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(54) Door opening and closing apparatus for vehicle

(57) A door opening and closing apparatus (4) for a
vehicle includes a displacement body (63) operating a
latch (41) and being displaced within a moving region
including a closing region, a releasing region and a neu-
tral region positioned between the closing region and the
releasing region, the displacement body displacing by an
actuator (61), a control unit (90) controlling the actuator
for selectively engaging and disengaging the latch and
a striker (2), a first detection portion (84) outputting a first
detection signal changed when the displacement body
passes through a first border portion of the neutral region
closer to the closing region, and a second detection por-
tion (85) outputting a second detection signal changed
when the displacement body passes through a second
border portion of the neutral region closer to the releasing
region. The control unit controls a moving position of the
displacement body based on the first detection signal
and the second detection signal.
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Description

FIELD OF THE INVENTION

[0001] The present invention relates to a door opening
and closing apparatus for a vehicle.

BACKGROUND

[0002] A known door lock operation apparatus for a
vehicle which performs a locking operation by rotating
an output shaft of an actuator in a normal direction and
an unlocking operation by rotating the output shaft in a
reverse direction is disclosed in JP62-197583A. A known
door closing apparatus for a vehicle is disclosed in
JP2007-2589A, which performs a closing operation, cap-
turing a striker by rotating a latch by displacing, in one
direction, a driven gear serving as a displacement body
which receives a motor driven force and is rotatable in
normal and reverse directions. The door closing appara-
tus further performs a releasing operation in which a pawl
is rotated to disengage the latch and the pawl by displac-
ing the driven gear in the other direction.
[0003] The known apparatuses explained above in-
cludes a releasing function which disengages the latch
and the striker by displacing the displacement body such
as a sector gear which receives the motor driven force
in a releasing direction with reference to a neutral region
and a closing function in which the Iatch captures the
striker by actuating the displacement body in a closing
direction with reference to the neutral region. In those
circumstances, in case of displacing the displacement
body to the neutral region by the motor driven force after
executing the releasing function or the closing function,
a neutral detection portion such as a switch, in order to
control for stopping the motor, is required. However, in
the event that the neutral detection portion is in failure,
there is a possibility that the displacement body may be
moved to a terminal end of the displacement. In other
words, the movement of the displacement body is not
stopped after the execution of the closing operation, and
starting the releasing operation to re-unlock the once
locked door. Further, there is also a possibility that the
movement of the displacement body is not stopped within
the neutral region after the execution of the releasing
operation, and starting the closing operation thus to re-
lock the once unlocked door.
[0004] A need thus exists for a door opening and clos-
ing apparatus for a vehicle which takes into consideration
a fail safe operation of a detection portion which detects
that a displacement position of a displacement body en-
ters a neutral region.

SUMMARY OF THE INVENTION

[0005] In light of the foregoing, the present invention
provides a door opening and closing apparatus for a ve-
hicle, which includes a latch configured to engage with

