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(57) ABSTRACT 

An actively variable energy absorber including a convex 
anvil on a steering column housing, a ?at metal strap 
attached to a steering column support and slidably engaging 
the convex anvil on an active surface area of the convex 

anvil, and a control apparatus for actively varying the 
geometric relationship betWeen the ?at metal strap and the 
convex anvil in response to changes in a control variable 
thereby to adjust the magnitude of the active surface area. 
Adjusting the magnitude of the active surface area changes 
the severity of plastic deformation of the ?at metal strap and 
the magnitude of the friction betWeen the ?at metal strap and 
the convex anvil thereby to adjust the force resisting linear 
translation of the steering column housing. In some embodi 
ments of the actively variable energy absorber, the ?at metal 
strap is plastically deformed by being pulled over a single 
convex anvil during linear translation of the steering column 
housing. In other embodiments of the actively variable 
energy absorber, the ?at metal strap is plastically deformed 
by being pulled across a plurality of convex anvils or by 
being pulled edgeWise betWeen a pair convex anvils. 
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ENERGY ABSORBER FOR MOTOR VEHICLE 
STEERING COLUMN 

REFERENCE TO RELATED APPLICATIONS 

[0001] This patent application claims priority of US. 
Provisional Patent Application No.: 60/139,055, ?led on 
Jun. 11, 1999 (Attorney Docket No: DP-300283) 

TECHNICAL FIELD 

[0002] This invention relates to an energy absorber for a 
motor vehicle steering column. 

BACKGROUND OF THE INVENTION 

[0003] A typical energy absorbing steering column on a 
motor vehicle includes a housing or mast jacket Which 
translates linearly through a collapse stroke during a colli 
sion of the motor vehicle With another object When a steering 
hand Wheel on the steering column is impacted by the 
operator of the motor vehicle. The mast jacket translates 
against a resisting force produced by an energy absorber 
Which converts into Work a fraction of the kinetic energy of 
the operator. Commonly, the resisting force is created by 
plastic deformation of a metal element of the energy 
absorber. For example, in the energy absorber described in 
US. Pat. No. 3,392,599, steel spheres plastically deform a 
metal mast jacket by rolling tracks in the mast jacket. In 
other prior energy absorbers, a ?at metal strap is plastically 
deformed by being pulled over a stationary anvil or vice 
versa. Optimal performance of such energy absorbers is 
achieved When the kinetic energy of the operator is com 
pletely converted into Work at the completion of the maXi 
mum collapse stroke of the mast jacket. HoWever, because 
these energy absorbers are not adjustable after the steering 
column is assembled but operators of differing Weight often 
operate the motor vehicle, optimal energy absorbing perfor 
mance may not alWays occur. US. Pat. No. 4,886,295 
describes an energy absorbing motor vehicle steering col 
umn having an energy absorber Which is actively variable 
during operation of the motor vehicle for more optimal 
energy absorbing performance and Which includes a plural 
ity of roll deformers in an annulus betWeen an inner tube and 
a longitudinally split outer tube. An expandable bag having 
?uid therein is disposed around the split outer. A control 
system Which monitors control variables characteristic of the 
kinetic energy of an operator of the motor vehicle controls 
the ?uid pressure in the bag and, therefore, the interference 
?t of the roll deformers betWeen the inner and outer tubes, 
to optimiZe the performance of the energy absorber. 

SUMMARY OF THE INVENTION 

[0004] This invention is a neW and improved actively 
variable energy absorber including a conveX anvil on one of 
a steering column housing and a steering column support, a 
?at metal strap attached to the other of the steering column 
housing and the steering column support and slidably engag 
ing the conveX anvil on an active surface area of the conveX 
anvil, and a control apparatus for actively varying the 
geometric relationship betWeen the ?at metal strap and the 
conveX anvil in response to changes in a control variable 
thereby to adjust the magnitude of the active surface area. 
Adjusting the magnitude of the active surface area changes 
the severity of plastic deformation of the ?at metal strap and 
the magnitude of the friction betWeen the ?at metal strap and 
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the conveX anvil thereby to adjust the force resisting linear 
translation of the steering column housing and the corre 
sponding performance of the energy absorber. In some 
embodiments of the actively variable energy absorber 
according to this invention, the ?at metal strap is plastically 
deformed by being pulled over a single conveX anvil during 
linear translation of the steering column housing. In other 
embodiments of the energy absorber according to this inven 
tion, the ?at metal strap is plastically deformed by being 
pulled across a plurality of conveX anvils or by being pulled 
edgeWise betWeen a pair conveX anvils. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] FIG. 1 is a schematic elevational vieW of a motor 
vehicle steering column having thereon an actively variable 
energy absorber according to this invention; 

[0006] FIG. 2 is a fragmentary perspective vieW of the 
actively variable energy absorber according to this inven 
tion; 
[0007] FIG. 3 is a fragmentary perspective vieW of a 
modi?ed embodiment of the actively variable energy 
absorber according to this invention; 

[0008] FIG. 4 is a fragmentary perspective vieW of a 
second modi?ed embodiment of the actively variable energy 
absorber according to this invention; 

[0009] FIG. 5 is a fragmentary perspective vieW of a third 
modi?ed embodiment of the actively variable energy 
absorber according to this invention; 

[0010] FIG. 6 is fragmentary perspective vieW of a fourth 
modi?ed embodiment of the actively variable energy 
absorber according to this invention; 

[0011] FIG. 7 is a fragmentary perspective vieW of a 
portion of the fourth modi?ed embodiment of the actively 
variable energy absorber according to this invention; 

[0012] FIG. 8 is a schematic plan vieW of a ?fth modi?ed 
embodiment of the actively variable energy absorber accord 
ing to this invention; 

[0013] FIG. 9 is fragmentary, eXploded perspective vieW 
of a siXth modi?ed embodiment of the actively variable 
energy absorber according to this invention: and 

[0014] FIG. 10 is fragmentary perspective vieW of a 
seventh modi?ed embodiment of the actively variable 
energy absorber according to this invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

[0015] Referring to FIG. 1, a motor vehicle steering 
column 10 includes a housing 12, a steering shaft 14 
supported on the housing for rotation about a longitudinal 
centerline 16 of the steering column, and a steering hand 
Wheel 18 connected to an outboard end of the steering shaft 
and pivotable up and doWn for vertical adjustment relative 
to an operator, not shoWn, of the motor vehicle seated on a 
seat 20 behind the steering hand Wheel in conventional 
fashion. A steering column support 21 includes a loWer 
bracket 22 on a schematically represented body structure 24 
of the motor vehicle and a plurality of vertical hanger bolts 
26 Which form a shelf on the vehicle body for a lateral rod 
27 on the housing 12. 
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[0016] In a collision of the motor vehicle With another 
object, the vehicle body decelerates more rapidly than the 
operator so that the operator is thrust against the steering 
hand Wheel 18 With an impact represented by a schematic 
vector force “F”. When the operator impacts the steering 
hand Wheel, the corresponding force on the steering column 
housing 12 initiates linear translation of the steering column 
housing 12 relative to the steering column support 21 in a 
collapse stroke in the direction of the centerline 16 of the 
steering column. An actively variable energy absorber 28 
according to this invention represented schematically in 
FIG. 1, betWeen the steering column housing 12 and the 
steering column support 21 resists linear translation of the 
steering column housing to decelerate the occupant While at 
the same time converting into Work a fraction of the occu 
pant’s kinetic energy. 

