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(54) Electromagnetic actuating device with coils capable of holding electrification in series 
connection after being actuated in parallel connection

(57) At least two sets of driving coils of the same in-
dividual electromagnetic actuating device of the present
invention in parallel connection or series-parallel connec-
tion to appear relatively lower impedance being electri-
fied to obtain larger actuating force is further manipulated

by the switching device to be switched to series connec-
tion and series-parallel connection to appear relatively
higher impedance thus reducing currents passing
through driving coils, while required operating character-
istics of the electromagnetic actuating device can still be
satisfied.
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Description

BACKGROUND OF THE INVENTION

(a) Field of the invention

[0001] The present invention is mainly related to two
or more than two sets of driving coils of the same indi-
vidual electromagnetic actuating device being electrified
to produce electromagnetic actuating effect, wherein two
or more than two sets of driving coils of the same elec-
tromagnetic actuating device in parallel connection or se-
ries-parallel connection to appear relatively lower imped-
ance is electrified wherein after the electromagnetic ac-
tuating device is actuated, said two or more than two sets
of driving coils being manipulated by the switching device
are switched to series connection or series-parallel con-
nection to appear relatively higher impedance thus re-
ducing current passing through driving coils, while re-
quired operating characteristics of the electromagnetic
actuating device after electrification to electromagnetic
actuation are still satisfied thereby saving electric power
and reducing heat loss in the driving coils of the electro-
magnetic actuating devices.

(b) Description of the Prior Art

[0002] For the conventional electromagnetic actuating
device driven by passing currents through driving coils
to produce the electromagnetic actuating effect, the coil
electrification status remains unchanged when the elec-
trification status is actuated and held, i.e. the required
excited currents for actuating and holding electrification
are the same, therefore it has the disadvantages of the
high heat loss and wasting electric energy.

SUMMARY OF THE INVENTION

[0003] The present invention discloses an electromag-
netic actuating device capable of holding electrification
in series connection after being actuated in parallel con-
nection, wherein two or more than two sets of driving
coils of the same individual electromagnetic actuating
device are installed, wherein it includes applications for
normal close or normal open type electromagnetic
brakes, normal close or normal open type electromag-
netic clutches, normal close or normal open type elec-
tromagnetic switches, normal close or normal open type
electromagnetic relays, normal close or normal open type
solenoid valves, etc. as well as electromagnets, electro-
magnetic locks, spiral tube windings or other electromag-
netic actuating devices with driving coils for electromag-
netic driving effects, or operating type electromagnetic
actuating devices which can be driven by driving coils or
operated by numerous manual or mechanical power
methods; wherein two or more than two sets of driving
coils of the same individual electromagnetic actuating
device is manipulated by the switching device to be elec-

trically actuated in parallel connection or series-parallel
connection with relatively lower impedance thereby to
produce a larger electromagnetic actuating force, and
further being manipulated by the switching device after
actuation to switch said two or more than two sets of
driving coils to series connection or series-parallel con-
nection to appear relatively higher impedance thus re-
ducing total currents passing through driving coils, while
required operating characteristics of the electromagnetic
actuating device after electrification can still be satisfied
thereby saving electric power and reducing heat loss in
the driving coils of the electromagnetic actuating device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004]

Fig. 1 is a circuit-block schematic view showing two
driving coils of the same electromagnetic actuating
device of the present invention is manipulated by the
switching device for open or close, or for series or
parallel connection.
Fig. 2 is a circuit schematic view showing that driving
coils in Fig. 1 in parallel connection or series-parallel
connection to appear relatively lower impedance are
electrically actuated.
Fig. 3 is a circuit schematic view showing that driving
coils in the embodiment of Fig. 1 in series connection
or series-parallel connection to appear relatively
higher impedance.
Fig. 4 which is a circuit-block schematic view show-
ing that the electromagnetic actuating device is in-
stalled with a position detector device to operatively
control the driving coils.

