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SPECIFICATION

Method and apparatus for measuring the
inclination of the wheels of an automobile

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention generally relates to a method
and apparatus for checking-up the wheels of a
vehicle and in particular to a method and
apparatus for measuring the inclination of the
wheels of a vehicle, such as an automobile.
More specifically, the present invention relates
to a method and apparatus for measuring the
toe-in/toe out of each of the wheels of a
vehicle.

2. Description of the prior Art

An automobile generally has four wheels
which are arranged in particular orientations
from various considerations. For example, the
front wheels are arranged in consideration of
such parameters as toe-in/ toe-out, camber,
caster and kingpin angle so as to secure
stability in steering operation. It is often re-
quired to determine these parameters properly
in order to secure the running stability of an
automobile as a whole. Above all, proper
setting of toe-in/toe-out condition is extremely
important because this setting is directly re-
lated to the operative association between the
steering wheel and the direction of movement
of the automobile.

Although it is well known for one skilled in
the art, the toe-in/toe-out condition will be
explained with reference to Fig. 1 for the sake
of clarity. The particular arrangement of
wheels 2, 2 of an automobile 1 illustrated in
Fig. 2 indicates the toe-in condition, wherein,
when viewed from above in plan view, the
wheels 2, 2 are inclined inwardly with respect
to the forward direction D of movement of the
automobile 1. On the other hand, toe-out is
the -condition in which the wheels 2, 2 are
inclined outwardly, i.e., the rear parts of the
wheels 2, 2 are closer together than the
forward parts of the wheels 2, 2 with respect

" to the forward direction D of movement of the

50

55

60

65

automobile 1. For the matter of convenience,
here, the angle § defined between the forward
direction D of movement of the automobile 1
and the center plane of each of the wheels 2,
as shown in Fig. 1, will be referred to as a toe
angle.

In order to set the steering wheel of an
automobile properly with respect to the direc-
tion of advancement of the automobile or the
imaginary center line extending from the front
to the rear, it is required to first measure the
inclination of each of the right and left wheels
with respect to the center plane of the auto-
mobile, i.e., the toe angle of each of the right
and left wheels, and to adjust the inclination
of each of the left and right wheels until they

70

75

80

85

90

95

100

105

110

120

125

130

become symmetrically inclined with respect to
the center plane of the automobile. Any of the
prior art methods and apparatus for measur-
ing the toe angle was appreciably affected by
various measuring conditions, including the
size and kind of tires encircling and fitting the
rim of the wheels and the air pressure of each
of these tires, and, thus, it was extremely
difficult to measure the toe angle at high
accuracy. Among the prior art systems for
measuring the toe angle of a wheel, there was
one using a detector plate which was pressed
against the outer side surface of a wheel for
measuring the toe angle thereof. In this case,
however, there was a disadvantage in causing
variations in the suspension system as a
whole when the detector plate was pressed
against the wheel, so that accurate measure-
ment could not be carried out.

Recently, automobiles having four wheels
which are all independently suspended have
become increasingly popular because of riding
comfort and reduction of weight. In such
automobiles having independently suspended
front and rear wheels, it is necessary to check
and adjust each of the four wheels from time
to time.

SUMMARY OF THE INVENTION

It is therefore a primary object of the pre-
sent invention to obviate the disadvantages of
the prior art as described above and to pro-
vide an improved method and apparatus for
measuring the inclination of the wheels of a
vehicle, such as an automobile, at high accu-
racy.

Another object of the present invention is to
provide an improved system for measuring the
toe angle of each of the wheels of a vehicle,
such as an automobile, at high accuracy and
with ease.

A further object of the present invention is
to provide an improved method and apparatus
capable of measuring the inclination, or toe
angle, of each of the wheels of a vehicle, such
as an automobile, at the same time.

A still further object of the present invention
is to provide an improved method and appara-
tus for measuring the inclination of the wheels
of a vehicle, such as an automobile, at high
accuracy irrespective of the difference in
model of vehicles.

A stilt further object of the present invention
is to provide an improved method and appara-
tus for measuring the inclination of the wheels
of a vehicle, such as an automobile, without
being affected by the differing conditions of
tires encircling and fitting the rim of the
wheel.

A still further object of the present invention
is to provide an improved system for measur-
ing the inclination, or toe angle, of the wheels
of a vehicle, such as an automobile, which is
sturdy in structure and reliable in operation.

