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(57) 
A vehicle crush detecting device including an electrically 
conducting tube With an electrically conducting rod posi 
tioned Within the tube along With insulating means posi 
tioned at at least tWo points betWeen the rod and tube to 
insulate the rod from the tube. The electrically conducting 
tube is deformed during a vehicle crash causing the tube to 
contact the rod in response to crush of the vehicle. A 
header/connector assembly seals a space betWeen the rod 
and tube at one end While a space betWeen the rod and tube 
at the opposite end is closed. The header/connector assembly 
includes electrical connector pins electrically coupled to the 
rod and tube and having an exposed portion for connection 
to a Wire harness. The device is used to sense crashes for the 
deployment of automobile passive restraint systems such as 
airbags. 
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CRUSH SENSING VEHICLE CRASH SENSOR 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation of US. patent 
application Ser. No. 08/514,986 ?led Aug. 14, 1995, Which 
in turn is a continuation-in-part of US. patent application 
Ser. No. 08/024,076 ?led Mar. 1, 1993, now US. Pat. No. 
5,441,301, Which in turn is a continuation-in-part of US. 
patent application Ser. No. 07/795,035 ?led Nov. 20, 1991, 
now US. Pat. No. 5,326,133, (ii) US. patent application Ser. 
No. 07/727,756, ?led Jul. 9, 1991, noW abandoned, all of 
Which are incorporated herein by reference. This invention 
is also an improvement on the invention disclosed in US. 
Pat. No. 4,995,639 and a full discussion of the background 
of this general type of sensor is disclosed in that patent and 
is incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] In Society of Automotive Engineers (SAE) paper 
No. 930650 entitled “A Complete Frontal Crash Sensor 
Systern - I”, by Breed et al, Which is incorporated herein by 
reference, the authors conclude that airbag crash sensors 
mounted in the crush Zone are necessary for the proper 
sensing of airbag-required frontal crashes. They also con 
clude that such sensors should sense crashes to all portions 
of the front of the vehicle and that sensors Which sense the 
crush of the vehicle are preferred. The theory of crush 
sensing is presented in the above-referenced US. patents 
and patent applications and in SAE paper No. 920122 
entitled, “Performance of a Crush Sensor for Use With 
Autornotive Airbag Systems”, by Breed et al, Which is 
incorporated herein by reference. 

[0003] The tape sWitch and rod-in-tube crush sensors 
described in the above-referenced US. patents and patent 
applications, have performed successfully on various staged 
vehicle frontal crashes into barriers and poles. These sensors 
are generally not suf?cient for sensing side irnpacts as 
discussed in Breed, D. S., Sanders, W. T. and Castelli, V., 
“Sensing Side Irnpacts”, Society of Automotive Engineers 
(SAE) paper No. 940561, 1994, hoWever, they can be 
successful When used in conjunction With a passenger corn 
partrnent rnounted electronic sensor or as a sa?ng sensor. 

Sirnilarly, they are also being considered When a deployable 
device, such as an airbag, is used for rear irnpacts. 

[0004] Other technical papers Which provide pertinent 
background information to this invention include: 

[0005] 1. Breed, D. S., Castelli, V. “Problems in 
Design and Engineering of Air Bag Systerns”, Soci 
ety of Automotive Engineers paper No. 880724, 
1988. 

[0006] 2. Breed, D. S., Castelli, V. “Trends in Sensing 
Frontal Irnpacts”, Society of Automotive Engineers 
paper No. 890750, 1989. 

[0007] 3. Castelli, V., Breed, D. S. “Trends in Sensing 
Side Irnpacts”, Society of Automotive Engineers 
paper No. 890603, 1989. 

[0008] 4. Breed, D. S., Castelli, V. and Shokoohi, F. 
“Are Barrier Crashes Suf?cient for Evaluating Air 
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Bag Sensor Perforrnance?”, Society of Automotive 
Engineers paper No. 900548, 1990. 

[0009] 5. Breed, D. S., Sanders, W. T. and Castelli, V. “A 
Critique of Single Point Crash Sensing”, Society of Auto 
rnotive Engineers paper No. 920124, 1992. 

[0010] 6. Breed, D. S., Sanders, W. T. and Castelli, V. 
“Performance of a Crush Sensor for Use With Autornobile 
airbag Systems”, Society of Automotive Engineers paper 
No. 920122, 1992. 

