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VARIABLE LOAD LIMITING DEVICE FOR 
SEATBELT RETRACTOR TO REDUCE 

OCCUPANT INJURY 

BACKGROUND 

The present disclosure generally relates to a load limiting 
device for a vehicle safety restraint belt. More particularly, 
the present disclosure relates to a variable load limiting 
device for a seatbelt retractor. 

Conventionally, a vehicle safety restraint comprises seat 
belt Webbing Which passes around the torso and around the 
lap of a vehicle occupant to secure the occupant in a vehicle 
seat. One end of the seat belt Webbing is attached to a releas 
able buckle and the other end is Wound onto a rotatable spool 
of a retractor. The retractor alloWs a vehicle occupant to 
move, provided the movement is relatively gentle. HoWever, 
in a crash When the occupant is subject to a sudden decelera 
tion, the retractor locks to prevent any further payout and to 
securely restrain the occupant. 

In high velocity crashes, the force exerted by the seat belt 
Webbing on the vehicle occupant is extremely high and can 
itself cause injury. Load limiting devices are generally pro 
vided to controllably absorb and dissipate some of this force 
felt by the occupant. The load limiting devices can be intro 
duced into any part of the Webbing force path. For example, a 
load limiter may be incorporated into the buckle mounting, or 
into the retractor itself, such as in the Winding of the spool. 

The load limiting device can have one or more components 
Which become mechanically deformed When a pre-deter 
mined force is exceeded. Torsion bars are, for example, used 
as such deformable components and are arranged to tWist in 
the direction of the belt Winding out due to a rotational move 
ment of the retractor. 
A problem With the knoWn systems Which rely on bending 

torsion bars is that the force absorbed is the same at loW 
speeds, With small, light occupants, as at high speeds With 
large occupants. This constant force means that the large 
occupant, or the high speed crash, causes more payout of seat 
belt Webbing than for loW speeds, and in Worst case situations 
the forWard movement of the occupant, despite the belt 
restraint, can be so excessive as to result in an impact With an 
interior part of the vehicle thereby causing injury. 

Hydraulic systems have been used in Which a feedback 
loop is provided so that a higher force can be absorbed With a 
higher speed of movement. In these arrangements, the 
absorbed force rises exponentially With the speed of move 
ment of the occupant. HoWever, this rapidly increasing force 
absorption can be too severe and at very high speeds the force 
felt by the occupant is likely to be excessive. 

BRIEF DESCRIPTION 

In accordance With one aspect, a variable load limiting 
device for a vehicle safety belt assembly controllably 
restrains a vehicle occupant by the vehicle safety belt assem 
bly during deceleration of a vehicle. The device includes a 
body including a ?uid chamber for containing a free-?oWing 
?uid therein. A Wiper assembly is operably disposed in the 
?uid chamber and selectively coupled to the vehicle safety 
belt assembly. The Wiper assembly creates a pressure differ 
ential Within the ?uid chamber When a force in excess of a 
predetermined value is applied to the vehicle safety belt 
assembly. A throttle valve is operably connected to the body 
for controlling ?uid pressure in the ?uid chamber. 

In accordance With another aspect, a vehicle safety belt 
assembly for controllably restraining a vehicle occupant dur 
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2 
ing deceleration of a vehicle is provided. The vehicle safety 
belt assembly comprises a retractor for Winding up a safety 
belt and a variable load limiting device. The device includes 
a body including at least one ?uid chamber containing 
hydraulic ?uid and a Wiper assembly connected to the body. 
The Wiper assembly includes a Wiper rotatably disposed in 
the at least one chamber. A throttle valve is connected to the 
body for controlling ?uid pressure in the at least one ?uid 
chamber. When a force applied to the retractor exceeds a 
predetermined value, the retractor engages the Wiper assem 
bly. The Wiper rotates in the at least one ?uid chamber creat 
ing a volume of high pressure Within the at least one ?uid 
chamber Which resists and absorbs a portion of the applied 
force. 