Other objects, advantages and novel fea-
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tures of the present invention will become
apparent from the following detailed descrip-
tion of the invention when considered in con-
junction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a schematic illustration which is
useful for explaining the toe-in/toe-out condi-

tion of wheels of an automobile;

Fig. 2 is a schematic illustration showing a
system for measuring the inclination of wheels
of an automobile constructed in accordance
with one embodiment of the present inven-
tion;

Fig. 3 is a plan view showing in detail one
of the toe angle detecting devices provided in
the system of Fig. 2;

Fig. 4 is a front view of the structure shown
in Fig. 3;

Figs. 6a and 5b are schematic illustrations
which are useful for explaining the operation
of the system shown in Fig. 2:

Fig. 6 is a schematic illustration showing
another system for measuring the inclination
of wheels of an automobile constructed in
accordance with another embodiment of the
present invention;

Fig. 7 is a plan view showing in detail one
of the toe angle detecting devices provided in
the system of Fig. 6;

Fig. 8 is a front view of the structure shown
in Fig. 7;

Fig. 9 is a schematic illustration showing a
modified structure of the present invention;

Fig. 10 is a schematic illustration showing a
further system for measuring the inclination of
the wheels of an automobile constructed in
accordance with a further embodiment of the
present invention;

Fig. 11 is a plan view showing in detail one
of the toe angle detecting devices provided in
the system of Fig. 10;

Fig. 12 is a front view of the structure
shown in Fig. 11; :

Fig. 13 is a schematic illustration showing a
still further system for measuring the inclina-
tion of the wheels of an automobile con-
structed in accordance with a still further
embodiment of the present invention;

Fig. 14 is a plan view showing in detail one
of the toe angle detecting devices provided in
the system of Fig. 13;

Figs. 15 and 16 are schematic illustrations
showing a modified structure of the present
invention;

Fig. 17 is a schematic illustration showing a
still further system for measuring the inclina-
tion of the wheels of an automobile con-
structed in accordance with a still further
embodiment of the present invention;

Fig. 18 is a plan view showing in detail one
of the toe detecting devices provided in the
system of Fig. 17;

Fig. 19 is a front view of the structure
shown in Fig. 18;
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Fig. 20 is a schematic illustration showing
the case in which an automobile (not shown)
driven into the present system for measuring
the toe-angle of each of the wheels is directed
at an angle with respect to the imaginary
vertical straight line of the system;

Fig. 21 is a schematic illustration showing a
still further system for measuring the inclina-
tion of the wheels of an automobile con-
structed in accordance with a still further
embodiment of the present invention;

Fig. 22 is a front view showing a main part
of the structure shown in Fig. 21; and

Fig. 23 is a schematic illustration showing a
still further system for measuring the inclina-
tion of the wheels of an automobile con-
structed in accordance with a still further
embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODI-
MENTS

Referring now to Fig. 2, there is schemati-
cally shown a system for measuring the incli- -
nation, or toe angle, of the wheels of an
automobile having four wheels constructed in
accordance with one embodiment of the pre-
sent invention. As shown, the toe angle mea-
suring system generally comprises a front
wheel measuring section 10, and a rear wheel
measuring section 10g, which is located as
spaced apart from the front wheel measuring
section 10, over a distance E corresponding
to a wheel base distance of an automobile to
be examined. If desired, the toe angle measur-
ing system may be so constructed that the
distance E may be varyingly set in accordance
with the wheel base distance of an automobile
to be examined as is obvious for those skilled
in the art. In the illustrated embodiment, since
both of the front and rear toe angle measuring
sections 10, and 10 are identically con-
structed, like elements are designated by like
numerals.

The rear wheel measuring section 105 is
generally defined in a rectangular pit extend-
ing into the ground from a ground surface G
on which automobiles run. The rear wheel
measuring section 10 includes a pair of sup-
port beams 19, 19, which are fixedly attached
to the ground surface G on both ends as
extending horizontally in parallel, and a pair of
floating tables 185 and 18, which are mova-
bly supported on the pair of beams 19, 19
along the longitudinal direction thereof with
their top surfaces generally flush with the
ground surface G thereby allowing an automo-
bile to be examined to be driven onto the
floating plates 185 and 18,. It is so structured
that the floating plates 18, and 18, are locked
in position when an automobile is driven
thereon; whereas, these plates 18; and 18,
are released during toe angle measurements.

Also provided is a pair of rails 11, 11 which
are fixedly provided at the bottom of the pit
as extending horizontally in parallel. On the
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rails 11, 11 are mounted a pair of support
plates 12, 12, movably along the logitudinal
direction of the rails 11, 11, and these sup-
port plates 12,, 12, are operatively connected
by a connector 13, which is commonly called
*equalizer’’. The connector 13 has a center
point 13a, which is fixed in position, and,
thus, the left and right support plates 12,
12, are controlled to be located symmetrically
in position with respect to this stationary

- center point 13a. As is clear from Fig. 2, the

front wheel measuring section 10, also in-
cludes a simifar connector 13 having a sta-
tionary center point 13a, and, it is to be noted
that an imaginary straight line H connecting
between these stationary center points 13a,
13a of front and rear measuring sections 10,
and 10; defines a reference straight line for
measurement of toe angle. .

With this structure, it is possible to carry
out toe angle measurements for various auto-
mobiles different in tread length, and, more-
over, just by having an automobile set in
position as self-driven, it is automatically
aligned with the reference straight line H. Iin
other words, the longitudinal center line of the
automobile is aligned with the reference
straight line H. It is to be noted that here the
longitudinal center line of an automobile is
defined as a straight line extending between
the center of the front wheel tread iength
(length between the two front wheels) and the
center of the rear wheel tread length.