[0011] 7. Shokoohi, F., Sanders, W. T., Castelli, V., 
and Breed, D. S. “Cross Axis Speci?cations For 
Crash Sensors”, Autornotive Technologies Interna 
tional Report, ATI 12004, 1991. Society of Autorno 
tive Engineers paper No. 930651, 1993. 

[0012] 8. Breed, D. S., Sanders, W. T. and Castelli, V. 
“A complete Frontal Crash Sensor System I”, Soci 
ety of Automotive Engineers paper No. 930650, 
1993. 

[0013] 9. Breed, D. S. and Sanders, W. T. “Using 
Vehicle Deforrnation to Sense Crashes”, Presented at 
the International Body and Engineering Conference, 
Detroit MI, 1993. 

[0014] 10. Breed, D. S., Sanders, W. T. and Castelli, 
V., “A complete Frontal Crash Sensor Systern II”, 
Proceedings Enhanced Safety of Vehicles Confer 
ence, Munich, 1994, Published by the US. Depart 
ment of Transportation, National Highway Traf?c 
Safety Administration, Washington, DC. 

[0015] 11. Breed, D. S., Sanders, W. T. and Castelli, 
V., “Sensing Side Irnpacts”, Society of Automotive 
Engineers paper No. 940561, 1994. 

[0016] 12. Breed, D. S., “Side Impact Airbag System 
Technology”, Presented at the International Body 
and Engineering Conference, Detroit MI, 1994. 

[0017] Other relevant prior art includes US. Pat. No. 
3,859,482 to Matsui Which Will noW be discussed in some 
detail. Matsui shoWs various devices Which respond to the 
force (pressure using Matsui’s terrninology) Which accorn 
panies a vehicle frontal crash When material in the extreme 
front of the vehicle, or the irnpacting object itself, impacts 
the force detecting device. Matsui also mentions, but does 
not illustrate, the use of his force detectors on the rear and 
the side of the vehicle. The Matsui devices discrirninate 
crashes based on the magnitude of this force on the detecting 
device, Which as stated in the patent, are in the order of tons 
(rnetric). Many devices are described in Matsui hoWever the 
folloWing generaliZations apply: 

[0018] 1. The Matsui sensors are mechanical pressure 
(force) detecting devices. This is stated in the title of 
the patent and throughout, there is only discussion of 
pressure being applied directly to the sensor. EXcept 
in those cases Where a tape sWitch or a rope is used 
as the forWardrnost point on the vehicle, there is 
alWays associated With the device a “Presser Mern 
ber” Whose function is to apply force directly to the 
sensor. Most importantly, this is a device which 
determines the severity of a crash based on force 
Where the force is in the order of metric tons. 
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[0019] As discussed in greater detail below, the devices 
disclosed in the instant invention are displacement sensors 
not force sensors, they do not require tons of force to 
actuated, are never placed at the forWard most point on the 
vehicle, a “Presser Member” is not required or used, and 
they are designed to function by bending and not by com 
pression. 

[0020] 2. The Matsui sensors are used in combination 
With a high level deceleration detector. In all cases, 
the Matsui sensor is used in conjunction With an 
acceleration sensor. This sensor is a loW level dis 
criminating sensor Which is different from the sa?ng 
sensor used on most current airbag systems. The 
difference betWeen these types of sensors is that the 
Matsui sensor is not used alone to discriminate the 
crash, that is to determine Whether the crash requires 
deployment of an airbag. An additional discriminat 
ing sensor is required. By contrast, in conventional 
airbag systems, a sa?ng or arming sensor is used to 
guard against electrical shorts in the sensor perhaps 
caused by vehicle maintenance. The sa?ng sensor 
Will trigger on pothole impacts for example. It is not 
intended to provide information as to the severity of 
the crash. This is not the case in the Matsui accel 
eration sensor Which is used in series With a force 
sensor. This is clear by the illustrated embodiment in 
FIG. 29 Which shoWs that the deceleration sensor 
requires a value of acceleration to trigger Which is 
shoWn to be a substantial percent of the peak decel 
eration of curve AWhich is on the order of about 40 
G’s (see for example FIG. 1 of reference 1 above). 
In contrast, typical sa?ng or arming sensors trigger 
on a deceleration of less than about 2 G’s. 