[0017] Referring to FIG. 2. the actively variable energy 
absorber 28 includes a reaction member 30 rigidly attached 
to the steering column housing 12 having a cylindrical 
surface thereon de?ning a conveX anvil 32 around a longi 
tudinal centerline 34 of the reaction member perpendicular 
to the direction of the linear translation of the steering 
column housing during its collapse stroke. A J-shaped ?at 
metal strap 36 of the energy absorber 28 has a ?rst leg 38 on 
one side of the reaction member adapted for rigid attachment 
to the steering column support 21, an unattached or free 
second leg 40 on the other side of the reaction member, and 
a concave Web 42 betWeen the ?rst and the second legs 
facing conveX anvil 32. 

[0018] A control apparatus 43 of the energy absorber 28 
includes a restraint pin 44 supported on the steering column 
housing 12 parallel to the conveX anvil 32 for translation in 
an arc about the centerline 34 toWard and aWay from the 
second leg 40 of the ?at metal strap. A schematically 
represented actuator 46 on the steering column housing 
translates the restraint pin toWard and aWay from the second 
leg of the metal strap. The actuator 46 is controlled by a 
schematically represented electronic control module 
(“ECM”) 48, FIG. 1. Atransducer 50, FIG. 1, of the control 
apparatus 43 on the seat 20 provides an electronic signal to 
the ECM 48 corresponding to the magnitude of a control 
variable, eg the Weight of the operator of the motor vehicle, 
characteristic of the kinetic energy of the operator. Other 
transducers, not shoWn, may provide electronic signals to 
the ECM 48 corresponding to the magnitudes of other 
control variables, eg vehicle velocity. 

[0019] The force required to plastically deform the ?at 
metal strap 36 by pulling it over the conveX anvil 32 
manifests itself as a force resisting linear translation of the 
steering column housing 12 in its collapse stroke. Friction 
betWeen the ?at metal strap 36 and the conveX anvil 32 
manifests itself as an additional force resisting linear trans 
lation of the steering column housing in its collapse stroke. 
The magnitudes of the resisting forces attributable to metal 
deformation and to friction depend upon a number of 
variables including the yield strength of the material from 
Which the ?at metal strap 36 is made and its physical 
dimensions, the coefficient of friction betWeen the ?at metal 
strap and the conveX anvil 32, the radius of curvature of the 
conveX anvil of the area of contact betWeen the ?at metal 
strap and the conveX anvil referred to herein as the “active 
surface area” of the conveX anvil. These variables are related 
according to the folloWing equation: 
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F = A 

[0020] Where 

[0021] F=total force resisting linear translation of the 
steering column housing 

[0022] A=a material related constant, e. g. yield strength 

[0023] W=Width of the ?at metal strap 

[0024] t=thickness of the ?at metal strap 

[0025] R=radius of the conveX anvil 

[0026] b=parameter related to the active surface area of 
the conveX anvil 

[0027] p=contact friction coef?cient 

[0028] In operation, at the onset of linear translation of the 
steering column housing 12 initiated by the impact F on the 
steering hand Wheel 18, the concave Web 42 of the metal 
strap is thrust against and the ?at metal strap is pulled across 
the conveX anvil 32 While the unrestrained second leg 40 
fans outWard until intercepted by the restraint pin 44 as 
illustrated in broken lines in FIG. 2. As the second leg fans 
outWard, the active surface area of the conveX anvil 
decreases. The position of the restraint pin 44 Within its 
range of positions thus establishes the magnitude or siZe of 
the active surface area of the conveX anvil. As the active 
surface area increases and decreases, the severity of plastic 
deformation of the ?at metal strap across the conveX anvil 
and the magnitude of the friction betWeen the ?at metal strap 
and the conveX anvil likeWise increase and decrease. 

[0029] The position of the restraint pin 44 is established by 
the ECM 48 through the actuator 46 in accordance With the 
magnitude of the control variable, ie the Weight of the 
operator on the seat 20, as communicated to the ECM by the 
transducer 50. As the control variable changes, eg as 
operators of successively greater Weight occupy the seat 20, 
the actuator 46 progressively minimiZes the separation 
betWeen the restraint pin 44 and second leg 40 of the metal 
strap and increases the active surface area of the conveX 
anvil by more completely Wrapping the ?at metal strap 
around the conveX anvil during the collapse stroke of the 
steering column housing. The magnitude of the force resist 
ing linear translation of the steering column housing in its 
collapse stroke, therefore, increases for more optimal energy 
absorbing performance. 
[0030] Referring to FIG. 3, a modi?ed actively variable 
energy absorber 28 A according to this invention includes a 
pair of reaction members 52A,52B each rigidly attached to 
the steering column housing 12. The reaction members have 
cylindrical surfaces thereon de?ning respective ones of a 
pair of conveX anvils 54A,54B around corresponding ones 
of a pair of longitudinal centerlines 56A.56B perpendicular 
to the direction of linear translation of the steering column 
housing during its collapse stroke. An M-shaped ?at metal 
strap 58 has a pair of legs 60A, 60B outboard of the reaction 
members 52A,52B, a lateral Web 62 facing an abutment 64 
on the steering column support 21, and a pair of concave 
Webs 66A,66B facing the conveX anvils 54A,54B. 
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[0031] A control apparatus 43 A of the modi?ed energy 
absorber 28 A includes a pair of restraint pins 68A, 68B 
supported on the steering column housing 12 outboard of the 
legs 60A, 60B of the ?at metal strap 58 for translation 
toWard and aWay from the legs. A pair of schematically 
represented actuators 70A.70B on the steering column hous 
ing translate the restraint pins toWard and aWay from the 
legs. The actuators 70A. 70B are controlled by the ECM 48. 
The transducer 50 on the seat 20 provides an electronic 
signal to the ECM 48 corresponding to the magnitude of the 
aforesaid control variable characteristic of the kinetic energy 
of the operator. 

