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(57) Abstract: A door closer system is provided that includes a motor, a spring, a reduction gear set, and a rack and a pinion mech
anism. The spring and pinion may be coupled to the rack, and the pinion may be selectively coupled to the gear set. The motor may
be selectively mechamcally coupled to the gear set. The pinion may rotate in a first direction via the rack as the spring is compressed
in a second direction opposite the first direction as the spring is expanded. The motor is operable to rotate and act upon the pinion
through the gear set, thereby rotating the pinion in the second direction and assist the spring in closing the door.



DOOR CLOSER SYSTEM

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] The present application claims priority to and benefit under 35

U.S.C. § 119(e) to U.S. Provisional App. No. 61/644,385, filed May 8 , 2012, the

entire contents of which are incorporated herein by reference.

TECHNICAL FIELD

[0002] The present disclosure generally relates to door closer systems and

more particularly, but not exclusively, to self-powered door closer systems.

BACKGROUND

[0003] Alleviating difficulties found in operating door closers remains an

area of interest. Present door closers suffer from a variety of limitations and

disadvantages relative to certain applications. Door closers are utilized in many

applications where a door must be shut after opening. This allows the user to

pass through the doorway without manually closing the door. Door closers may

utilize a spring assembly to close the door and a damper to ensure that the door

does not slam closed. In order for the spring to properly shut the door, the door

closer may be configured such that the spring is compressed upon opening the

door and allowed to expand in order to close the door.

[0004] Government regulations may require that the door be capable of

opening with a limit on the force required for opening. As an example, the United

States Americans with Disabilities Act requires a door be capable of opening with



a limit of 5 pounds force at 34 inches from the door hinge line. Utilizing a spring

that allows a door to open within these limits may not be strong enough to close

the door. Such conditions that would prevent the door from closing with a weak

spring may include, for example, a pressure differential across the doorway, a

heavy door, high friction within the door system, or a combination thereof. In

order to stay within the above-described limits, some door closers have

incorporated a motor to assist in opening and closing the door that requires a

source of external power. While there have been various attempts at improving

door closing technology, there is a need for further contributions to this

technology.

SUMMARY

[0005] One embodiment of the present disclosure is a unique door closer

with a motor that is self-powered for closing doors. Other embodiments include

apparatuses, systems, devices, hardware, methods, and combinations for the

same. Further embodiments, forms, features, aspects, benefits, and advantages

of the present application shall become apparent from the description and figures

provided herewith.

BRIEF DESCRIPTION OF THE FIGURES

[0006] FIG. 1 is a schematic illustration of an embodiment of a door

closing system.

[0007] FIG. 2A is a functional system diagram of the electromechanical

components of an embodiment of the present disclosure.



[0008] FIG. 2B is a functional system diagram of the rack during a closing

phase of the door of an embodiment of the present disclosure.

[0009] FIG. 2C is a functional system diagram of the pinion during a

closing phase of the door of an embodiment of the present disclosure.

[0010] FIG. 2D is a functional system diagram of the gear set during a

closing phase of the door of an embodiment of the present disclosure.

[001 ] FIG. 2E is a functional system diagram of the motor and circuitry of

an embodiment of the present disclosure.

[0012] FIG. 2F is a graph of the motor current properties of an

embodiment of the present disclosure.

[0013] FIG. 3 is an embodiment of a door closer having a planetary gear

set.

[0014] FIG. 4 is an embodiment of a door closer having a spur gear set.

[0015] FIGS. 5-8 depict embodiments of various clutch mechanisms to

selectively couple a motor to a gear set.

DETAILED DESCRIPTION

[0016] For the purposes of promoting an understanding of the principles of

the invention, reference will now be made to the embodiments illustrated in the

drawings and specific language will be used to describe the same. It will

nevertheless be understood that no limitation of the scope of the invention is

thereby intended. Any alterations and further modifications in the described

embodiments, and any further applications of the principles of the invention as



described herein are contemplated as would normally occur to one skilled in the

art to which the invention relates.