In accordance With yet another aspect, a variable load 
limiting device for a vehicle safety belt assembly controllably 
restrains a vehicle occupant by the vehicle safety belt assem 
bly during deceleration of a vehicle. The device includes a 
body including a ?rst ?uid chamber and a separate second 
?uid chamber. A Wiper assembly is operably disposed in the 
?rst chamber and selectively coupled to the vehicle safety belt 
assembly. The Wiper assembly includes a Wiper for creating a 
pressure differential Within the ?rst chamber When a force in 
excess of a predetermined value is applied to the vehicle 
safety belt assembly. A throttle valve is operably disposed in 
a ?uid passage de?ned by the body. The ?uid passage ?uidly 
connects the ?rst and second ?uid chambers. The throttle 
valve controls ?uid pressure in the ?rst chamber by selec 
tively alloWing ?uid ?oW betWeen the ?rst chamber and sec 
ond chamber. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exploded schematic vieW of a variable load 
limiting device operably connected to a vehicle safety belt 
assembly. 

FIG. 2 is a cross-sectional vieW of the variable load limiting 
device of FIG. 1 taken generally along line 2-2 of FIG. 1 in a 
?rst position. 

FIG. 3 is a cross-sectional vieW of the variable load limiting 
device of FIG. 1 taken generally along line 2-2 of FIG. 1 in a 
second position. 

FIG. 4 is a cross-sectional vieW of an alternate variable load 
limiting device in a ?rst position. 

FIG. 5 is a cross-sectional vieW of the variable load limiting 
device of FIG. 4 in a second position. 

FIG. 6 is a cross-sectional vieW of another alternate vari 
able load limiting device in a ?rst position. 

DETAILED DESCRIPTION 

It should, of course, be understood that the description and 
draWings herein are merely illustrative and that various modi 
?cations and changes can be made in the structures disclosed 
Without departing from the present disclosure. It Will also be 
appreciated that the various identi?ed components of the load 
limiting device disclosed herein are merely terms of art that 
may vary from one manufacturer to another and should not be 
deemed to limit the present disclosure. All references to direc 
tion and position, unless otherWise indicated, refer to the 
orientation of the load limiting device illustrated in the draW 
ings and should not be construed as limiting the claims 
appended hereto. 

Referring noW to the draWings, Wherein like numerals refer 
to like parts throughout the several vieWs, FIGS. 1-3 illustrate 
a variable load limiting device 10 according to one aspect of 
the present disclosure. The variable load limiting device is 
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used in combination With a vehicle safety belt assembly 12 for 
controllably restraining a vehicle seat-belted occupant by the 
vehicle safety belt assembly during deceleration of a vehicle. 
The vehicle safety belt assembly generally includes a seat belt 
or Webbing 14 for restraining the vehicle occupant to a seat 
(not shoWn), Which is mounted on a ?oor panel and forms an 
integral part of a vehicle body. One end of the seat belt is 
Wound on a spindle or retractor 16. The other end of the seat 
belt is ?xedly attached to a ?xed part of the vehicle body. The 
retractor is typically incorporated With an emergency locking 
arrangement for preventing the seat belt 14 from being paid 
out from the retractor under a prescribed high acceleration 
condition as Well knoWn in the art. 

The variable load limiting device 10 comprises a body 20 
having at least one ?uid chamber for containing a free-?oW 
ing ?uid therein. More particularly, the body includes a ?rst 
?uid chamber 22 in selective ?uid communication With a 
second ?uid chamber 24. Each ?uid chamber contains at least 
one free-?oWing ?uid therein to form a sealed body. In this 
embodiment, the at least one free-?oWing ?uid is a combina 
tion of a hydraulic ?uid 26 and an inert gas 28, the hydraulic 
?uid being contained in both ?uid chambers While the inert 
gas is contained in a portion of the second ?uid chamber. An 
inert gas is used because oxygen and oil can form an explosive 
mixture When combined under high pres sure. 
As shoWn in FIGS. 2 and 3, the body 20 includes a ?rst 