[0021] Again, as Will be discussed in detail beloW, in 
contrast, the sensors of the present invention do not require 
a high level deceleration sensor or any deceleration sensor 
for that matter. When the sensors of this invention are used 
as discriminating sensors, a loW level sa?ng or arming 
sensor can optionally be used to provide electrical isolation 
of the in?ator initiator so that momentary electrical shorts do 
not cause deployment of the airbag. In other cases, they are 
used as sa?ng sensors, for example in side impact sensing 
arrangements. There is no hint in Matsui of using his sensors 
as sa?ng sensors. 

[0022] 3. In many illustrations of the Matsui devices 
a frangible system is used. In one case, for example, 
a Wire inside a glass tube, or a glass rod or tube 
Which has been plated With silver, is used. In some 
of these cases, a sensor design is illustrated Which is 
substantially longer that it is thick or Wide. In this 
manner, the sensor can extend across a signi?cant 
portion of the vehicle in much the same Way that the 
rod-in-tube sensors of the instant invention are 
implemented. These frangible sensors trigger by 
being broken, usually by means of a “Presser Mem 
ber” and to thereby break an electric circuit. 

[0023] As discussed beloW, in contrast, the sensors of this 
invention are not frangible and trigger by bending not by 
breaking. 

[0024] 4. Due to the requirement that tons of force are 
needed to trigger the Matsui sensor, rigid mounting 
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thereof is a requirement. This is particularly impor 
tant at the place on the sensor Where triggering is 
intended to occur. 

[0025] As set forth beloW, in contrast, the sensors of this 
invention trigger on bending and therefore should not in 
general be rigidly mounted particularly at the point Where 
contract betWeen the rod and tube is intended. 

[0026] 5. Tape sWitch implantation uses pressure 
actuated tape sWitches not those designed to by 
actuated by bending. Matsui explicitly states that the 
tape sWitch implementations disclosed are actuated 
by pressure (column 26, lines 20-23). 

[0027] As discussed beloW, the sensors of the instant 
invention trigger on bending generally before suf?cient 
force is available to crush the sensor. 

[0028] 6. The elongated sensors illustrated by Matsui 
are ?exible lines systems, i.e., either frangible, pres 
sure sensing tape sWitches, or sensors made by 
stretching a line or rope. All of these designs differ 
signi?cantly from the rod-in-tube sensors of the 
instant invention. The remaining sensors disclosed 
are all point sensors Which trigger When tons of force 
are applied to the sensor surface. In none of these 
cases is a sensor designed to be triggered by bending 
suggested. 

[0029] 7. In spite of the large potpourri of sensor 
designs disclosed, all of Which have serious technical 
de?ciencies, noWhere does Matsui suggest a rod-in 
tube geometry of the sensor. The rod-in-tube geom 
etry permits the sensor to be arbitrarily formed so 
that it covers all portions of the vehicle Which are 
likely to be involved in a crash. In contrast, the 
elongated sensors of Matsui are typically shoWn 
mounted onto the bumper (erroneously designated as 
the fender) or immediately behind the bumper. An 
observation of frontal impacts shoWs that in approxi 
mately 30% of frontal airbag required accidents the 
bumper is not impacted. Thus, for these cases the 
Matsui sensor Would not trigger. 

[0030] For the purposes herein, the crush Zone is de?ned 
as that part of the vehicle Which crushes or deforms during 
a particular crash. This is a different de?nition from that used 
elseWhere and in particular in the above referenced technical 
papers. Also for the purposes herein, the terminology Crush 
Sensing Zone, or CSZ, Will be used to designate that portion 
of the vehicle Which is deformed or crushed during a crash 
at the sensor required trigger time. The sensor required 
trigger time is considered the latest time that a crash sensor 
can trigger for there to be suf?cient time to deploy the 
airbag. This is determined by the airbag system designers 
and is a given parameter to the sensor designer for a 
particular crash. Naturally, there Will be a different required 
sensor triggering time for each crash, hoWever, it has been 
found, as reported in the above references, that the CSZ is 
remarkably constant for all crashes of the same type. 