and disengaged from a striker, a displacement body op-
erating the latch via a Iatch operation mechanism and
being displaced within a moving region including a clos-
ing region in which the latch is engaged with the striker,
a releasing region in which the latch is disengaged from
the striker and a neutral region positioned between the
closing region and the releasing region, the displacement
body displacing by means of a drive force of an actuator
for selectively engaging and disengaging the latch and
the striker, a first detection portion outputting a first de-
tection signal changed when the displacement body
passes through a first border portion of the neutral region
closer to the closing region, and a second detection por-
tion outputting a second detection signal changed when
the displacement body passes through a second border
portion of the neutral region closer to the releasing region,
and a control unit connected to the first detection portion
and the second detection portion, and controls a moving
position of the displacement body based on the first de-
tection signal and the second detection signal.
[0006] According the present invention, in the return-
ing operation of the displacement body after the closing
operation to latch the door is performed, in a normal con-
dition, the displacement body halts at the border between
the neutral region and the closing region by a detection
of the first border portion by means of the first detection
portion. In the event that the malfunction of the first de-
tection portion is generated, the displacement body can-
not stop at the first border portion, however, stops at the
border between the neutral region and the releasing re-
gion by the detection of the second border portion by
means of the second detection portion. Further, in the
returning operation of the displacement body after the
releasing operation to unlatch the door is performed, in
a normal condition, the displacement body halts at the
border between the neutral region and the releasing re-
gion by a detection of the second border portion by means
of the second detection portion. In the event that the mal-
function of the second detection portion is generated, the
displacement body cannot stop at the second border por-
tion, however, stops at the border between the neutral
region and the closing region by the detection of the first
border portion by means of the first detection portion.
Accordingly, during the returning operation of the dis-
placement body after closing operation, the second de-
tection portion serves as a fail safe for the first detection
portion. In the returning operation of the displacement
body after releasing operation, the first detection portion
serves as a fail safe for the second detection portion.
[0007] According to another aspect of the present in-
vention, the first border portion and the second border
portion include a predetermined displacement range,
and the first detection portion and the second detection
portion are configured to change the first detection signal
and the second detection signal, respectively, when the
displacement body passes through a respective border
line of the corresponding displacement range positioned
closer to a center of the neutral region.
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[0008] According to the present invention, in the re-
turning operation of the displacement body after closing
operation, in a normal condition, the displacement body
halts at the border line within the neutral region closer to
the closing region by the predetermined range (width).
In the event that the malfunction of the first detection
portion is generated, the displacement body stops at the
border line within the neutral region closer to the releasing
region by the predetermined displacement range (width).
Further, in the returning operation of the displacement
body after the releasing operation, in a normal condition,
the displacement body halts at the displacement position
within the neutral region close to the releasing region. In
the event that the second detection portion malfunctions,
the displacement body stops at the border line within the
neutral region closer to the closing region by the prede-
termined displacement range (width). Namely, the pre-
determined displacement range (width) can absorb the
time lag of the actuator based on a response of the first
detection portion and the second detection portion serv-
ing as a fail safe function. In consequence, highly reliable
fail safe can be achieved even if the level of the control
for halting the actuator based on the response of the first
detection portion and the second detection portion is not
highly precise.
[0009] According to another aspect of the present in-
vention, the first detection portion and the second detec-
tion portion include switching elements, respectively, the
first detection portion outputs the first detection signal
changed by a switching of ON and OFF states when the
displacement body passes through the first border por-
tion of the neutral region closer to the closing region, and
the second detection portion outputs the second detec-
tion signal changed by the switching of ON and OFF
states when the displacement body passes through the
second border portion of the neutral region closer to the
releasing region.
[0010] According to further aspect of the present in-
vention, the first detection portion outputs one of High
signal and Low signal as the first detection signal when
the displacement body is in the closing region or the first
border portion and outputs the other of the High signal
and the Low signal when the displacement body is in the
neutral region other than the first border portion or the
releasing region; and the second detection portion out-
puts one of High signal and Low signal as the second
detection signal when the displacement body is in the
releasing region or the second border portion and outputs
the other of the High signal and the Low signal when the
displacement body is in the neutral region other than the
second border portion or the closing region.
[0011] According to the present invention, the detec-
tion portion (i.e., either the first detection portion or the
second detection portion) which detects the particular
displacement position of the displacement body at the
closing operation and its detecting signal and the detec-
tion portion (i.e., either the second detection portion or
the first detection portion) which detects the particular

displacement position of the displacement body at the
releasing operation and its detecting signal are complete-
ly independent from one another. Accordingly, the first
detection portion and the second detection portion can
serve as fail safe function for one another in a state being
fully independent from one another.
[0012] According to still another aspect of the present
invention the control unit includes a timer control portion
serving as a backup of the first detection portion and the
second detection portion.
[0013] According to the present invention, even when
both of the the first detection portion and the second de-
tection portion malfunction, the actuator is compulsorily
deactuated based on the timer control when a predeter-
mined time has elapsed. Further, the abnormal state can
be informed to the driver based on the timer controL

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] The foregoing and additional features and char-
acteristics of the present invention will become more ap-
parent from the following detailed description considered
with the reference to the accompanying drawings, where-
in:
[0015] Fig. 1 is a lateral view of a rear portion of a
vehicle which includes a door opening and closing ap-
paratus for a vehicle according to an embodiment of the
present invention;
[0016] Fig. 2 is a lateral view showing an engaged state
of a latch and a striker according to the door opening and
closing apparatus shown in Fig. 1;
[0017] Figs. 3A-3D are schematic views showing a re-
lationship between a sector gear, the latch and a pawl
being in a process of a closing operation according to
the embodiment of the present invention;
[0018] Figs. 4A-4D are schematic views showing a re-
lationship between the sector gear, the latch and the pawl
being in a process of a releasing operation according to
the embodiment of the present invention;
[0019] Fig. 5 is a functional block view for a control unit
according to the embodiment of the present invention;
[0020] Fig. 6 is an explanatory view showing a rota-
tional region of the sector gear, and states of a first neutral
detection switch and a second neutral detection switch
according to the embodiment of the present invention;
[0021] Figs. 7A and 7B are explanatory views showing
movements of the sector gear during the closing opera-
tion, the releasing operation and returning operations to
neutral positions for the closing operation and the releas-
ing operation, respectively;
[0022] Fig. 8 is a flowchart showing a routine for the
closing operation; and
[0023] Fig. 9 is a flowchart showing a routine for the
releasing operation.

