll 16B for switching the pump motor 17. The L

OFF when the 113

D 19B turns

L]

ft switch 1s 1n the OFF position.

100065] When the power indicator LED 19C 1s ON, 1t
1indicates that the circuit 10 1s powered and ready. If the
LED 19C 1s OFF, 1t i1ndicates a problem such as a short

circulit, overload circuit,

Or NO power.

H

1 000606] According to embodiments of the invention, the

I

power assist of the

wlth one or more of:

H

controller 11 can be used 1n combination

supply, DC power booster, and

DC standby battery, DC regulated power

DC stand alone power supply.
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(00067 ] FIG. 5 shows a diagram of an example 1lift gate 50

for a vehicle 51, 1including a an electrical pump motor

H

circuit (such as the circuit 10 of FIG. 1) for controlling

H

operating of the 1lift gate 50, according to an embodiment of

)

the 1nvention. The 1lift gate 50 1s shown attached to an

H H

opening of the rear of the vehicle 51 (e.g., truck), to 1li:

)
(_l_

pavloads on the platform 18D from one level (e.g., ground

H

level) up to another level (e.g., the bed of the vehicle), or

v1ice versa.

100068 ] The example 1lift gate 50 employs a lifting

mechanism i1ncluding one or more actuators such actuator 18C

that actuate parallelogram linkages 52. The parallelogram

linkages 52 maintain the 1ift platform 18 1in a horizontal

plane through a lifting range. Actuators 53, such as

hyvdraulic actuators (or 1n another embodiment, electric

actuators, are used to provide lifting force for moving the

l1ft platform 18D via the linkages 52).

I

(0009 ] Embodiments of the i1nvention are useful 1n various

H

solenoild switch circuits 1n different applications. Solenoid

I I
o ——

swltches are used to switch high power circuilits on and o:

using a much smaller electrical control signal to actuate the
switching. A solenoid valve 1s an electromechanically
operated valve. The valve 1s controlled by an electric
current through a solenoid. A solenoid valve has two main
parts: the solenoid and the valve. The solenoid converts
electrical energy i1into mechanical energy which, in turn,

opens or closes the valve mechanically.

[0070] As noted, solenoids are wound wire magnetic coils
with an open core to receive a sliding cylindrical plunger.

When the coil1l 1s energized with an electrical current, a

magnetic field 1s created 1n the hollow opening which pulls
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the plunger into it or pushes 1t out, based on the
orientation of the solenoid and the poles of the plunger.

The plunger is mechanically connected to a set ot switch

contacts, which perform the high power switching. In one

all the other terminals, which keeps the coil wires

completely independent of the current beilng switched. The

switched current terminals are usually substantially heavier

than the coil terminals.

(0071] Solenoid valves may use metal seals or rubber

seals, and may also have electrical interfaces to allow for
easy control. A spring may be used to hold the valve opened
(normally open) or closed (normally closed) while the valve

18 not activated.

[0072] Those skilled in the art will appreciate that

various adaptations and modifications of the just-described
preferred embodiments can be configured without departing
from the scope of the invention. Therefore, it 1s
to be understood that, within the scope of the appended
claims, the invention may be practiced other than as

specifically described herein.
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CLAIMS

What is claimed is:

1. A solenoid operated circuit, comprising:

a solenoid switch having a solenoid coil for moving one or more
electrical contacts from a first position to a second position to switch an electrical
motor ON/OFF; and

a solenoid controller comprising an arc suppression circuit that mitigates a
reverse self-induced voltage from the electrical motor, thereby suppressing
electrical arcing on solenoid switch contacts;

the solenoid controller further comprising a power assist circuit that regulates
electrical power to the solenoid coil, wherein in one operational mode the power
assist circuit provides electrical power to the solenoid coil from a first power source,
and in another operational mode the power assist circuit provides electrical power
to the solenoid coil from a second power source to maintain a voltage across the
solenoid coil above a dropout voltage;

wherein the arc suppression circuit comprises a filter circuit that absorbs
electrical energy due to said reversed seif-induced voltage from the electrical
motor, and wherein the filter circuit of the arc suppression circuit comprises a
capacitor connected in parallel between terminals of the solenoid switch and in

series to the electrical motor; and

wherein the capacitor functions as a filter circuit at an instant of voltage
reversal in the solenoid switch contacts, such that the capacitor absorbs the
electrical energy due to said reversed self-induced voltage of a motor coil of the
electrical motor and transfers the electrical energy back to the motor coil and a
connected battery, thereby suppressing electrical arcing between the solenoid

switch contacts and the terminals.
2. The solenoid operated circuit of claim 1, wherein:

the power assist circuit regulates electrical power to the solenoid coil to

maintain the voltage of the solenoid coil above the dropout voltage of the solenoid

CA 2844200 2018-01-08



21

coll, in response to voltage drop in the solenoid coil.