[0032] In operation, at the onset of linear translation of the 
steering column housing 12 initiated by the impact F on the 
steering hand Wheel 18, the abutment 64 thrusts the concave 
Webs 66A,66B of the ?at metal strap 58 against and pulls the 
?at metal strap over the conveX anvils 54A,54B While the 
legs 60A,60B of the metal strap fan outWard until inter 
cepted by the restraint pins 68A,68B. As the legs 60A,60B 
fan outWard, the active surface area of the each of the conveX 
anvils 54A,54B decreases. The positions of the restraint pins 
68A,68B Within their range of positions thus establishes the 
magnitude or siZe of the active surface area of each of the 
conveX anvils. As the active surface areas increase and 
decrease, the severity of plastic deformation of the 
M-shaped ?at metal strap across the conveX anvils and the 
magnitude of the friction betWeen the ?at metal strap and the 
conveX anvils likeWise increase and decrease. 

[0033] The positions of the restraint pins 68A, 68B are 
established by the ECM 48 through the actuators 70A, 70B 
in accordance With the magnitude of the aforesaid control 
variable as communicated to the ECM by the transducer 50. 
As the control-variable changes, eg as operators of succes 
sively greater Weight occupy the seat 20, the actuators 70A, 
70B progressively minimiZe the separation betWeen the 
restraint pins 68A, 68B and legs 60A, 60B of the ?at metal 
strap thereby to increase the active surface areas of the 
conveX anvils by more completely Wrapping the ?at metal 
strap around the conveX anvils during the collapse stroke of 
the steering column housing. The magnitude of the force 
resisting linear translation of the steering column housing in 
its collapse stroke, therefore, increases for more optimal 
energy absorbing performance. 
[0034] Referring to FIG. 4, a second modi?ed actively 
variable energy absorber 28B according to this invention 
includes a reaction member 72 supported on the steering 
column housing 12 for linear translation in the direction of 
a longitudinal centerline 74 of the reaction member perpen 
dicular to the direction of the linear translation of the 
steering column housing during its collapse stroke. The 
reaction member 72 includes a plurality of cylindrical sur 
faces de?ning respective ones of a plurality of three conveX 
anvils 76A, 76B, 76C having progressively smaller radii of 
curvature around the centerline 74. A J-shaped ?at metal 
strap 78 has a ?rst leg 80 adapted for rigid attachment to the 
steering column support 21 on one side of the reaction 
member, an unattached or free second leg 82 on the other 
side of the reaction member, and a concave Web 84 betWeen 
the ?rst and the second legs. A restraint pin 86 is rigidly 
attached to the steering column housing 12 outboard of the 
second leg 82 of the ?at metal strap. 

[0035] A control apparatus 43B of the second modi?ed 
energy absorber 28B includes a schematically represented 
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actuator 88 on the steering column housing operable to 
linearly translate the reaction member 72 betWeen a plurality 
of three positions in Which respective ones of the three 
conveX anvils 76A, 76B, 76C having greater or smaller radii 
of curvature face the concave Web 84 of the ?at metal strap 
78. The actuator 88 is controlled by the ECM 48. The 
transducer 50 on the seat 20 provides an electronic signal to 
the ECM 48 corresponding to the magnitude of the aforesaid 
control variable characteristic of the kinetic energy of the 
operator. 

[0036] In operation, at the onset of linear translation of the 
steering column housing 12 initiated by the impact F on the 
steering hand Wheel 18, the concave Web 84 of the ?at metal 
strap is thrust against and the ?at metal strap is pulled across 
the one of the three conveX anvils 76A, 76B, 76C directly 
facing the concave Web While the unrestrained second leg 82 
fans outWard until intercepted by the restraint pin 86. As the 
radius of curvature of the one of the conveX anvils 76A, 76B, 
76C facing the concave Web 84 increases and decreases, i.e. 
as the reaction member translates back and forth in the 
direction of its centerline 74, the active surface area of the 
conveX anvil increases and decreases. As the active surface 
area increases and decreases, the severity of plastic defor 
mation of the ?at metal strap across the conveX anvil and the 
magnitude of the friction betWeen the ?at metal strap and the 
conveX anvil likeWise increase and decrease. 

[0037] The position of the reaction member 72 is estab 
lished by the ECM 48 through the actuator 88 in accordance 
With the magnitude of the aforesaid control variable as 
communicated to the ECM by the transducer 50. As the 
control variable changes, eg as operators of successively 
greater Weight occupy the seat 20, the actuator 88 translates 
the reaction member 72 in a direction aligning With the 
concave Web 84 respective ones of conveX anvils 76A, 76B, 
76C of increasing radii of curvature thereby to increase the 
active surface area of the conveX anvil facing the concave 
Web during the collapse stroke of the steering column 
housing. The magnitude of the force resisting linear trans 
lation of the steering column housing in its collapse stroke, 
therefore, increases for more optimal energy absorbing 
performance. 

[0038] Referring to FIG. 5, a third modi?ed actively 
variable energy absorber 28C according to this invention 
includes a reaction member 90 supported on the steering 
column housing 12 for pivotal movement about an aXis 92 
perpendicular to the direction of linear translation of the 
steering column housing during its collapse stroke. The 
reaction member 90 has a pair of longitudinally separated 
conveX anvils 94A, 94B thereon. An S-shaped ?at metal 
strap 96 has a ?rst leg 98 adapted for rigid attachment to the 
steering column support 21, an unattached or free second leg 
100, and a pair of concave Webs 102A, 102B betWeen the 
?rst and the second legs facing respective ones of the conveX 
anvils 94A, 94B. 

[0039] A control apparatus 43C of the third modi?ed 
energy absorber 28C includes a restraint pin 104 supported 
on the steering column housing 12 for linear translation in a 
plane perpendicular to the aXis 92 toWard and aWay from the 
reaction member 90. A schematically represented actuator 
106 on the steering column housing translates the restraint 
pin 104 toWard and aWay from the reaction member. The 
actuator 106 is controlled by the ECM 48. The transducer 50 
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on the seat 20 provides an electronic signal to the ECM 48 
corresponding to the magnitude of the aforesaid control 
variable characteristic of the kinetic energy of the operator. 
The restraint pin 104 increasingly limits clockwise rotation 
of the reaction member 90 about the aXis 92 as the actuator 
106 translates the restraint pin toWard the reaction member. 

[0040] In operation, at the onset of linear translation of the 
steering column housing 12 initiated by the impact F on the 
steering hand Wheel 18, the concave Webs 102A, 102B of the 
?at metal strap 96 are thrust against and the ?at metal strap 
is pulled across the conveX anvils 94A,94B While the 
reaction member 90 is induced to rotate clockWise about the 
aXis 92 until intercepted by the restraint pin 104. As the 
reaction member rotates clockwise, the ?at metal strap 
unWraps from the conveX anvils and the active surface area 
of the each of the conveX anvils 94A, 94B decreases. The 
second leg 100 of the ?at metal strap is prevented from 
fanning outWard by a Wall 108 on the steering column 
housing 12. The position of the restraint pin 104 Within its 
range of positions thus establishes the magnitude or siZe of 
the active surface area of each of the conveX anvils. As the 
active surface areas increase and decrease, the severity of 
plastic deformation of the ?at metal strap 96 across the 
conveX anvils 94A, 94B and the magnitude of the friction 
betWeen the ?at metal strap and the conveX anvils likeWise 
increase and decrease. 

