
(19) United States 
US 2002001 1 123A1 

(12) Patent Application Publication (10) Pub. No.: US 2002/0011123 A1 
O’BOYLE (43) Pub. Date: Jan. 31, 2002 

(54) COMPRESSIVE VILLARI EFFECT 
SEATBELT TENSION SENSOR 

(76) Inventor: MICHAEL E. O’BOYLE, 
BRIGHTON, MI (US) 

Correspondence Address: 
DINNIN & DUNN P.C. 
TOP OF TROY BUILDING 
755 WEST BIG BEAVER ROAD 
TROY, MI 48084 (US) 

( * ) Notice: This is a publication of a continued pros 
ecution application (CPA) ?led under 37 
CFR 1.53(d). 

(21) Appl. No.: 09/224,248 

Related US. Application Data 

(63) Non-provisional of provisional application No. 
60/070,319, ?led on Jan. 2, 1998. 

Publication Classi?cation 

(51) rm.c1.7 ..................................................... ..G01N 3/08 
(52) US. Cl. ...................................................... ..73/862.391 

(57) ABSTRACT 
AVillari effect seatbelt tension sensor 10 comprises a sensor 
housing 30 having a sensor chamber 32 therein. A ?rst end 
34 of the sensor housing 30 has a plurality of pull rod holes 
36 therein for acceptance of a plurality of pull rods 60. A 
Villari effect sensor 20 comprising a magnetostrictive sensor 
rod 22 is disposed axially Within the sensor chamber 32 and 
abuts the ?rst end 34 of the sensor housing 30. Aplunger 40 
is disposed Within the sensor chamber 32 and is slidably 
movable therein. One end of the pull rods 60 is secured to 
the plunger 40. A spring 50 is disposed betWeen the plunger 
40 and a second end 26 of the sensor rod 22 to bias the 
sensor rod 22 toWard the ?rst end 34 of the sensor housing 
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COMPRESSIVE VILLARI EFFECT SEATBELT 
TENSION SENSOR 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] The instant application claims the bene?t of US. 
Provisional Application Serial No. 60/070,319 ?led Jan. 2, 
1998, commonly assigned With the present invention. 

[0002] This application is related to copending US. appli 
cation Ser. No. 09/1 96,093, ?led Nov. 19, 1998, entitled 
“Villari Effect Seatbelt Tension Sensor”, claiming the bene?t 
of US. Provisional Application Serial No. 60/067,071, ?led 
Nov.20, 1997, both commonly assigned With the present 
invention. 

BACKGROUND OF THE INVENTION 

[0003] The instant invention relates to a seatbelt tension 
sensor system that employs a Villari effect sensor to measure 
tension in an automotive passenger restraint belt (seatbelt) 
application. Speci?cally, this invention provides a seatbelt 
tension sensor system Which is rugged, insensitive to 
changes in temperature, and provides analog tension mea 
surement at a high sampling rate. 

[0004] The measurement of seatbelt tension is desirable in 
a Wide variety of situations. Seatbelt tension measurements 
may be used to trigger seatbelt pretensioners, to modify 
airbag in?ation pro?les based upon the severity of a colli 
sion, and to measure any forWard acceleration of a seat 
occupant, thereby alloWing other collision related forces to 
be calculated. Additionally, seatbelt tension measurements 
may be used in conjunction With a seat Weight sensor to 
ascertain the presence of an infant seat in an automobile. 

[0005] A vehicle may contain automatic safety restraint 
actuators that are activated responsive to a vehicle crash for 
purposes of mitigating occupant injury. Examples of such 
restraint actuators include air bags, seatbelt pretensioners, 
and deployable knee bolsters. 