housing 3 0 Which at least partially de?nes the ?rst ?uid cham 
ber 22 and a second housing 32 Which at least partially de?nes 
the second ?uid chamber 24. The ?rst and second housings 
have respective ?rst and second longitudinal axes, Which in 
the illustrated embodiment, are generally coincident. 
Although, it should be appreciated that the longitudinal axes 
can be offset from each other. In the depicted embodiment, 
the second housing 32 at least partially surrounds the ?rst 
housing 32 to form a compact device. To this extent, the body 
20 includes an outer Wall 38 and an inner Wall 40. An inner 
surface 42 of the inner Wall at least partially de?nes the ?rst 
?uid chamber 22 . An outer surface 44 of the inner Wall and the 
outer Wall 38 at least partially de?ne the second ?uid chamber 
24. HoWever, it should be appreciated that the ?rst housing 30 
can be separate and spaced from the second housing 32 in 
alternate constructions. 
A Wiper assembly 50 is operably disposed in the ?rst ?uid 

chamber 22 and is selectively coupled to the vehicle safety 
belt assembly 12. The Wiper assembly creates a pressure 
differential Within at least one of the ?rst and second ?uid 
chambers When a force in excess of a predetermined value is 
applied to the vehicle safety belt assembly. The Wiper assem 
bly 50 includes a Wiper 52 moveably located in the ?rst ?uid 
chamber 22 via a shaft 54. The Wiper extends outWardly from 
the shaft and can be integrally formed With the shaft; 
although, this is not required. An end 56 of the Wiper sealing 
engages the inner surface 42 of the Wall 40. Opposed sides 
(not shoWn) of the Wiper sealing engage the body 20. As Will 
be discussed in greater detail beloW, the Wiper assembly 50 
and a radial Wall 58 extending inWardly from the body 20 into 
the ?rst ?uid chamber 22 together de?ne a ?rst ?uid chamber 
loW pressure Zone 60. As shoWn in FIGS. 2 and 3, preferably, 
no hydraulic ?uid 26 is contained in the loW pressure Zone. 

The variable load limiting device 10 further comprises a 
clutch 70. As shoWn in FIG. 1, an input 72 of the clutch is 
operably connected to the retractor 16 of the vehicle safety 
belt assembly 12 and an output 74 of the clutch is operably 
connected to the Wiper assembly 50. In this embodiment, the 
clutch 70 is a centrifugal clutch; although, this is not required. 
As is Well knoWn, a centrifugal clutch is a clutch that Works 
off of rotational motion (i.e. centrifugal force) rather than 
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4 
lateral motion. In a crash When the occupant is subject to a 
sudden deceleration, the rpm (revolutions per minute) or rota 
tional speed of the retractor 16 increases Which, in turn, 
activates the clutch 70. The clutch engages the Wiper assem 
bly 50 causing the Wiper 52 to rotate Within the ?rst ?uid 
chamber 22. This rotation decreases the rpm of the retractor 
Which, in turn, disengages the clutch and the variable load 
limiting device 10 from the retractor. 
A throttle valve 80 is operably connected to the body 20 

betWeen the ?uid chambers for controlling ?uid pressure in 
the ?rst ?uid chamber 22 and the second ?uid chamber 24 by 
selectively alloWing ?uid ?oW betWeen the ?rst ?uid chamber 
and the second ?uid chamber. As shoWn in FIGS. 2 and 3, the 
throttle valve is located in a ?uid passage 82 de?ned by the 
body 20, the ?uid passage ?uidly connecting the ?rst and 
second ?uid chambers. The throttle valve has a conformation 
corresponding to the cross-sectional shape of the passage 82 
and can be pivotally mounted to the body via pivot pins 84 
Which are sealingly received in corresponding openings (not 
shoWn) located on the body 20. Although, alternative man 
ners for mounting the throttle valve are also contemplated. A 
control unit or load control 90 is operably connected to the 
throttle valve 80. The load control adjusts the throttle valve as 
a function of vehicle crash-related data. More particularly, the 
load control can include sensors, such as occupant and crash 
sensors, Which provide occupant and crash-related signals to 
the variable load limiting device 10 When a crash meeting a 
prescribed condition is detected. In response to a crash detect 
ing signal, the throttle valve can be opened to bleed ?uid from 
the ?rst ?uid chamber 22 to the second ?uid chamber 24 as the 
Wiper assembly 50 rotates via the clutch 70. 