[0041] The position of the restraint pin 104 is established 
by the ECM 48 through the actuator 106 in accordance With 
the magnitude of the aforesaid control variable as commu 
nicated to the ECM by the transducer 50. As the control 
variable changes, eg as operators of successively greater 
Weight occupy the seat 20, the actuator 106 translates the 
restraint pin 104 toWard the reaction member 90 thereby to 
increase the active surface areas of the conveX anvils by 
more completely Wrapping the ?at metal strap around the 
conveX anvils during the collapse stroke of the steering 
column housing. The magnitude of the force resisting linear 
translation of the steering column housing in its collapse 
stroke, therefore. increases for more optimal energy absorb 
ing performance. 

[0042] Referring to FIGS. 6-7, a fourth modi?ed actively 
variable energy absorber 28D according to this invention 
includes a ?rst reaction member 110 rigidly supported in a 
boX 112 ?xed to the steering column housing 12. The ?rst 
reaction member has a cylindrical surface thereon de?ning 
a ?rst conveX anvil 114 around a centerline 116 perpendicu 
lar to the direction of linear translation of the steering 
column housing during its collapse stroke. Asecond reaction 
member 118 having a cylindrical surface thereon de?ning a 
second conveX anvil 120 is supported in the boX 112 parallel 
to the ?rst reaction member 110 by a pivotable cage 121 for 
linear translation in a plane perpendicular to the centerline 
116 toWard and aWay from the ?rst reaction member. An 
S-shaped ?at metal strap 122 has a ?rst leg 124 adapted for 
rigid attachment to the steering column support 21, an 
unattached or free second leg 126, and a pair of concave 
Webs 128A, 128B betWeen the ?rst and the second legs 
facing respective ones of the conveX anvils 114,120. 

[0043] A control apparatus 43D of the fourth modi?ed 
energy absorber 28D includes a restraint pin 136 supported 
by a schematically represented actuator 138 on the steering 
column housing for linear translation toWard and aWay from 
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a tang 139 of the cage 121. The actuator 138 is controlled by 
the ECM 48. The transducer 50 on the seat 20 provides an 
electronic signal to the ECM 48 corresponding to the 
magnitude of the aforesaid control variable characteristic of 
the kinetic energy of the operator. The restraint pin 136 
increasingly limits clockWise pivotal movement of the cage 
121 as the actuator 138 translates the restraint pin toWard the 
tang 139 on the cage. 

[0044] In operation, at the onset of linear translation of the 
steering column housing 12 initiated by the impact F on the 
steering hand Wheel 18, the concave Webs 128A,128B of the 
?at metal strap 122 are thrust against and the ?at metal strap 
is pulled across the conveX anvils 114,120 While the second 
reaction member 118 is concurrently pulled aWay from the 
?rst reaction member in a direction causing the cage 121 to 
pivot clockWise until intercepted by the restraint pin 136. As 
the cage pivots clockWise, the ?at metal strap unWraps from 
the conveX anvils and the active surface area of the each of 
the conveX anvils 114,120 decreases. The second leg 126 of 
the ?at metal strap is prevented from fanning outWard by a 
side of the boX 112. The position of the restraint pin 136 
Within its range of positions thus establishes the magnitude 
or siZe of the active surface area of each of the conveX 
anvils. As the active surface areas increase and decrease, the 
severity of plastic deformation of the ?at metal strap 122 
across the conveX anvils 114,120 and the magnitude of the 
friction betWeen the ?at metal strap and the conveX anvils 
likeWise increase and decrease. 

[0045] The position of the restraint pin 136 is established 
by the ECM 48 through the actuator 138 in accordance With 
the magnitude of the aforesaid control variable as commu 
nicated to the ECM by the transducer 50. As the control 
variable changes, eg as operators of successively greater 
Weight occupy the seat 20, the actuator 138 translates the 
restraint pin 136 toWard the tang 139 on the cage 121 
thereby to increase the active surface areas of the conveX 
anvils by more completely Wrapping the ?at metal strap 
around the conveX anvils during the collapse stroke of the 
steering column housing. The magnitude of the force resist 
ing linear translation of the steering column housing in its 
collapse stroke, therefore, increases for more optimal energy 
absorbing performance. 

[0046] Referring to FIG. 8, a ?fth modi?ed actively 
variable energy absorber 28E according to this invention 
includes a pair of reaction members 140A,140B rigidly 
supported in a boX 142 on the steering column housing 12 
perpendicular to the direction of linear translation of the 
steering column housing during its collapse stroke. The 
reaction members have cylindrical surfaces thereon de?ning 
respective ones of a pair of conveX anvils 144A,144B. A 
third reaction member 146 having a third conveX anvil 148 
thereon is supported on the boX 142 betWeen the reaction 
members 140A,140B in a slot 150 in the boX for linear 
translation toWard and aWay from the reaction members 
140A,140B. A ?at metal strap 152 traverses the boX and has 
a ?rst leg 154 adapted for rigid attachment to the steering 
column support 21, an unattached or free second leg 156, 
and a plurality of three concave Webs 158A,158B,158C 
facing respective ones of the ?rst, second and third conveX 
anvils 144A,144B,148. 

[0047] A control apparatus 43E of the ?fth modi?ed 
energy absorber 28E includes a schematically represented 
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Wedge block 160 supported on the boX 142 for linear 
translation perpendicular to the direction of linear translation 
of the third reaction member 146. The Wedge block 160 has 
a ramp 161 thereon Which intersects the slot 150 and blocks 
linear translation of the third reaction member aWay from 
the ?rst and second reaction members 140A, 140B. A 
schematically represented actuator 164 on the steering col 
umn housing translates the Wedge block 160 perpendicular 
to the direction of linear translation of the third reaction 
member 146. The actuator 164 is controlled by the ECM 48. 
The transducer 50 on the seat 20 provides an electronic 
signal to the ECM 48 corresponding to the magnitude of the 
aforesaid control variable characteristic of the kinetic energy 
of the operator. The Wedge block 160 increasingly limits 
linear translation of the third reaction member 146 aWay 
from the ?rst and second reaction members 140A, 140B as 
the actuator 164 translates the Wedge block leftWard and the 
ramp 161 further under the third reaction member. 

