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(57) Abrege/Abstract:
The present invention provides a seat belt adjuster applicable to seat belts In vehicles, comprising: a pair of supporting swing rods
(2) composed of a first swing rod and a second swing rod, with the adjacent ends of the first and second swing rods hinged
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(57) Abrege(suite)/Abstract(continued):
together and forming an included angle between the swing rods, either non-adjacent end of the first and second swing rods fixed In

stationary state, and the other non-adjacent end of the first and second swing rods movable as the included angle between the
swing rods changes; and an actuator (3, 6), which changes the included angle between the swing rods by exerting force to the first
swing rod and/or the second swing rod and/or the hinge point of the swing rods, and thereby directly applies variable force on the
belt of the seat belt via the other non-adjacent end.
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Abstract

The present invention provides a seat belt adjuster applicable to seat
belts in vehicles, comprising: a pair of supporting swing rods (2) composed
of a first swing rod and a second swing rod, with the adjacent ends of the
first and second swing rods hinged together and forming an included angle
between the swing rods, either non-adjacent end of the first and second
swing rods fixed in stationary state, and the other non-adjacent end of the
first and second swing rods movable as the included angle between the
swing rods changes; and an actuator (3, 6), which changes the included
angle between the swing rods by exerting force to the first swing rod
and/or the second swing rod and/or the hinge point of the swing rods, and
thereby directly applies variable force on the belt of the seat belt via the

other non-adjacent end.
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Seat Belt Adjuster

Field of the Invention

The present invention relates to a seat belt adjuster applicable to seat
belts in vehicles, which can be used to adjust the degree of locking or
retraction of seat belt in different situations, including normal use,
emergency braking, and retraction after use.

Background of the Invention

Passive safety of vehicles refers to the performance of protection for
occupants In case of accidents. In terms of automobiles, safety belts and
air bags are fittings that are of great concern to the public for passive
safety. However, the safety protection effect of air bags will be severely
compromised and the occupant may even be injured when the air bags
are released, If the seat belt is not fastened up correctly.

Seat belts used in automobiles are usually a sort of seat belts that will
be locked up in case of emergencies. Before use, the seat belt can be
pulled out easily. In the normally driving process, the seat belt retractor in
the automobile exerts weak spring retraction force to hold the seat belt In
position, and doesn't cause a sense of excessive pressure on the
occupant. However, in the event of any crash and severe sway, the locking
device will seize and lock up the seat belt immediately, to prevent the seat
belt from pulled out further.

Nowadays, a sort of pre-tensioner restraining seat belts have been
developed, which can tension up the seat belt further so as to effectively
restrain the body of the occupant in the event of crash.

At present, many pre-tensioner seat belts employ a pyrotechnic
principle, i.e., the so called "pyrotechnic seat belts". The retractor of a
pyrotechnic seat belt has a set of pyrotechnic means, which, when Iinitiated,
drives the retractor to rotate with blasting energy, and thereby attains a
tensioning effect. Such a seat belt is usually used in combination with air
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bags. Usually, such a pre-tensioner seat belt has two functioning principles:
it has the same function as conventional seat belts during light collision or

hard braking. That is to say, when the seat belt is pulled quickly by force,
the retractor will lock up, but will not initiate the pyrotechnic means. In that
sense, the pyrotechnic means will function only when the collision reaches
to a certain degree of severity. Moreover, the pyrotechnic means is of
one-off type, which means it has to be replaced in a repair shop after it is
initiated.

In a pyrotechnic seat belt apparatus, a gas generator is essential. In
addition, the use of high pressure gas implicates that appropriate material
and structure have to be used to ensure enough strength and
leak-tightness during use. Moreover, a pre-tensioner seat belt will generate
pretension force in the event of a crash, which is preset in the
manufacturing process, and can't be adjusted to adapt to the body type of
a specific occupant. Therefore, the safety protection performance of such
a pre-tensioner seat belt apparatus is not satisfactory enough. In addition,
such an apparatus must be integrated into the retractor, so as to apply the
kinetic energy directly on the roller shaft for the seat belt. Hence, such an
apparatus has drawbacks such as large size, complex design, high cost,
and adjusting inconvenience, etc.

Some vehicles are fitted with a pre-crash safety system, which has a
pre-tensioning function provided by an electro-dynamic mechanism. Thus,
In such a pre-crash safety system, the seat belt can be reused. Of course,
the number of reuse cycles is limited. If the limit is exceeded, the entire
pre-crash safety system, including the pre-tensioner seat belt, has to be
replaced. Though such a pre-crash safety system is reusable, it is difficult
to replace. Moreover, since the system has to be controlled electronically,
it also has drawbacks such as complex structure, inconvenience in
replacement, high cost, low reliability, and poor applicability, etc.

