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(57) ABSTRACT 
An operating device for operating an automotive pivotal 
door has the following elements, Which are an electric motor 
of reversible type; a speed reduction device driven by the 
motor and having an output part formed into an output gear; 
a rack member having a toothed side edge meshed With the 
output gear, so that upon energiZation of the motor, the rack 
member is moved axially; a motion transmitting member 
having one end pivotally connected to one end of the rack 
member and the other end connected to the pivotal door; and 
a structure Which permits a sWing movement of the rack 
member about an axis of the output gear When an external 
force is applied to the rack member in a direction to sWing 
the same during the axial movement of the rack member. For 
appropriately controlling the operating device, a computer 
aided control unit is employed. 
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OPERATING DEVICE FOR AUTOMOTIVE 
PIVOTAL DOOR 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates in general to operat 
ing devices for operating automotive doors, and more par 
ticularly to operating devices of a type Which opens and 
closes an automotive pivotal door. 

[0003] 2. Description of the Related art 

[0004] In order to clarify the task of the present invention, 
some knoWn operating devices for automotive pivotal doors 
Will be brie?y described before commencing the detailed 
explanation of the present invention. 

[0005] Japanese Utility Model First Provisional Publica 
tion 6-71852 shoWs an operating device for a pivotal back 
door of a motor vehicle. The operating device generally 
comprises an electric motor Which is mounted on a body of 
the vehicle, a pinion Which is driven by the motor, a sector 
gear Which is meshed With the pinion and pivotally held by 
the vehicle body and a rod member Which has one end 
pivotally connected to the sector gear and the other pivotally 
connected to the pivotal back door. Upon operation of the 
electric motor, the pinion pivots the sector gear in one or the 
other direction thereby to push or pull the pivotal back door 
through the rod member. With this, the pivotal back door is 
sWung toWard an open or close position. For the pivotal 
movement of the rod member relative to both the sector gear 
and the pivotal back door, there are employed ball-joints 
respectively. 
[0006] Japanese Patent First Provisional Publication 
9-125820 shoWs a so-called semi-automatic operating 
device for an automotive door. That is, When, due to manual 
handling by an operator, the door is moved slightly toWard 
an open or close position, the operating device senses the 
movement and then moves the door in the desired direction 
by force of an electric motor. The publication further shoWs 
a technique that avoids or lessens a shock Which Would be 
sensed by the operator When the door operation sWitches 
from the manual handling to the auto-driving. More speci? 
cally, by the technique, only When the moving speed of the 
door in the manual driving is Within a predetermined range, 
the auto-driving folloWs. Thus, When the movement of the 
door by the manual handling is excessively high in speed at 
the beginning of door operation, the auto-driving for the 
door does not take place. That is, in this case, opening or 
closing of the door is entirely carried out by manual labor. 

[0007] HoWever, due to their inherent constructions, even 
the above-mentioned knoWn operating devices have failed to 
provide users With a satisfaction. That is, in the former 
device, usage of the ball-joints brings about a complicated 
and costly construction, and in the latter device, even if the 
movement of the door by the manual handling is adequately 
sloW, the auto-driving for the door suddenly takes place 
When the manual movement is kept for over a certain time, 
Which produces a certain shock sensed by the operator. 

SUMMARY OF THE INVENTION 

[0008] It is therefore an object of the present invention to 
provide an operating device for an automotive door, Which 
is free of the above-mentioned draWbacks. 
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[0009] According to a ?rst aspect of the present invention, 
there is provided an operating device for operating a pivotal 
door, Which comprises an electric motor of reversible type; 
a speed reduction device driven by the motor, the speed 
reduction device having an output part formed into an output 
gear; a rack member having a toothed side edge meshed With 
the output gear, so that upon energiZation of the motor, the 
rack member is moved axially; a motion transmitting mem 
ber having one end pivotally connected to one end of the 
rack member and the other end connected to the pivotal 
door; and a structure Which permits a sWing movement of 
the rack member about an axis of the output gear When an 
external force is applied to the rack member in a direction to 
sWing the same during the axial movement of the rack 
member. 