[0048] In operation, at the onset of linear translation of the 
steering column housing 12 initiated by the impact F on the 
steering hand Wheel 18, the third concave Web 158C of the 
?at metal strap 152 is thrust against and the ?at metal strap 
is pulled across the third conveX anvil 148 causing the third 
reaction member 146 to translate linearly aWay from the ?rst 
and second reaction members 140A,140B until intercepted 
by the ramp 161 on the Wedge block 160. At the same time, 
the ?rst and second concave Webs 158A,158B are thrust 
against and the ?at metal strap is pulled across the conveX 
anvils 144A,144B. As the third reaction member translates 
linearly aWay from the ?rst and second reaction members, 
the ?at metal strap unWraps from the conveX anvils 144A, 
144B, 148 and the active surface area of the each of the 
conveX anvils decreases. The second leg 156 of the ?at metal 
strap is prevented from fanning outWard by a slot in the boX 
142. The position of the Wedge block 160 Within its range of 
positions thus establishes the magnitude or siZe of the active 
surface area of each of the conveX anvils. As the active 
surface areas increase and decrease, the severity of plastic 
deformation of the ?at metal strap 152 across the conveX 
anvils 144A,144B,148 and the magnitude of the friction 
betWeen the ?at metal strap and the conveX anvils likeWise 
increase and decrease. 

[0049] The position of the Wedge block 160 is established 
by the ECM 48 through the actuator 164 in accordance With 
the magnitude of the aforesaid control variable as commu 
nicated to the ECM by the transducer 50. As the control 
variable changes, eg as operators of successively greater 
Weight occupy the seat 20, the actuator 164 translates the 
Wedge block leftWard, FIG. 8, thereby to increase the active 
surface areas of the conveX anvils 144A,144B,148 by more 
completely Wrapping the ?at metal strap around the conveX 
anvils during the collapse stroke of the steering column 
housing. The magnitude of the force resisting linear trans 
lation of the steering column housing in its collapse stroke, 
therefore, increases for more optimal energy absorbing 
performance. 

[0050] Referring to FIG. 9, a siXth modi?ed actively 
variable energy absorber 28F according to this invention 
includes a 2-piece boX 168A,168B ?Xed to the steering 
column housing 12 having an arc-shaped guide surface 170 
thereon. A ?rst reaction member 172 is rigidly supported in 
the boX perpendicular to the direction of linear translation of 
the steering column housing during its collapse stroke and 
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includes a cylindrical surface de?ning a ?rst conveX anvil 
174. A second reaction member 176 is supported in the boX 
168A,168B for linear translation in a plane perpendicular to 
the ?rst reaction member. An arched surface on the second 
reaction member 176 de?nes a second conveX anvil 178 
thereon parallel to the ?rst conveX anvil 174. A ?at metal 
strap 180 has a ?rst leg 182 adapted for rigid attachment to 
the steering column support 21, an unattached or free second 
leg 184, an arch 186 facing the guide surface 170 on the boX, 
and a pair of concave Webs 188A,188B facing respective 
ones of the ?rst and second conveX anvils 174,178. 

[0051] A control apparatus 43F of the siXth modi?ed 
energy absorber 28F includes a schematically represented 
actuator 192 on the steering column housing operable to 
translate the second reaction member 176 back and forth to 
increase and decrease the separation betWeen the ?rst and 
the second conveX anvils 174,178. The actuator 192 is 
controlled by the ECM 48. The transducer 50 on the seat 20 
provides an electronic signal to the ECM 48 corresponding 
to the magnitude of the aforesaid control variable charac 
teristic of the kinetic energy of the operator. 

[0052] In operation, at the onset of linear translation of the 
steering column housing 12 initiated by the impact F on the 
steering hand Wheel 18, the ?rst and the second concave 
Webs 188A,188B are thrust against and the ?at metal strap 
is pulled across the ?rst and second conveX anvils 174,178 
While the second reaction member 176 is held stationary by 
the actuator 192. The second leg 184 of the ?at metal strap 
is prevented from fanning outWard by a side of the boX 
168A,168B. When the actuator 192 translates the second 
reaction member 176 in a direction increasing the separation 
betWeen the ?rst and the second conveX anvils 174,178, the 
?at metal strap unWraps from the conveX anvils and the 
active surface area of the each of the conveX anvils 
decreases. The position of the second reaction member 176 
Within its range of positions thus establishes the magnitude 
or siZe of the active surface area of each of the conveX 
anvils. As the active surface areas increase and decrease, the 
severity of plastic deformation of the ?at metal strap 180 
across the conveX anvils 174,178 and the magnitude of the 
friction betWeen the ?at metal strap and the conveX anvils 
likeWise increase and decrease. 

[0053] The position of the second reaction member 176 is 
established by the ECM 48 through the actuator 192 in 
accordance With the magnitude of the aforesaid control 
variable as communicated to the ECM by the transducer 50. 
As the control variable changes, eg as operators of succes 
sively greater Weight occupy the seat 20, the actuator 192 
translates the second reaction member 176 toWard the ?rst 
reaction member 172, thereby to increase the active surface 
areas of the conveX anvils 174.178 by more completely 
Wrapping the ?at metal strap around the conveX anvils 
during the collapse stroke of the steering column housing. 
The magnitude of the force resisting linear translation of the 
steering column housing in its collapse stroke, therefore, 
increases for more optimal energy absorbing performance. 

[0054] Referring to FIG. 10, a seventh modi?ed actively 
variable energy absorber 28G according to this invention 
includes a pair of reaction members 194A,194B supported 
on the steering column housing 12 for rotation about respec 
tive ones of a pair of parallel aXes 195A,195B perpendicular 
to the direction of linear translation of the steering column 
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housing. Side edges of the reaction members de?ne respec 
tive ones of a pair of convex anvils 196A,196B each of 
Which has a radius of curvature from a corresponding one of 

the rotation axes 195A,195B Which increases along the 
length of the convex anvil so that the convex anvils ?are 
radially outWard from the rotation axes. A ?at metal strap 
198 in a plane perpendicular to the rotation axes 195A,195B 
includes a tongue 200 betWeen the convex anvils 196A, 
196B, a pair of split edges 202A,202B, and a pair of concave 
shoulders 203A,203B intersecting the split edges and facing 
respective ones of the convex anvils 196A,196B. The con 
cave shoulders correspond to the concave Webs of the 
embodiments of the actively variable energy absorbers 
according to this invention described above. The tongue 200 
is adapted for rigid attachment to the steering column 
support 21. 

[0055] A control apparatus 43G of the seventh modi?ed 
energy absorber 28G includes a pair of schematically rep 
resented actuators 206A,206B on the steering column hous 
ing operable to rotate corresponding ones of the ?rst and 
second reaction members 194A,194B to progressively 
decrease the span betWeen the convex anvils 196A,196B. 
The actuators 206A,206B are controlled by the ECM 48. 
The transducer 50 on the seat 20 provides an electronic 
signal to the ECM 48 corresponding to the magnitude of the 
aforesaid control variable characteristic of the kinetic energy 
of the operator. 