In Patent Document No. GB2294866, a pre-tensioning apparatus that
utilizes inertia for mechanical control is disclosed. The working principle of
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that apparatus is as follows: as shown in Figure 17, in the normally driving

state, an actuating rod 16 is not engaged with a mass block 17 firmly, but

IS engaged with a seat belt supporting member 47 instead; the seat belt
supporting member 47 is wedged to a belt buckle 53 of the woven belt S
of the seat belt, as shown in Figure 17. In case the deceleration exceeds a
preset safety limit, the mass block 17 will move forwards under inertial
effect, and consequently the actuating rod 16 engages the mass block 17
In a concave-convex engaging manner and disengages from the seat belt
supporting member 47, so that the seat belt supporting member 47 drives
the woven belt S to move downwards and backwards in direction F, and
thereby tensions up and restrains the seat belt at a restrained position.
The tensioning force provided by such a mechanical pre-tensioning
apparatus depends on the arc length of a slot 30. To achieve higher
tensioning force, the arc length of the slot 30 must be longer. As a result,
the entire assembly will inevitably occupy a large space. Moreover, the
longer the arc length of the slot 30 is, the longer the response time of the
entire assembly will be, which implicates higher possibility of occupant
injury at the moment of crash. In addition, since the pre-tensioning
apparatus actuates the tensioning process by means of engagement
between the actuating rod 16 and the mass block 17 and simultaneous

- disengagement of the actuating rod 16 from the seat belt supporting

member 47, a serious consequence of malfunction of the pre-tensioning
apparatus may occur if either of engagement/disengagement fails.
Therefore, the service reliability of such a pre-tensioning apparatus is
limited. To improve reliability, additional cost in desigh and manufacturing
is required, causing degraded economic efficiency.

Another pre-tensioning apparatus is disclosed in Patent Document No.
US4768809. In that pre-tensioning apparatus, a structure composed of
two swing rods with adjacent ends hinged together are utilized to actuate
the tensioning of the seat belt and restrain the seat belt at a restrained

position. However, that structure has a common feature with the structure
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disclosed In GB2294866, i.e., it also utilizes an arc-shaped guide slot to
guide the tensioning of the seat belt. Therefore, that structure also have
the above-mentioned drawbacks, i.e., the tensioning force is limited by the
guide slot structure and a large space is occupied.

Hence, it is desirable to provide a seat belt without the
above-mentioned drawbacks. The seat belt should be able to exert
appropriate and almost zero restraining force on the occupant so as to
enable the occupant to act comfortably and move freely under essentially
zero pressure of the seat belt in normally driving state, but can tension up
the seat belt timely in case of any emergent or catastrophic event, and can
release the seat belt automatically after the event. Moreover, the seat belt
should have advantages such as simple structure, high reliability, easy
replacement and adjustment, low cost, and wide applicability, etc.

Summary of the Invention

The object of the present invention is to provide a seat belt as
described above, which can be used to adjust the degree of locking and
retraction of the seat belt in different situations, including normal use,
emergency braking, and retraction after use, etc.

The present invention provides a seat belt adjuster applicable to seat
belts in vehicles, comprising: a pair of supporting swing rods composed of
a first swing rod and a second swing rod, with the adjacent ends of the first
and second swing rods hinged together and forming an included angle
between the swing rods, either non-adjacent end of the first and second
swing rods fixed in a stationary state, and the other non-adjacent end
movable as the included angle between the swing rods changes; and an
actuator, which changes the included angle between the swing rods by
exerting force on the first swing rod and/or the second swing rod and/or
the hinge point of the swing rods, and thereby directly applies variable
force on the belt of the seat belt via the other non-adjacent end, wherein,

when the first and the second swing rods are in a 180-degree vertically
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aligned state, the other non-adjacent end can provide full supporting force
perpendicularly on the belt of the seat belt, and thereby to lock the belt of
the seat belt to restrain it from moving, and, when the included angle
between the swing rods is changed via the actuator under the action of
small signaling force, the other non-adjacent end can release the belt of
the seat belt; or, when the first and second swing rods are in a 180-degree
vertically aligned state, the other non-adjacent end can release the belt of
the seat belt to move, and, when the included angle between the swing
rods is changed via the actuator under the action of small signaling force,
the other non-adjacent end can provide full supporting force
perpendicularly on the belt of the seat belt, and thereby lock the belt of the
seat belt to restrain the belt of the seat belt from moving.

Preferably, once the deceleration exceeds a preset safety limit, the
other non-adjacent end will automatically lock the belt of the seat belt to
restrain it from moving, in order to protect the occupant.

Preferably, once the deceleration exceeds a preset safety limit, the
other non-adjacent end will automatically unlock the belt of the seat belt,
so that a seat belt retractor can tension up the belt of the seat belt further
and thereby restrain the occupant in the seat.

Preferably, during normal use, the other non-adjacent end locks up

the belt of the seat belt in a position of required pull-out length.
Preferably, the actuator exerts force on the hinge point of the swing
rods.

Preferably, the seat belt comprises a suspender that iIs suspended on
a supporting pillar and designed to fix the upper end of the belt of the seat

belt nearby a shoulder of the occupant, and a retractor that is arranged
near the lower part of the seat at a side of the seat and designed to retract
the belt of the seat belt inwards; the adjuster is arranged at any position
between the suspended and the retractor, so as to act directly on the belt
of the seat belt.

Preferably, the actuator comprises a mass object, and changes the
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Included angle between the swing rods automatically under the inertial
effect of the mass object.

Preferably, the actuator comprises an electro-dynamic component,
which is designed to change the included angle between the swing rods
automatically in response to a control signal.