[001 7] With reference to FIG. 1, an example of a door and door closer

system 100 is provided in schematic form. The system 100 is provided to assist

in closing a door 105 located in a doorway. As used herein, a closed door is a

door that is latched or substantially flush with the door frame. An open door is

any door that is not closed. The system 00 is provided with inputs of a spring

force 102, which can be provided from a spring of the door closing system and a

user applied force 104. The user force 104 is applied to a door (not shown) while

opening the door, during which process the spring supplying spring force 102 is

compressed. As discussed herein, the spring of the door closer system 100 may

be an assembly of one or more springs, and may be any combination of linear or

rotational springs. The spring force 102 is generated by the compressed spring

as it expands upon closing of the door. The spring and user forces 102, 104 flow

through a mechanical interface 106 to a motor 108. The mechanical interface

106 may be, for example, an arm attached to a reduction gear set, which may

include, for example, a rack and pinion, a spur gear set, a planetary gear set, or

any combination thereof.

[001 8] An electric motor 108 may be attached to the other end of the

mechanical interface. The motor 108 may be of any known variety, such as a

brushed or brushless DC permanent magnet motor. The motor 108 may impede

the closing of a door, such as by providing a brake or dampening force during

opening and/or closing of the door as indicated by braking and dampening



module 112. Motor 108 may also provide an extra boost force to ensure the door

closes completely as indicated in power boost module 110. During the process

of opening the door by a user or during closing of the door under spring force

102, the motor 108 may also act as an electric generator and harvest energy.

The motor 08 may also provide operational data 114 via feedback control

sensors (not shown) to a control circuit 116, and control circuit 1 6 may receive

inputs in response to changes in programming and other information through a

user interface 118 or other controller.

[0019] The system 100 is also provided with energy harvesting

components 120 for power conditioning by harvesting the power generated by

the motor 108 and storing the harvested power with a power storage device 122,

which may be, for example, a chargeable battery or a capacitor. The energy

stored in the storage device 122 may then be passed through power supply

components 124, which can supply power to the motor 108 to provide a closing

boost force, supply power to the control circuit 116, or supply power to other

features 126 that may require power, such as communications modules, readers,

door locks, and controllers, for example.

[0020] With reference now to FIG. 2 , the example system 100 includes a

spring 134, a gear set 128, and a rack 132 and pinion 130 forming at least a part

of mechanical interface 106. System 100 utilizes energy stored in spring 134

during opening of the door to drive gear set 128, including rack 132 and pinion

130, and apply torque Ta to motor 108 in order to create current I through control

circuit 116. The impedance L of control circuit 1 6 acts as a damping system on



the motor 08. The control circuit 116 also stores electrical energy via a

capacitor C or to a battery to be used in the final few degrees of the door closing.

The control circuit 16 controls the power release to the motor 108 to provide a

boost in the door closing force during the final closing of the door. The system

100 is intended to be operable independently of outside power resources and

fully operational for every operation cycle of the door.

[0021] In operation, the door is first opened by a user. As described

above, various laws and/or regulations may limit the force required to open a

door. As an example, the door opening force may be limited to 5 pounds force at

34 inches from the door hinge line to open. For such an example, a spring or

spring assembly may be selected or designed accordingly that allows the door to

open at such low forces. However, such a spring design may not have sufficient

force to close the door under all possible conditions. Furthermore, when an

excess opening force is applied to the door, the excess force may be dampened

and harvested for storage in storage device 122 subsequent use in operation of

system 100 while providing dampening and/or back checking to protect the door

and operator.

[0022] After opening, the user may release the door allowing the door

closer system 100 to close the door. In operation, the door closes in two phases.

In a first phase, the spring compression is the only reliably available energy input

into the system 100. Therefore, the door initially closes under the force of the

spring. As the door closes, mechanical interface 106, such as an arm, rack and

pinion mechanism, gear set, and spring utilizes the releasing spring energy to



turn the shaft of motor 108. The motor 108 in turn, acting as a generator,

generates power that is stored in a power storage device 122. Once the door is

substantially closed, the second phase of closing takes place whereby the power

is discharged from power storage device 122 to power the motor 108 and provide

a boost force to close the door completely. In addition to providing energy to

generate the boost force, the stored power may also be used to power the

control circuit 1 6 . Therefore, system 100 uses energy harvested from normal

door operation and has no external power requirements.