[0056] In operation, at the onset of linear translation of the 
steering column housing 12 initiated by the impact F on the 
steering hand Wheel 18, the ?rst and the second concave 
shoulders 203A,203B are thrust against and the ?at metal 
strap is pulled betWeen and across the ?rst and second 
convex anvils 196A,196B While the ?rst and second reaction 
members 194A,194B are held stationary by the actuators 
206A,206B. When the actuators 206A,206B rotate the ?rst 
and second reaction members in directions increasing the 
span betWeen the ?rst and second convex anvils, the active 
surface area of the each of the convex anvils decreases and 
vice versa. The angular positions of the ?rst and second 
reaction members 194A,194B Within their range of angular 
positions thus establishes the magnitude or siZe of the active 
surface area of each of the convex anvils. As the active 
surface areas increase and decrease, the severity of plastic 
deformation of the ?at metal strap 198 across the convex 
anvils 196A,196B and the magnitude of the friction betWeen 
the ?at metal strap and the convex anvils likeWise increase 
and decrease. 

[0057] The angular position of each of the ?rst and second 
reaction members 194A,194B is established by the ECM 48 
through the actuators 206A,206B in accordance With the 
magnitude of the aforesaid control variable as communi 
cated to the ECM by the transducer 50. As the control 
variable changes, eg as operators of successively greater 
Weight occupy the seat 20, the actuators 206A,206B to rotate 
the ?rst and second reaction members 194A,194B in direc 
tions decreasing the span betWeen the convex anvils 196A, 
196B, thereby to increase the active surface areas of the 
convex anvils during the collapse stroke of the steering 
column housing. The magnitude of the force resisting linear 
translation of the steering column housing in its collapse 
stroke, therefore, increases for more optimal energy absorb 
ing performance. 

Mar. 28, 2002 

[0058] In each of the embodiments of the actively variable 
energy absorber according to this invention described 
herein, the ?at metal strap is described as being attached to 
The steering column support and the convex anvils and the 
control apparatuses are described as being supported on the 
steering column housing. It is, of course, Within the scope of 
this invention to reverse the positions of the ?at metal strap, 
the reaction members, and the control apparatuses relative to 
the steering column housing and the steering column sup 
port. 

[0059] Having thus described the invention, What is 
claimed is: 

1. An actively variable energy absorber comprising: 

a ?at metal strap, 

a convex anvil, 

an attachment means operable to attach the ?at metal strap 
to a ?rst one of a housing of a steering column and a 
steering column support and the convex anvil to a 
second one of the steering column housing and the 
steering column support so that during a collapse stroke 
of the steering column housing relative to the steering 
column support the ?at metal strap is thrust against and 
pulled across an active surface area of the convex anvil 
and the collapse stroke of the steering column housing 
is opposed by a resisting force attributable to plastic 
deformation of the ?at metal strap at the active surface 
area of the convex anvil and to friction betWeen the ?at 
metal strap and the active surface area of the convex 
anvil, and 

a control means operable in response to changes in a 
predetermined control variable to vary the active sur 
face area of the convex anvil thereby to vary the 
magnitude of the resisting force by changing the sever 
ity of plastic deformation of the ?at metal strap and the 
friction betWeen the ?at metal strap and the convex 
anvil. 

2. An actively variable energy absorber comprising: 

a reaction member supported on a ?rst one of a steering 
column housing and a steering column support, 

a convex anvil on the reaction member, 

a J -shaped ?at metal strap including a ?rst leg on a ?rst 
side of the reaction member and a second leg on a 
second side of the reaction member and a concave Web 
therebetWeen facing the convex anvil, 

an attachment means operable to attach a second one of 
the steering column housing and the steering column 
support to the ?rst leg of the J -shaped ?at metal strap 
so that during a collapse stroke of the steering column 
housing relative to the steering column support the ?at 
metal strap is thrust against and pulled across an active 
surface area of the convex anvil and the collapse stroke 
of the steering column housing is opposed by a resist 
ing force attributable to plastic deformation of the ?at 
metal strap at the active surface area of the convex anvil 
and to friction betWeen the ?at metal strap and the 
active surface area of the convex anvil, 

a restraint pin supported on the ?rst one of the steering 
column housing and the steering column support on the 
opposite side of the second leg of the J-shaped ?at 
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metal strap from the convex anvil so that the second leg 
is thrust against the restraint pin during the collapse 
stroke of the steering column housing, and 

a control means operable in response to changes in a 
predetermined control variable to vary the active sur 
face area of the conveX anvil thereby to vary the 
magnitude of the resisting force by changing the sever 
ity of plastic deformation of the ?at metal strap and the 
friction betWeen the ?at metal strap and the conveX 
anvil. 

3. The actively variable energy absorber recited in claim 
2 Wherein the control means comprises: 

an actuator means operable to vary the magnitude of the 
active surface area of the conveX anvil in contact With 
the concave Web of the J-shaped ?at metal strap during 
the collapse stroke of the steering column housing by 
moving the restraint pin toWard and aWay from the 
second leg of the J-shaped ?at metal strap in response 
to changes in the predetermined control variable. 

4. The actively variable energy absorber recited in claim 
2 Wherein the control means comprises: 

a plurality of conveX anvils on the reaction member each 
having a different radius of curvature relative to a 
longitudinal centerline of the reaction member, and 

an actuator means operable in response to changes in the 
predetermined control variable to linearly translate the 
reaction member in the direction of the longitudinal 
centerline thereof to align respective ones of the plu 
rality of conveX anvils thereon With the concave Web of 
the J -shaped ?at metal strap thereby to vary the mag 
nitude of the active surface area of the conveX anvil in 
contact With the concave Web of the J -shaped ?at metal 
strap during the collapse stroke of the steering column 
housing. 

5. An actively variable energy absorber comprising: 

a ?rst reaction member and a second reaction member 
each supported on a ?rst one of a steering column 
housing and a steering column support, 

a ?rst conveX anvil and a second conveX anvil on respec 

tive ones of the ?rst reaction member and the second 
reaction member, 

an M-shaped ?at metal strap having a ?rst leg outboard of 
the ?rst reaction member and a second leg outboard of 
the second reaction member and a pair of concave Webs 
therebetWeen facing respective ones of the ?rst conveX 
anvil and the second conveX anvil, 

an abutment means on a second one of the steering 
column housing and the steering column support oper 
able to engage the M-shaped ?at metal strap on a lateral 
Web thereof betWeen ?rst and the second reaction 
members so that during a collapse stroke of the steering 
column housing relative to the steering column support 
the M-shaped ?at metal strap is thrust against and 
pulled across an active surface area of each of ?rst and 
the second conveX anvils and the collapse stroke of the 
steering column housing is opposed by a resisting force 
attributable to plastic deformation of the M-shaped ?at 
metal strap at the active surface area of each of the ?rst 
and the second conveX anvils and to friction betWeen 
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the M-shaped ?at metal strap and the active surface 
area of each of the ?rst and the second conveX anvils, 