[0031] For example, the CSZ is nearly the same for all 
frontal barrier crashes regardless of the velocity of the crash. 
The same is true for 30 degree angle barrier crashes although 
the CSZ is different here than for frontal barrier crashes. 
Remarkably, and unexpectedly, it has also been found that 
When all frontal crashes at all different velocities are taken 



US 2001/0000886 A1 

into account, the CSZ rearmost boundary becomes an 
approximate three dimensional surface lying mostly Within 
the engine compartment of the vehicle, typically about ten to 
tWelve inches behind the bumper at the center, and extending 
backWard When crashes outside of the rails are considered. 
Finally, if a sensor is placed on this CSZ surface so that it 
is higher than the bumper level on the sides of the vehicle 
and loWer in the vehicle center, as shoWn in FIG. 1 herein, 
it Will do a remarkable job at discriminating betWeen airbag 
required and non-deployment crashes and still trigger by the 
sensor required triggering time and before other sensors of 
comparable sensitivity. Naturally, this system is not perfect, 
hoWever, it has been shoWn to do a better job than any other 
sensor system noW in use. 

[0032] It Was this discovery Which provided a basis for the 
subject matter described in US. Pat. No. 4,995,639 and then 
to the rod-in-tube sensor described in US Pat. No. 5,441, 
301. During the process of implementing the rod-in-tube 
sensor, it Was found that the same theory applies to rear 
impacts and that rod-in-tube sensors also have applicability 
to side impact sensing, although the theory is different. 

[0033] In Us. Pat. No. 5,694,320 (Breed), incorporated 
by reference herein,, the theory of sensing rear impacts is 
presented and it is concluded that an anticipatory sensing 
system is preferred. This is because many people suffer 
Whiplash injuries at rather loW velocity impacts and if an 
in?atable restraint is used, the repair cost may be signi?cant. 
To protect most people from Whiplash injuries in rear 
impacts, therefore, a resetable system is preferred. The 
argument on the other side is that if the headrest is properly 
positioned, it Will take care of all of the loW velocity impacts 
and, therefore, an airbag can be used and reserved for the 
high velocity impacts Where a crush sensing crash sensor 
Would be used. The rod-in-tube sensor disclosed herein is, 
therefore, ideal for use With a deployable headrest mounted 
airbag for the same reasons that it is the best sensor for 
sensing frontal impacts. Since the rear of a vehicle typically 
has about one third of the stiffness of the vehicle front, 
electronic sensors Will have even a tougher time discrimi 
nating betWeen trigger and non-trigger cases for rear 
impacts. As disclosed in references 5 and 9 above, it is the 
soft crashes Which are the most difficult for electronic 
sensors to sense in time. 

[0034] Crush sensing crash sensors are not ideal for sens 
ing side impacts alone, although the Volvo side impact 
system uses such a sensing system. This is because the 
sensing time is so short that there is virtually no crush (about 
tWo inches) at the time that the airbag must be deployed. 
Since there is very little signal out of the crush Zone Where 
electronic sensors are mounted, electronic sensors alone are 
not able to discriminate airbag required crashes from other 
crashes not requiring airbag deployment. The combination 
of the tWo sensors, on the other hand, can be used to provide 
a reliable determination. The crush sensor determines that 
there has been tWo inches of crush and the electronic sensor 
determines that the acceleration signal at that time is con 
sistent With there being an airbag required crash. Thus, 
although they cannot be reliably used alone as a discrimi 
nating sensor for side impacts, the combined system does 
function properly. 

[0035] An alternate use of the crush sensor such as the 
rod-in-tube sensor in side impacts is as a sa?ng sensor. In 

May 10, 2001 

this role, it merely determines that a crash is in progress and 
the main discriminating function is handled by the velocity 
sensing sensors such as disclosed in Us. Pat. No. 5,231,253 
(assigned to the current assignee). 

[0036] Applications for the rod-in-tube crush sensing 
crash sensor thus include frontal, side and rear impacts, 
Where in each case they enjoy signi?cant advantages over all 
other crash sensing technologies. Examples of the preferred 
implementations are described in the paragraphs beloW. 