[0023] FIGS. 2A-2F provide functional diagrams of the system 100 with

numerous variables that may be factored in the considerations that determine the

configuration of the system 100. From these diagrams and following equations,

the spring force of the system 100 is used to determine the electrical

requirements of the motor 108 in order for the motor 108 to provide sufficient

boost force for closing of the door. While one specific example is provided

below, other inputs and variables may be considered, or the inputs and variables

discussed below may be considered in a different manner, depending on

different system constraints. The nomenclature of FIGS. 2A-2F includes the

following:

X = Linear position/displacement

X = ) = Linear velocity

d2
X = — x t = Linear acceleration

dt2

Mr = Mass of rack

ks = Spring constant of spring



p = Friction acting on the rack due to the pinion

f r = Friction acting on the rack due to the rack mounting

p (t) = Force of the pinion acting on the rack as a function of time

Θ - Angular position/displacement

Θ = (t) = Angular velocity

d2
Θ = — 0(t) = Angular acceleration

J = Angular mass moment of inertia of the pinion

D = Angular damping coefficient of the pinion

Td = Torque of the door acting on the pinion

Tg = Torque of the gears acting on the pinion

r = Radius of the pinion

=Angular mass moment of inertia of the gears in the direction toward the
motor

Angular damping coefficient of the gears in the direction toward the motor

Tm - Torque of the motor acting on the gears

g = Torque of the gears acting on the pinion

N = Gear ratio, pinion side

N2 = Gear ratio, motor side

i a = motor current due to armature

La = Motor armature inductance

C = Capacitance

Ra = Armature resistance

( = Voltage across the armature



[0024] Utilizing FIG. 2B as a system diagram:

F ) +Mr ~ xi + (/ + fr) - s (t ) = 0(eq. )

[0025] Taking the Laplace transform and solving for Fp :

Fp(s) = [-M r s2 - ( fp + fr ) s + ks] · x(s) (eq. 2)

[0026] Using FIG. 2C as a system diagram:

Tg + Td + Jp ep + Dp · ( ep (t)) - rp F (t) = 0 (eq. 3)

[0027] Taking the Laplace transform and solving for Fp :

Fp (s) = s - p (eq 4

[0028] Using FIG. 2D as a system diagram:

[0029] Using FIG. 2E as a system diagram:

Va(t) - ia(t)dt - La (^i a(t)) - Ra i (t)] = 0 (eq. 6)

[0030] Assuming that the armature of the motor is rigid and has no

measurable angular spring effect, the moments acting on the armature of the

motor are:

Tm (t) - Jm · - Dm 0 (eq. 7)

[0031] Referring to FIG. 2F, the torque of the motor is proportional to the

current of the motor:

Tm (t) = K ia(t) (eq. 8)

[0032] Motor back voltage is proportional to the armature angular velocity



Va(t) = Kb ( e (t)) (eq. 9)

[0033] From FIG. 2F:

' stall (eq. 10)
R a w no load

[0034] Using the relationship of torque to current from the motor

properties:

Tm .t (eq. 11)
t

[0035] Taking the Laplace transforms of eq. 6 , and solving for Tm :

7m (s) = J m + Dm s) 0(s) (eq. 12)

[0036] Therefore:

[0037] Taking the Laplace transform of eq. 7 and solving for Va:

= + ' + R ) " (eq - 4 )

[0038] Taking the Laplace transforms of eqs. 8 and 9 , respectively:

ia( ) = (eq. 15)

V s = K - s - 0 s) (eq. 16)

[0039] By substitution of eq. 13 into eq. 16, and then into eq. 14

¾·s ¾ =( + · + · < ·

[0040] Eq. 18 is the transfer function of the motor. Thus given the torque

acting upon the motor, the current of the motor circuit can be determined.



[0041] Referring now to FIG. 3 , a sectional view of one embodiment of

door closer system 100 is provided that includes motor 108. Door closer system

00 of FIG. 3 also includes gear set 128 which in this embodiment includes a

planetary gear set coupled to a rack (not shown in FIG. 3 for clarity) and pinion

130, where the pinion 130 acts as a pivot for a closer arm (not shown,) and

spring or spring assembly 134. The rotational axis of the shaft of motor 108 may

be in-line with or parallel to the planetary gear set 128, which may then be

coupled at its opposite end to the pinion 130 via a bevel gear 136. The rotational

axis of the pinion 130 may be orthogonal to the rotational axis of the shaft of

motor 108. The pinion 130 is coupled to the rack 132, and the rack 132 is

coupled to the spring or spring assembly 134.

[0042] As the door is opened by a user, an arm, or a set of arms that are

attached to a door frame (not shown), pivots and rotates the pinion 130. The

angular displacement of the pinion 130 is converted to linear displacement via

the rack 132. As the rack 132 linearly translates, the spring 134 is compressed.