a ?rst restraint pin supported on the ?rst one of the 
steering column housing and the steering column sup 
port on the opposite side of the ?rst leg of the M-shaped 
?at metal strap from the ?rst reaction member so that 
the ?rst leg is thrust against the ?rst restraint pi n during 
the collapse stroke of the steering column housing, 

a second restraint pin supported on the ?rst one of the 
steering column housing and the steering column sup 
port on the opposite side of the second leg of the 
M-shaped ?at metal strap from the second reaction 
member so that the second leg is thrust against the 
second restraint pin du ring the collapse stroke of the 
steering column housing, and 

a control means operable in response to changes in a 
predetermined control variable to vary the active sur 
face area of the each of the ?rst and the second conveX 
anvils thereby to vary the magnitude of the resisting 
force by changing the severity of plastic deformation of 
the M-shaped ?at metal strap and the friction betWeen 
the M-shaped ?at metal strap and each of the ?rst and 
the second conveX anvils. 

6. The actively variable energy absorber recited in claim 
5 Wherein the control means comprises: 

an actuator means operable to vary the magnitude of the 
active surface area of each of ?rst and the second 
conveX anvils in contact With corresponding ones of the 
?rst and the second the concave Webs of the M-shaped 
?at metal strap during the collapse stroke of the steer 
ing column housing by moving the ?rst restraint pin 
toWard and aWay from the ?rst leg of the M-shaped ?at 
metal strap and the second restraint pin toWard and 
aWay from the second leg of the M-shaped ?at metal 
strap in response to changes in the predetermined 
control variable. 

7. An actively variable energy absorber comprising: 

a reaction member supported on a ?rst one of a steering 
column housing and a steering column support for 
rotation about a pivot aXis, 

a ?rst conveX anvil on the reaction member having a 
radius of curvature about the pivot aXis, 

a second conveX anvil on the reaction member remote 

from the ?rst conveX anvil, 

an S-shaped ?at metal strap having a ?rst leg outboard of 
the ?rst conveX anvil and a second leg outboard of the 
second conveX anvil and a pair of concave Webs 
therebetWeen facing respective ones of the ?rst conveX 
anvil and the second conveX anvil, 

a restraint pin supported on the ?rst one of the steering 
column housing and the steering column support adja 
cent to the reaction member, 

an attachment means operable to attach a second one of 
the steering column housing and the steering column 
support to the ?rst leg of the S-shaped ?at metal strap 
so that during a collapse stroke of the steering column 
housing relative to the steering column support the 
reaction member is thrust against the restraint pin and 
the ?at metal strap is thrust against and pulled across an 
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active surface area of each of the ?rst and the second 
convex anvils and the collapse stroke of the steering 
column housing is opposed by a resisting force attrib 
utable to plastic deformation of the ?at metal strap at 
the active surface area of each of the ?rst and the 
second conveX anvils and to friction betWeen the ?at 
metal strap and the active surface area of each of the 
?rst and the second conveX anvils, and 

a control means operable in response to changes in a 
predetermined control variable to vary the active sur 
face area of each of the ?rst and the second conveX 
anvils thereby to vary the magnitude of the resisting 
force by changing the severity of plastic deformation of 
the ?at metal strap and the friction betWeen the ?at 
metal strap and each of the ?rst and the second conveX 
anvils. 

8. The actively variable energy absorber recited in claim 
7 Wherein the control means comprises: 

an actuator means operable to vary the magnitude of the 
active surface area of each of the ?rst and the second 
conveX anvils in contact With corresponding ones of the 
?rst and the second concave Webs of the S-shaped ?at 
metal strap during the collapse stroke of the steering 
column housing by moving the restraint pin toWard and 
aWay from the reaction member in response to changes 
in the predetermined control variable. 

9. An actively variable energy absorber comprising: 

a ?rst reaction member supported on a ?rst one of a 
steering column housing and a steering column sup 
port, 

a ?rst conveX anvil on the ?rst reaction member symmet 
ric about a centerline of the ?rst reaction member, 

a second reaction member supported on the ?rst one of the 
steering column housing and the steering column sup 
port parallel to the ?rst reaction member and for linear 
translation toWard and aWay from the ?rst reaction 
member in a plane perpendicular to the centerline 
thereof, 

a second conveX anvil on the second reaction member, 

a cage supported on the ?rst one of the steering column 
housing and the steering column support for pivotal 
movement in a plane perpendicular to the centerline of 
the ?rst reaction member having a slot around the 
second reaction member operable to limit linear trans 
lation of the second reaction member aWay from the 
?rst reaction member, 

an S-shaped ?at metal strap having a ?rst leg outboard of 
the second conveX anvil and a second leg outboard of 
the ?rst conveX anvil and a pair of concave Webs 
therebetWeen facing respective ones of the ?rst conveX 
anvil and the second conveX anvil, 

a restraint pin on the ?rst one of the steering column 
housing and the steering column support adjacent to the 
cage, 

an attachment means operable to attach a second one of 
the steering column housing and the steering column 
support to the ?rst leg of the S-shaped ?at metal strap 
so that during a collapse stroke of the steering column 
housing relative to the steering column support the 
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second reaction member is thrust against the cage and 
the cage is thrust against the restraint pin and the 
S-shaped ?at metal strap is thrust against and pulled 
across an active surface area of each of the ?rst and the 
second conveX anvils so that the collapse stroke of the 
steering column housing is opposed by a resisting force 
attributable to plastic deformation of the S-shaped ?at 
metal strap at the active surface area of each of the ?rst 
and the second conveX anvils and to friction betWeen 
the S-shaped ?at metal strap and the active surface area 
of each of the ?rst and the second conveX anvils, and 

a control means operable in response to changes in a 
predetermined control variable to vary the active sur 
face area of each of the ?rst and the second conveX 
anvils thereby to vary the magnitude of the resisting 
force by changing the severity of plastic deformation of 
the ?at metal strap and the friction betWeen the ?at 
metal strap and each of the ?rst and the second conveX 
anvils 

10. The actively variable energy absorber recited in claim 
9 Wherein the control means comprises: 

an actuator means operable to vary the magnitude of the 
active surface area of each of the ?rst and the second 
conveX anvils in contact With corresponding ones of the 
?rst and the second concave Webs of the S-shaped ?at 
metal strap during the collapse stroke of the steering 
column housing by moving the restraint pin on the ?rst 
one of the steering column housing and the steering 
column support toWard and aWay from the cage in 
response to changes in the predetermined control vari 
able. 