[0037] With respect to other prior art related to the inven 
tion, Peachey (US. Pat. No. 4,060,705) describes a pressure 
actuated continuous sWitch Which designed to actuate about 
its entire circumference, i.e., in all directions. The sWitch of 
the embodiment in FIG. 1 of Peachey includes a central, 
inner conductor 1, an insulating thread 2 helically Wound 
around the conductor 1 and an outer conductor 3, all housed 
Within a sheath of insulating material 4. The sWitch in the 
embodiment of FIG. 2 includes a central, inner conductor 1, 
an insulating thread 2 helically Wound around the conductor 
1, a sheath of graphite-loaded plastic 5 surrounding the 
thread 2, an outer conductor 3 surrounding the sheath 5 and 
a sheath of insulating material 4 surrounding the outer 
conductor 3. The sWitch in these embodiments is actuated 
When pressure is applied to the sWitch so that the outer 
conductor (FIG. 1) or sheath 5 (FIG. 2) is de?ected to cause 
it to make contact With the inner conductor 1 and thereby 
establish electrical contact betWeen the inner and outer 
conductors 1,3, in the embodiment of FIG. 2 through the 
sheath 5. In vieW of the helical Winding of the insulating 
thread 2 around the inner conductor 1, these sWitches can be 
actuated by bending at almost all locations (except for an 
impact into a location Where the insulating material 2 is 
interposed betWeen the conductors 1,3. 

[0038] US. Pat. No. 2,437,969 to Paul describes a deform 
able sWitch 10 in the form of a tube that is actuatable at all 
circumferential points along its length. The tube includes a 
central coil of electrically conducting Wire 12, a braided 
electrically conducting, metal tube 11 and insulating sepa 
rators 13 spaced at discrete locations along the length of the 
sWitch 10 to support the tube 11 around the Wire 12. The 
sWitch is actuatable at all circumferential locations along the 
length of the tube, except for the locations at Which the 
insulating separators 13 are located. In use, When pressure is 
applied to the tube 11, it deforms at the location at Which 
pressure is applied thereby coming into contact With the Wire 
11 and causing a circuit to close. 

[0039] US. Pat. No. 5,322,323 to Ohno et al. describes to 
a collision sensing system for an airbag including collision 
sensors and acceleration sensors Wherein deployment of the 
airbag is based on a signal from the collision sensors and an 
analysis of the output from the acceleration sensors. 

OBJECTS AND SUMMARY OF THE 
INVENTION 

[0040] Principle objects and advantages of this invention 
are: 

[0041] 1) To provide a single sensor Which Will sense 
all airbag desired crashes involving the either the 
front, rear or a side of the vehicle. 

[0042] 2) To provide a sensor Which is much longer 
than it is Wide or thick thus permitting it to sense 
crashes over a large area While occupying a rela 
tively small space. 
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[0043] 3) To provide a sensor Which can be easily 
shaped so to be properly placed at the CSZ boundary 
across the entire front or rear of the vehicle. 

[0044] 4) To provide a crush sensor Where the defor 
mation required to trigger the sensor can be varied 
along the length of the sensor. 

[0045] 5) To provide a sensor to be used in conjunc 
tion With an electronic passenger compartment 
mounted sensor Which Will trigger on all of the 
airbag desired crashes Which are missed by the 
electronic passenger compartment mounted sensor 
alone for either frontal, side or rear impacts. 

[0046] 6) To provide a simple and convenient sensor 
system consisting of a single discriminating sensor 
mounted at the CSZ boundary and a single arming 
sensor mounted in the passenger compartment for 
frontal and/or rear impacts. 

[0047] 7) To provide a sensor Which remains closed 
after it triggers during a crash. 

[0048] 8) To provide a hermetically sealed crush 
sensing crash sensor. 

[0049] 9) To provide a crash sensor Which has a 
hermetically sealed integral connector thereby elimi 
nating the need for Wires to be connected inside the 
sensor housing. 

[0050] 10) To provide a crush sWitch type crash 
sensor Which does not require a strong mounting 
structure. 

[0051] 11) To provide a sensor Which operates on 
bending. 

[0052] Preferred embodiments of the invention are 
described beloW and unless speci?cally noted, it is the 
applicants’ intention that the Words and phrases in the 
speci?cation and claims be given the ordinary and accus 
tomed meaning to those of ordinary skill in the applicable 
art(s). If applicants intend any other meaning, they Will 
speci?cally state they are applying a special meaning to a 
Word or phrase. 