In operation, during a high velocity crash, When the force 
exerted by the seat belt 14 on the vehicle occupant is 
extremely high and can itself cause injury, the variable load 
limiting device 10 controllably absorbs and dissipates some 
of this force felt by the occupant. More particularly, as the 
seat-belted occupant is displaced forWard, the rapid payout of 
the seat belt 14 from the retractor 16 causes the retractor to 
quickly rotate. This rotary motion is transmitted to the input 
72 of the centrifugal clutch 70. As the rpm of the input 72 
exceed a predetermined rpm, the output 74 of the centrifugal 
clutch begins to rotate. This rotary motion is translated to the 
Wiper assembly 50. 
As the Wiper 52 begins to rotate Within the ?rst ?uid cham 

ber 22, the hydraulic ?uid 26 is moved toWards the throttle 
valve 80. This rotation forms a high pressure Zone 90 in the 
?rst ?uid chamber and increases the volume of the loW pres 
sure Zone 60. This high pressure Zone, in turn, controls the 
payout of the seat belt 14 by decreasing the rpm of the retrac 
tor 16. As a result, the restraint of the seat belt on the vehicle 
occupant increases Which corresponds to the deceleration of 
the vehicle occupant at a very early phase of a crash. 
As is Well knoWn, hydraulic ?uid is non-compressible. 

Thus, as the Wiper assembly 50 moves, the hydraulic ?uid 26 
is displaced by the Wiper 52 and the throttle valve 80 is opened 
to controllably alloW the ?uid to ?oW into the second ?uid 
chamber 24. As indicated previously, in response to a crash 
related data from the load control 90, the displacement of the 
throttle valve 80 can be varied to bleed the ?uid 26 from the 
?rst ?uid chamber 22 to the second ?uid chamber 24 as the 
Wiper assembly rotates. For example, depending on the sever 
ity of a crash, a small, light vehicle occupant may require a 
smaller high pressure Zone 90 than a larger vehicle occupant. 
In that instance, the throttle valve can increase the ?uid ?oW 
betWeen the ?rst and second ?uid chambers. 
As shoWn in FIG. 2, the second ?uid chamber contains both 

hydraulic ?uid 26 and inert gas 28. An elastic diaphragm (not 
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shown) can be implemented to separate the hydraulic ?uid 
from the inert gas. As shown in FIG. 3, as ?uid 26 is bled into 
the second ?uid chamber 24 from the ?rst ?uid chamber 22 
via the throttle valve 80, the ?uid compresses the inert gas, 
thus storing hydraulic energy. The second ?uid chamber acts 
as an energy storage device, a pressure storage reservoir in 
Which the non-compressible hydraulic ?uid 26 is held under 
pressure by the Wiper assembly 50. As the volume of the 
compressed gas changes, the pressure of the gas and the 
pressure on the ?uid changes inversely. A drop in the ?uid 
pressure of the ?rst ?uid chamber 22, caused by the disen 
gagement of the clutch 70 With the Wiper assembly, forces the 
hydraulic ?uid 26 that Was bled into the second ?uid chamber 
24 back into the ?rst ?uid chamber. The loW pressure Zone 60 
also acts as a vacuum Which draWs the Wiper assembly back 
to its original position. Thus, the pressure differential in the 
?uid chambers created by activation of the Wiper assembly 50 
returns the load limiting device 10 to a state Which is substan 
tially similar to a state prior to activation of the load limiting 
device Whereby the load limiting device may be activated a 
plurality of times. 

