«» UK Patent Application

(18) GB (11) 2 223 667(13)A

(43) Date of A publication 18.04,1990

(21) Application No 8922689.8
(22) Date of filing 09.10.1989

(30) Priority data

(31) 63254984 (32) 12.10.1988  (33) JP

(71) Applicant
Takata Corporation

(Incorporated In Japan)

No. 25 Mori Bidg, 4-30 Roppongl 1-chome, Minato-ku,
Tokyo 106, Japan

(72) Inventors
Hideo Kitamura
Ichiro Nakagawa

(74) Agent and/or Address for Service
Mewburn Ellis
2 Cursitor Street, London, EC4A 1BQ, United Kingdom

(51) INTCL*
B60R 22/44

(52) UK CL (Edition J)
A3V VRG

(56) Documents cited
GB 2195232 A
GB 2016261 A

GB 2126078 A
US 4723728 A

GB 2155305 A
US 4732347 A

(58) Field of search
UK CL (Edition J) A3V VRG
INT CL* B6OR
Online databases: WPI, CLAIMS

(54) A seat belt retractor with tenslon-reducing winding mechanism

(57) The retractor and tension-reducing mechanism comprises a main winding spring (2) biasing a toothed wheel (5) in the
belt-winding direction and an auxiliary winding spring (8) biasing the reel shaft relative to the wheel. The positions of a
stopper paw! (10) biased by an over-centre spring (12) are controlled by a clutch plate (3) associated with the wheel such
that the wheel is stopped by engagement by the pawl after the belt is pulled out and done up, the slack is allowed to be
taken up, and the user pulls the belt out slightly, thereby establishing the reduced-tension state. The pawl (10) is released
from the wheel (5) to restore the winding bias of the main spring (2) by a releasing clutch ring (6) if more than slightly less
than one revolution of the reel is required to take up slack in the belt after the reduced-tension state is attained.

At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy.
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1

"A SEAT BELT RETRACTOR WITH

TENSION-REDUCING WINDING MECHANISM"

The present invention relates to a seat belt retractor

provided with a tension-reducing winding mechanism.

Because the winding spring of a vehicle seat belt
retractor can exert a bothersome pressure of the belt
against the chest and waist of the vehicle occupant,
vehicles are often equipped with seat belt retractors
having a winding mechanism in which the belt tension
can be reduced or entirely eliminated when the bel: is
done up. In several previously known designs of
windings mechanisms with tension-reduction or tension-
elimination features, the occupant pulls the belt out
from the retractor, does up the buckle, allows the belt
to wind partly back onto the retractor to take up the
slack and then pulls the belt out a small amount to
place the winding mechanism in the tension-reduced or
tensionless mode. There is no problem with these types
of retractor if the occupant uses them properly. Some
people, however, do not allow the slack to be taken up
fully, or they may be leaning forward when they allow
the belt to rewind. 1In these cases, a tensionless
retractor allows the belt to remain slackened, and the
vehicle occupant is not well protected in case of an
accident. With a tension-reduction type of retractor
winding mechanism, the force of the auxiliary spring
acting on the belt in the tension-reduced mode may not
be great enough to take up the slack, especially if the
occupant leaves a large amount of slack in the belt
when activating the tension-reducing mechanism. Again,
the protection of the occupant is diminished.
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It is an object of the present invention to provide

a vehicle seat belt retractor with an improved winding
mechanism of the tension-reduction type, that is, the
type in which the winding force applied to the belt
reel can be reduced after the belt is done up by the
occupant. Another object is to provide a winding
mechanism of the tension-reduction type that is of
relatively simple mechanical construction, small in
size, low in weight and reliable in operation. In
preferred embodiments, it is also desired that if the
slack in the belt after the tension is reduced requires
more than slightly less than one revolution of the belt
reel to take up the slack, the winding mechanism will
automatically restore the force of the main winding
spring to the belt reel, thereby ensuring that the
slack will be taken up.