Preferably, the adjuster further comprises a sensing component,
which is designed to sense any angular change of the belt of the seat belt
resuited from tension change of the belt of the seat belt, and thereby
adjust the included angle between the swing rods.

Brief Description of the Drawings

Figure 1A-1B and 2A-2B are schematic diagrams illustrating the
working principle of the seat belt adjuster disclosed in the present
Invention, wherein, the hinged knuckle point of swing rods is actuated
under the inertial effect of the mass object; Figure 1A and 2A show that the
supporting swing rods are in a vertical critical supporting state in the
situation of normal use; Figure 2A and 2B show that the supporting swing
rod 2 bends at the hinge point between the two swing rods when it is
Impacted by the mass object when the mass object is triggered in an
emergent situation.

Figure 3 Is a schematic structural diagram of the adjuster in a first
embodiment of the invention, in a state that the adjuster restrains the seat
belt from retracting in the normal driving situation.

Figure 4 is a schematic structural diagram of the adjuster in the first
embodiment of the present invention, in a state that the adjuster releases

the restrainment on the seat belt so that the seat belt is tensioned up by
the retractor in an emergent situation, wherein, the outer-side enclosure of
a suspension frame 25 is removed to expose a micro-switch.

Figure 5 is a right view of the adjuster in the first embodiment of the
present invention.

Figure 6 Is a left view of the adjuster in the first embodiment of the
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present invention.

Figure 7 is a bottom view of the adjuster in the first embodiment of the
present invention.

Figure 8 is a left perspective view of the adjuster in the first
embodiment of the present invention, illustrating a state that the seat belt
Is retracted by a retractor when the clearance between a
retraction-restraining press block 13 and an eccentric roller 12 is
completely opened after the seat belt is used.

Figure 9 is a rear perspective view of the adjuster in the first
embodiment of the invention, with the eccentric roller shaft removed.

Figure 10 is a rear view of the adjuster in the first embodiment of the

present invention.

Figure 11 is a schematic diagram of a suspension snap spring in the
first embodiment of the present invention.

Figure 12 is a schematic installation diagram of the suspension snap
spring in the first embodiment of the present invention.

Figure 13 is a schematic diagram of the adjuster in the first
embodiment of the present invention, after the adjuster is mounted on a
vehicle seat belt apparatus.

Figure 14 is a schematic diagram of the overall structure of the

adjuster in a second embodiment of the present invention.
Figure 15 i1s a schematic diagram of the internal structure of the

adjuster in the second embodiment of the present invention, with the
enclosure removed.

Figure 16 is a schematic diagram of the components of the adjuster in
the second embodiment of the present invention.

Figure 17 is a schematic diagram of a seat belt pre-tensioner in the

prior art.

Figure 18 shows the deployment of the seat belt adjuster in the
present invention in a vehicle.
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Brief Description of the Symbols

1 - hinged knuckle point, a1 - knuckle point of supporting swing rods,
2 - supporting swing rod, 3 - mass object, 4 - link bar between mass object
and hinged knuckle, 5 - sensitivity adjustment of supporting swing rods
triggered by changing the relative horizontal angle of the mass object, 6 -
metal ball movable in a tunnel, 7 - metal ball movement tunnel, 8 - space
for sliding up and down, 9 - retraction triggering block triggered after the
seat belt is used, 10 - interlock rod, 11 - guide rod, 12 - eccentric roller, 13
- retraction-restraining press block, 14 - eccentric roller shaft, 15 -
supporting reed, 16 - movable bracket, 17 - shaft rod, 18 - connecting
snap spring retainer, 19 - suspension snap spring, 20 - angle-adjustable
soleplate, 21 - positioning spring, 22 - angle-adjustable centering screw,
23 - positioning ratchet reed, 24 - positioning ratchet, 25 - suspension
frame, 26 - frame seat, 27 - electric micro-switch, 28 - switch contact, 29 -
interlock rod contact.

101 - connection point, a101 - knuckle point of supporting swing rods,
102 - supporting swing rod, 103 - mass object, 105 - slide slotted hole for
sensitivity adjustment, 112 - eccentric roller, 114 - eccentric roller shatt, 116
- adjustable suspension frame seat, 121 - return spring, 123 - ratchet stop
boss. 124 - ratchet, 125 - suspension frame, 130 - suspension shaft, 132 -

seat belt pull-through clearance, 133 - angle sensing rod, 136 - contact on
mass object, 138 - bulged part of angle sensing rod, 139 - limiting tab on
mass object, 143 - frame of seat belt suspender, 148 - upper cover, 150 -

seat belt suspender connecting hole.

Detailed Description of the Embodiments

To make the object, technical solutions, and advantages of the
embodiments of the present invention understood more clearly, hereunder
the technical solutions in the embodiments of the present invention will be
detailed clearly and completely, with reference to the accompanying
drawings in the embodiments of the present invention.
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As shown in Figure 18, a seat belt to which the seat belt adjuster in
the present invention is applicable comprises: a woven belt consisting of a
waist belt 1101 and a shoulder belt 1102; a suspender 1103 fixed to the
upper part of vehicle body near a shoulder of the occupant; a knuckle lock
unit consisting of a locking bolt 1104 and a locking body 1105, fixed to the
lower part of vehicle body at one side of the seat; and a lower fixing unit
1106 fixed to the lower part of vehicle body at the other side of the seat,
with a seat belt retractor integrated in the lower fixing unit 1106.