Compressing the spring 134 and translation of rack 132 rotates pinion 130, which

further rotates planetary gear set 128 and the shaft of motor 108. The

impedance of control circuit 116 dampens the opening force and stores

mechanical energy in storage device 122 as electrical energy which can be used

to operate motor 108 for closing the door.

[0043] As the door is closing, the spring 134 expands pushing against the

rack and rotates the pinion 130. The rotating pinion 130, in turn, pivots an arm or

set of arms attached to a door frame, which closes the door. Also as the pinion



130 turns, the bevel gear 136 turns about an axis substantially orthogonal to the

rotational axis of pinion 130. The bevel gear 36 is coupled to the planetary gear

set 128, which turns the shaft of electrical motor 108 to generate power through

control circuit 116 that is stored as electrical energy in storage device 122. In the

final phase of closing, the motor 08 receives the stored electrical power from

storage device 122 through control circuit 116 to provide a boost force to assist

the spring 134 in closing the door to a closed position. The rotational torque of

the motor 108 is transferred back to the arm or set of arms attached to the door

frame through the planetary gear set 28, and bevel gear 136 and pinion 130.

[0044] With reference now to FIG. 4 , the motor 08 may be mounted

within the door closer system 100 such that the rotational axis of a shaft

extending from the motor 08 is parallel to the axis of rotation of the pinion 130

and coupled to the pinion 130 through another embodiment of gear set 128

which may include a plurality of spur reduction gears. As shown, four spur

reduction gears 128a, 128b, 128c, 128d are provided in the gear set 128 of FIG.

4 . However, other configurations with more or fewer gears are contemplated.

The gear set128 with spur reduction gears is intended to increase the rotational

speed of the motor 108 while reducing the torque applied to the motor 108.

[0045] Referring now to FIGS. 5-8, multiple example embodiments 140 are

disclosed for coupling the motor 08 to the gear set 128. As shown, these

coupling examples are applied to a spur gear set such as shown in FIG. 4 .

However, it is further contemplated that the connection arrangements disclosed

with reference to FIGS. 5-8 may also be applied with the planetary gear set. The



gear set 128 may be used to drive the motor 108 to break or dampen the closing

operation of the door. However, the motor 108 and electronics of control circuit

116 can only handle a certain amount of torque before they may become

damaged. Accordingly, damage may occur if there is an extreme wind gust, or a

user trying to force the door open or closed. Under such conditions, the door

may be forced to close faster than the motor 108 and the electronics of control

circuit 6 assembly can tolerate.

[0046] As shown in FIGS. 5-8, various embodiments of coupling

assemblies 140, which may be clutches or clutch means, are disclosed to allow

the gear set 28 to disengage from the motor 108 in order to protect the motor

108 while maintaining reliable control of the door. Disengaging the gear set 28

from the motor 108 will introduce some slipping between the motor 108 and, for

example, the gears 128a, 128b, 128c, 128d. Therefore, the timing between the

gears 28a, 128b, 128c, 128d and motor 108 may need to be realigned at some

point after the applied torque is no longer excessive and the motor 108 is no

longer in danger of being damaged. As an example, the gear set 128 may slip

until the door is closed and then re-engage the gear set 128, such as by using

encoders on each gear (the motor gear and the gear set gear) to know the

position of each gear from a known starting point.

[0047] With reference to FIG. 5 , an example clutch type coupling

mechanism 140 is provided that includes a spring loaded slip disk 142 coupled to

gear 128d with compression springs 143 and that further interfaces with and is

coupled to a motor coupler 141 . Both the slip disk 142 and motor coupler 141



have the same angle-toothed geometry on facing surfaces 142a, 141 a ,

respectively, that provides the interface and therebetween. The compression

springs 143 may have enough load resistance capability to prevent the slip disk

142 from moving in the positive y-direction under normal opening and closing

loads. Under normal conditions, the slip disk 142, compression springs 143, and

gear 128d all rotate as a single unit. Under extreme loading/torques the angled

surfaces 142a and 141a of the slip disk 142 and motor coupler 141 generate a

strong enough force in the y-direction to overcome the spring force allowing the

slip disk 142 to move in the positive y-direction. This causes the slip disk 142

and motor coupler 141 to become disengaged, and allows the gear 128d and

motor 108 to rotate at different speeds. After the system returns to normal

operation from the overload, the slip disk 142 and motor coupler 141 would

become re-engaged by the force of compression springs 143. There may need

to be encoders or other means of determining the orientation of the slip disk 142

(which may also be dictated by door position) relative to the orientation of the

motor coupler 141 , such that when the gears 128 become reengaged the system

100 would know the door position.