DESCRIPTION OF MAIN COMPONENT SYMBOLS

[0005]

101 : Switching Device
102 : Electromagnetic actuating device
103, 113 : Surge absorption device
102’, 112’ : Driving coil
105 : Position detector device
Ia, Ib, Ic : Excited current

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0006] The present invention is related to the two or
more than two sets of driving coils of the same individual
electromagnetic actuating device being manipulated by
a switching device, wherein it includes applications for
normal close or normal open type electromagnetic
brakes, normal close or normal open type electromag-
netic clutches, normal close or normal open type elec-
tromagnetic switches, normal close or normal open type
electromagnetic relays, normal close or normal open type
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solenoid valves, etc. as well as electromagnets, electro-
magnetic locks, spiral tube windings or other electromag-
netic actuating devices with driving coils for electromag-
netic driving effects, or operating type electromagnetic
actuating devices which can be driven by driving coils or
operated by numerous manual or mechanical power
methods; wherein two or more than two sets of driving
coils of the same electromagnetic actuating device are
manipulated by the switching device to be electrically ac-
tuated in parallel connection or series-parallel connection
with relatively lower impedance thereby to produce a
larger electromagnetic actuating force, and further being
manipulated by the switching device after actuation to
switch said two or more than two sets of driving coils to
series connection or series-parallel connection to appear
relatively higher impedance thus reducing total currents
passing through driving coils, while required operating
characteristics of the electromagnetic actuating device
after electrification can still be satisfied thereby saving
electric power and reducing heat loss in the driving coils
of the electromagnetic actuating device.
[0007] The embodiment of the electromagnetic actu-
ating device installed with two driving coils is described
in the following:
[0008] Fig. 1 is a circuit-block schematic view of an
embodiment showing two sets of driving coils of the same
electromagnetic actuating device of the present invention
are manipulated by the switching device for open or
close, or for series or parallel connection, wherein it main-
ly comprises:

- A switching device (101): It is constituted by an elec-
tromechanical switch, an electric relay, an electro-
magnetic switch or a solid state switching device, etc
operable by the manual, mechanical, fluid or electri-
cal power, wherein it is operated by the manual, me-
chanical, fluid or electrical power that through sup-
plying AC or DC power to at least two sets of driving
coils (102’, 112’) installed in the same electromag-
netic actuating device (102) to provide a switching
function for electrification and power cut-off, or it is
through the switchover operation by the switching
device (101) to make the at least two sets of driving
coils (102’, 112’) of the electromagnetic actuating
device in parallel connection or series-parallel con-
nection to appear relatively lower impedance to pass
excited currents (Ia) and (Ib) respectively. Fig. 2 is
a circuit schematic view showing that driving coils in
Fig. 1 in parallel connection or series-parallel con-
nection to appear relatively lower impedance are
electrically actuated, wherein after the parallel con-
nection or series- parallel connection to appear rel-
atively lower impedance being electrically actuated,
it is manipulated by the switching device (101) to
switch said driving coils (102’, 112’) to appear rela-
tively higher impedance in series connection or se-
ries -parallel connection thereby allowing smaller ex-
cited current (Ic) to commonly pass through series-

connected driving coils (102’, 112’). Fig. 3 is a circuit
schematic view showing that driving coils in the em-
bodiment of Fig. 1 in series connection or series-
parallel connection to appear relatively higher im-
pedance, wherein when the series connection or se-
ries-parallel connection to appear relatively higher
impedance is electrified, required characteristics of
the actuating operating status of the electromagnetic
actuating device in electrification shall still be satis-
fied by the electromagnetic effective force of the
electromagnetic actuating device.
The electromagnetic actuating device capable of
holding electrification in series connection after be-
ing actuated in parallel connection, wherein at least
two sets of driving coils (102’, 112’) installed in the
same individual electromagnetic actuating device is
manipulated by the switching device, whereof the
switching modes to switch from parallel connection
or series-parallel connection that appearing relative-
ly lower impedance to series connection or series-
parallel connection that appearing relatively higher
impedance include:

(1) At least two driving coils (102’, 112’) of the
same individual electromagnetic actuating de-
vice are manipulated by manual-sequential op-
erating switching device (101) for switch be-
tween parallel connection or series-parallel con-
nection that appearing relatively lower imped-
ance and series connection or series-parallel
connection that appearing relatively higher im-
pedance thereby holding electrification for exci-
tation; or
(2) At least two driving coils (102’, 112’) of the
same individual electromagnetic actuating de-
vice in parallel connection or series-parallel con-
nection to appear relatively lower impedance
are manipulated by the switching device (101)
with time delay control function to provide a time
delay and to be switched to series connection
or series-parallel connection to appear relatively
higher impedance thereby holding electrification
for excitation; or
(3) By detecting current values passing through
the switching device (101) to driving coils (102’,
112’) of the same electromagnetic actuating de-
vice, when the electrified actuating excited cur-
rent value of two or more than two sets of driving
coils (102’, 112’) of the same electromagnetic
actuating device ≥ the setting current value, or
≥ the status of setting current value exceeding
over the setting time, the switching device (101)
is driven to switch said driving coils (102’, 112’)
to series connection or series-parallel connec-
tion that appearing relatively higher impedance
thereby holding electrification for excitation; or
(4) The switching device (101) is driven by two
or more than two methods of the above said (1)
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(2)(3) to execute the manipulation;

- The electromagnetic actuating device (102): It is con-
stituted by at least two AC or DC powered driving
coils (102’, 112’) to be installed in the same individual
device which includes conventional normal close or
normal open type electromagnetic brakes, normal
close or normal open type electromagnetic clutches,
normal close or normal open type electromagnetic
switches, normal close or normal open type electro-
magnetic relays, normal close or normal open type
solenoid valves, etc. as well as electromagnets, elec-
tromagnetic locks, spiral tube windings or other elec-
tromagnetic actuating devices with driving coils for
electromagnetic driving effects, or operating type
electromagnetic actuating devices which can be
driven by driving coils or operated by numerous man-
ual or mechanical power methods; wherein by the
manipulation of the switching device (101), it is elec-
trically actuated in parallel connection or series-par-
allel connection to appear relatively lower imped-
ance and is switched to series connection thereby
saving electric energy and reducing heat generation;
wherein when the series connection or series-paral-
lel connection is electrified for excitation, required
operating characteristics of the electromagnetic ac-
tuating device in electrification status are still satis-
fied;
Said individual driving coils (102’, 112’) can be op-
tionally constituted by conducting wires of the same
or different material or of the same or different con-
duction cross-section areas, or constituted by wind-
ings with the same or different numbers of coils.

- The surge absorption devices (103, 113): The AC or
DC surge absorption devices being optionally in-
stalled according to specifications of electromagnet-
ic actuating devices are respectively parallel con-
nected with driving coils (102’, 112’) to help absorb-
ing the produced inductance of counter-electric po-
tential in driving coils (102’, 112’) when said driving
coils (102’, 112’) are operated by the switching de-
vice (101) to open or close, or to be parallel connect-
ed or series-parallel connected to appear relatively
lower impedance, or to be switched to relatively high-
er impedance in series connection or series-parallel
connection, wherein the surge absorption device is
constituted by the following: (1) When driving coils
(102’, 112’) are powered by AC power, the AC surge
absorption device (103) installed can be constituted
by a bipolar solid state varistor, or constituted by at
least two kinds of components of the resistors, in-
ductors, bipolar capacitors, etc. in series connection,
parallel connection, or series-parallel connection, or
constituted by the bipolar capacitor alone, or consti-
tuted by other conventional AC surge absorption cir-
cuit devices; (2) When driving coils (102’, 112’) are
powered by the DC power with lower voltage, the
DC surge absorption device (113) installed can be

constituted by reverse polarity diodes in parallel con-
nection to appear a flywheel diode with energy stor-
age effect, or constituted by at least two kinds of
components of the resistors, inductors, uni-polar or
bipolar capacitors in series connection, parallel con-
nection, or series-parallel connection, or constituted
by the uni-polar or bipolar capacitor alone, or con-
stituted by the solid state varistor or other conven-
tional DC surge absorption devices; wherein this de-
vice can be optionally installed or not installed as
required.