In use, the seat belt transits between a locked state and a released
state. On that basis, the seat belt adjuster provided in the present
Invention adjusts the seat belt mechanically between the two states.

Specifically, the present invention employs supporting rods for
supporting purpose, and thereby can provide great restraining force on the
seat belt, and can release the restrainment on the seat belt under the
action of small signaling force. Such a great force-small force contrast is of
great importance for seat belt apparatuses that must have high safety and
high reliability performance.

The present invention can be applied in a variety of ways.

In one aspect, the present invention can be applied as a pre-tensioner,
which restrains the seat belt from retracting and keeps the seat belt

comfortable to the occupant during normal use, and releases the
restrainment on the seat belt so that the seat belt can be retracted by a

retractor in the event of vehement deceleration.
Or reversely, the present invention can be applied as an ordinary

locking apparatus, which doesn't restrain the seat belt during normal use,
but locks up the seat belt to prevent the seat belt from pulled out in the
event of any emergency.

Figure 1A-1B and 2A-2B are schematic diagrams illustrating the
working principle of the seat belt adjuster in the present invention. As
shown In Figure 1, in the present invention, four supporting swing rods 2
are provided, and are hinged together on the top, bottom, left, and right,
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forming a parallelogrammic link mechanism in the same plane. Specifically,
the four supporting swing rods 2 are arranged in pairs on the left and right
respectively; wherein, the two supporting swing rods 2 on the left or right
are aligned vertically, with adjacent ends hinged together to form a hinged
knuckle point a1, while the free ends of the two pairs of supporting swing
rods 2 on the left and right are connected together by upper and lower
supporting rods L1. In that way, four connection points 1 (top, bottom, left,
and right) are created, and a parallelogrammic link mechanism is formed.

Figure 1 is essentially the same as Figure 2, with the difference lying
In: the mass object 6 in Figure 1 is a ball, which can roll in a movable
channel 7; whereas the mass object 3 in Figure 2 is a mass block, which is
connected to the hinged knuckle point a1 via a link bar.

Figure 1A shows the two pairs of supporting swing rods 2 in a "vertical
critical state”. That is to say, the upper and lower supporting swing rods 2
on the same side are essentially aligned to each other in the vertical
direction, forming a first included angle a1 essentially equal to 180°, and
thus the lower end of the supporting swing rods 2 is at position P1.

The 180° included angle can be maintained in a variety of ways. In
this embodiment, a supporting part (not shown) is arranged at the hinged
knuckle point a1 of the pair of supporting swing rods 2 on the left, to
provide certain support to the hinge point of the pair of supporting swing
rods 2; therefore, the vertical critical state will not be destroyed by ordinary
slight sways.

In case the vehicle body decelerates vehemently, the mass block will
move in the vehicle travelling direction under the action of inertial effect. As
shown in Figure 1B, the mass block 6 moves towards right and impacts
the hinged knuckle point a1 of the pair of supporting swing rods 2 on the
right, causing the first included angle a1 at the hinge point of the upper
and lower supporting swing rods 2 reduced to a second included angle a2.
Consequently, the lower end of the supporting swing rods 2 is pulled up
Immediately from position P1 to position P2 (shown in Figure 1), creating a
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clearance 8 between the two positions; hence, the pressure applied on the
seat belt is changed.

The structure described in the above description is the basic structure
of the present invention, which can be applied in a variety of ways, as
detailed hereunder.

Embodiment 1

Hereunder the seat belt adjuster in a first embodiment of the present
iInvention will be described.

the first embodiment can achieve the main following functions.

1) After the occupant holds the seat belt bolt, overrides the retracting
force of the retractor, and pulls out the seat belt from the retractor to
required pulling length and stops pulling, the appropriate tightness can be
maintained by means of the adjuster by restraining the seat belt from
retracting. In addition, the occupant can pull the seat belt further as
required, so as to adjust the seat belt to a desirable degree of looseness.

2) In case the vehicle decelerates abruptly and the deceleration
exceeds a preset safety limit due to causes such as crashing, the loose
part of the seat belt will be taken back by the retractor.

3) After the use, when the seat belt bolt is pulled out from the buckle,
the seat belt will fall off, and the part of seat belt pulled out from the

retractor will be fully retracted into the retractor.

Figure 3-7 are schematic diagrams of overall structure of the first
embodiment of the adjuster in the present invention.