[0048] With reference now to FIG. 6 , another example of a clutch-type

mechanism 140 is provided that includes a set of spring-loaded ball bearings 144

coupled to pockets 141 b of the motor coupler 141 . The centers of ball bearings

144 sit above the top surface 141a of the motor coupler 141 . As the gear 128d is

turned, the ball bearings 144 will want to slip past the motor coupler 141 since

the bearings are sitting high. However, the spring 143 force keeps the bearings



144 in place and allows the gear 128d and motor coupler 141 to rotate at the

same speed. In an overload situation, the y-direction bearing force is strong

enough to overcome the spring force and allows the gear 128d and the motor

coupler 141 to become disengaged and rotate at different speeds.

[0049] Referring now to FIGS. 7A and 7B, another embodiment of clutch

mechanism 140 is provided that includes an electromechanical actuating device

145, such as solenoid, and a gearing coupler 146 that, in one example, is a

sleeve that shrouds or envelopes both the gear 128d and motor coupler 141 .

This embodiment requires that the gear 128d and motor coupler 141 possess

identical gear geometry, with the sleeve 146 being capable of engaging the teeth

of both the gear 128d and motor coupler 141 simultaneously, such as shown in

FIG. 7B. In normal operation, the sleeve 146 would envelope and engage both

the gear 128d and the motor coupler 141 simultaneously, allowing all three

components 128d, 141 , 146 to rotate at the same speed. In the situation of an

overload/excessive torque, the system will send a signal to the actuating device

145 to pull the gearing coupler 146 away from the motor coupler 141 causing the

gear 128d and motor coupler 141 to become disengaged. As a fail-safe

mechanism, the actuating device 145 home position could be for the gear 128d

and motor coupler 141 to be engaged, and the actuated position would be with

the sleeve 146 only engaging the gear 128d. However, an opposite failsafe

arrangement is not precluded.

[0050] With reference now to FIG. 8 , another embodiment of clutch

mechanism 140 is provided with a magnetic connector 147 between the gear



128d and the motor coupler 141 . The magnetic connector 147 could be created

by a magnet or magnetic layer attached to either the gear 128d or the motor

coupler 141 . The other component would include sufficient ferrous material or

composition to be affected by the magnetic field of the magnetic connector 147.

The magnetic connector 147 strength and distance between the gear 128d and

coupler 141 would be designed such that the magnetic force would be strong

enough to keep the gear 128d and the motor coupler 141 engaged under normal

torsional loads and allowed to slip in an overload situation.

[0051] The clutching mechanisms 140 shown in FIGS. 5-8 are tied to the

motor coupled 141 to a spur gear set 128. However, it is appreciated that similar

concepts may be applied to a planetary gear set such as shown in FIG. 3 or be

applied to the connection between the gear set 128 and pinion 130 instead.

[0052] An example system 100 may provide current to control circuit 116

from rotation of a shaft connected to motor 108 in order to induce impedance and

allow the motor 108 to dampen the opening and/or closing action of the door. An

example system may also be capable of harvesting any available energy to be

supplied to the motor 108 in order to provide a boost force to securely close the

door or any other energy requirement of the door and/or door closer system 100.

[0053] The motor 108 of system 100 may include a variety of forms for

generating current for energy harvest as well as provide dampening to the door

closer system 100. Any electromechanical device capable of generating a

current may be utilized through appropriate control circuitry 1006 to provide a

dampening force to the door closer system 100. As such, this would not require



a fluid damper as is typically found in door closers. In addition, any

electromechanical device capable of providing current may also be utilized to

provide means of harvesting energy from the actions of the door closer system

100. These electromechanical devices may include, for example, EDDIE brake

systems, Linear motors and actuators, generators and alternators, AC and DC

motors - both brushed and brushless, power boost systems that may incorporate

batteries and or capacitors that may be interchangeable or chargeable, as well

as systems that may add power to the system through other power generation

means such as solar power or wind generated power.