[0010] According to a second aspect of the present inven 
tion, there is provided an operating device for use in a motor 
vehicle having a pivotal door Which is pivotally connected 
at its upper end to a rear end of a roof of the vehicle. The 
operating device operates the pivotal door and comprises an 
electric motor of reversible type mounted on the rear end 
portion of the roof; a speed reduction device connected to 
and driven by the motor, the speed reduction device having 
an output part formed into an output gear; a rack member 
having a toothed side edge meshed With the output gear, so 
that upon energiZation of the motor, the rack member is 
moved axially; a motion transmitting member having one 
end pivotally connected to one end of the rack member and 
the other end connected to the pivotal door; a holding 
member for holding the rack member permitting the axial 
movement of the rack member relative thereto, the holding 
member being held by the speed reduction device in a 
manner to be pivotal about the axis of the output gear; tWo 
rollers rotatably connected to the holding member, each 
roller putting thereon the other side edge of the rack mem 
ber; a cover member connected to the holding member to 
de?ne therebetWeen a space through Which the rack member 
axially moves; an outer slider of plastics disposed betWeen 
the rack member and the cover member to smooth the axial 
movement of the rack member relative to the cover member; 
an inner slider of plastics disposed betWeen the rack member 
and the holding member to smooth the axial movement of 
the rack member relative to the holding member; and a 
biasing member held by the holding member to bias the rack 
member toWard the output gear to assure the meshed 
engagement betWeen the rack member and the output gear. 

[0011] According to a third aspect of the present inven 
tion, there is provided an operating device for use in a motor 
vehicle having a pivotal door Which is pivotally connected 
at its upper end to a rear end of a roof of the vehicle. The 
operating device operates the pivotal door and comprises an 
electric motor of reversible type mounted on the rear end 
portion of the roof; a speed reduction device connected to 
and driven by the motor, the speed reduction device having 
an output part formed into an output gear; a rack member 
having a toothed side edge meshed With the output gear, so 
that upon energiZation of the motor, the rack member is 
moved axially; a motion transmitting member having one 
end pivotally connected to one end of the rack member and 
the other end connected to the pivotal door; a single roller 
rotatably connected to a case of the speed reduction device 
to put thereon the other side edge of the rack member, the 
roller being arranged to permit a pivotal movement of the 
rack member about the axis of the output gear; a cover 
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member connected to the case of the speed reduction device 
to de?ne therebetWeen a space through Which the rack 
member axially moves; an outer slider of plastics disposed 
betWeen the rack member and the cover member to smooth 
the axial movement of the rack member relative to the cover 
member; an inner slider of plastics disposed betWeen the 
rack member and the case of the speed reduction device to 
smooth the axial movement of the rack member relative to 
the case; and a biasing member held by the case of the speed 
reduction device to bias the rack member toWard the output 
gear to assure the meshed engagement betWeen the rack 
member and the output gear. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] Other objects and advantages of the present inven 
tion Will become apparent from the folloWing description 
When taken in conjunction With the accompanying draWings, 
in Which: 

[0013] FIGS. 1 to 10 are draWings shoWing an operating 
device of a ?rst embodiment of the present invention, 
Wherein: 

[0014] FIG. 1 is a rear side vieW of a motor vehicle having 
a pivotal back door, to Which the operating device is 
practically applied; 
[0015] FIG. 2 is a perspective vieW of the operating 
device, Which is mounted on a rear end corner of a roof panel 
of the vehicle; 

[0016] FIG. 3 is a side vieW of the operating device 
shoWing a condition to bring the back door to a full-close 
position; 
[0017] FIG. 4 is a vieW similar to FIG. 3, but shoWing a 
condition to bring the back door to a full-open position; 

[0018] FIG. 5 is a sectional vieW of a part of the operating 
device Where an output gear, a rack member and rollers are 
arranged; 
[0019] FIG. 6 is a back vieW of the operating device taken 
from a back side of the vehicle; 

[0020] FIG. 7 is a plan vieW of the operating device taken 
from a top of the vehicle; 

[0021] FIG. 8 is a sectional vieW of a drive unit installed 
in the operating device; 

[0022] FIG. 9 is a side vieW of the operating device With 
a cover member removed; and 

[0023] FIG. 10 is a side vieW of the operating device With 
some parts (viZ., cover member and rack member) removed; 