Similar to the aforementioned embodiment, a second 
embodiment of a variable load limiting device is shoWn in 
FIGS. 4 and 5. Since most of the structure and function is 
similar, reference numerals With a single primed suf?x (') 
refer to like components (e.g., throttle valve 80 is referred to 
by reference numeral 80'), and neW numerals identify neW 
components in the additional embodiment. 

With reference to FIGS. 4 and 5, a variable load limiting 
device 200 for the vehicle safety belt assembly (FIG. 1) 
includes a body 202 de?ning a ?rst ?uid chamber 204 and a 
separate second ?uid chamber 206. Each ?uid chamber con 
tains at least one free-?oWing ?uid therein to form a sealed 
body. In this embodiment, the at least one free-?oWing ?uid is 
a hydraulic ?uid 26'. The body 202 includes an outer Wall 210 
and an inner Wall 212 and a radial Wall 214. The inner Wall and 
radial Wall together at least partially de?ne the ?rst ?uid 
chamber 204. The outer Wall and inner Wall together at least 
partially de?ne the second ?uid chamber 206. 
A Wiper assembly 50' is operably connected to the body. 

The Wiper assembly includes a Wiper 52' rotatably disposed in 
the ?rst ?uid chamber via a shaft 54'. Similar to the previous 
embodiment, the Wiper assembly creates a pressure differen 
tial Within the ?rst ?uid chamber When a force in excess of a 
predetermined value is applied to the vehicle safety belt 
assembly. A throttle valve 80' is operably disposed in a ?rst 
?uid passage 220 connecting the ?rst and second ?uid cham 
bers. The throttle valve controls ?uid pressure in the ?rst ?uid 
chamber 204 by selectively alloWing ?uid ?oW betWeen the 
?rst ?uid chamber and second ?uid chamber 206. 

In operation, When a force applied to the retractor (FIG. 1) 
exceeds a predetermined value, the retractor, via the clutch 70' 
(illustrated schematically) engages the Wiper assembly 50'. 
The Wiper 52' rotates in ?rst ?uid chamber 204 creating a 
volume of high pres sure Within the ?rst ?uid chamber Which 
resists and absorbs a portion of the applied force to the vehicle 
occupant. The hydraulic ?uid 26', Which is displaced by the 
Wiper assembly, is forced through the throttle valve located in 
the ?rst passage 220 into the second ?uid chamber 206. 
Again, the throttle valve acts as a resistor Which restricts the 
transfer of ?uid therethrough. This resistor effect provides a 
high resistance to the rotational movement of the Wiper 
assembly, and thus also resists rotational movement of the 
retractor and Winding out of the safety belt 14'. Because the 
second ?uid chamber is also ?lled With hydraulic ?uid, the 
?oW of the ?uid into the second ?uid chamber causes the ?uid 
contained therein to ?oW through a second ?uid passage 222 
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6 
de?ned by the body 202 back into the ?rst ?uid chamber 204. 
The Work performed in displacing the ?uid from the ?rst ?uid 
chamber 204 to the second ?uid chamber 206 dissipates 
super?uous energy and dampens the impact effect on the 
occupant restrained by the seat belt. A return spring 230 can 
be interposed betWeen the radial Wall 214 and the Wiper 52' in 
a manner Which induces the Wiper to return to its original 
position after a force limiting operation has occurred. It 
should be appreciated that alternative means for returning the 
Wiper are also contemplated (e.g., a solenoid). 