DETAILED DESCRIPTION

[0024] One embodiment of the present invention will
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be explained with reference to illustrations of drawing
figures as follows. As shown in Figs. 1 and 2, a door
opening and closing apparatus 4 for a vehicle is provided
between a vehicle body 1 and a door 3 (e.g., backdoor)
of an automobile serving as an example of a vehicle. The
door opening and closing apparatus 4 for the vehicle in-
cludes a striker 2 which is provided at a side of the door
3 and a door opening and closing operation mechanism
40. An open handle 3a is provided at an outer side of the
door 3. In this embodiment, an example in which the door
opening and closing apparatus 4 is applied to the back-
door is disclosed, however, the application of the door
opening and closing apparatus 4 is not limited to the back-
door. For example, the door opening and closing appa-
ratus 4 may be applied to a power slide door, which opens
and closes by the sliding movement at a passenger gate
provided at a lateral side of the vehicle.
[0025] The door opening and closing operation mech-
anism 40, as shown in Figs. 3 and 4, performs a locking
operation and unlocking operation of the door 3. The door
opening and closing apparatus 4 includes a latch 41
shaped in a plate form which is configured to capture the
striker 2 to a main body side of the door 3, a pawl 42
restricting a rotation of the latch 41 by a ratchet means,
and a latch operation mechanism 50 which operates the
latch 41 and the pawl 42. A motor 61 serving as an ac-
tuator, a pinion gear 62 and a sector gear (i.e., an exam-
ple of a displacement body) 63 serving as speed change
gears together which changes rotation speed of the mo-
tor 61 are provided in order to provide an operational
displacement to the latch operation mechanism 50. The
sector gear 63 is rotatably supported about a rotational
shaft 63a arranged at a housing.
[0026] The latch 41 is rotatably supported about a sup-
porting shaft 41a arranged at the housing and is biased
to an original attitude (i.e., an attitude shown in Fig. 3(a))
by means of a spring, or the like. The latch 41 includes
a first arm portion 411, a second arm portion 412, and
an engagement groove portion 413 formed between the
first arm portion 411 and the second arm portion 412 and
configured to receive, or engage with the striker 2. The
first arm portion 411 includes a half-engagement surface
which engages with a contact acting portion 421 of the
pawl 42 when the latch 41 and the pawl 42 are at a half-
latched position. The second arm portion 412 includes a
full-engagement surface which engages with the contact
acting portion 421 of the pawl 42 when the latch 41 and
the pawl 42 are at a fully latched position. The pawl 42
is supported about a supporting shaft 42a to be rotatable
between an engagement attitude and a disengagement
attitude. In a case where the pawl 42 is at the engagement
attitude, the contact acting portion (acting piece) 421 of
the pawl 42 is positioned within a rotational locus of the
first arm portion 411 and the second arm portion 412. In
a case where the pawl 41 is at the disengagement atti-
tude, the contact acting portion (acting piece) 421 of the
pawl 42 is positioned outside the rotational locus of the
first arm portion 411 and the second arm portion 412.