[0024] FIGS. 11 to 15 are draWings shoWing an operating 
device of a second embodiment of the present invention, 
Wherein: 

[0025] FIG. 11 is a side vieW of the operating device 
shoWing a condition to bring the back door to a full-close 
position; 

[0026] FIG. 12 is a vieW similar to FIG. 11, but shoWing 
a condition to bring the back door to a full-open position; 

[0027] FIG. 13 is a sectional vieW of a part of the 
operating device Where an output gear, a rack member and 
a roller are arranged; 
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[0028] FIG. 14 is a side vieW of the operating device With 
a cover member removed; 

[0029] FIG. 15 is a side vieW of the operating device With 
some parts (viZ., rack member and cover member) removed; 

[0030] FIG. 16 is a block diagram of a control system 
Which controls operation of the operating device of the ?rst 
end second embodiments of the present invention; 

[0031] FIG. 17 is a ?oWchart shoWing operation steps 
executed by a control unit of the control system When the 
back door is pivoted in a closing direction; and 

[0032] FIG. 18 is a ?oWchart shoWing operation steps 
executed by the control unit When the back door is pivoted 
in an opening direction. 

DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0033] In the folloWing, embodiments of the present 
invention Will be described in detail With reference to the 
accompanying draWings. 
[0034] For ease of understanding, various directional 
terms, such as, upper, loWer, right, left, upWard, doWnWard 
and the like are used in the folloWing description. HoWever, 
it is to be noted that such terms are to be understood With 
respect to a draWing or draWings on Which the correspond 
ing part or portion is illustrated. 

[0035] Referring to FIGS. 1 to 10, there is shoWn an 
operating device 8 of a ?rst embodiment of the present 
invention. 

[0036] In FIG. 1, there is shoWn a rear part of a body 1 of 
a motor vehicle, to Which the ?rst embodiment of the present 
invention is practically applied. 

[0037] The rear part of the vehicle body 1 has a back door 
opening 2 Which faces backWard, as shoWn. A back door 3 
is pivotally connected to the opening 2, through hinges 4 
arranged at an upper edge of the opening 2, so that the back 
door 3 pivots about a hinge pin axis 4a betWeen a full-close 
position “B” to fully close the opening 2 and a full-open 
position “A” to fully open the opening 2. The position 
denoted by reference “C” is a neutral position of the back 
door 3. The angle de?ned betWeen the full-close position 
“B” and the full-open position “A” is about 80 degrees. 

[0038] The opening 2 is equipped at its loWer edge With a 
striker. A loWer end of the back door 3 is equipped With a 
lock device 5 Which becomes engaged With the striker When 
the back door 3 is brought to the full-close position “B”. The 
lock device 5 is equipped With an electric actuator Which can 
cancel the engagement betWeen the lock device 5 and the 
striker upon being energiZed. 

[0039] A pair of gas-stays 6 are arranged betWeen the 
vehicle body 1 and the back door 3. Each gas-stay 6 has an 
upper end 6a pivotally connected to the back door 3 and a 
loWer end 6b pivotally connected to the vehicle body 1. 
Preferably, for the pivotal connection, ball-joints are used. 
Each gas-stay 6 contains therein a compressed gas by Which 
a cylinder having the loWer end 6b and a piston rod having 
the upper end 6a are biased in opposite directions, that is, in 
a direction to increase the length of the gas-stay 6. During 
the pivotal movement of the back door 3, the upper end 6a 
of each gas-stay 6 turns about the hinge pin axis 4a While 
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describing an arc about the lower end 6b that is pivotally 
connected to the vehicle body 1. Thus, during the pivotal 
movement of the back door 3 betWeen the full-close position 
“B” and the full-open position “A”s, each gas-stay 6 is 
subjected to a telescopic motion biasing the back door 3 in 
the opening direction or in the closing direction. It is to be 
noted that the neutral position “C” of the back door 3 is a 
position Wherein the oWn Weight of the back door 3 is 
balanced With the biasing force produced by the tWo gas 
stays 6. More speci?cally, When the back door 3 assumes a 
half-open position above the neutral position “C”, the gas 
stays 6 function to bias the back door 3 toWard the full-open 
position “A”, While, When the back door 3 assumes a 
half-open position beloW the neutral position “C”, the gas 
stays 6 function to bias the back door 3 toWard the full-close 
position “B”. 