The present invention, more particularly, is an
improvement in a known type of seat belt retractor
havihg a belt-winding mechanism that includes a belt
reel shaft mounted for rotation in a frame, a toothed
wheel mounted for rotation relative to the reel shaft,
a main spiral winding spring connected at one end to
the frame and at the other end to the toothed wheel and
biasing the toothed wheel rotationally in the belt-
winding direction, an auxiliary spiral winding spring
connected at one end to the toothed wheel and at the
other end to the reel shaft to bias the reel shaft in
the belt-winding direction relative to the toothed
wheel, and means for stopping rotation of the toothed
wheel in the belt-winding direction to remove the bias
of the main winding spring including a stopper pawl
engageable with the toothed wheel. When the toothed
wheel is permitted to rotate, the main spring and
auxiliary spring work together in series to rotate the
reel in the belt-winding direction. When the toothed
wheel is stopped from rotating, only the force of the
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auxiliary spring is applied to the belt reel shaft, and
the belt tension is reduced to a more comfortable
level.

The present invention is characterized in that the
toothed wheel has ratchet teeth engageable by the
stopper pawl such as to be prevented from rotating in
the belt-winding direction upon such engagement, in
that an over-center spring is connected between the
reel frame and the stopper pawl and biases the pawl
toward or away from engagement with the ratchet teeth
of the toothed wheel, depending on the position to
which the stopper pawl is moved, and in that a clutch
plate is coupled by a clutch spring to the toothed
wheel and has cam surfaces engageable with a control
clutch follower pin on the stopper pawl to control the
position of the stopper pawl in response to winding and
unwinding movements of the belt reel shaft such as to
hold the stopper pawl out of engagement into the
ratchet teeth when the belt is unwound from the reel
and is then allowed to partly rewind onto the reel and
to enable the pawl to engage the ratchet teeth and
prevent rotation of the gear wheel in the belt-winding
direction when the belt is pulled out slightly such as
to rotate the reel shaft in the belt-unwinding
direction after such partial rewinding.

In preferred embodiments, the invention has the
following further characteristics:

The clutch plate has a protrusion having a first
cam surface on one side engageable with the clutch
control follower pin of the stopper pawl upon unwinding
rotation of the clutch plate to move the stopper pawl
to a first position in which the over-center spring
biases it away from engagement with the ratchet teeth
of the toothed wheel and a second cam surface on its
other side engageable with the clutch control follower
pin in response to winding rotation of the clutch plate
to move the stopper pawl to a second position in which
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the over-center spring biases it toward but not into
engagement with the ratchet teeth of the toothed wheel.
The clutch plate also has a third cam surface engage-
able with the clutch control follower pin of the
stopper pawl that permits the stopper pawl to move from
the second position under the bias of the over-center
spring to a third position in engagement with the
ratchet teeth of the toothed wheel such as to prevent
rotation of the toothed wheel in the belt-winding
direction.

The toothed wheel has sprocket teeth evenly spaced
at a certain pitch distance and projecting from its
perimeter, and the stopper pawl has a release follower
pin receivable between the sprocket teeth when the
stopper pawl is in engagement with a ratchet tooth of
the toothed wheel. A release clutch ring is carried by
the toothed wheel for limited relative rotation. The
release clutch ring has ratchet teeth arranged at the
said pitch distance in overlapping relation to the
sprocket teeth and engageable upon rotation of the
releasing clutch ring in the belt-winding direction
relative to the toothed wheel with the release follower
pin so as to move the stopper pawl out of engagement
with the ratchet tooth of the toothed wheel and enable
the main winding spring to drive the toothed wheel in
the belt-winding direction.

A coupling plate having a projecting arm is
affixed to the reel shaft for rotation therewith, and
the release clutch ring has a lug that is engageable by
the projecting arm upon rotation of the belt reel in
the belt-winding direction so as to rotate the release
clutch ring and cause the stopper pawl to be moved out
of engagement with the ratchet teeth of the toothed
wheel.