[0009] In practical applications, wherein the two or
more than two sets of driving coils installed in the same
individual electromagnetic actuating device of the elec-
tromagnetic actuating device with coils capable of hold-
ing electrification in series connection after being actu-
ated in parallel connection of the present invention can
be constituted by driving coils with the same or different
electromechanical characteristics.
[0010] For the electromagnetic actuating device with
coils capable of holding electrification in series connec-
tion after being actuated in parallel connection of the
present invention, the switching method of the at least
two sets of driving coils (102’, 112’) installed in the same
individual electromagnetic actuating device to switch
from parallel connection or series-parallel connection
that appearing relatively lower impedance to series con-
nection or series-parallel connection that appearing rel-
atively higher impedance is further as shown in Fig. 4
which is a circuit-block schematic view showing that the
electromagnetic actuating device is installed with a po-
sition detector device to manipulate driving coils; wherein
the position detector device (105) is installed at a stable
position after relative actuation between the rotor and the
stator of the electromagnetic actuating device or at a se-
lected position in the stroke of actuation, so that driving
coils (102’, 112’) of the electromagnetic actuating device
in parallel or series-parallel connection to appear rela-
tively lower impedance being electrified to the selected
position is through the position detector device (105) to
directly switch the at least two driving coils (102’, 112’)
of the same individual electromagnetic actuating device
from parallel connection or series-parallel connection
that appearing relatively lower impedance to series con-
nection or series-parallel connection that appearing rel-
atively higher impedance; or said at least two driving coils
(102’, 112’) in parallel connection or series-parallel con-
nection that appearing relatively lower impedance is ma-
nipulated by the switching device (101) which is further
subjected to the control of the position detector device
(105) to be switched to series connection or series-par-
allel connection to appear relatively higher impedance;
[0011] The position detector device (105) can be con-
stituted by pressure sensing type electromechanical
switching devices or pressure-actuating spring leaf type
switches, or can be constituted by optical, electromag-
netic inducing type, capacitive inducing type or other con-
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ventional position sensing devices, wherein this device
can be optionally installed or not installed as required.
[0012] As summarized from the above descriptions, at
least two driving coils installed in the same individual
electromagnetic actuating device of the electromagnetic
actuating device with coils capable of holding electrifica-
tion in series connection after being actuated in parallel
connection can be electrified in parallel connection or
series-parallel connection to appear relatively lower im-
pedance so as to obtain larger actuating power and ac-
tuating response characteristics, wherein it is character-
istically further through manipulation by the switching de-
vice to switch said at least two sets of driving coils to
series connection or series-parallel connection to appear
relatively higher impedance thus reducing total currents
passing through driving coils, while required operating
characteristics of the electromagnetic actuating device
in electrification by the electromagnetic effective force
can still be satisfied thereby saving electric power and
reducing heat generation of the electromagnetic actuat-
ing device.
[0013] The invention also provides an electromagnetic
actuating device with at least two driving coils capable
of holding electrification in series connection after being
actuated in parallel connection by a switching device to
manipulate said at least two driving coils to be electrically
actuated in parallel connection or series-parallel connec-
tion to provide a relatively lower impedance, thereby to
produce a larger electromagnetic actuating force, and
further being manipulated by the switching device after
actuation to switch said at least two driving coils to series
connection or series-parallel connection to provide a rel-
atively higher impedance, thus reducing the total current
passing through the driving coils, while required operat-
ing characteristics of the electromagnetic actuating de-
vice after electrification can still be satisfied, thereby sav-
ing electric power and reducing heat loss in the driving
coils of the electromagnetic actuating device, wherein it
mainly comprises:

a switching device (101) is constituted by an elec-
tromechanical switch, an electric relay, an electro-
magnetic switch or a solid state switching device,
operable by manual, mechanical, fluid or electrical
power, wherein it is operated by manual, mechani-
cal, fluid or electrical power by supplying AC power
or DC power to said at least two driving coils (102’,
112’) to provide a switching function for electrification
and power cut-off, or by a switchover operation by
the switching device (101) to make said at least two
driving coils (102’, 112’) in parallel connection or se-
ries-parallel connection to provide a relatively lower
impedance to pass excited currents (Ia) and (Ib) re-
spectively; wherein, after the parallel connection or
series-parallel connection to provide a relatively low-
er impedance being electrically actuated, it is ma-
nipulated by the switching device (101) to switch said
driving coils (102’, 112’) to provide a relatively higher

impedance in series connection or series-parallel
connection, thereby allowing a smaller excited cur-
rent (Ic) to pass through the series-connected driving
coils (102’, 112’); wherein, when the series connec-
tion or series-parallel connection to provide a rela-
tively higher impedance is electrified, the required
characteristics of the actuating operating status of
the electromagnetic actuating device in electrifica-
tion shall still be satisfied by the electromagnetic ef-
fective force of the electromagnetic actuating device;
the electromagnetic actuating device (102) is con-
stituted by at least two AC-powered or DC-powered
driving coils (102’, 112’), or operational electromag-
netic actuating devices which can be driven by driv-
ing coils or operated by manual or mechanical power
methods; wherein by the manipulation of the switch-
ing device (101), the electromagnetic actuating de-
vice is electrically actuated in parallel connection or
series-parallel connection to provide a relatively low-
er impedance, and is switched to series connection,
thereby saving electric energy and reducing heat
generation; wherein, when the series connection or
series-parallel connection is electrified for excitation,
the required operating characteristics of the electro-
magnetic actuating device in electrification status
are still satisfied.