[0040] Thus, in order to open the back door 3 Which 
assumes the full-close position “B”, engaged engagement 
betWeen the lock device 5 and the striker is cancelled ?rst, 
and then a certain eXternal force is applied to the back door 
3 to lift up the same to a position just above the neutral 
position “C”. With this, the back door 3 is automatically 
lifted up to the full-open position “A” by the force of the 
gas-stays 6. 

[0041] While, in order to close the back door 3 Which 
assumes the full-open position “A”, a certain force is applied 
to the back door 3 to pivot doWn the same to a position just 
beloW the neutral position “C” against the force of the 
gas-stays 6. With this, the back door 3 is automatically 
pivoted doWn to the full-close position “B” by the neWly 
produced force of the gas-stays 6. 

[0042] As Will be described in detail hereinafter, due to 
provision of the gas-stays 6, the operating device 8 of the 
invention for the back door 3 can function normally irre 
spective of a small driving force produced thereby. 

[0043] As is understood from FIGS. 1 and 2, on a rear end 
corner of a roof panel 7 of the vehicle body 1, there is 
mounted the operating device 8 through brackets 8a, Which 
is the ?rst embodiment of the present invention. Although 
not shoWn in the draWings, an interior trim is arranged 
beneath the roof panel 7 to conceal the operating device 8 
from the interior of the vehicle body 1. 

[0044] The operating device 8 comprises a reversible type 
electric motor 10 Which is connected to a speed reduction 
device 11 mounted on the brackets 8a. 

[0045] As is seen from FIG. 8, Within a case 11a of the 
speed reduction device 11, there are mounted various parts 
of the device 11. That is, a larger diameter ?rst gear lib is 
meshed With a pinion 10a driven by the motor 10. Asmaller 
diameter gear part 11b‘ of the ?rst gear 11b is meshed With 
an input gear 11c‘ of an electromagnetic clutch 11c Which 
functions to break and connect a torque transmission from 
the motor 10. An output gear 11c“ of the clutch 11c is 
meshed With a larger diameter second gear 116. An input 
gear 11a" of a rotary encoder 11a' is engaged With the second 
gear 116, Which produces a pulse signal representing the 
rotation manner of the second gear 116, that is, the moving 
manner of the back door 3. A smaller diameter gear part 116‘ 
of the second gear 116 is meshed With a larger diameter gear 
part of a pinion 13. The pinion 13 is provided With an output 
gear 13a Which is projected outWard from the case 11a. 
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[0046] The rotary encoder 11d thus detects the number of 
rotation of the output gear 13a, Which is used for controlling 
the operating device 8. Since the input gear 11d‘ of the rotary 
encoder 11a' is arranged to rotate With the output gear 11c“ 
of the electromagnetic clutch 11c, the rotary encoder 11d can 
sense the rotation of the output gear 13a caused by a manual 
handling to the back door 3. That is, under such movement 
of the back door 3 by the manual handling, the clutch 11c 
breaks the torque transmission from the motor 10 to the 
output gear 11c“ permitting a free rotation of the output gear 
11c”. 

[0047] Referring back to FIG. 2, the operating device 8 
further comprises a rack member 14 Which is meshed at its 
tooth portion 14a With the above-mentioned output gear 
13a. 

[0048] As is seen from FIGS. 3 and 5, the rack member 
14 is longitudinally slidably held by a holding member 15. 
The holding member 15 is held by the case 11a of the speed 
reduction device 11 in a manner to be sWingable about the 
aXis of the output gear 13a. That is, as is seen from FIG. 5, 
the holding member 15 has an opening 15b Which is 
rotatably received on an annular projection 11a‘ of the case 
11a through an annular bearing member 12. A leading end 
of a shaft 13b for the pinion 13 (and thus for the output gear 
13a) passes through the annular projection 11b. Thus, the 
holding member 15 can sWing about the annular projection 
11b, that is, about the aXis of the outer gear 13a. 

[0049] As is seen from FIGS. 2 and 5, the holding 
member 15 is concealed by a cover member 16. 