11. An actively variable energy absorber comprising: 

a ?rst reaction member supported on a ?rst one of a 
steering column housing and a steering column sup 
port, 

a ?rst conveX anvil on the ?rst reaction member, 

a second reaction member supported on the ?rst one of the 
steering column housing and the steering column sup 
port, 

a second conveX anvil on the second reaction member, 

a third reaction member supported on the ?rst one of a 
steering column housing and the steering column sup 
port for linear translation betWeen the ?rst and the 
second reaction members, 

a third conveX anvil on the third reaction member, 

a Wedge block on the ?rst one of the steering column 
housing and the steering column support adjacent to the 
third reaction member, 

a ?at metal strap betWeen the third conveX anvil and each 
of the ?rst and the second conveX anvils having a ?rst 
concave Web facing the ?rst conveX anvil and a second 
concave Web facing the second conveX anvil and a third 
concave Web facing the third conveX anvil, 

an attachment means operable to attach a second one of 
the steering column housing and the steering column 
support to an end of the ?at metal strap so that during 
a collapse stroke of the steering column housing rela 
tive to the steering column support the third reaction 
member is thrust against the Wedge block and the ?at 
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metal strap is thrust against and pulled across an active 
surface area of each of the ?rst and the second and the 
third convex anvils and the collapse stroke of the 
steering column housing is opposed by a resisting force 
attributable to plastic deformation of the ?at metal strap 
at the active surface area of each of the ?rst and the 
second and the third conveX anvils and to friction 
betWeen the ?at metal strap and the active surface area 
of each of the ?rst and the second and the third conveX 
anvils, and 

a control means operable in response to changes in a 
predetermined control variable to vary the active sur 
face area of each of the ?rst and the second and the third 
conveX anvils thereby to vary the magnitude of the 
resisting force by changing the severity of plastic 
deformation of the ?at metal strap and the friction 
betWeen the ?at metal strap and each of the ?rst and the 
second and the third conveX anvils. 

12. The actively variable energy absorber recited in claim 
11 Wherein the control means comprises: 

a ramp on the Wedge block facing the third reaction 
member operable to limit linear translation of the third 
reaction member, and 

an actuator means operable to vary the magnitude of the 
active surface area of each of the ?rst and the second 
and the third conveX anvils in contact With correspond 
ing ones of the ?rst and the second the third concave 
Webs of the ?at metal strap during the collapse stroke 
of the steering column housing by linearly translating 
the Wedge block to vary the separation betWeen the 
ramp thereon and the third reaction member in response 
to changes in the predetermined control variable. 

13. An actively variable energy absorber comprising: 

a ?rst reaction member supported on a ?rst one of a 
steering column housing and a steering column sup 
port, 

a ?rst conveX anvil on the ?rst reaction member, 

a second reaction member supported on the ?rst one of the 
steering column housing and the steering column sup 
port for linear translation toWard and aWay from the 
?rst reaction member, 

a second conveX anvil on the second reaction member, an 
arch-shaped guide surface on the ?rst one of the 
steering column housing and the steering column sup 
port, 

a ?at metal strap bearing against the arch-shaped guide 
surface and extending betWeen the ?rst and the second 
conveX anvils having ?rst concave Web facing the ?rst 
conveX anvil and a second concave Web facing the 
second conveX anvil, 

an attachment means operable to attach a second one of 
the steering column housing and the steering column 
support to an end of the ?at metal strap so that during 
a collapse stroke of the steering column housing rela 
tive to the steering column support the ?at metal strap 
is thrust against and pulled across an active surface area 
of each of the ?rst and the second conveX anvils and the 
collapse stroke of the steering column housing is 
opposed by a resisting force attributable to plastic 
deformation of the ?at metal strap at the active surface 
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area of each of the ?rst and the second conveX anvils 
and to friction betWeen the ?at metal strap and the 
active surface area of each of the ?rst and the second 
conveX anvils, and 

a control means operable in response to changes in a 
predetermined control variable to vary the active sur 
face area of each of the ?rst and the second conveX 
anvils thereby to vary the magnitude of the resisting 
force by changing the severity of plastic deformation of 
the ?at metal strap and the friction betWeen the ?at 
metal strap and each of the ?rst and the second conveX 
anvils. 

14. The actively variable energy absorber recited in claim 
13 Wherein the control means comprises: 

an actuator means operable to vary the magnitude of the 
active surface area of each of the ?rst and the second 
conveX anvils in contact With corresponding ones of the 
?rst and the second concave Webs of the ?at metal strap 
during the collapse stroke of the steering column hous 
ing by linearly translating the second reaction member 
toWard and aWay from the ?rst reaction member in 
response to changes in the predetermined control vari 
able. 

15. An actively variable energy absorber comprising: 

a ?rst reaction member supported on a ?rst one of a 
steering column housing and a steering column support 
for rotation about a ?rst rotation aXis, 

a ?rst conveX anvil on the ?rst reaction member having a 
variable radius of curvature about the ?rst rotation aXis, 

a second reaction member supported on the ?rst one of the 
steering column housing and the steering column sup 
port for rotation about a second rotation aXis parallel to 
the ?rst rotation aXis, 

a second conveX anvil on the second reaction member 
having a variable radius of curvature about the second 
rotation aXis so that rotation of each of the ?rst and the 
second reaction members about corresponding ones of 
the ?rst and the second rotation aXes varies the lateral 
separation betWeen the ?rst and the second conveX 
anvils, 

a ?at metal strap betWeen the ?rst and the second reaction 
members in a plane perpendicular to each of the ?rst 
and the second rotation aXes having ?rst concave Web 
facing the ?rst conveX anvil and a second concave Web 
facing the second conveX anvil, 

an attachment means operable to attach a second one of 
the steering column housing and the steering column 
support to an end of the ?at metal strap so that during 
a collapse stroke of the steering column housing rela 
tive to the steering column support each of the ?rst and 
the second concave Webs of the ?at metal strap is thrust 
against and the ?at metal strap is pulled across an active 
surface area of a corresponding one of the ?rst and the 
second conveX anvils and the 

collapse stroke of the steering column housing is opposed 
by a resisting force attributable to plastic deformation 
of the ?at metal strap at the active surface area of each 
of the ?rst and the second conveX anvils and to friction 
betWeen the ?at metal strap and the active surface area 
of each of the ?rst and the second conveX anvils, and 
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a control means operable in response to changes in a 16. The actively variable energy absorber recited in claim 
predetermined control variable to vary the active sur- 15 Wherein the control means comprises: 

facélare?l ofbeach of thil ?rst and tile s?cgnd CQnYeX a ?rst rotary actuator operable to rotate the ?rst reaction 
anv1 s t ere y to vary t e rnagnitu e o t e resisting member abouttt1e ?rst rotation axis and 
forceb chan in the severit of lastic deformation of , 
the ?atyrnetalgstgap and theyfricl?on betWeen the ?at a Second rotary actuator Operable to rota.te the.second 
rnetal strap and each of the ?rst and the second conveX reacnon member about the Second rotanon aXlS' 

anVilS; * * * * * 