Claims

1. An electromagnetic actuator comprising a power
source device (100), a switching device (101), and
an electromagnetic actuating device (102) provided
with at least two powered driving coils (102’, 112’),
wherein the power source device is operatively con-
trolled by the switching device to pass electric current
through each of the parallel driving coils with a rela-
tively lower impedance, thereby to provide a larger
actuating force; and, after actuation, the power
source device is operatively controlled by the switch-
ing device to pass electric current through each of
the driving coils to provide a relatively higher imped-
ance, thereby passing a smaller current through the
electromagnetic actuating device, while ensuring
that predetermined operating characteristics of the
electromagnetic actuating device are maintained.

2. An actuator as claimed in claim 1, wherein the switch-
ing device (101) is constituted by an electromechan-
ical switch, an electric relay, an electromagnetic
switch or a solid state switching device operable by
manual, mechanical, fluid or electrical power, where-
in it is operated by manual, mechanical, fluid or elec-
trical power by supplying AC power or DC power to
said at least two sets of driving coils (102’, 112’) to
provide a switching function for electrification and
power cut-off, or by a switchover operation by the
switching device (101) to make said at least two sets
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of driving coils (102’, 112’) in parallel connection or
series-parallel connection to provide a relatively low-
er impedance to pass excited currents (Ia and Ib)
respectively to the driving coils, wherein, after the
parallel connection or series- parallel connection to
provide a relatively lower impedance, the switching
device (101) is manipulated to switch said driving
coils (102’, 112’) to provide a relatively higher im-
pedance in series connection or series-parallel con-
nection, thereby allowing a smaller excited current
(Ic) to pass through the series-connected driving
coils (102’, 112’); wherein when the series connec-
tion or series-parallel connection to provide a rela-
tively higher impedance is electrified, the predeter-
mined operating characteristics of the electromag-
netic actuating device in electrification are satisfied
by the effective electromagnetic force of the electro-
magnetic actuating device.

3. An actuator as claimed in claim 1 or claim 2, wherein
the electromagnetic actuating device (102) is con-
stituted by at least two AC-powered or DC powered
driving coils (102’, 112’) or operational electromag-
netic actuating devices which can be driven by driv-
ing coils, or operated by manual or mechanical pow-
er methods; wherein by the manipulation of the
switching device (101), the electromagnetic actuat-
ing device is electrically actuated in parallel connec-
tion or series-parallel connection to provide a rela-
tively lower impedance, and is switched to series
connection thereby saving electric energy and re-
ducing heat generation; wherein, when the series
connection or the series-parallel connection is elec-
trified for excitation, the predetermined operating
characteristics of the electromagnetic actuating de-
vice in electrification status are still satisfied.

4. An actuator as claimed in any one of claims 1 to 3,
wherein said at least two sets of driving coils (102’,
112’) are manipulated by the switching device,
whereby the switching modes to switch from parallel
connection or series-parallel connection to provide
a relatively lower impedance to series connection or
series-parallel connection to provide a relatively
higher impedance include:

(1) said at least two driving coils (102’, 112’) are
manipulated by a manual-sequential operating
switching device (101) for switching between
parallel connection or series-parallel connection
with a relatively lower impedance to series con-
nection or series-parallel connection with a rel-
atively higher impedance, thereby holding elec-
trification for excitation; or
(2) said at least two driving coils (102’, 112’) are
manipulated by the switching device (101), with
a time delay control function, to provide a time
delay and to be switched to series connection

or series-parallel connection to provide a rela-
tively higher impedance, thereby holding elec-
trification for excitation; or
(3) by detecting current values passing through
the switching device (101) to the driving coils
(102’, 112’), when the electrified actuating ex-
cited current value of two or more than two sets
of the driving coils (102’, 112’) ≥ a setting current
value, or ≥ the status of the setting current value
exceeding over the setting time, the switching
device (101) is driven to switch said driving coils
(102’, 112’) to series connection or series-par-
allel connection to provide a relatively higher im-
pedance, thereby holding electrification for ex-
citation; or
(4) the switching device (101) is driven by two
or more than two methods of the above methods
(1)(2)(3) to execute the manipulation.