[0050] As is seen from FIGS. 9 and 10, the holding 
member 15 is provided at its loWer portion With tWo spaced 
rollers 17 Which support thereon a loWer edge 14b of the 
rack member 14. The tWo rollers 17 are spaced from the 
output gear 13a by the same distance. Each roller 17 is 
rotatably disposed on a roller pin 17a ?Xed to the holding 
member 15. 

[0051] As is seen from FIGS. 3 and 5, the cover member 
16 has an upper portion bolted to holding member 15 and a 
loWer portion ?Xed to leading ends of the roller pins 17a. 
Thus, the holding member 15, the tWo rollers 17 and the 
cover member 16 constitute a unit Which is sWingable about 
the aXis of the output gear 13a. 

[0052] As is seen from FIG. 5, an outer slider 18 of 
polyacetal resin is disposed betWeen the rack member 14 
and the cover member 16 to smooth the movement of the 
rack member 14 relative to the cover member 16. As is seen 
from FIGS. 5 and 10, an inner slider 19 of polyacetal resin, 
Which has an oval-ring shape, is disposed betWeen the 
holding member 15 and the rack member 14 to smooth the 
movement of the rack member 14 relative to the holding 
member 15. 

[0053] As is seen from FIGS. 5, 9 and 10, the holding 
member 15 is formed, at the portion Where the oval-ring 
shaped inner slider 19 is arranged, With a recess 15a Which 
has a biasing member 20 of rubber press-?tted therein. Due 
to provision of the biasing member 20, the rack member 14 
is constantly biased toWard the rollers 17, so that the tooth 
portion 14a of the rack member 14 is appropriately meshed 
With the output gear 13a of the speed reduction device 11. 
If desired, in place of the rubber-made biasing member 20, 
other member, such as a coil spring, a plate spring or the like 
may be used. 
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[0054] As is seen from FIGS. 2 and 3, to a right end 14c 
of the rack member 14, there is secured a connecting 
member 14d Which, as is seen from FIG. 4, can be projected 
at its right end to the outside of the vehicle body through an 
opening 2a formed in the vehicle body 1. The right end of 
the connecting member 14d is pivotally connected to a 
leading end of an arm member 3a through a pivot pin 146. 
The arm member 3a is secured at its base portion to an upper 
side portion of the back door 3. If desired, the connecting 
member 14d may be integral With the rack member 14. 

[0055] The motor 10 and the speed reduction device 11 
constitute a drive unit “U”. 

[0056] As is seen from FIG. 7, the operating device 8 has 
a generally L-shaped structure When vieWed from the top of 
the vehicle body 1. That is, the rack member 14 eXtends in 
the fore-and-aft direction of the vehicle body 1, and the 
electric motor 10 is arranged to eXtend perpendicular to the 
rack member 14. Thus, because of the L-shaped structure, 
the operating device 8 can be neatly arranged on a rear 
corner of the roof panel 7, as shoWn. That is, the bulky drive 
unit “U” including the rack member 14, the motor 10 and the 
speed reduction device 11 can be positioned aWay from a 
passenger’s head “H”, and thus the passenger room can be 
provided With a satis?ed head clearance. 

[0057] In the folloWing, operation of the operating device 
8 of the ?rst embodiment Will be described With reference to 
the draWings. 

[0058] For ease of understanding, the description Will be 
commenced With respect to the full-close position “B” of the 
back door 3, Which is shoWn by a solid line in FIG. 1. In this 
condition, the lock device 5 is engaged With the striker and 
the operating device 8 assumes such a condition as shoWn in 
FIG. 3, that is, a condition Wherein the rack member 14 
assumes its frontmost position. 

[0059] When noW a manual control sWitch 24 (see FIG. 
16) is actuated in a normal direction, that is, a direction to 
open the back door 3, the actuator cancels the engagement 
of the lock device 5 With the striker and at the same time, the 
electric motor 10 of the operating device 8 is rotated in a 
normal direction and thus the output gear 13 of the speed 
reduction device 11 is rotated in a counterclockWise direc 
tion in FIG. 3. Upon this, the rack member 14 is slid 
rearWard that is rightWard in FIG. 3. Thus, ?nally, the back 
door 3 is pushed up to the full-open position “A”, as shoWn 
in FIG. 4. During this opening movement of the back door 
3, the operating device 8 can reduce its output force at the 
time When the back door 3 comes to the neutral position “C” 
(see FIG. 1) due to the above-mentioned function of the 
gas-stays 6. 