The pawl 42 is biased in a direction to return to the en-
gagement attitude by means of a spring.
[0027] As a position detector for detecting a rotational
position of the latch 41, a half latch switch 81 and a full
latch switch 82 which are rotary switches are provided
at a detection cylinder which rotates about the supporting
shaft 41a integrally with the latch 41. The half latch switch
81 detects that the latch 41 is in a half latch region in
which the latch 41 is in a half latched state. The full latch
switch 82 detects that the latch 41 is in a full latch region
where the latch 41 is in a fully latched state. In this em-
bodiment, the half latch switch 81 switches from High
(ON) to Low (OFF) immediately before the latch 41 reach-
es the half-latched position from the open position. Like-
wise, the full latch switch 82 switches from High (ON) to
Low (OFF) immediately before the latch 41 reaches the
fully latched position from the half-latched position.
[0028] As a position detector for detecting a rotational
position of the pawl 42, a pawl switch 83 which is a rotary
switch is provided at a detection cylinder which rotates
about the supporting shaft 42a integrally with the pawl
42. The pawl switch 83 detects that the pawl 42 is en-
gaged with the latch 41 (i.e., whether the latch 41 and
the pawl 42 are in engagement attitude). According to
this embodiment, the pawl switch 83 is High (ON) when
the pawl 42 is positioned in a region immediately preced-
ing a half-latched position and at the half-latched position
where the pawl 42 is engaged with the first arm portion
411 of the latch 41. Further, the pawl switch 83 is High
(ON) when the pawl 42 is positioned in a region imme-
diately preceding a fully latched position and at the fully
latched position where the pawl 42 is engaged with the
second arm portion 412 of the latch 41. Namely, the first
dropping point of the pawl switch 83 corresponds to the
half-latched position and the second dropping point of
the pawl switch 83 corresponds to the fully latched posi-
tion.
[0029] The latch operation mechanism 50 includes a
closing operation mechanism 51 and a releasing opera-
tion mechanism 52. The closing operation mechanism
51 is configured to have a rotational displacement of the
sector gear 63 as an input and a rotational operation
thereof relative to the latch 41 as an output. The releasing
operation mechanism 52 is configured to have a rotation-
al displacement of the sector gear 63 as an input and a
rotational operation (disengaging operation) thereof rel-
ative to the pawl 42 as an output. A closing region which
is a rotation region of the sector gear 63 when the closing
operation mechanism 51 operates differs from a releas-
ing region which is a rotation region of the sector gear
63 when the releasing operation mechanism 52 oper-
ates. Further, a neutral region is provided between the
closing region and the releasing region. Accordingly, the
closing operation mechanism 51 and the releasing op-
eration mechanism 52 are actuated separately.
[0030] A first neutral position detecting switch 84 (serv-
ing as a first detection portion) and a second neutral po-
sition detecting switch 85 (serving as a second detection
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portion) which are rotary switches which detect rotational
displacement attitudes of the sector gear 63 are provided
at a detection cylinder which rotates about the rotational
shaft 63a integrally with the sector gear 63.
[0031] A control unit 90 structured with a microcom-
puter board, shown in Fig. 5, controls the door opening
and closing operation mechanism 40. Various switches
including a half-latch switch 81, a full-latch switch 82, a
pawl switch 83, a first switch 84 for neutral detection, a
second switch 85 for neutral detection are connected to
input ports of the control unit 90, respectively. A motor
62 is connected to an output port of the control unit 90
via a driver. The control unit 90 is connected to a vehicle
state evaluating ECU which evaluates a vehicle state and
outputs the information of the vehicle state to the control
unit 90 so that the control unit 90 receives the vehicle
state information with respect to the door opening and
closing.
[0032] The control unit 90 is configured to produce var-
ious control functions for the door opening and close op-
erating mechanism 40 by an installed program. Functions
particularly related to the embodiment of the present in-
vention includes a latch state evaluating portion 91, a
pawl evaluating portion 92, a displacement body position
evaluating portion 93, a timer control portion 94, a motor
control portion 95, and an abnormality processing portion
96. The latch state evaluating portion 91 evaluates a state
of the latch 41 on the basis of signals from the half-latch
switch 81 and the full-latch switch 82. The pawl evaluating
portion 92 evaluates a state of the pawl 42 on the basis
of a signal from the pawl switch 83. The displacement
body position evaluating portion 93 evaluates a rotational
position of the sector gear 63 on the basis of a first de-
tection signal from the first switch 84 for neutral detection
and a second detection signal from a second switch 85
for neutral detection. The timer control portion 94 per-
forms a timer control using an internal timer, or the like.
The motor control portion 95 generates and outputs a
control signal to the motor 62 on the basis of evaluation
results of the latch state evaluating portion 91, the pawl
evaluating portion 92 and the displacement body position
evaluating portion 93, and the timer information of the
timer control portion 94. The abnormality processing por-
tion 96 executes a recovery in the event that an abnormal
state is caused in a control process of the door opening
and closing operation mechanism 40.
[0033] A closing operation in which the striker 2 is cap-
tured by, or engaged with the latch 41 is performed by
operating the closing operation mechanism 51 via the
sector gear 63. A releasing operation in which the striker
2 is released from the latch 41 is performed by operating
the releasing operation mechanism 52 via the sector gear
63. A rotation range of the sector gear 63 which introduc-
es the closing operation and the releasing operation is,
as shown in Figs. 6 and 7, divided into a closing region,
a releasing region and a neutral region. The neutral re-
gion is positioned between the releasing region and the
neutral region. A first border portion defined having a