The toothed wheel has a lug that is engageable by
the projecting arm of the coupling plate to transmit
rotational driving force from the toothed wheel to the
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transmit rotational driving force from the reel shaft
to the toothed wheel in the belt-unwinding direction
with lost motion in both rotational directions, such
lost motion enabling the auxiliary spring alone to
impart rotational driving force to the reel shaft when
the stopper pawl engages a ratchet tooth of the toothed
wheel. '

In a preferred embodiment of the invention, the
over—-center spring and the clutch plate control the
position of the pawl in such a way that after the belt
is pulled out and done up, the slack in the belt is
taken up under the bias of the main spring and
auxiliary spring acting in series. When the occupant
pulls the belt out, the third cam surface, which is a
depressed surface, of the clutch plate is moved to a
position opposite the clutch control follower pin of
the stopper pawl, thus enabling the over-center spring
to p}vot the stopper pawl toward the ratchet teeth of
the wheel and engage the tip with the wheel, thereby
stopping it and preventing the bias of the main winding
spring from being transmitted to the reel. The slack
in the belt is taken up by the auxiliary spring, and
the reduced-tension state is attained.

If taking up the slack requires more than slightly
less than one revolution of the reel, the ratchet teeth
of the release c.utch ring, which is engaged and
rotated by the coupling plate after slightly less than
one revolution of the reel, act against the release
follower pin on the stopper pawl to pivot the pawl out
of engagement with the ratchet teeth on the wheel,
thereby restoring the bias of the main spring on the
reel and ensuring that the slack in the belt is taken
up.
A preferred embodiment is shown in the accompany-

ing drawings and described below.
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The present invention will now be described in greater

detail by way of example to the accompanying drawings,
wherein: -
Fig. 1 is an exploded pictorial view of a preferred

embodiment of a seat belt retractor;

Fig. 2 is an elevational view of the toothed wheel
of the embodiment, viewed looking toward the retractor
frame (i.e., looking at the outwardly facing aspect
with respect to the belt reel);

Fig. 3 is a side cross-sectional view taken
generally along the axis of rotation of the belt reel;
and

Figs. 4 to 8 are diagrammatic views, showing
elements of the embodiments in different stages of the
operation of the winding mechanism. The respective
views, i.e., those identified with the letters "A," "B"
and "C," of each figure identified by the same number
show the elements in the same stage. The figures
identified by "A" show the ratchet teeth of the toothed
wheel (in part), the clutch plate and the stopper paw:
(also in part). The figures identified by "B" show
elements of the coupling plate, the releasing clutch
ring and the toothed wheel. The figures identified by
"Cc" show portions of the releasing clutch ring and the
toothed wheel.

The winding mechanism is installed in a case 4
that is attached by a mounting plate 7 to one side wall
14 of a U-shaped frame (see Fig. 3). A belt reel is
mounted between the two side walls of the frame for
rotation by means of a reel shaft, the ends of which
extend out through holes in the frame side walls.

A circular flange portion 71 of the mounting plate
7 serves as a bearing for one projecting end of the
reel shaft. Outside of the side wall opposite from the
one shown in Fig. 3 (and not shown) is an emergency

locking mechanism, which may be of any known design,
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for locking the belt reel against rotation in the
belt-unwinding directicn in the event of a collisicn or
abrupt stop of the vehicle.

A cover 1 for the outward end portion 41 of the
case 4 forms an enclosure for a main spiral winding
spring 2 and a fastening point for the outer end of the
spring 2. The inner end of the spring 2 is affixed to
the wheel 5 by reception in a slot in the end of a
shaft portion. The toothed wheel 5, in turn, is
mounted for rotation on a shaft portion 95 of a
coupling plate 9 that is affixed by a square (or other-
wise non-circular) hole 94 in a circular boss 93 of the
coupling plate 9 to a correspondingly shaped end
portion of the belt reel shaft. Because the cover 1 is
affixed to the retractor frame by the case 4, the main
spring 2 biases the toothed wheel 5 rotationally
relative to the retractor frame. The bias is, of
course, in the belt-winding direction.