In the first embodiment, the adjuster comprises: four supporting swing

rods 2, which form a parallelogrammic link mechanism as described above;
an interlock rod 10, which synchronizes the two pairs of supporting swing
rods on the left and right; a suspension frame 25, with a movable channel
/ formed in the middle part to accommodate a mass object 6, with the left
and right lower ends fixedly connected directly to two connection points 1;
a retraction-restraining press block 13, which is fixedly connected directly
to the lower end of the suspension frame 25, and arranged between the
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two connection points 1 at the bottom of the left and right supporting swing
rods 2; an eccentric roller 12, which is arranged below the
retraction-restraining press block 13 and facing the retraction-restraining
press block 13; a movable bracket 16 (shown in Figure 5), wherein, the left
and right upper ends of the movable bracket 16 are connected to the two
connection points 1, the suspension frame 25 is pivotally suspended at the
upper end of the movable bracket 16, and the movable bracket 16 is
positioned by a supporting reed 15 and a positioning spring 21 (shown in
Figure 7); a frame seat 26, wherein, the movable bracket 16 is pivotally
connected to the frame seat 26 via a shaft rod 17 (shown in Figure 5); a
connecting snap spring retainer 18, designed to connect the seat belt
adjuster to the vehicle body; and an angle-adjustable soleplate 20 (shown
In Figure 7), wherein, the inertial triggering sensitivity of the mass block
can be changed by adjusting the horizontal tilt angle of the soleplate 20.
When Iinstalled, the adjuster in the present invention is located in a
suspender 1103 on a pillar of the vehicle body. As shown in Figure 18, the
shoulder belt 1102 extends upwards from the lower fixing unit 1106 beside
the lower part of the seat, through the clearance between the
retraction-restraining press block 13 and the eccentric roller 12, and falls
off naturally when it is not used, or is pulled out so that the locking bolt

1104 can be wedged into the locking body 1105 when it is used.

In use, when the driver takes the seat and pulls the seat belt, the seat
belt will lift up the suspension frame 25, and thereby drives the
retraction-restraining press block 13 that is fixedly connected directly to the

lower end of the suspension frame 25 to lift up, resulting in increased
clearance between the retraction-restraining press block 13 and the
eccentric roller 12, so that the seat belt passes through the wider
clearance easily. At the same time, the pulled seat belt drives the eccentric
roller 12 to roll around the roller shaft 14 under the action of friction force.
When the eccentric roller 12 rolls to the maximum eccentric position, the
positioning ratchet reed 23 fixed to the movable bracket 16 will be
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engaged to the positioning ratchet 24 fixed to the eccentric roller 12, as
shown in Figure 9. At that moment, the rolling action of the eccentric roller
12 is stopped, and the retraction-restraining press block 13 and and the
eccentric roller 12 are at positions that offer a maximum clearance for the
safety belt to pass through. After that, though the driver can pull the seat
belt further, the eccentric roller 12 will no longer roll.

When the driver stops the pulling action, the seat belt will become
slack, the suspension frame 25 will fall down, and the retraction-restraining
press block 13 will fall down accordingly and return to the position facing
the eccentric roller 12. At the same time, under the retracting force of the
seat belt retractor, the seat belt begins the retraction action; thus, the
eccentric roller 12 is driven to roll in the reversed direction under the action
of friction force, and finally reaches to a position where the clearance
between the eccentric roller 12 and the retraction-restraining press block
13 Is minimum. At that position, the retracting seat belt is seized, and
thereby the seat belt tightness adjusted previously is maintained. Since the
eccentric roller 12 has a very small diameter, the seat belt retraction length
IS small; hence, the seat belt tightness adjusted previously is well kept.
After that, if the occupant pulls the seat belt again, the process described
above will be repeated.

In the normally driving process, the pairs of supporting swing rods 2
are essentially aligned in the vertical direction, and therefore exert great
vertical supporting force on the retraction-restraining press block 13,
keeping the retraction-restraining press block 13 at a position P1 (shown in

Figure 1A and 2A) where the seat belt is clamped by the
retraction-restraining press block 13 and the eccentric roller 12 together.
When the vehicle brakes and decelerates, as shown in Figure 1B, the
mass object 6 will move in the vehicle traveling direction under the action
of inertial force, and impact the hinged knuckle point a1 of the pair of
supporting swing rods 2, causing the first included angle a1 at the hinge

point of the upper and lower supporting swing rods 2 decreased.
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Consequently, the lower end of the suspension frame 25 is pulled up by
the supporting swing rods 2, and the retraction-restraining press block 13
Is driven upwards by the suspension frame 25 to a position P2 (shown in
Figure 1B); hence, a wide clearance 8 is created, and the seat belt is
retracted upwards and tensioned up under the retracting force of the
retractor. Here, the retractor in the present invention always provides high
retracting force, so as to achieve rapid pre-tensioning before any accident.

When the seat belt is not used, the shoulder belt that spanned in front
of the occupant body originally is released and suspended at the side door
pillar. Owing to the angular change of seat belt and the gravitational action,
the movable bracket 16 overrides the supporting force of the rear
supporting reed 15 and turns downwards and backwards, and drives the
suspension frame 25 to turn together, so that the retraction triggering block
9 connected to the frame seat 26 triggers the knuckle point a1 of the
supporting swing rods, as shown in Figure 8; thus, the supporting swing
rods 2 are relieved from the vertical critical state, i.e., the vertical
supporting force exerted by the supporting swing rods 2 on the
retraction-restraining press block 13 is eliminated, similar to the case of
deceleration. Now, as the supporting force is lost, the retraction-restraining
press block 13 is driven by the suspension frame 25 to move up, and
consequently, the clearance between the retraction-restraining press block
13 and the eccentric roller 12 is increased. Under the retracting force of
the seat belt retractor, the excessive pull-out part of the seat belt is
retracted into the vehicle body. In addition, at the beginning of use, if the
pull-out length of seat belt is excessive, the excessive pull-out part can be
retracted into the vehicle body in the manner described above, as the seat
belt becomes slack and sags.