Viscous liquids are used as the hydraulic ?uid 26'. The 
viscosity and density of the hydraulic ?uid are selected With 
respect to the dimension of the ?uid passages 220 and 222. It 
is possible to use an electro-viscous liquid Whose viscosity 
can be adjusted by means of an electric signal (i.e. an electro 
and/or magneto-rheological ?uid Which increases in viscos 
ity in response to an electromagnetic ?eld). For example, 
electrodes (not shoWn) can be disposed proximate the load 
limiting device 200 so as to enable the formation of an elec 
tromagnetic ?eld Which Will induce an increase in viscosity in 
an electrorheopectic ?uid in the ?uid chambers. The resis 
tance to the rotational movement of the Wiper assembly 50' 
and the rotation movement of the retractor may be accord 
ingly controlled by the application of an electric signal. 

Another embodiment of a variable load limiting device for 
the vehicle safety belt assembly (FIG. 1) is shoWn in FIG. 6. 
Since most of the structure and function is similar to the 
variable load limiting device 10 of the ?rst embodiment, 
reference numerals With a double primed su?ix (") refer to 
like components. 
The variable load limiting device 10" illustrated in FIG. 6 

is substantially similar to variable load limiting device 10 
except for the free-?oWing medium contained in the ?rst and 
second ?uid chambers 22" and 24". Each chamber contains 
an inert gas 28" therein. In operation, during a high velocity 
crash, When the force exerted by the seat belt 14" on the 
vehicle occupant is extremely high and can itself cause injury, 
the Wiper 52" begins to rotate Within the ?rst ?uid chamber 
22" thereby increasing the volume of a loW pressure Zone 60". 
The inert gas is displaced and compressed by the Wiper 
thereby forming a high pressure Zone 90". This high pressure 
Zone, in turn, controls the payout of the seat belt by decreasing 
the rpm of the retractor (FIG. 1). As a result, the restraint of 
the seat belt on the vehicle occupant increases Which corre 
sponds to the deceleration of the vehicle occupant at a very 
early phase of a crash. 
As indicated previously, in response to a crash-related data 

from a load control (FIG. 1), the throttle valve 80" can be 
opened to bleed the compressed gas from the ?rst ?uid cham 
ber 22" to the second ?uid chamber 24" as the Wiper assembly 
rotates. HoWever, unlike hydraulic ?uid, because the inert gas 
is compressible, the throttle valve does not have to open. 
Thus, the throttle controls the gas pressure in the ?rst ?uid 
chamber. In the event the throttle valve is opened, the com 
pressed gas from the high pressure Zone ?oWs into the second 
?uid chamber thereby creating a third pressure Zone. The 
pressure in this third Zone is initially loWer than the pressure 
of the high pressure Zone 90" and greater than the pressure of 
the loW pressure Zone 60". The pressures in the third pressure 
Zone and high pressure Zone can equalize depending on the 
displacement of the throttle valve. 
As the vehicle occupant decelerates, the disengagement of 

the clutch (FIG. 1) disengages the Wiper assembly 50". The 
compressed gas and the vacuum created by the loW pressure 
Zone 60" act in concert to draW the Wiper assembly to back its 
original position. Thus, the pressure differential in the ?uid 
chambers created by activation of the Wiper assembly 50" 



US 7,828,331 B2 
7 

returns the load limiting device 10" to a state Which is sub 
stantially similar to a state prior to activation of the load 
limiting device Whereby the load limiting device may be 
activated a plurality of times. 
As to a further discussion of the manner of usage and 

operation of the variable load limiting device 10", the same 
should be apparent from the above description relative to the 
?rst embodiment. Accordingly, no further discussion relating 
to the manner of usage and operation Will be provided. 