[0053] Likewise, applicants’ use of the Word “function” 
here is not intended to indicate that the applicants seek to 
invoke the special provisions of 35 U.S.C. §112, siXth 
paragraph, to de?ne their invention. To the contrary, if 
applicants Wish to invoke the provisions of 35 U.S.C.§112, 
siXth paragraph, to de?ne their invention, they Will speci? 
cally set forth in the claims the phrases “means for” or “step 
for” and a function, Without also reciting in that phrase any 
structure, material or act in support of the function. More 
over, even if applicants invoke the provisions of 35 U.S.C. 
§112, siXth paragraph, to de?ne their invention, it is the 
applicants’ intention that their inventions not be limited to 
the speci?c structure, material or acts that are described in 
the preferred embodiments herein. Rather, if applicants 
claim their inventions by speci?cally invoking the provi 
sions of 35 U.S.C. §112, siXth paragraph, it is nonetheless 
their intention to cover and include any and all structure, 
materials or acts that perform the claimed function, along 
With any and all knoWn or later developed equivalent 
structures, materials or acts for performing the claimed 
function. 

May 10, 2001 

[0054] In order to achieve one or more of the above 
objects, a vehicle crush detecting device in combination 
With a vehicle in accordance With the invention comprises a 
sensor assembly consisting of a ?rst elongated electrical 
conductor, a second elongated electrical conductor, and 
means for coupling said second electrical conductor to said 
?rst electrical conductor so that said ?rst and second elec 
trical conductors are parallel and substantially co-eXtensive 
to each other and thereby form the sensor assembly. The 
coupling means insulate said second electrical conductor 
from said ?rst electrical conductor. Attachment means attach 
said sensor assembly to said vehicle at at least tWo spaced 
apart positions providing thereby at least one free, unre 
strained span betWeen said at least tWo spaced apart loca 
tions Which is spaced aWay and not in contact With any part 
of said vehicle. In use, When a portion of said vehicle 
crushes to contact said sensor assembly in said span betWeen 
said at least tWo spaced apart locations, said sensor assembly 
bends in said span betWeen said at least tWo spaced apart 
locations causing said ?rst electrical conductor to contact 
said second electrical conductor and complete an electric 
circuit indicative of crush of said vehicle. The coupling 
means may comprise a header/connector assembly at one 
end of said sensor assembly. 

[0055] The ?rst conductor may be a tube Which is pref 
erably deformable and the second conductor may be a rod 
arranged in said tube. Insulating means, e.g., round spacers, 
are positioned at at least tWo points betWeen said ?rst and 
second conductors for insulating said ?rst conductor from 
said second conductor. The spacers extend only at discrete 
locations circumferentially betWeen said ?rst and second 
conductors. 

[0056] The sensor assembly may be attached to said 
vehicle in a front region of the vehicle so as to detect crush 
of the front region of said vehicle or at a rear of the vehicle 
so as to detect crush of the rear of said vehicle. Also, the 
sensor assembly may be attached to said vehicle on a side of 
the vehicle so as to detect crush of the side of said vehicle. 
In this case, the sensor assembly can have an elongate 
portion attached in a position substantially parallel to a door 
panel in a door on said side of said vehicle. 

[0057] The header/connector assembly hermetically seals 
a space betWeen said ?rst and second conductors at one end 
thereof While the space betWeen said conductors at the 
opposite end is closed. The header/connector assembly 
includes electrical connector pins electrically coupled to said 
?rst and second conductors and Which have an eXposed 
portion. The header/connector assembly also has a housing 
having an inlet port, a dam in the space betWeen said ?rst 
and second conductors and urethane or a silicone rubber 
compound around the ends of said ?rst and second conduc 
tors. Header pins are connected to said ?rst and second 
conductors and to the connector pins. 

[0058] In order to achieve one or more of the above 
objects, a method for sealing a device for mounting on an 
automobile comprises the steps of providing the device With 
a cavity having at least one inlet port and at least one narroW 
out?oW passage, injecting a curable compound through the 
at least one inlet port such that the at least one narroW 
passage remains open during the injection process until the 
cavity is substantially full permitting air Within the cavity to 
be displaced by the curable compound, the at least one 






