The rotation of the toothed wheel 5 in the belt-
winding direction under the bias of the main spring 2
is stopped when the tip 100 of a stopper pawl 10
engages one of a series of ratchet teeth 53 arranged in
a circular row on the outward face of the toothed wheel
S (see Fig. 2). The stopper pawl 10 pivots on a
mounting pin 42 on the case 4 and is biased to rotate
either clockwise or counterclockwise about the pin 42
by an over-center spring 12. One end of the spring 12
attached to a pin 44 on the case and the other to a pin
104 on the pawl 10. The extent of rotation of the pawl
10 in the clockwise direction about the pin 42 is
limited by engagement of a stop lug 103 on the pawl 10
with a stop pin 43 on the case 4. The direction of the
bias applied to the pawl 10 by the spring 12 is
determined by its position, which is under the control
of a clutch plate 3. The clutch plate 3 is rotatably
mounted on the shaft porticn of the toothed wheel 5 and
is held axially on the shaft portion against the force
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of a clutch spring 1l received between it and the wheel
5 by a C-ring 13. The clutch spring 11 causes the
clutch plate 3 to rotate with the wheel 5 by a
frictional force but allows the wheel to rotate
relative to the clutch plate when the frictional force
is exceeded.

When the clutch plate 3 rotates clockwise with the
wheel 5, the clockwise edge of a hook-like protrusion
31 of the clutch plate engages a control clutch
follower pin 101 on the stopper pawl and rotates the
pawl counterclockwise to move the tip 100 toward the
ratchet teeth 53. A raised cam surface 32 immediately
adjacent to the protrusion holds the pawl tip away from
engagement with the ratchet teeth 53 on the wheel 5,
but the over-center spring 12 biases the pawl counter-
clockwise when the protrusion 31 has pivoted the pawl
counterclockwise into engagement with the surface 32.

When the clutch plate is rotated counterclockwise
and the pawl is then biased by the spring counter-
clockwise toward engagement with the ratchet teeth 53,
the follower pin 101 encounters and moves up onto a
raised cam surface 35 adjacent to the protrusiocn 31,
which surface pivots the pawl clockwise about its
mounting pin 42 to an extent sufficient to transfer the
over-center spring so that it biases the pawl
clockwise, i.e., away from engagement with the ratchet
teeth 53. Engagement of the follower pin 101 against a
shoulder of the protrusion 31 adjacent to the cam
surface 35, together with stopping of the pivoting of
the pawl by engagement of the stop lug 103 with the
stop pin 43 on the case 4, stops the clutch plate from
rotating further in the counterclockwise direction.

A depressed cam surface (in the form of a notch)
33 allows the pawl to pivot counterclockwise under the
bias of the over-center spring 12 far enough to engage
the pawl tip 100 with the ratchet teeth 53 of the
toothed wheel; only when the pawl is biased by the
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spring 12 counterclockwise toward engagement with
ratchet teeth 53 and the cam follower pin 101 engages
the depressed cam surface 33 can the pawl tip 100
engage the ratchet teeth 53 and stop the wheel 5 from
rotating in the clockwise direction under the bias of
the main spring 2.

An auxiliary spiral winding spring 8 is received
in a recess 56 in the inward (toward the frame) face of
the toothed wheel 5. The outer end of the spring 8 is
attached to a boss 56 on the wheel, and the inner end
is engaged in a slot 92 in the shaft portion 95 of the
coupling member 9. The spring biases the coupling
member 9 relative to the wheel 5 in the belt-winding
direction.