It Will be appreciated that various of the above-disclosed 
and other features and functions, or alternatives thereof, may 
be desirably combined into many other different systems or 
applications. Also that various presently unforeseen or unan 
ticipated alternatives, modi?cations, variations or improve 
ments therein may be subsequently made by those skilled in 
the art Which are also intended to be encompassed by the 
folloWing claims. 
What is claimed is: 
1. A variable load limiting device for a vehicle safety belt 

assembly for controllably restraining a vehicle occupant by 
the vehicle safety belt assembly during deceleration of a 
vehicle, the device comprising: 

a body including a ?rst ?uid chamber in selective commu 
nication With a second ?uid chamber, each ?uid cham 
ber containing a free-?oWing ?uid therein Wherein the 
body includes a cylindrical outer Wall and a cylindrical 
inner Wall, an inner surface of the inner Wall at least 
partially de?nes the ?rst ?uid chamber, an outer surface 
of the inner Wall and the outer Wall at least partially 
de?nes the second ?uid chamber, Wherein a ?uid pas 
sage is de?ned in the body via an opening in the inner 
Wall, the ?uid passage ?uidly connecting the ?rst and 
second ?uid chambers; 

a Wiper assembly operably disposed in the ?rst ?uid cham 
ber and selectively coupled to the vehicle safety belt 
assembly, the Wiper assembly creating a pressure differ 
ential Within the ?rst ?uid chamber When a force in 
excess of a predetermined value is applied to the vehicle 
safety belt assembly; and 

a throttle valve operably connected to the body for control 
ling ?uid pressure in the ?rst ?uid chamber, Wherein the 
throttle valve is located in the ?uid passage betWeen the 
?uid chambers, the throttle valve controlling ?uid pres 
sure in the ?rst ?uid chamber by selectively alloWing 
?uid ?oW betWeen the ?uid chamber and the second 
?uid chamber, the throttle valve opens to bleed ?uid 
from the ?rst ?uid chamber to the second ?uid chamber 
as the Wiper assembly rotates and a drop in ?uid pres sure 
of the ?rst ?uid chamber alloWs ?uid that Was bled into 
the second ?uid chamber back into the ?rst ?uid cham 
ber. 

2. The variable load limiting device of claim 1, Wherein the 
body includes a ?rst housing and a second housing, the ?rst 
housing at least partially de?ning the ?rst ?uid chamber, the 
second housing at least partially de?ning the second ?uid 
chamber. 

3. The variable load limiting device of claim 2, Wherein the 
?rst housing includes a ?rst longitudinal axis and the second 
housing includes a second longitudinal axis, the ?rst axis 
being generally coincident With the second axis. 

4. The variable load limiting device of claim 2, Wherein the 
second housing at least partially surrounds the ?rst housing. 

5. The variable load limiting device of claim 1, Wherein the 
Wiper assembly includes a Wiper moveably located in the ?rst 
?uid chamber. 

6. The variable load limiting device of claim 5, Wherein the 
variable load limiting device further comprises a clutch, an 
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input of the clutch is operably connected to a retractor of the 
vehicle safety belt assembly and an output of the clutch is 
operably connected to the Wiper. 

7. The variable load limiting device of claim 1, further 
comprising a load control operably connected to the throttle 
valve, the load control adjusting the throttle valve as a func 
tion of vehicle crash-related data. 

8. The variable load limiting device of claim 1, Wherein the 
pressure differential in the ?rst ?uid chamber created by 
activation of the Wiper assembly returns the load limiting 
device to a state Which is substantially similar to a state prior 
to activation of the load limiting device Whereby the load 
limiting device may be activated a plurality of times. 

9. A vehicle safety belt assembly comprising: 
a retractor for Winding up a safety belt; 
a clutch having an input and an output, the input being 

operably connected With the retractor; 
a body including a ?rst ?uid chamber in selective commu 

nication With a second ?uid chamber, each chamber 
containing a ?uid; 

a throttle valve disposed in a ?uid passage connecting the 
?rst and second ?uid chambers, the throttle valve selec 
tively alloWing ?uid ?oW betWeen the ?rst chamber and 
the second chamber; 

a Wiper assembly located in the ?rst ?uid chamber and 
selectively coupled to the vehicle safety belt assembly, 
the Wiper assembly including a Wiper operably con 
nected to the output of the clutch and sealingly engaging 
an inner surface of a Wall de?ning the ?rst ?uid chamber, 
as the Wiper rotates Within the ?rst ?uid chamber ?uid in 
the ?rst ?uid chamber is moved toWard the throttle valve 
and bleeds through the throttle valve from the ?rst ?uid 
chamber to the second ?uid chamber, Wherein the sec 
ond ?uid chamber contains hydraulic ?uid and a com 
pressible inert gas, as ?uid is bled into the second ?uid 
chamber from the ?rst ?uid chamber via the ?uid pas 
sage, the hydraulic ?uid compresses the gas. 