[0006] One objective of an automatic safety restraint sys 
tem is to mitigate occupant injury, thereby not causing more 
injury With the automatic restraint system than Would be 
caused by the crash had the automatic restraint system not 
been activated. NotWithstanding the protective bene?t of 
these automatic safety restraint actuators, there is generally 
both a risk and a cost associated With the deployment 
thereof. Generally, it is desirable to only activate automatic 
safety restraint actuators When needed to mitigate injury 
because of the expense of replacing the associated compo 
nents of the safety restraint system, and because of the 
potential for such activations to harm occupants. This is 
particularly true of air bag restraint systems, Wherein occu 
pants too close to the air bag at the time of deployment—i.e. 
out-of-position occupants —are vulnerable to injury or death 
from the deploying air bag even When the associated vehicle 
crash is relatively mild. Moreover, occupants Who are of 
small stature or With Weak constitution, such as children, 
small adults or people With frail bones are particularly 
vulnerable to injury induced by the air bag in?ator. Further 
more, infants properly secured in a normally positioned rear 
facing infant seat (RFIS) in proximity to a front seat pas 
senger-side air bag are also vulnerable to injury or death 
from the deploying air bag because of the close proximity of 
the infant seat’s rear surface to the air bag in?ator module. 
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[0007] Therefore, it is desirable to determine the presence 
of an infant seat in an automobile to inhibit the actuation of 
the airbag in?ator. It has been demonstrated that When 
securing an infant seat to an automobile seat, seatbelt tension 
is often considerably higher than When adult or “normal 
siZed”occupants are Wearing the seatbelt. Individuals Wear 
ing seatbelts Will rarely tighten a seatbelt above 10 pounds 
of seatbelt tension under normal operating conditions. In 
contradistinction, tests have shoWn that seatbelt tensions 
used to secure infant seats are as high as 50 pounds. In 
systems so equipped, high seatbelt tension can induce arti 
?cially high readings in a seat Weight sensor by forcing the 
infant seat doWn into a seat pad used to sense the Weight of 
an occupant on the seat. Therefore, When abnormally high 
seatbelt tension exists in combination With a high seat 
Weight reading the presence of an infant seat may be 
deduced and the in?ation pro?le of an airbag modi?ed 
accordingly. 

[0008] KnoWn seatbelt tension measurement systems gen 
erally include spring-loaded contact sensors and load cells. 
Spring-loaded contact sensors provide only threshold Weight 
detection, that is Whether tension on the belt is above or 
beloW a certain threshold determined by the spring. Load 
cells provide moderately reliable analog tension measure 
ment but are expensive, require periodic calibration, are 
easily damaged by off-axis loads, and have output readings 
that vary signi?cantly With changes in temperature. Addi 
tionally, many load cell analog outputs signals are the 
product of an electronic summing junction that may induce 
time delays in obtaining a tension measurement thereby 
rendering the measurement unsuitable for a time-critical 
operation such as inhibiting the deployment of a passenger 
restraint. 

SUMMARY OF INVENTION 

[0009] In accordance With the present invention a seatbelt 
tension measurement system employing a Villari effect 
sensor is provided. This system provides a mechanism to 
transfer tensile force acting on the seatbelt to the Villari 
effect sensor thereby generating an electrical signal respon 
sive to the amount of tension present in a seatbelt. A sensor 
housing is provided Which encloses the Villari effect sensor 
and alloWs axial movement of a plunger acting thereon. The 
seatbelt tension sensor translates all of the tensile force 
acting on the seatbelt into compressive force acting on the 
Villari effect sensor While minimiZing the effects of friction 
thereon. 

[0010] The present invention provides a tension measure 
ment system Which is relatively uncomplicated in design, 
insensitive to variations in temperature, does not require 
periodic calibration, is not affected by off-axis loads, and can 
provide tension values at extremely high sampling rates. The 
instant invention also has the added advantage of being 
inexpensive to produce in comparison With, for example, 
load cell technology. Another feature of the instant invention 
is the ability to locate the sensor in several locations in the 
seatbelt system, depending on vehicle design requirements. 

[0011] In addition, an electrical output provided by the 
present invention can be used to determine rates of decel 
eration in the event of a collision and can be used in concert 
With a seat Weight sensor to determine the presence of an 
infant seat. 
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[0012] Accordingly, one object of the instant invention is 
to provide a seatbelt tension sensor that is capable of being 
incorporated into an airbag control system for determining 
the presence of an infant seat or other non-adult item in a 
vehicle seat. 

[0013] Another object of the instant invention is to provide 
a seatbelt tension sensor that is rugged and insensitive to 
changes in temperature. 

[0014] Yet another object of the instant invention is to 
provide a seatbelt tension sensor that is inexpensive to 
produce. 
[0015] A yet further object of the instant invention is to 
provide a seatbelt tension sensor that may be placed in 
several positions Within a vehicle seatbelt system depending 
on design requirements. 

[0016] A yet further object of the instant invention is to 
provide a seatbelt tension sensor employing a Villari effect 
sensor to provide an analog tension indication to a passenger 
restraint control system. 

[0017] The instant invention Will be more fully understood 
after reading the folloWing detailed description of the pre 
ferred embodiment With reference to the accompanying 
draWing ?gures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] FIG. 1 is a diagrammatic illustration of a Villari 
effect seatbelt tension sensor in accordance With the instant 
invention. 

[0019] FIG. 2 is an illustration of possible placement of 
the seatbelt tension sensor of the instant invention in an 
automobile seatbelt system. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENT 

[0020] The seat Weight sensor of the present invention 
operates by utiliZing the principal that the magnetic perme 
ability of certain materials varies under the application of 
mechanical stress applied to the material. This principal is 
knoWn as the Villari effect. 