[0060] During the rearWard movement of the rack member 
14, the pivot pin 146 of the connecting member 14d is forced 
to make a sWing movement about the hinge pin aXis 4a, 
Which applies a certain force to the rack member 14 in a 
direction to sWing the same. Thus, the rack member 14 is 
sWung together With the holding member 15 about the aXis 
of the output gear 13a during the rearWard movement of the 
rack member 14. That is, the rack member 14 and the 
holding member 15 are forced to sWing about the aXis of the 
output gear 13a relative to the case 11a of the speed 
reduction device 11. 

[0061] Accordingly, during the rearWard movement of the 
rack member 14, the right end 14c of the rack member 14 
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can sWing to smoothly folloW the sWinging movement of the 
pivot pin 146 to Which the arm member 3a of the back door 
3 is pivotally connected. In the illustrated ?rst embodiment, 
the holding member 15 is sWung by an angle of about 10 
degrees When the back door 3 is pivoted from the full-close 
position “B” to the full-open position “A”. It is to be noted 
that the maXimum inclination of the rack member 14 cor 
responds to the inclination of an imaginary tangential line 
that contacts both a pitch circle of the output gear 13a and 
a locus described by the pivot pin 146. 

[0062] As is seen from FIG. 4, When the back door 3 
assumes the full-open position “A”, the rack member 14 
assumes its rearmost position. 

[0063] When, noW, the manual control sWitch is actuated 
in a reverse direction, that is a direction to close the back 
door 3, the electric motor 10 is rotated in a reverse direction. 
With this, the rack member 14 is slid forWard that is leftWard 
in FIG. 4, pulling the back door 3 toWard the full-close 
position “B” and ?nally to the full-close position “B”. Upon 
this, the lock device 5 of the door 3 becomes engaged With 
the striker thereby latching the back door 3 at the full-close 
position “B”. 

[0064] During the forWard movement, the rack member 14 
is forced to sWing together With the holding member 15, like 
in the manner as is described hereinabove. 

[0065] Referring to FIGS. 11 to 15, there is shoWn an 
operating device 28 of a second embodiment of the present 
invention. 

[0066] Since the operating device of the second embodi 
ment is similar to that of the above-mentioned ?rst embodi 
ment, only parts and portions Which are different from those 
of the ?rst embodiment Will be described in the folloWing. 
Similar parts and portions are denoted by the same numerals 
as those in the ?rst embodiment. 

[0067] As is seen from FIGS. 11 and 12, like in the ?rst 
embodiment, on a rear end corner of a roof panel 7, there is 
mounted the operating device 28 of the second embodiment. 

[0068] As is seen from FIGS. 11, 13 and 14, in this second 
embodiment, there is no member corresponding to the 
holding member 15 used in the ?rst embodiment. That is, 
only one roller 37 is employed for supporting thereon the 
loWer edge 14a of the rack member 14. The roller 37 is 
rotatably held by a ?Xed cover member 36 Which is bolted 
at its upper portions to the case 11a of the speed reduction 
device 11. As is best shoWn in FIG. 13, the roller pin 37a for 
the roller 37 eXtends betWeen the case 11a and the cover 
member 36. 

[0069] It is thus to be noted that unlike the cover member 
16 of the ?rst embodiment, the cover member 36 of the 
second embodiment is not sWingable about the aXis of the 
output gear 13a. HoWever, due to the nature of a so-called 
one point support effected by the roller 37, the rack member 
14 can sWing on the roller 37 using the same as a fulcrum. 

[0070] As is seen from FIG. 13, an outer slider 38 of 
polyacetal resin is disposed betWeen the rack member 14 
and the cover member 36 to smooth the movement of the 
rack member 14. As is seen from FIGS. 13 and 15, and an 
inner slider 39 of polyacetal resin, Which has an oval-ring 
shape, is disposed betWeen the case 11a and the rack 
member 14 for smoothing the movement of the rack member 
14. 