[0054] One aspect of the present disclosure provides a door closer system

having a motor, a spring, a reduction gear set, and a rack and a pinion. The

spring is mechanically coupled to the rack. The pinion is coupled to the rack and

coupled to the reduction gear set. The motor is mechanically coupled to the

reduction gear set. The pinion is rotatable in a first direction about a rotational

axis of the pinion to translate the rack and compress the spring and rotation of

the pinion in the first direction is impeded by the motor through the reduction gear

set. The spring is expandable to act upon the rack and rotate the pinion in a

second direction about the rotational axis that is opposite the first direction with

rotation of the pinion in the second direction impeded by the motor through the

reduction gear set. The motor is configured to generate electricity while

impeding rotation of the pinion. The motor is operable with the electricity to

rotate the gear set to rotate the pinion in the second direction.



[0055] A refinement of the present disclosure provides that the pinion

rotation in the first direction is impeded through a control circuit connected to the

motor.

[0056] Another refinement of the present disclosure provides that the

pinion rotation in the second direction is impeded through a control circuit

connected to the motor.

[0057] Yet another refinement of the present disclosure provides that the

spring is expandable to selectively rotate the motor through the rack and pinion

and reduction gear set to generate electricity.

[0058] Another refinement of the provides that the reduction gear set

includes a spur gear set connecting the motor to the pinion.

[0059] Another refinement of the provides that the reduction gear set

includes a planetary gear set connecting the motor to the pinion.

[0060] Yet another refinement of the provides that the pinion is coupled to

the planetary gear set with a bevel gear.

[0061] Another refinement of the provides that the motor is selectively

coupled to the reduction gear set with a clutch mechanism, and the clutch

mechanism may be configured to disengage the motor from reduction the gear

set if rotation of the motor exceeds a preset rate.

[0062] Another aspect of the present disclosure provides a doorway

including a door and a door closer system mechanically coupled to the door. The

door closer system includes a motor, a control circuit connected to the motor,

and a power storage device connected to the motor and the control circuit. The



door closer system further including a spring that compresses when the door is

opening and expands when the door is closing. The spring is mechanically

coupled to the motor through a gear set. The motor rotates in a first direction in

response to expanding of the spring to generate electrical energy that is stored in

the power storage device. The control circuit is configured to discharge electrical

energy from the power storage device to rotate the motor in the first direction to

close the door.

[0063] A refinement of the present disclosure provides that the motor

rotates in a second direction in response to compression of the spring during

opening of the door to generate electrical energy that is stored in the power

storage device. Another refinement of the present disclosure provides that the

motor includes a shaft connected to a gear set, and the gear set is connected to

a pinion that is connected to a rack coupled to the spring. Yet another

refinement of the present disclosure provides that the motor impedes closing of

the door through the control circuit. Another refinement further provides a clutch-

type coupling mechanism configured to mechanically decouple the motor from

the gear set if the force opening the door exceeds a preset limit.

[0064] Yet another refinement further provides a clutch-type coupling

mechanism configured to mechanically decouple the motor from the door if a

force moving the door exceeds a preset rate.

[0065] Yet another aspect of the present disclosure provides: opening a

door coupled to a spring, thereby compressing the spring; releasing the door and

allowing the spring to expand to initiate closing of the door; generating electricity



with a motor operable in response to compression and expansion of the spring

during opening and closing the door; storing the electricity in a storage device;

and rotating the motor with the electricity to close the door.

[0066] Other refinements may include: decoupling the motor from the

door if opening or closing the door exceeds a preset rate; rotating the motor

rotates a gear set connected to the spring with a rack and pinion mechanism,

wherein the gear set is one of a planetary gear set and a spur gear set; and

generating the electricity with the motor dampens at least one of a closing rate

and an opening rate of the door.

[0067] While the invention has been illustrated and described in detail in

the drawings and foregoing description, the same is to be considered as

illustrative and not restrictive in character, it being understood that only the

preferred embodiments have been shown and described and that all changes

and modifications that come within the spirit of the inventions are desired to be

protected. It should be understood that while the use of words such as

preferable, preferably, preferred or more preferred utilized in the description

above indicate that the feature so described may be more desirable, it

nonetheless may not be necessary and embodiments lacking the same may be

contemplated as within the scope of the invention, the scope being defined by

the claims that follow. In reading the claims, it is intended that when words such

as "a," "an," "at least one," or "at least one portion" are used there is no intention

to limit the claim to only one item unless specifically stated to the contrary in the

claim. When the language "at least a portion" and/or "a portion" is used the item



can include a portion and/or the entire item unless specifically stated to the

contrary.