predetermined rotational range is provided at a border
portion of the neutral region adjacent to the closing re-
gion. A second border portion defined having a prede-
termined rotational range is provided at a border portion
of the neutral region adjacent to the releasing region. A
border line in the first border portion adjacent to the neu-
tral region is defined as a first neutral position. A border
line in the second border portion adjacent to the neutral
region is defined as a second neutral position.
[0034] Referring to Figs. 6, by the rotation of the sector
gear 63 in the closing region towards a first end of rotation
which corresponds to a rotation end of the sector gear
63 at the closing region (i.e., counterclockwise rotation
in Fig. 7), the closing operation is introduced. Upon the
completion of the closing operation, a first returning op-
eration of the sector gear 63 is performed. In the first
returning operation, the sector gear 63 rotates in the
counter direction from the closing direction (i.e., clock-
wise direction in Fig. 7A), passes through the closing
region and enters the neutral region to stop at the first
neutral position. By the rotation of the sector gear 63 in
the releasing region towards the second end of rotation
(i.e., clockwise direction in Fig. 7B), the releasing oper-
ation is introduced. Upon the completion of the releasing
operation, a second returning operation of the sector gear
63 is performed. In the second returning operation, the
sector gear 63 rotates in the counter direction from the
releasing direction (i.e., counterclockwise direction in
Fig. 7B), passes through the releasing region and enters
the neutral region to stop at the second neutral position.
[0035] The first switch 84 for neutral detection includes
an electrode surface, which is formed on a peripheral
surface of the detection cylinder integrally rotating with
the sector gear 63, and a blush, which is configured to
contact the electrode surface in a specific rotation range
of the sector gear 63. The electrode surface of the first
switch 84 for neutral detection is arranged to come in
contact with the blush when the rotational position of the
sector gear 63 is in the closing region or in the first border
portion. Accordingly, as shown in Fig. 6, the first switch
84 for neutral detection outputs High signal as the first
detection signal when the rotational position of the sector
gear 63 is in the closing region or in the first border portion
and outputs Low signal as the first detection signal when
the rotational position of the sector gear 63 is other than
in the foregoing positions. That is, the first switch 84 for
neutral detection is a switching element which switches
ON and OFF in accordance with a rotational position of
the sector gear 63, and outputs the first detection signal
which changes a signal characteristics (e.g., level of elec-
tric voltage) by the switching of ON and OFF states when
the rotational position of the sector gear 63 passes
through the first border portion.
[0036] The second switch 85 for neutral detection is
structured similarly to the first switch 84 for neutral de-
tection. However, an electrode surface of the second
switch 85 arranged to come in contact with a correspond-
ing blush when the rotational position of the sector gear
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63 is in the releasing region or in the second border por-
tion. Accordingly, as shown in Fig. 6, the second switch
85 for neutral detection outputs a High signal as the sec-
ond detection signal when the rotational position of the
sector gear 63 is in the releasing region or in the second
border portion and outputs a Low signal when the rota-
tional position of the sector gear 63 is in other positions.
That is, the second switch 85 for neutral detection is a
switching element which switches ON and OFF in ac-
cordance with a rotational position of the sector gear 63,
and outputs the second detection signal which changes
a signal characteristics (e.g., level of electric voltage) by
the switching of ON and OFF states when the rotational
position of the sector gear 63 passes through the second
border portion.
[0037] Attitudes of the sector gear 63, the latch 41 and
the pawl 42 in the closing operation and the releasing
operation will be explained with reference to Figs. 3 and
4 as follows. Figs. 3A-3D schematically show the closing
operation and the operation returning to the neutral po-
sition after the completion of the closing operation. Figs.
4A-4D show the releasing operation and the operation
returning to the neutral position after the releasing oper-
ation.
[0038] The closing operation is performed when clos-
ing the door 3 relative to the vehicle body 1. When the
door 3 is in an open state, the rotational position of the
sector gear 63 is at the second neutral position (shown
in Fig. 3A) by the returning operation to the neutral posi-
tion performed after the preceding releasing operation.
When the door 3, which is in an open state, is moved in
the closing direction, the door opening and closing oper-
ation mechanism 40 arranged at the door 3 approaches
the striker 2 fixed to the vehicle body 1. Thereafter, first,
the engagement groove portion 413 of the latch 41 at the
door opening and closing operation mechanism 40 re-
ceives the striker 2. Upon further movement of the door
3 in the closing direction, the contact acting portion 421
of the pawl 42 comes to be engaged with the first arm
portion 411 of the latch 41 (i.e., a half-latched position).
Immediately before the latch 41 reaches the half-latched
position, the motor 61 actuates to rotate in a normal di-
rection thus to rotate the sector gear 63. As shown in Fig.
3B, upon the rotation of the sector gear 63, the closing
operation mechanism 51 is operated to rotate the latch
41 by the motor drive force. At this stage, the door 3 is
not completely closed relative to the vehicle body 1. As
shown in Fig. 3C, when the sector gear 63 further rotates
to the rotation end position of the closing region, the con-
tact acting portion 421 of the pawl 42 is engaged with the
second arm portion 412 of the latch 41 (i.e., fully latched
position). At this stage, the door 3 is completely closed
relative to the vehicle body 1.
[0039] Upon the completion of the closing operation,
the motor 61 actuates to rotate in a reverse direction so
as to return the sector gear 63 to the neutral position.
When the rotational position of the sector gear 63 reaches
the first neutral position and the signal from the first switch