The wheel 5 has at its circumference a row of
equally spaced-apart sprocket teeth, which project
outwardly relative to a circular cylindrical surface
58. The stopper pawl has a releasing clutch follower
pin 102 that is received between the sprocket teeth 54
when’the pawl tip 100 is engaged with the ratchet teeth
53. A releasing clutch ring 6 is received on the
surface 58 for rotation, but the extent of rotation is
limited by a small boss 57 on the wheel 5 that is
received in a groove 64 in the ring 6.

A lug 51 projects from the face of the wheel §
near its perimeter, and a lug 61 extends from the edge
of the releasing clutch ring 6. The circumferential
dimensions of the boss 57 and the lug 51 on the wheel 5
are equal, and the circumferential dimensions of the
groove 64 and the lug 61 are also equal. The sum of
the circumferential spacing between the groove 64 and
the lug 61 and the circumferential dimension of the lug
61 is equal to the sum of the circumferential spacing
between the boss 57 and the lug 51 and the
circumferential dimension of the lug 61. The ring 6
has a circumferential row of ratchet teeth 63
positioned to overlie the sprocket teeth 54. Each
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ratchet tooth 63 is a length substantially equal to the
pitch distance of the sprocket teeth. The teeth face
counter-clockwise, which is in opposition to the
clockwise belt-winding direction of the retractor. The
sloping surface of each tooth acts as a cam surface on
the release follower pin 102 of the pawl 10, as
described in greater detail below.

The lugs 51 and 61 are positioned .to overlap each

‘other radially and to be engaged by an arm 91 on the

coupling plate 7 at the ends of a lost motion in either
rotational direction (clockwise and counterclockwise)
of the coupling plate relative to the wheel 5 and
releasing clutch ring 6 of slightly less than one full
revolution of the belt reel.

The conditions of the main control components of
the winding mechanism when the belt is fully wound onto
the reel are shown in Figs. 5A to 5C. The stopper pawl
10 is biased counterclockwise into engagement with the
cam surface 32 of the clutch plate 3 by the over-center
spring 12, and its tip 100 does not engage the ratchet
tooth 53 (Fig. 4A). The arm 91 engages the counter-
clockwise-facing edges of the lugs 51 and 61 (Fig. 4B);
such engagement causes the ratchet teeth 63 of the
releasing clutch ring to be positioned in register
(Fig. 4C). Because the pawl 10 is held away from
engagement with the ratchet teeth 53 of the wheel 5 by
the cam surface 32, the release clutch follower pin 102
is also clear of engagement with the sprocket teeth 54
of the wheel and the ratchet teeth 63 of the releasing
clutch ring 6 (Fig. 4C). )

When the belt is withdrawn (Figs. 5A to 5C), the
coupling plate 9 rotates counterclockwise with the reel
shaft, which through the lost motion between the
coupling plate 9 and the wheel 5 soon brings the arm 91
into engagement with the clockwise facing edges of the
lugs 51 and 61 (Fig. 5B). In the early stages of
unwinding of the belt, the wheel 5 is driven and the
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main spring 2 is tightened at the urging of the then-
tightening auxiliary spring 8. After the lost motion
is taken up, the arm 91 rotates the releasing clutch
ring 6 relative to the wheel 5 a distance sufficient to
move the ratchet teeth 63 across the spaces between the
sprocket teeth 54 (Fig. 5C). Upon'further rotation of
the belt reel, the arm 91 transmits rotation of the
coupling plate 9 to the wheel 5 through engagement with
the lug 51.