The Inertial triggering sensitivity of the mass block is adjustable. In this
embodiment, the inertial triggering sensitivity of the mass block can be
adjusted by adjusting the horizontal tilt angle of the frame seat 26. After the
adjustment, the frame seat 26 is fixed to a door pillar of vehicle body. By
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adjusting the horizontal tilt angle of the frame seat 26, the seat belt
provided in the present invention can be pre-tensioned at different
decelerations (e.g., emergency braking from 30Km/h or 50Km/h vehicle
speed), so as to attain the pre-tensioning object.

Embodiment 2

In a second embodiment of the present invention, another seat belt
adjuster is provided. As shown in Figure 14-16, the difference of the
second embodiment from the first embodiment lies in: in the second
embodiment, one pair of supporting swing rods is used instead of two
pairs of supporting swing rods, and the mass object is directly mounted at
the hinge point of the supporting swing rods; in addition, a separate
sensing rod is designed to sense the angular and weight change of the

seat belt. Therefore, the adjuster in the second embodiment is more
compact in construction, smaller in size, and more responsive to retraction
demand.

The adjuster in the second embodiment comprises: a pair of
supporting swing rods 102, with a mass object 103 mounted at a hinge
point a101 of the rod ends; a suspension frame 125, which supports the
pair of supporting swing rods 102, wherein, a suspension shaft 130 passes
through a slotted hole on the upper end of the suspension frame 125, and
the suspension frame 125 can override spring force and thereby moves up
or down In the slotted hole in relation to the suspension shaft 130 as the
external force varies; a retraction-restraining press block 113, which is
fixedly connected directly to the lower end of the suspension frame 125;
an eccentric roller 112, which is arranged below the retraction-restraining
press block 113 and facing the retraction-restraining press block 113; and
an adjustable suspension frame seat 116, which is mounted in a stationary
state, wherein, the suspension shaft 130 is fixed to the upper side of the
frame seat 116, so that the suspension frame 125 is pivotally suspended
at the upper end of the frame seat 116. The critical position and maximum

sway span of the hinged supporting swing rods 102 and the knuckle point
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a101 of the supporting swing rods are defined by a limiting tab 139 on the
mass object 103 and the side walls of the adjustable suspension frame
seat 116.

When installed, the adjuster in the present invention is located in a
suspender 1103 on a pillar of the vehicle body. As shown in Figure 18, the
shoulder belt 1102 extends upwards from the lower fixing unit 1106 beside
the lower part of the seat, through the clearance 132 between the
retraction-restraining press block 113 and the eccentric roller 112. The
retraction-restraining press block 113 and the eccentric roller 112 are in
linear contact with each other, and the extension of the contact line is in
parallel to the vehicle body moving direction.

When the seat belt is pulled, the suspension frame 125 will be driven
by the pulled seat belt to slightly pivot and override the spring force to
move up In the slotted hole, and thereby will be slightly lifted upwards,
leaving a wide clearance for the seat belt to pass through; at the same
time, the pulled seat belt drives the eccentric roller 112 to roll under the
action of friction force; when the eccentric roller 112 rolls to a maximum
eccentric position, it will be stopped by a ratchet stop boss 123 and a
ratchet 124, so that the pulled seat belt can pass through a wider
clearance.

When the pulling action is stopped, the suspension frame 125 will fall
down, and the eccentric roller 112 will roll in reversed direction under the
action of retracting force of the seat belt retractor, and return to the
minimum clearance position, till the retracted seat belt is restrained. At that

time, the occupant obtains a loose and comfortable feel, and is not
over-restrained by the seat belt.

When the vehicle brakes and the deceleration reaches to a specific
limit, the mass object 103 will move forwards under the action of inertial
effect, drive the knuckle point a101 of the hinged supporting swing rods
102 that are in vertical critical state, and thereby eliminate the vertical
supporting force exerted by the hinged supporting swing rods 102 on the
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retraction-restraining press block 113; as the supporting force is lost, the
retraction-restraining press block 113 moves up, and the seat belt 131 is
retracted accordingly, so that the slack part of the seat belt 131 is retracted
back.

The inertial triggering sensitivity of the mass block is adjusted by
adjusting the horizontal inclination of the entire assembly.

When the seat belt is not used, the seat belt that spanned in front of
the occupant body originally at a specific angle is suspended vertically at a
side door pillar. Thereby, the angle sensing rod 133 turns downwards
under the spring force of a spring plate 137, and a bulged part 138 of the
angle sensing rod pushes a contact 136 on the mass object, so that the
mass object destroys the supporting state of the supporting swing rods,
and all pull-out part of the seat belt 131 is retracted into the retractor under
retracting force.

Compared to the prior art, the present invention has the following
advantages.