85 for neutral detection is switched from High to Low, the
operation of the sector gear 63 is stopped (see Fig. 3D).
[0040] The releasing operation is performed when
opening the door 3 which is closed relative to the vehicle
body 1. When the door 3 is in a closed state, the rotational
position of the sector gear 63 is at the first neutral position
shown in Fig. 4A by the returning operation to the neutral
position performed after the closing operation. When the
motor 61 actuates to rotate in the reverse direction by an
operation of, for example, a switch provided at the open
handle 3a of the door 3, the sector gear 63 rotates to-
wards releasing region (see Fig. 4B). Upon the rotation
of the sector gear 63, the releasing operation mechanism
52 is cooperated to rotate the pawl 42 in a disengaging
direction. When the contact acting portion 421 of the pawl
42 is disengaged from the latch 41, the pawl 42 returns
to an initial position exhibiting a disengaged attitude by
means of a biasing force of a spring (see Fig. 4C). The
latch 41 returns to an attitude to release the striker 2 by
a biasing force of a spring. At this stage, the door 3 as-
sumes openable relative to the vehicle body 1.
[0041] Upon the completion of the releasing operation,
the motor 61 is actuated to rotate in a normal direction
in order to return the sector gear 63 to the neutral position.
When the rotational position of the sector gear 63 reaches
the second neutral position and a signal from the second
switch 85 for neutral detection is switched from High to
Low, the operation of the sector gear 63 is stopped (see
Fig. 4D).
[0042] Flows of the closing operation and the releasing
operation explained above will be explained hereinafter
referring to Figs. 8 and 9.
[0043] In the closing operation of the door 3, the striker
2 enters into the engagement groove portion 413 of the
latch 41 to rotate the latch 41. When the latch 41 further
rotates and the half latch switch 81 is switched from High
to Low, the closing operation starts by the actuation of
the motor 61 in the normal direction (Step #11). The ro-
tation of the latch 41 by the motor drive force continues
until the latch 41 completely captures the striker 2 to be
the fully latched position (Step #12). When the latch 41
comes to be fully latched (i.e., door fully closed) (i.e., Yes
at Step #12), the actuation of the motor 61 is stopped
(Step #13).
[0044] Next, the operation to return the sector gear 63
from the closing region to the first neutral position via the
neutral region is performed. In the returning operation of
the sector gear to the neutral position, first, the motor 61
is actuated to rotate in the reverse direction so that the
sector gear 63 rotates towards the neutral region (Step
#14). Simultaneously, an internal timer functioning as a
preliminary fail safe operation is started to time the first
setting time (Step #15). In the next step, whether the
state of the first switch 84 for neutral detection is switched
from High to Low is checked (Step #16). In this case,
because the returning operation of the sector gear 63 to
the neutral position is performed after the latch 41 is fully
latched (i.e., fully latched position), the first switch 84 for
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neutral detection is in High state (see Fig. 6) in a normal
condition. The first neutral position is determined as a
returning point to a neutral state from the closing region
of the sector gear 63, the actuation of the motor 61 is
stopped when the state of the first switch 84 for neutral
detection is switched from High to Low (Step #17).
[0045] In the event that the state of the first switch 84
for neutral detection is still High at Step #16 (i.e., No at
Step #16), whether the second switch 85 for neutral de-
tection is switched from Low to High is checked in Step
#18. Because the rotational position of the sector gear
63 is at the releasing region side relative to the first neutral
position, the second switch 85 for neutral detection as-
sume High when the rotational position of the sector gear
63 crosses over the second neutral position (Fig. 6). Ac-
cordingly, in a normally operated state, the first switch
84 for neutral detection should switch from High to Low
before the second switch 85 for neutral detection is
switched from Low to High. However, in case the first
switch 84 for neutral detection malfunctions because of
a failure or the like, the abnormality that the switching of
the first switch 84 for neutral detection from High to Low
is not observed even when the sector gear 63 advances
exceeding the first neutral position may be caused. In
the event of the abnormality such as the foregoing con-
ditions, the switching of the second switch 85 for neutral
detection from Low to High is judged when the sector
gear 63 reaches the second neutral position. When the
switching of the second switch 85 for neutral detection
from Low to High is judged (Yes at Step #18), an abnor-
mality processing which confirms the generation of the
abnormal state is executed (Step #19), and the actuation
of the motor 61 is stopped (Step #17). By entering the
malfunction information of the first switch 84 for neutral
detection in a list at the abnormality processing, the in-
formation can be informed to a driver as necessity arises.
In those circumstances, the abnormality processing may
be executed after stopping the actuation of the motor 61.
Thus, Step #18 serves as a fail-safe function of the first
switch 84 for neutral detection using the second switch
85 for neutral detection.
[0046] In the event that the second switch 85 for neutral
detection is still Low state at Step #18 (i.e., No at Step
#18), whether or not the time for the internal timer is up
is checked (Step #20). According to this embodiment,
the first setting time for the internal timer is determined
as a duration of time that the sector gear 63 reaches the
second neutral position predicting the lowest speed of a
speed fluctuation range of the motor 61. Accordingly, in
the event that the motor 61 actuates at high speed side
of the speed fluctuation range, the time for the internal
timer is up after the sector gear 63 enters the releasing
region. Consequently, the motor-stop operation based
on the internal timer functions as a preliminary fail safe.
When the time of the internal timer is up (Yes at Step
#20), an abnormality processing is executed (Step #21),
and the actuation of the motor 61 is stopped (Step #17).
In the foregoing state, the abnormality processing is an