The friction coupling between the wheel 5 and the
clutch plate 3 causes the clutch plate to rotate with
the wheel through less than one revolution, namely
until the clutch plate follower pin 101 is engaged by
and rides up on the raised cam surface 35 and the
projection 31 is encountered (Fig. 5A). The pawl is
pivoted by the cam surface 35 clockwise about its
mounting pin 42 enough to shift the over-center spring
12 so that it biases the pawl clockwise, whereupon, the
spring 12 moves it to its stop position with the stop
lug 103 engaging the stop pin 43. The release clutch
follower pin 102 moves farther away from the sprocket
teeth and ratchet teeth 63, and the pawl tip 100 moves
farther away from the sprocket teeth 54 and the ratchet
teeth 53 (Fig. 5C). The conditions of Fig. 5 exist
until the length of the belt segment withdrawn from the
reel is enough to permit the belt to be done up; the
clutch plate, of course, stops rotating, but the wheel
5 can continue to rotate counterclockwise with the reel
by a rotational force sufficient to overcome the biases
of the springs 2 and 8 and the frictiocnal force
generated by the clutch spring 11. As the belt is
unwound, the main spring 2 is being tightened to store
energy for rewinding the belt. The auxiliary spring,
however, is tightened only during the taking up of the
lost motion between the wheel 5 and the coupling plate
9 in the beginning stages of belt withdrawal and stops

at the end of the lost motion.
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After the user buckles up the belt and lets go of
it, the main winding spring 2 rotates the wheel 5
clockwise. The clutch plate 3 rotates with the wheel,
and the projection 31 encounters the follower pin 101
and moves the stopper pawl 10 counterclockwise, which
transfers the over-center spring so that it biases the
pawl counterclockwise against the cam surface 32 (Fig.
64). The rotation of the wheel is transmitted through
the auxiliary spring 8 to the reel shaft, which causes
some lost motion between the coupling plate 9 and the
wheel 5 (Fig. 6B). The pawl tip 100 and the follower
pin 102 are held away from the ratchet teeth 53 and 63,
so all of the slack can be taken up in the condition of
Fig. 6.

After the slack is taken up, the user pulls the
belt out a small distance (Fig. 7), and after the lost
motion of the coupling plate 9 is taken up (Fig. 7B),
the counterclockwise (belt-unwinding) rotation of the
reel is transmitted to the wheel 5. Upon rotation of
the reel, the wheel and clutch plate are rotated
counterclockwise enough to move the depressed cam
surface 33 opposite the pawl 10. Under the bias of the
over-center spring 12, the pawl is pivoted counter-
clockwise to bring the tip 100 into engagement with the
ratchet teeth 53 of the wheel (Fig. 7A) and the
releasing clutch follower éin 102 into engagement with
the then-registering ratchet teeth 63 and sprocket
teeth 54 (Fig. 7C). Upon such engagements, the wheel
is stopped from rotating clockwise (belt-winding) and
the bias of the main spring cannot be transmitted to
the reel shaft. The wheel 5 can still rotate in the
belt-unwinding rotation at this point, however, because
the ratchet teeth 53 allow the pawl tip 100 to pass
over them by overcoming the bias of the over-center

spring 12.
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The slack in the belt that was created when it was
pulled out to initiate the reduced-tension mode of
operation of the winding mechanism (Fig. 7) is taken up
by winding of the belt solely under the bias of the
auxiliary spring 8, which acts between the now-stopped
wheel 5 and the coupling plate 9. If the slack is
taken up by rotation of the coupling plate 9 (and the
belt reel) of less than nearly one full revolution, the
winding mechanism remains in the reduced-tension mode.
But if the slack is not taken up in one revolution, the
arm 91 rotates through the lost motion relative to the
wheel 5, and the release clutch ring 6 engages the lug
61 (Fig. 8B), and rotates the release clutch ring 6
clockwise (Fig. 8C). Upon such rotation, the ratchet
teeth 63 move across the spaces between the sprocket
teeth 51 and by a camming action on the release clutch
follower pin 102 rotate the stopper pawl 10 clockwise,
whereupon the pawl tip 100 is disengaged from the
ratchet teeth 53 on the wheel 5. When the wheel is so
released from :he pawl, the bias of the main winding
spring 2 rotates the wheel clockwise, and the biases of
both the main spring and the auxiliary spring rotate
the belt reel in the belt-winding direction to take up
the slack in the belt. After the tip 100 of the pawl
10 is first released from the ratchet teeth 53 of the
wheel 5, the ratchet teeth 63 of the release clutch
ring working against the follower 102 keep the tip 100
from reengaging the ratchet teeth 53. The engagement
between the boss 57 on the wheel and the notch 64 in
the release clutch ring keep the wheel and ring in
circumferential register as the main spring 2 rotates
the wheel.