Firstly, the supporting swing rods 2 are aligned vertically. In addition,
the supporting swing rods 2, retraction-restraining press block 13, and
shaft 14 of eccentric roller 12 are essentially in the same plane, and the
extension line of the vertically aligned supporting swing rods 2 is
perpendicular to the contact position between the retraction-restraining
press block 13 and the eccentric roller 12, exhibiting an inverted "T" shape.
Thus, when the supporting swing rods 2 are essentially vertically aligned,
the supporting force exerted by the supporting swing rods 2 on the
retraction-restraining press block 13 will exert maximum pressure on the
seat belt between the retraction-restraining press block 13 and the
eccentric roller 12. Such supporting force will be changed only by the
quantity of inertial force pointing to the vehicle head direction resulted from
deceleration.

Secondly, in the present invention, the state transition of the
supporting swing rods 2 between vertically aligned state and non-vertically
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aligned state happens in the same plane, which is in parallel to the vehicle
traveling direction. Therefore, the entire assembly can be arranged in a flat
layout at one side in the vehicle body, and occupies a very small space.

Thirdly, theoretically, the supporting force provided by the adjuster in
the present invention only depends on the rigidity of the rods and the
supporting structure for the rods, and doesn't have high requirement for
the design and manufacturing, which is to say, great supporting force can
be achieved easily. In contrast, the vertically aligned state of the
supporting swing rods 2 can be destroyed and changed easily as long as
small force is exerted on the supporting swing rods 2. Such a force
contrast Is similar to the lever effect, i.e., only tiny force is required to
destroy great supporting force. In addition, the structure is responsive and
reliable. That feature is the biggest advantage of the present invention.
With a simple and compact structure, the adjuster provided in the present
Invention implements a seat belt adjuster that is highly responsive and
reliable, and can provide great supporting force. Moreover, the adjuster
doesn't need any structure that is complex and has limited reliability, such
as electronics, pyrotechnic devices, or ratchet locking mechanisms, etc.,
so the adjuster provided in the present invention requires lower cost while
attaining satisfactory reliability.

In addition, in the embodiments described above, tests have shown
that the adjuster provided in the present invention applies 0-0.1lb.
pressure on the occupant body under normal service conditions, including
the pressure resulted from the weight of the seat belt. In comparison,

existing seat belts apply much higher pressure on the occupant body, even
as high as 0.5lb. Therefore, in normal use, existing seat belts may cause
uncomfortable feel and therefore may be abandoned by the occupant. In
the present invention, in normal use, the seat belt can be adjusted easily
to an appropriate position to minimize the pressure on the occupant;
whereas, in case of any emergency, the restrainment on the seat belt will
be released and the pressure will be increased. It should be noted: in the
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embodiments described above, since the seat belt is not locked up in the

event of any crash, the seat belt itself can provide enough retracting force
to restrain the occupant firmly in the seat in the event of a crash. Thus,

with a simple and reliable mechanical structure, the present invention
Improves service comfortability and safety of seat belt.

Moreover, in the present invention, both the seat belt restrainment and
the releasing of restrainment are implemented with the same swing rod
supporting mechanism. Therefore, the required components are fewer,
and the structure is simple.

The above embodiments are provided only for illustration purpose.
The components are not limited to the configuration or connected relations
described in the embodiments of the present invention. Those skilled in
the art can seek for suitable configurations in conventional mechanical
constructions. For example, variations can be made as follows.

1. The main ideal of the above embodiments is: when the seat belt is
used normally by an occupant, the supporting swing rods 2 are vertically
aligned, so that the clearance between the restraining press block 13 and
the eccentric roller 12 is reduced, and the seat belt is kept at appropriate
tightness and is restrained from retracting; in case of any emergency, the
vertically aligned state of the supporting swing rods 2 is destroyed, and the
clearance Is increased, so that the restrainment on the seat belt is
released, and the seat belt is further tensioned up by the retractor; thus,
the demand for specific tightness of seat belt in different situations can be
met.

However, the applicability of the present invention is not limited to the
application described above. It can also be used reversely as an
emergency locking apparatus. That is to say, when the seat belt is used
normally by the occupant, the clearance is increased and the seat belt is
not restrained; whereas, in case of any emergency, the clearance is

reduced, and the seat belt is restrained from pulled out further. For

example, the eccentric roller 12 can be arranged above the restraining
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press block 13; in that way, when the supporting swing rods 2 are in
vertically aligned state, a wide clearance is kept, and the retractor
maintains appropriate tightness of the seat belt; whereas, in case of any
emergency, the supporting swing rods 2 are no longer vertically aligned,
and therefore the clearance is reduced, and the seat belt is restrained from
pulled out further.

Compared to existing emergency locking apparatuses, such an
emergency locking apparatus still has advantages such as simple
structure and high reliability, etc.

2. Replacement of inertial mechanism: the technical ideal described
above can be implemented by utilizing an electro-dynamic component to
provide a signal to initiate the hinge point of the supporting swing rods. For
example, a ranging radar can be used in the present invention. In case of
any accident, the ranging radar will provide a signal to initiate the hinge
point of the supporting swing rods, so that the slack part of seat belt will be
retracted by the retractor. As shown in Figure 4, An electric micro-switch
27 Is triggered by the signal from the ranging radar, the contact 28 on the
switch pushes the contact 29 of an interlock rod, and eliminates the
supporting force on the retraction-restraining press block 13 when the
hinged supporting swing rods are in vertical critical state, so that the
refraction-restraining press block 13 is lifted up by the retracting force on
the seat belt, and the retractor retracts and tensions up the slack seat belt.