emergency processing. Because there is a concern that
the door 3 may become a half-open state, it is preferable
to inform the information to the driver immediately. In the
event that the time of the internal timer is not up (No at
Step #20), the transaction returns to Step #16 to continue
the returning operation of the sector gear to the neutral
position.
[0047] When opening the door 3, the releasing oper-
ation starts in response to an operation of a switch, or
the like, and the motor 61 actuates to rotate in the reverse
direction (Step #51). The rotation of the pawl 42 by the
motor drive force continues until the pawl 42 and the latch
41 are disengaged (Step #52). When the latch 41 and
the pawl 42 are disengaged and the latch 41 returns to
an attitude to release the striker 2 (i.e., fully open) so that
the door 3’is openable (Yes at Step #52), the actuation
of the motor 61 is stopped (Step #53).
[0048] Next, the operation to return the sector gear 63
from the releasing region to the neutral region, in this
case, to the second neutral position is performed. In the
returning operation of the sector gear 63 to the neutral
position, first, the motor 61 is actuated to rotate in the
normal direction so that the sector gear 63 rotated to-
wards the neutral region (Step #54). Simultaneously, an
internal timer functioning as a preliminary fail-safe oper-
ation is started to time a second setting time (Step #55).
In the next step, whether the state of the second switch
85 for neutral detection is switched from High to Low is
checked (Step #56). In this case, because the returning
operation of the sector gear 63 to the neutral position is
performed after the latch 41 is unlatched to release the
striker 2, the second switch 85 for neutral detection is in
High state (see Fig. 6) in a normal condition. The second
neutral position is determined as a returning point to a
neutral state from the releasing region of the sector gear
63, the actuation of the motor 61 is stopped when the
state of the second switch 85 for neutral detection is
switched from High to Low (Step #57).
[0049] In the event that the state of the second switch
85 for neutral detection is still High at Step #56 (i.e., No
at Step #56), whether the first switch 84 for neutral de-
tection is switched from Low to High is checked in Step
#58. Because the rotational position of the sector gear
63 is at the closing region side in the neutral region rel-
ative to the second neutral position, the first switch 84
for neutral detection assumes High state after the sector
gear 63 reaches the region crossing over the first neutral
position (see Fig. 6). Accordingly, in a normally operated
state, the second switch 85 for neutral detection should
switch from High to Low before the first switch 84 for
neutral detection is switched from Low to High. However,
in case the second switch 85 for neutral detection mal-
functions because of a failure or the like, the abnormality
that the switching of the second switch 85 for neutral
detection from High to Low is not observed even when
the sector gear 63 advances exceeding the second neu-
tral position may be caused. In the event of the abnor-
mality such as the foregoing conditions, the switching of
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the first switch 84 for neutral detection from Low to High
is judged when the sector gear 63 reaches the first neutral
position. When the switching of the first switch 84 for
neutral detection from Low to High is judged (Yes at Step
#58), an abnormality processing which confirms the gen-
eration of the abnormal state is executed (Step #59), and
the actuation of the motor 61 is stopped (Step #57). By
entering the malfunction information of the second switch
85 for neutral detection in a list at the abnormality
processing, the information can be informed to the driver
as necessity arises. In those circumstances, the abnor-
mality processing may be executed after stopping the
actuation of the motor 61. Thus, the transaction of Step
#58 serves as a fail-safe function of the second switch
85 for neutral detection using the first switch 84 for neutral
detection.
[0050] In the event that the first switch 84 for neutral
detection is still Low state at Step #58 (i.e., No at Step
#58), whether or not the time for the internal timer is up
is checked (Step #60). According to this embodiment,
the second setting time for the internal timer is deter-
mined as a duration of time that the sector gear 63 reach-
es the first neutral position predicting the lowest speed
of a speed fluctuation range of the motor 61, Accordingly,
in the event that the motor 61 actuates at high speed side
of the speed fluctuation range, the time for the internal
timer is up after the sector gear 63 enters the closing
region. Consequently, the motor-stop operation based
on the internal timer functions as a preliminary fail safe.
When the time of the internal timer is up (Yes at Step
#60), an abnormality processing is executed (Step #61),
and the actuation of the motor 61 is stopped (Step #57).
In the foregoing state, the abnormality processing is an
emergency processing. Because there is a concern that
the door 3 may be re-latched, it is preferable to inform
the information to the driver immediately. In the event
that the time of the internal timer is not up (No at Step
#60), the transaction returns to Step #56 to continue the
returning operation of the sector gear to the neutral po-
sition.
[0051] In the foregoing example of the embodiment, a
timer control using the internal timer is intended to be
applied as a last measures when both of the first switch
84 for neutral detection and the second switch 85 for
neutral detection malfunction. Instead of the foregoing
structure, in a closing routine, under the condition setting
the first setting time and the second setting time shorter,
the timer control may be applied as a fail safe for the first
switch 84 for neutral detection and a detection using the
second switch 85 for neutral detection may be applied
as a last measure. In those circumstances, in a releasing
routine, the timer control may be applied as a fail safe
for the second switch 85 for neutral detection and a de-
tection using the first switch 84 for neutral detection may
be applied as a last measure. Further, roles of the timer
control may be changed in the closing routine from the
releasing routine. In addition, the timer control may not
be necessarily applied.