10. The assembly of claim 9, Wherein the Wiper assembly 
is in an original position prior to activation of the Wiper 
assembly and a pressure differential betWeen the ?rst cham 
ber and the second chamber created by activation of the Wiper 
assembly draWs the Wiper assembly back to the original posi 
tion upon disengagement of the clutch With the Wiper assem 
bly. 

11. The assembly of claim 9, Wherein the Wiper assembly 
and a radial Wall extending inWardly from the body into the 
?rst ?uid chamber together de?ne a ?rst ?uid chamber loW 
pressure Zone, Wherein no hydraulic ?uid is contained in the 
?rst ?uid chamber loW pressure Zone. 

12. The assembly of claim 9, further comprising a return 
spring in the ?rst chamber, Wherein the Wiper assembly is in 
an original position prior to activation of the Wiper assembly 
and the return spring induces the Wiper to return to the origi 
nal position. 

13. The assembly of claim 9, Wherein a drop in ?uid pres 
sure of the ?rst ?uid chamber alloWs ?uid that Was bled into 
the second ?uid chamber back into the ?rst ?uid chamber 
through the ?uid passage. 

14. A vehicle safety belt assembly comprising: 
a retractor for Winding up a safety belt; 
a clutch having an input and an output, the input being 

operably connected With the retractor; 
a body including a ?rst ?uid chamber in selective commu 

nication With a second ?uid chamber, each chamber 
containing a ?uid; 
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a throttle Valve disposed in a ?uid passage connecting the 
?rst and second ?uid chambers, the throttle Valve selec 
tively allowing ?uid ?oW betWeen the ?rst chamber and 
the second chamber; 

a Wiper assembly located in the ?rst ?uid chamber and 
selectively coupled to the Vehicle safety belt assembly, 
the Wiper assembly including a Wiper operably con 
nected to the output of the clutch and sealingly engaging 
an inner surface of a Wall de?ning the ?rst ?uid chamber, 
as the Wiper rotates Within the ?rst ?uid chamber ?uid in 
the ?rst ?uid chamber is moved toWard the throttle Valve 
and bleeds through the ?uid passage from the ?rst ?uid 
chamber to the second ?uid chamber, Wherein the Wiper 
assembly and a radial Wall extending inWardly from the 
body into the ?rst ?uid chamber together de?ne a ?rst 
?uid chamber loW pressure Zone, Wherein no hydraulic 
?uid is contained in the ?rst ?uid chamber loW pres sure 
Zone. 

10 
15. The assembly of claim 14, Wherein the second ?uid 

chamber contains hydraulic ?uid and a compressible gas, as 
?uid is bled into the second ?uid chamber from the ?rst ?uid 
chamber Via the ?uid passage, the hydraulic ?uid compresses 
the gas. 

16. The assembly of claim 14, Wherein a drop in ?uid 
pressure of the ?rst ?uid chamber alloWs ?uid that Was bled 
into the second ?uid chamber back into the ?rst ?uid chamber 
through the ?uid passage. 

17. The assembly of claim 14, Wherein the body includes a 
cylindrical outer Wall and a cylindrical inner Wall, an inner 
surface of the inner Wall at least partially de?nes the ?rst ?uid 
chamber, an outer surface of the inner Wall and the outer Wall 
at least partially de?nes the second ?uid chamber, Wherein the 
?uid pas sage is de?ned in the body Via an opening in the inner 
Wall. 