With an electro-dynamic triggering mechanism, the action can be

taken before the vehicle body decelerates. Therefore, the seat belt will be

more responsive.

3. The seat belt adjuster provided in the present invention can be
arranged at any position where it can directly act on the woven belt.

In the embodiments described above, the seat belt adjuster provided
In the present invention is mounted in the upper suspender 1103. However,
the seat belt adjuster can be mounted in the lower fixing unit 1106 instead.
The seat belt adjuster in the present invention can be arranged at any
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position, as long as the seat belt adjuster can come in contact with the

woven belt. However, the zone A from the upper suspender 1103 to the
lower fixing unit 1106 is preferable.

Such arrangement way of the adjuster can apply force more directly
on the woven belt, and the occupied space will be small but the force
exerted can be great. Thus, the service reliability can be ensured.

4. The adjuster in the present invention can be used as a separate
component and connected via connecting components in vehicles that
don't have such a function yet. In that case, a retracting force
enhancement device can be added into the seat belt apparatus described
In the present invention. Or, the adjuster can be directly engineered and
mounted in new vehicles. In that case, the retracting force provided by the
vehicle body can be enhanced appropriately. Thus, the application of the
adjuster will be more reasonable, convenient, safe, and comfortable.

O. In above embodiments, the included angle between the swing rods
IS changed by exerting force to the hinge point of the swing rods, where
the force required to change the included angle is minimum. However,
those skilled in the art can conceive any solutions of exerting force on the
first swing rod and/or the second swing rod and/or the hinge point of the

swing rods, as long as the included angle between the swing rods can be
changed.

The above embodiments are provided only to illustrate the technical
solutions of the present invention, but shall not be interpreted as limiting to
the present invention. It should be appreciated that various modifications
can be made to the technical solutions described in above embodiments,
or equivalent replacements can be made to some technical features

thereof, without departing from the spirit and scope of the technical

solutions described in the embodiments of the present invention.
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Claims

1. A seat belt adjuster for vehicle seat belts, comprising:

A pair of supporting swing rods composed of a first swing rod and a
second swing rod, with the adjacent ends of the first and second swing
rods hinged together and forming an included angle between the swing
rods, either non-adjacent end of the first and second swing rods fixed in
stationary state, and the other non-adjacent end of the first and second
swing rods movable as the included angle between the swing rods
changes,; and

an actuator, which changes the included angle between the swing
rods by exerting force to the first swing rod and/or the second swing rod
and/or the hinge point of the swing rods, and thereby applies variable force
directly on the belt of the seat belt via the other non-adjacent end,

wherein,

when the first and second swing rods are in a 180-degree vertically
aligned state, the other non-adjacent end can provide full supporting force
perpendicularly on the belt of the seat belt, and thereby lock the belt of the
seat belt to restrain it from moving, and, when the included angle between
the swing rods is changed via the actuator under the action of small

sighaling force, the other non-adjacent end can release the belt of the seat
belt;

or
when the first and second swing rods are in a 180-degree vertically

aligned state, the other non-adjacent end can release the belt of the seat
belt to move, and, when the included angle between the swing rods is
changed via the actuator under the action of small signaling force, the
other non-adjacent end can provide full supporting force perpendicularly
on the belt of the seat belt, and thereby lock the belt of the seat belt to
restrain it from moving.

2. The adjuster as set forth in claim 1, wherein, once the deceleration
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exceeds a preset safety limit, the other non-adjacent end will automatically

lock the belt of the seat belt to restrain it from moving, and thereby protect
the occupant.

3. The adjuster as set forth in claim 1, wherein, once the deceleration
exceeds a preset safety limit, the other non-adjacent end will automatically
unlock the belt of the seat belt, so that a seat belt retractor can tension up
the belt of the seat belt further and thereby restrain the occupant in the
seat.

4. The adjuster as set forth in claim 3, wherein, during normal use, the
other non-adjacent end locks up the belt of the seat belt in a position of
required pull-out length.

O. The adjuster as set forth in claim 1, wherein, the actuator exerts
force to the hinge point of the swing rods.

6. The adjuster as set forth in claim 1, wherein, the seat belt
comprises a suspender that is suspended on a support pillar and designed
to fix the upper end of the belt of the seat belt nearby a shoulder of the
occupant, and a retractor that is arranged near the lower part of the seat at
a side of the seat and designed to retract the belt of the seat belt inwards;
the adjuster is arranged at any position between the suspended and the
retractor, so as to act directly on the belt of the seat belt.

/. The adjuster as set forth in claim 1, wherein, the actuator
comprises a mass object, and changes the included angle between the
swing rods automatically under the inertial effect of the mass object.

8. The adjuster as set forth in claim 1, wherein, the actuator
comprises an electro-dynamic component, which is designed to change
the included angle between the swing rods automatically in response to a
control signal.

9. The adjuster as set forth in claim 1, further comprising a sensing
component, which is designed to sense any angular change of the belt of
the seat belt resulted from tension change of the belt of the seat belt, and
thereby adjust the included angle between the swing rods.
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