[0052] Generally, it is necessary to consider a time lag
from the state changes of the first switch 84 for neutral
detection and the second switch 85 for neutral detection
to a halt of the motor actuation and the sector gear 63
thereafter. In order to absorb the above mentioned time
lag, the border line of the first border portion having a
predetermined rotational range and being closer to a
center of the neutral region is defined as the first neutral
position and the border line of the second border portion
having a predetermined rotational range and being closer
to the center of the neutral region is defined as the second
neutral position. Namely, the ranges (widths) of the first
border portion and the second border portion are deter-
mined in accordance with the time lag. In a case where
the time lag can be substantially disregarded, the first
border portion may correspond to a borderline between
the neutral region and the closing region and the second
border portion may correspond to a borderline between
the neutral region and the releasing region.
[0053] According to the embodiment explained above,
the sector gear 63 rotating about the rotational support
shaft 63a is applied as the displacement body, a moving
body which reciprocates may be applied as the displace-
ment body instead of the rotational body. In those cir-
cumstances, a linear motor or a solenoid may be applied
as an actuator.
[0054] Further, according to the embodiment exam-
ined above, the door opening and closing operation
mechanism 40 having the latch 41 is provided at the door
3 and the striker 2 is provided at the vehicle body 1. How-
ever, the construction is not limited to the foregoing struc-
ture, and the door opening and closing operation mech-
anism 40 may be provided at the vehicle body 1 and the
striker 2 may be provided at the door 3.
A door opening and closing apparatus (4) for a vehicle
includes a displacement body (63) operating a latch (41)
and being displaced within a moving region including a
closing region, a releasing region and a neutral region
positioned between the closing region and the releasing
region, the displacement body displacing by an actuator
(61), a control unit (90) controlling the actuator for selec-
tively engaging and disengaging the latch and a striker
(2), a first detection portion (84) outputting a first detection
signal changed when the displacement body passes
through a first border portion of the neutral region closer
to the closing region, and a second detection portion (85)
outputting a second detection signal changed when the
displacement body passes through a second border por-
tion of the neutral region closer to the releasing region.
The control unit controls a moving position of the dis-
placement body based on the first detection signal and
the second detection signal.

Claims

1. A door opening and closing apparatus (4) for a ve-
hicle, comprising:
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a latch (41) configured to engage with and dis-
engaged from a striker (2);
a displacement body (63) operating the latch via
a latch operation mechanism (50) and being dis-
placed within a moving region including a closing
region in which the latch (41) is engaged with
the striker (2), a releasing region in which the
latch (41) is disengaged from the striker (2) and
a neutral region positioned between the closing
region and the releasing region, the displace-
ment body (63) displacing by means of a drive
force of an actuator (61) for selectively engaging
and disengaging the latch (41) and the striker
(2);
a first detection portion (84) outputting a first de-
tection signal changed when the displacement
body (63) passes through a first border portion
of the neutral region closer to the closing region;
a second detection portion (85) outputting a sec-
ond detection signal changed when the dis-
placement body (63) passes through a second
border portion of the neutral region closer to the
releasing region; and
a control unit (90) connected to the first detection
portion (84) and the second detection portion
(85), and controls a moving position of the dis-
placement body (63) based on the first detection
signal and the second detection signal.

2. The door opening and closing apparatus for a vehicle
according to claim 1, wherein the first border portion
and the second border portion include a predeter-
mined displacement range, and the first detection
portion and the second detection portion are config-
ured to change the first detection signal and the sec-
ond detection signal, respectively, when the dis-
placement body (63) passes through a respective
border line of the corresponding displacement range
positioned closer to a center of the neutral region.

3. The door opening and closing apparatus for a vehicle
according to either one of claims I and 2, wherein
the first detection portion (84) and the second detec-
tion portion (85) include switching elements, respec-
tively;
the first detection portion (84) outputs the first detec-
tion signal changed by a switching of ON and OFF
states when the displacement body (63) passes
through the first border portion of the neutral region
closer to the closing region; and
the second detection portion (85) outputs the second
detection signal changed by the switching of ON and
OFF states when the displacement body (63) passes
through the second border portion of the neutral re-
gion closer to the releasing region.

4. The door opening and closing apparatus for the ve-
hicle according to any one of claims 1 to 3, wherein

the first detection portion (84) outputs one of High
signal and Low signal as the first detection signal
when the displacement body (63) is in the closing
region or the first border portion and outputs the other
of the High signal and the Low signal when the dis-
placement body (63) is in the neutral region other
than the first border portion or the releasing region;
and the second detection portion (85) outputs one
of High signal and Low signal as the second detec-
tion signal when the displacement body (63) is in the
releasing region or the second border portion and
outputs the other of the High signal and the Low sig-
nal when the displacement body (63) is in the neutral
region other than the second border portion or the
closing region.

5. The door opening and closing apparatus for the ve-
hicle according to any one of claims 1 to 4, wherein
the control unit (90) includes a timer control portion
(94) serving as a backup of the first detection portion
(84) and the second detection portion (85).
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