[0021] More speci?cally, the Villari or “inverse Joule 
magnetoelastic” effect Was discovered and studied by Joule 
and Villari in the mid 1800’s. The Villari effect phenomenon 
occurs in ferromagnetic materials and is characteriZed by a 
change in the magnetic permeability of the material When 
subjected to stress. That is, the ability to magnetiZe the 
material depends upon the level of stress applied to the 
material. The Villari effect is closely related to the magne 
tostriction phenomenon. Magnetostriction (often called 
“Joule magnetostriction”) characteriZes the expansion or 
contraction of a ferromagnetic material under magnetiZa 
tion. Positive magnetostrictive materials expand parallel to 
the direction of the magnetic ?eld When magnetiZed, 
Whereas negative magnetostrictive materials contract in the 
direction parallel the magnetic ?eld When magnetiZed. 

[0022] Materials Which exhibit magnetostrictive proper 
ties Will also exhibit the Villari effect. Materials With a 
positive magnetostriction coef?cient suffer a decrease in 
magnetic permeability When subjected to compressive 
stresses, and Will exhibit an increase in permeability When 
subjected to tensile stresses. 
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[0023] The reverse occurs in negative magnetostrictive 
materials, i.e., permeability increases When compressive 
stresses are applied and decreases upon the application of 
tensile stress. This change in permeability or response 
magnetiZation of the material When stress is applied thereto 
is referred to as the Villari effect. 

[0024] Examples of positive magnetostrictive materials 
include iron, vanadium permendur (49% iron, 49% cobalt, 
2% vanadium), or the permalloy (Nickel-iron) series of 
alloys. Terfenol-D is a ceramic material consisting of iron, 
terbium, and dysprosium speci?cally formulated to have an 
extremely high positive magnetostriction. Nickel is an 
example of a material With a negative magnetostriction 
coef?cient. If a metallic alloy is used, the material must be 
properly annealed in order to remove Work hardening effects 
and to ensure reasonable uniformity of the sensing material. 

[0025] The Villari effect sensor utiliZed in the present 
invention consists of positive magnetostrictive material per 
meated by a magnetic ?eld of knoWn strength. Sense coils 
disposed around the material are used to measure ?eld 
strength through the material. When the material is subjected 
to a compressive force, the ?eld strength Within the material 
changes thereby enabling the calculation of force applied to 
the material by monitoring the change in an applied voltage 
or current through the sense coils. 

[0026] The seatbelt tension sensor of the instant invention 
is arranged to measure compressive forces, and as described 
more fully hereinbeloW, is applicable to a tension measuring 
Villari effect sensor. Initially, an appropriate magnetostric 
tive material must be selected to measure compressive 
forces acting on the seatbelt. When measuring compressive 
forces it is preferred that the material have a positive 
magnetostrictive coef?cient so as to exhibit a decrease in 
permeability in the presence of a compressive force. The 
sign of the magnetostriction coef?cient is chosen so that the 
sensor operates in a region of decreasing magnetic perme 
ability. Generally, a sensor Which utiliZes a decreasing 
permeability With increased force Will have a much greater 
dynamic range and Will provide a signal Which varies more 
linearly With applied force than one Which utiliZes increas 
ing permeability as force is applied. 

[0027] KnoWn in the art Villari effect sensors are con 
structed from a sensing rod comprised of magnetostrictive 
material enclosed by a drive coil having an alternating drive 
current applied thereto that creates an alternating magnetic 
?eld through the material. Aplurality of sense coils are also 
Wrapped around the material to provide voltage or current 
output signals proportional to the derivative of the magnetic 
?ux Within the magnetostrictive material. The output signals 
are operatively coupled to a control processor that is suitably 
programmed to perform various functions associated With 
the control of a passenger restraint system, for example, 
inhibiting the deployment of an airbag. 

[0028] Referring to FIG. 1, a Villari effect seatbelt tension 
sensor 10 in accordance With a preferred embodiment of the 
present invention comprises a Villari effect sensor 20 having 
a magnetostrictive sensor rod 22 disposed axially Within a 
sensor chamber 32 de?ned by a sensor housing 30. The 
sensor housing 30 has a ?rst end 34 having a plurality of pull 
rod holes 36 therein, as further explained hereinbeloW. A?rst 
end 24 of the sensor rod 22 abuts the ?rst end 34 of the 
sensor housing 30. 
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[0029] Aplunger 40 is disposed Within the sensor chamber 
32 and is slidably movable therein in an axial direction. A 
spring 50 is disposed betWeen the plunger 40 and a second 
end 26 of the sensor rod 22 to bias the sensor rod 22 toWards 
the ?rst end 34 of the sensor housing 30. 