3. The solenoid operated circuit of claim 2, wherein:
in a first operational mode of the power assist circuit, a first electrical path
through the power assist circuit supplies electrical power to the power assist circuit

from the connected battery for storing electrical charge by the power assist circuit.

4. The solenoid operated circuit of claim 3, wherein:

In @ second operational mode of the power assist circuit, a second electrical
path through the power assist circuit supplies electrical power from the connected
battery to the solenoid coil to energize the solenoid coil and maintain the voltage of

the solenoid coil above said dropout voltage.

5. The solenoid operated circuit of claim 4, wherein:
In a third operational mode of the power assist circuit, a third electrical
path through the power assist circuit supplies electrical power from a charge
storage in the power assist circuit to the solenoid switch to energize the solenoid

coil and maintain the voltage of the solenoid coil above said dropout voltage.

6. The solenoid operated circuit of claim 1, wherein:

the solenoid controller further comprises a time delay circuit that maintains
an ON delay state of the solenoid coil for a time period to allow electrical power to
energize a hydraulic solenoid valve coil while a coil of the electrical motor is being
energized via the solenoid switch contacts, thereby reducing effect of voltage drop

on the operation of the hydraulic solenoid valve coil.

/. The solenoid operated circuit of claim 6, wherein when the motor coil is
energized, effect of a voltage drop on the hydraulic solenoid valve coil has minimal
effect on operation of the hydraulic solenoid valve coil due to applied hydraulic

pressure on a valve plunger.

8. A solenoid controller, comprising:

CA 2844200 2018-01-08
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a time delay circuit that maintains an ON delay state of a solenoid coll for a
time period;

a power assist circuit that regulates electrical power to the solenoid coil,
wherein in one operational mode the power assist circuit provides electrical power
to the solenoid coil from a first power source, and in another operational mode the
power assist circuit provides electrical power to the solenoid coil from a second
power source to maintain a voltage across the solenoid coil above a dropout
voltage;

an arc suppression circuit for a solenoid switch including the solenoid coil for
moving one or more electrical contacts from a first position to a second position to
switch an electrical motor ON/OFF, wherein the arc suppression circuit mitigates a
reverse self-induced voltage from the electrical motor, thereby suppressing
electrical arcing on solenoid switch contacts, wherein the arc suppression circuit
comprises a filter circuit that absorbs electrical energy due to said reversed self-
induced voltage from the electrical motor; and

the filter circuit of the arc suppression circuit comprises a capacitor
connected in parallel between terminals of the solenoid switch and in series to the

electrical motor;

wherein the capacitor functions as a filter circuit at an instant of voltage
reversal in the solenoid switch contacts, such that the capacitor absorbs the
electrical energy due to said reversed self-induced voltage of a motor coil of the
electrical motor and transfers the electrical energy back to the motor coil and a
connected battery, thereby suppressing electrical arcing between solenoid switch

contacts and the terminals.

9. The solenoid controller of claim 8, wherein:
the power assist circuit regulates electrical power to the solenoid coil to

maintain the voltage of the solenoid coil above the dropout voltage of the solenoid

coil, in response to voltage drop in the solenoid coil.

10. The solenoid controller of claim 9, wherein:

in a first operational mode of the power assist circuit, a first electrical path

CA 2844200 2018-01-08



23

through the power assist circuit supplies electrical power to the power assist circuit

from the connected battery for storing electrical charge by the power assist circuit.

11. The solenoid controller of claim 10, wherein:

in @ second operational mode of the power assist circuit, a second electrical
path through the power assist circuit supplies electrical power from the connected
battery to the solenoid coil to energize the solenoid coil and maintain the voltage of

the solenoid coil above said dropout voltage.