' The winding mechanism is at this point back in the
configuration of Fig. 6. The occupant can now reduce
the belt tension by pulling out the belt slightly once
again. The mechanism, however, ensures that the slack
in the belt will be taken up by restoring the bias of
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the main spring to take up the slack if taking up the
slack requires more than one revolution of the belt
reel; the auxiliary spring is called upon to take up
the belt slack only up to a little less than one
revolution of the reel.

When the user pulls out the belt to initiate the
reduced-tension mode (Fig. 7), he or she may withdraw a
length of belt large enough to cause the clutch plate
to rotate counterclockwise far enough to move the
depressed cam surface 33 counterclockwise past the
follower pin 101. If that happens, both springs 2 and
8 will rotate the reel to take up the slack and rotate
the wheel 5 and the clutch plate clockwise until the
depressed cam surface 33 is positioned to accept the
follower pin 101. Thereupon, the pawl pivots and
engages the ratchet teeth 53, and the reduced-tension

mode is attained.
When the mechanism is in the reduced-tension mode

(Fig. 7) and the user leans forward or otherwise pulls
out %he belt, the reduced-tension mode will be
temporarily interrupted and the full-tension mode
restored if the arm 91 engages the lugs 51 and 61

(Fig. 7C) and the wheel 5 and clutch plate 6 are
rotated counterclockwise far enough to move the
depressed cam surface 33 away from the follower pin 101
but not far enough to cause the raised cam surface 35
to engage the follower 101, move the pawl clockwise and
transfer the over-center spring 12 to the clockwise
bias condition (see Fig. 5A). In this case the
reduced-tension mode is automatically resumed when the
belt rewinds enough to position the clutch plate with
the depressed cam surface 33 opposite the follower pin
101. 1If the clutch plate 3 is rotated counterclockwise
far enough to transfer the over-center spring to the
clockwise bias (Fig. 5A), the occupant will have to
reset the reduced-tension mode by pulling out the belt
in the manner described above.
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When the user disconnects the belt and releases it
for rewinding onto the reel without pulling it out
enough to deactivate the reduced-tension mode, the belt
is initially wound onto the reel under the bias of the
auxiliary spring 8 alone until the then-existing clock-
wise lost motion of the coupling plate (always less
than one revolution) is taken up, whereupon the pawl 10
is released from the ratchet teeth 53 by operation of
the release clutch ring 6, as described above (see also
Fig. 8). The belt is thereafter wound onto the reel
under the biases of both springs 2 and 8. The configu-
ration of Fig. 4 is attained in the early stages of
rewinding. Rotation of the clutch plate 3 is there-
after prevented by engagement of the protrusion 31 with
the follower pin 101, and the pawl tip 100 is held out
of engagement with the ratchet teeth 53 of the wheel 5
by the cam surface 22 so that the wheel 5 remains free

to rotate in the belt-winding direction.
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CLAIMS:-

1.

A seat belt retractor having a belt-winding
mechanism that includes a belt reel shaft mounted
for rotation in a frame, a toothed wheel mounted
for rotation relative to the reel shaft, a main
spiral winding spring connected at one end to the
frame and at the other end to the toothed wheel
and biasing the toothed wheel rotationally in the
belt-winding direction, an auxiliary spiral
winding spring connected at one end to the toothed
wheel and at the other end to the reel shaft to
bias the reel shaft in the belt-winding direction
relative to the toothed wheel, and means for
stopping rotation of the toothed wheel in the
belt-winding direction to remove the bias of the
main winding spring from the reel shaft including
a stopper pawl engageable with the toothed wheel,
characterized in that the toothed wheel has
ratchet teeth engageable by the stopper pawl such
as to be prevented from rotating in the belt-
winding direction upon such engagement, in that an
over-center spring is connected between the frame
and the stopper pawl and biases the pawl toward or
away from engagement with the ratchet teeth of the
toothed wheel, depending on the position to which
the stopper pawl is moved, and in that a clutch
plate is coupled by a clutch spring to the toothed
wheel and has cam surfaces engageable with a
clutch control follower pin on the stopper pawl to
control the position of the stopper pawl in
response to winding and unwinding movements of the
belt reel shaft such as to hold the pawl out of
engagement with the ratchet teeth when the beit is
unwound from the reel and is then allowed to
partly rewind onto the reel and to enable the
stopper pawl to engage the ratchet teeth and
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prevent rotation of the gear wheel in the belt-
winding direction when the belt is pulled out such
as to rotate the reel shaft in the belt-unwinding