5. An actuator as claimed in any one of claims 1 to 4,
wherein the individual driving coils (102’, 112’) are
constituted by conducting wires of the same or dif-
ferent material, or of the same or different conduction
cross-sectional areas, or constituted by windings
with the same or different numbers of coils.

6. An actuator as claimed in any one of claims 1 to 5,
wherein two or more than two sets of driving coils
(102’, 112’) are constituted by driving coils with the
same or different electromechanical characteristics.

7. An actuator as claimed in any one of claims 1 to 6,
further comprising a position detector device (105)
installed at a stable position after relative actuation
between a rotor and a stator of the electromagnetic
actuating device, or at a selected position in the
stroke of actuation, so that the driving coils (102’,
112’) provide a relatively lower impedance being
electrified to the selected position by the position de-
tector device (105) directly to switch said at least two
driving coils (102’, 112’) from parallel connection or
series-parallel connection to provide a relatively low-
er impedance to series connection or series-parallel
connection to provide a relatively higher impedance;
or said at least two driving coils (102’, 112’) in parallel
connection or series-parallel connection to provide
a relatively lower impedance are manipulated by the
switching device (101), which is further subjected to
the control of the position detector device (105) to
be switched to series connection or series-parallel
connection to provide a relatively higher impedance.

8. An actuator as claimed in claim 9, wherein the posi-
tion detector device (105) is constituted by pressure-
sensing electromechanical switching device, a pres-
sure-actuating spring leaf switch, or with optical,
electromagnetic induction, capacitive induction or
other conventional position sensing devices.

9 10 
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9. An actuator as claimed in any one of claims 1 to 8,
further comprising an AC or DC surge absorption
device installed according to the specification of the
electromagnetic actuating device (102), the absorp-
tion device being parallel connected with the driving
coils (102’, 112’) to help absorbing the produced in-
ductance of counter-electric potential in the driving
coils (102’, 112’) when the driving coils (102’, 112’)
are operated by the switching device (101) to open
or close, or to be parallel connected or series-parallel
connected, or to be switched to a relatively higher
impedance in series connection or series-parallel
connection, wherein the surge absorption device is
constituted by the following:

(1) when the driving coils (102’, 112’) are pow-
ered by AC power, an AC surge absorption de-
vice (103) is installed and is constituted by a
bipolar solid state varistor, or at least two kinds
of components such as resistors, inductors, bi-
polar capacitors in series connection, parallel
connection, or series-parallel connection, or by
a bipolar capacitor alone, or constituted by an-
other conventional AC surge absorption circuit
device;
(2) when the driving coils (102’, 112’) are pow-
ered by DC power with lower voltage, a DC surge
absorption device (113) is installed and is con-
stituted by reverse polarity diodes in parallel
connection to constitute a flywheel diode with
energy storage effect, or is constituted by at
least two kinds of components such as resistors,
inductors, uni-polar or bipolar capacitors in se-
ries connection, parallel connection, or series-
parallel connection, or is constituted by a uni-
polar or bipolar capacitor alone, or is constituted
by a solid state varistor or another conventional
DC surge absorption device.

10. An actuator as claimed in any one of claims 1 to 9,
wherein two or more than two sets of driving coils
(102’, 112’) are manipulated by the switching device
(101), wherein it includes applications for normally-
closed or normally-open electromagnetic brakes,
normally-closed or normally-open electromagnetic
clutches, normally-closed or normally-open electro-
magnetic switches, normally-closed or normally-
open electromagnetic relays, normally-closed or
normally-open solenoid valves as well as electro-
magnets, electromagnetic locks, spiral tube wind-
ings or other electromagnetic actuating devices with
driving coils for electromagnetic driving effects, or
operating type electromagnetic actuating devices
which can be driven by driving coils or operated by
numerous manual or mechanical power methods.
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