[0068] Unless specified or limited otherwise, the terms "mounted,"

"connected," "supported," and "coupled" and variations thereof are used broadly

and encompass both direct and indirect mountings, connections, supports, and

couplings. Further, "connected" and "coupled" are not restricted to physical or

mechanical connections or couplings.



What is claimed is:

. A door closer system, comprising:

a motor, a spring, a reduction gear set, and a rack and a pinion;

said spring is mechanically coupled to said rack;

said pinion is coupled to said rack and coupled to said reduction gear set;

said motor is mechanically coupled to said reduction gear set; wherein

said pinion is rotatable in a first direction about a rotational axis of said

pinion to translate said rack and compress said spring and rotation of

said pinion in said first direction is impeded by said motor through said

reduction gear set;

wherein said spring is expandable to act upon said rack and rotate said

pinion in a second direction about said rotational axis that is opposite

said first direction with rotation of said pinion in said second direction

impeded by said motor through said reduction gear set;

wherein said motor is configured to generate electricity while impeding

rotation of said pinion; and

wherein said motor is operable with said electricity to rotate said gear set

to rotate said pinion in said second direction.

2 . The apparatus of claim 1, wherein pinion rotation in said first direction is

impeded through a control circuit connected to said motor.



3 . The apparatus of claim 1, wherein said pinion rotation in said second direction

is impeded through a control circuit connected to said motor.

4 . The apparatus of claim 1, wherein said spring is expandable to selectively

rotate said motor through said rack and pinion and reduction gear set

to generate electricity.

5 . The apparatus of claim , wherein said reduction gear set includes a spur

gear set connecting the motor to the pinion.

6 . The apparatus of claim 1, wherein said reduction gear set includes a

planetary gear set connecting the motor to the pinion.

7 . The apparatus of claim , wherein said pinion is coupled to said planetary

gear set with a bevel gear.

8 . The apparatus of claim 1, wherein said motor is selectively coupled to said

reduction gear set with a clutch mechanism.

9 . The apparatus of claim 8 , wherein said clutch mechanism is configured to

disengage said motor from reduction said gear set if rotation of said

motor exceeds a preset rate.



10. A door system, comprising

a doorway including a door and a door closer system mechanically

coupled to said door;

said door closer system includes a motor, a control circuit connected to

said motor, and a power storage device connected to said motor and

said control circuit;

said door closer system further including a spring that compresses when

said door is opening and expands when said door is closing, wherein

said spring is mechanically coupled to said motor through a gear set;

wherein said motor rotates in a first direction in response to expanding of

said spring to generate electrical energy that is stored in said power

storage device; and

wherein said control circuit is configured to discharge electrical energy

from said power storage device to rotate said motor in said first

direction to close said door.

1. The system of claim 10, wherein said motor rotates in a second direction in

response to compression of said spring during opening of said door to

generate electrical energy that is stored in said power storage device.



12. The system of claim 11, wherein said motor includes a shaft connected to a

gear set, and said gear set is connected to a pinion that is connected

to a rack coupled to said spring.

13. The system of claim 11, wherein said motor impedes closing of said door

through said control circuit.

14. The system of claim 13, further comprising a clutch-type coupling

mechanism configured to mechanically decouple said motor from said

gear set if the force opening said door exceeds a preset limit.

15. The system of claim 10, further comprising a clutch-type coupling

mechanism configured to mechanically decouple said motor from said

door if a force moving said door exceeds a preset rate.

6 . A method comprising:

opening a door coupled to a spring, thereby compressing said spring;

releasing said door and allowing said spring to expand to initiate closing of

said door;

generating electricity with a motor operable in response to compression

and expansion of said spring during opening and closing said door;



storing said electricity in a storage device;

rotating said motor with said electricity to close said door.

17. The method of claim 16, further comprising decoupling said motor from said

door if opening or closing the door exceeds a preset rate.

18 . The method of claim 16, wherein rotating said motor rotates a gear set

connected to said spring with a rack and pinion mechanism.

19 . The method of claim 18 , wherein said gear set is one of a planetary gear set

and a spur gear set.

20. The method of claim 15, wherein generating said electricity with said motor

dampens at least one of a closing rate and an opening rate of said

door.
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