direction after such partial rewinding.

A seat belt retractor according to claim 1 and
further characterized in that the clutch plate has
a protrusion having a first cam surface on one
side engageable with the clutch control follower
pin of the stopper pawl upon unwinding rotation of
the clutch plate to move the stopper pawl to a
first position in which the over-center spring
biases it away from engagement with the ratchet
teeth of the toothed wheel and a second cam
surface on its other side engageable with the
clutch control follower pin in response to winding
rotation of the clutch plate to move the stopper
pawl to a second position in which the over-center
spring biases it toward but not into engagement

with the ratchet teeth of the toothed wheel, and

in that the clutch plate has a third cam surface
engageable with the clutch control follower pin of
the stopper pawl that permits the stopper pawl to
move from the second position under the bias of
the over-center spring to a third position in
engagement with the ratchet teeth of the toothed
wheel such as to prevent rotation of the toothed
wheel in the belt-windinc direct+ion.
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A seat belt retractor according to claim 1 and
further characterized in that the toothed wheel
has sprocket teeth evenly spaced at a certain
pitch distance and projecting from its perimeter,
in that the stopper pawl has a release follower
pin receivable between the sprocket teeth when the
stopper pawl is in engagement with the ratchet
teeth of the toothed wheel, in that a release
clutch ring is carried by the toothed wheel for
limited relative rotation, and in that the release
clutch ring has ratchet teeth arranged at the said
pitch distance in overlapping relation to the
sprocket teeth and engageable upon rotation of the
release clutch ring in the belt-winding direction
relative to the toothed wheel with the release
follower pin so as to move the stopper pawl out of
engagement with the ratchet tooth of the toothed
wheel and enable the main winding spring to drive
the toothed wheel in the belt-winding direction.

A seat belt retractor according to claim 3 and
further characterized in that a coupling plate
having a projecting arm is affixed to the reel
shaft for rotation therewith, and in that the
release clutch ring has a lug that is engageable
by the projecting arm upon rotation of the belt
reel in the belt-winding direction so as to rotate
the release clutch ring and cause the stopper pawl
to be moved out of engagement with the ratchet

teeth of the toothed wheel.
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5. A seat belt retractor according to claim 1 and
further characterized in that the toothed wheel
has a lug that is engageable by the projecting arm
of the coupling plate to transmit rotational

5 driving force from the toothed wheel to the reel
shaft in the belt-winding direction and to
transmit rotational driving force from the reel
shaft to the toothed wheel in the belt-unwinding
direction with lost motion in both rotational

10 directions, such lost motion enabling the
auxiliary spring alone to impart rotational
driving force to the reel shaft when the stopper
pawl engages the ratchet teeth of the toothed

wheel.

6. A seat belt retractor constructed substantially as

herein described with reference to and as illustrated

in the accompanying drawings.

Publishe: 199G at The Patent Office, State House. 66 71 High Holborn. Londor, WC1R 4TP. Further copies may be obtained from The Patent Office
Sales Branch, St Mary Cray. Orpington. Kent BRE 3RD. Printed by Mutuplex techmques 1td. St Mary Cray. Kent. Cor. 1 8™