12. The solenoid controller of claim 11, wherein:

in a third operational mode of the power assist circuit, a third electrical

path through the power assist circuit supplies electrical power from a charge
storage in the power assist circuit to the solenoid switch to energize the solenoid

coil and maintain the voltage of the solenoid coil above said dropout voltage.

13. The solenoid controller of claim 8, wherein:

the time delay circuit maintains an ON delay state of the solenoid coil for the
time period to allow electrical power to energize a hydraulic solenoid valve coil
while a coil of the electrical motor is being energized via the solenoid switch
contacts, thereby reducing effect of voltage drop on the operation of the hydraulic

solenoid valve coil.

14. The solenoid controller of claim 13, wherein when the motor coil is
energized, effect of a voltage drop on the hydraulic solenoid valve coil has minimal
effect on operation of the hydraulic solenoid valve coil due to applied hydraulic

pressure on a valve plunger.

15. A lift gate, comprising:

a lift gate actuator for moving a lift gate platform;

a solenoid switch having a solenoid coil for moving one or more electrical
contacts from a first position to a second position to switch the electrical motor

ON/OFF for operating the lift gate actuator;

CA 2844200 2018-01-08
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a solenoid controller comprising an arc suppression circuit that mitigates a
reverse self-induced voltage from the electrical motor, thereby suppressing
electrical arcing on solenoid switch contacts;

the solenoid controller further comprises a time delay circuit that maintains
an ON delay state of the solenoid coil for a time period, wherein the solenoid
controller further comprises a power assist circuit that regulates electrical power to
the solenoid coil, wherein in one operational mode the power assist circuit provides
electrical power to the solenoid coil from a first power source, and in another
operational mode, in response to voltage drop in the solenoid coil, the power assist
circuit provides electrical power to the solenoid coil from a second power source to
maintain a voltage across the solenoid coil above a dropout voltage;

the arc suppression circuit comprises a filter circuit that absorbs electrical
energy due to said reversed self-induced voltage from the electrical motor; and

the filter circuit of the arc suppression circuit comprises a capacitor
connected in parallel between terminals of the solenoid switch and in series to the
electrical motor;

wherein the capacitor functions as a filter circuit at an instant of voltage
reversal in the solenoid switch contacts, such that the capacitor absorbs the
electrical energy due to said reversed self-induced voltage of a motor coil of the
electrical motor and transfers the electrical energy back to the motor coil and a
connected battery, thereby suppressing electrical arcing between the solenoid

switch contacts and the terminals.

16. The lift gate of claim 15, wherein:
the power assist circuit regulates electrical power to the solenoid coil to
maintain the voltage of the solenoid coil above the dropout voltage of the solenoid

coil for proper operation of the solenoid coil in lift gate actuator operation.

17. The lift gate of claim 16, wherein:
in a first operational mode of the power assist circuit, a first electrical path
through the power assist circuit supplies electrical power to the power assist circuit

from the connected battery for storing electrical charge by the power assist circuit.
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18. The lift gate of claim 17, wherein:

in a second operational mode of the power assist circuit, a second electrical
path through the power assist circuit supplies electrical power from the connected

battery to the solenoid coil to energize the solenoid coil and maintain the voltage of
the solenoid coil above said dropout voltage.

19. The lift gate of claim 18, wherein:

in a third operational mode of the power assist circuit, a third electrical

path through the power assist circuit supplies electrical power from a charge
storage in the power assist circuit to the solenoid switch to energize the solenoid

coil and maintain the voltage of the solenoid coil above said dropout voltage.

20. The lift gate of claim 15, wherein:

the time delay circuit maintains an ON delay state of the solenoid coil for the
time period to allow electrical power to energize a hydraulic solenoid valve coll

while a motor coil of the electrical motor is being energized via the solenoid switch

contacts, thereby reducing effect of voltage drop on the operation of the hydraulic
solenoid valve coil.

21. The lift gate of claim 20, wherein when the motor coil is energized, effect
of a voltage drop on the hydraulic solenoid valve coil has minimal effect on

operation of the hydraulic solenoid valve coil due to applied hydraulic pressure on a

valve plunger.

CA 2844200 2018-01-08
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