[0030] A plurality of pull rods 60 extend through the 
sensor housing holes 36 into the sensor chamber 32 and are 
secured at a ?rst end 62 to the plunger 40. The pull rod holes 
36 are shaped to alloW the pull rods 60 to travel freely 
therethrough. A second end 64 of each pull rod 60 extends 
to the exterior of the sensor housing 30 and is secured to a 
pull rod head 70 by conventional means such as screWs, 
Welds or other suitable fasteners. The pull rod head 70 has 
a mounting bolt hole 72 therein for securing the sensor 10 to 
the frame of a vehicle. 

[0031] The pull rods 60 and the plunger 40 secured thereto 
are free to move axially Within the sensor housing chamber 
32 as the pull rods 60 extend through the sensor housing 
holes 36. The sensor housing 30 is further provided With a 
seatbelt ori?ce 38 therein opposite the ?rst end 34 for 
securing a seatbelt 80 thereto. 

[0032] In operation, as seatbelt 80 tension increases the 
sensor housing 30 is pulled opposite the pull rod head 70, 
thereby forcing the plunger 40 to move axially Within the 
sensor housing 30 and compressing the spring 50 against the 
Villari effect sensor 20. All of the tensile force acting on the 
seatbelt 80 is transferred to the Villari effect sensor rod 22, 
thereby changing the magnetic permeability thereof. The 
axial movement of the plunger 40 and pull rods 60 Within the 
sensor housing 30 ensures that all seatbelt tension is applied 
as compressive force to the Villari effect sensor rod 22, not 
dissipated by frictional forces. As the magnetic permeability 
through the sensor rod 22 changes, the Villari effect sensor 
20 generates an output 28 responsive to the amount of 
compressive force acting thereon to a control processor for 
use in controlling a passenger restraint actuation system. 

[0033] In an alternative embodiment of the instant inven 
tion, the sensor housing chamber 32 has an inWardly extend 
ing radial ?ange 90 disposed therein at a point Wherein the 
plunger 40 abuts the ?ange 90 in the event of sensor rod 
breakage. This feature of the instant invention prevents the 
seatbelt 80 from traveling any signi?cant distance in the 
event of sensor breakage, thereby enhancing passenger 
safety. 
[0034] As shoWn in FIG. 2, the Villari effect seatbelt 
tension sensor 10 may be positioned in a plurality of 
positions in a conventional seatbelt system depending upon 
design requirements, and may be retro?tted to existing 
passenger restraint systems. 

Jan. 31, 2002 

[0035] While speci?c embodiments have been described 
in detail, those With ordinary skill in the art Will appreciate 
that various modi?cations and alternatives to those details 
could be developed in light of the overall teachings of the 
disclosure. Accordingly, the particular arrangements dis 
closed are meant to be illustrative only and not limiting as 
to the scope of the invention, Which is to be given the full 
breadth of the appended claims and any and all equivalents 
thereof. 

I claim: 
1. A seatbelt tension sensor comprising: 

a sensor housing having a sensor chamber therein, a ?rst 
end having a plurality of pull rod holes therein, and a 
seatbelt ori?ce opposite the ?rst end for acceptance of 
said seatbelt; 

an axially movable plunger disposed Within the sensor 
chamber; 

a plurality of pull rods extending through the pull rod 
holes of said sensor housing secured at a ?rst end to 
said plunger and secured at a second end to a pull rod 
head having a mounting hole therein; 

a Villari effect sensor disposed axially Within the sensor 
chamber having a ?rst end abutting the ?rst end of said 
sensor housing, and; 

a spring disposed betWeen said Villari effect sensor and 
said plunger for biasing said Villari effect sensor 
toWards said sensor housing ?rst end. 

2. The seatbelt tension sensor as claimed in claim 1 
Wherein said sensor housing further comprises an inWardly 
extending radial ?ange disposed therein to prevent said 
plunger from traveling past said ?ange in the event of 
breakage of said Villari effect sensor. 

3. The seatbelt tension sensor as claimed in claim 1 
Wherein said Villari effect sensor generates an output respon 
sive to a compressive force acting thereon. 

4. The seatbelt tension sensor as claimed in claim 1 
Wherein said Villari effect sensor rod is comprised of a 
magnetostrictive material having a positive magnetostrictive 
coef?cient. 

5. The seatbelt tension sensor as claimed in claim 2 
Wherein said Villari effect sensor generates an output respon 
sive to a compressive force acting thereon. 

6. The seatbelt tension sensor as claimed in claim 2 
Wherein said Villari effect sensor rod is comprised of a 
magnetostrictive material having a positive magnetostrictive 
coef?cient. 