As best shown in Figs. 3 and 4, a turn
table 14 in the form of a cross in the illus-
trated embodiment is rotatably mounted on
each of the support plates 12;, 12, via a shaft
43. On the turn table 14 is provided a toe
angle detecting device including a pair of
detector plates 15, 15 which may be moved
closer together or separated away from each
other through a suitable link mechanism and
thus which may be pressed against the wheel
2 set on the floating table 18; from both
sides so as to detect the inclination of the
wheel 2. Each of the detector plates 15, 15
includes a support member 15c, a pair of
spacers 15b, 15b which are mounted on the
support member 15c on both ends each
through a ball bearing 15d so as to be
movable in the vertical direction, and a pair of
contact plates 15a, 15a which are mounted
on the respective spacers 15b, 15b through
respective ball bearings 15e, 15e to be mov-
able horizontally with respect thereto and
which are directly brought into contact with
the wheel 2 on both sides thereof.

With reference to Figs. ba and bb, the
operation of the toe angle detecting device

‘having the above-described structure will be

described. Due to the unique structure of the
present toe angle detecting device, the pair of
detector plates 15, 15 may be brought into
pressure contact with the wheel 2 from both
sides without imparting any undesired force to
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the wheel 2 and thus to its suspension sys-
tem. Described more in detail in this respect,
when the detector plates 15, 15 are pressed
against the wheel 2 from both sides, pressing
forces F, F applied by the respective detector
plates 15, 15 to the wheel 2 are counterba-
lanced along an imaginary horizontal line T. In
other words, when the detector plates 15, 15
are moved closer to the wheel 2 from both
sides, an edge O of the contact plate 15a first
comes into contact with the corresponding
side surface of the wheel 2 and the contact
plate 15a pivots around the edge O now in
contact with the wheel 2 until the contact
plate 15a comes into surface contact with the

‘wheel 2. However, the spacer 15b does not

follow the movement of the contact plate 15a,
but it moves slidingly along an interface C
between the contact plate 15a and the spacer
15b through the ball bearing 15e thereby
causing a point Q of application of pressing
force to be located at line T. With such a
structure, even if the pair of detector plates
15, 15 are brought into pressure contact with
the wheel 2 from both sides, undesired forces
are prevented from being applied to the wheel
and its suspension system, thereby allowing
to carry out toe angle measurements at high
accuracy.

Furthermore, as shown in Fig. bb, the pre-
sent toe angle detecting device is also so
structured not to be adversely affected by the
camber of the wheel 2, i.e., the inclination of
the wheel 2 in the vertical direction. That is,
in the illustrated embodiment, since the ball
bearing 15d is provided at the interface C’
between the spacer 15b and the support
member 15c thereby allowing to provide a
relative movement therebetween, the point Q’
of application of pressing force when viewed
in the plane vertical to the plane of Fig. 5a is
also properly located at the line T so that the
pressing forces are also counterbalanced. This
also indicates that no undesired forces are
applied to the wheel 2. In this manner, ac-
cording to the present invention, since the
wheel 2 is pressed from both sides with well
counterbalanced forces, no undesired forces
are applied to the wheel 2 so that the mea-
surement of the toe angle of the wheel 2 may
be carried out at high accuracy.

As best shown in Fig. 4, the detector plate
15 is supported to be pivotal around pivot
16a at the top of a stay 16, which extends
upright with its bottom end slidably mounted
on a guide rail T4a. Thus, the detector plate
15 may be freely pivotted to face upward or
downward depending on the inclination of the
side surface of the wheel 2 to which it is
pressed against. As shown, a pair of such
guide rails 14a, 14a are fixedly mounted on
the cross-shaped turn table 14 as spaced
apart from each other and in alignment. On
the turn table 14 and at the center between
the pair of detector plates 15, 15 is also
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provided an air cylinder 17 extending in the
direction perpendicular to the longitudinal di-
rection of the guide rails 14a, 14a. The air
cylinder 17 includes a pair of rods 17a, 17b
which are provided on both ends thereof and
which may project and retract in opposite
directions. Each of the rods 17a, 17b has a
pin 17c at its forward end and a pair of levers
17b, 17b are pivotally connected to the pin
17c at one end with the other end pivotally
connected to the stay 16.

With the above-described structure, when
air under pressure is supplied from a pressur-
ized air source (not shown) to the air cylinder
17, the oppositely arranged rods 17a, 17b
project in the opposite directions, which, in
turn, cause the pair of stays 16, 16 and thus
the detector plates 15, 15 to move closer
together as guided along the guide rails 14a,
14a through the above-mentioned link mecha-
nism including the levers 17b. Thus, with the
supply of air under pressure to the air cylin-
der, the detector plates 15, 15 are brought
into pressure contact with the wheel 2 from
both sides.

Regarding the toe angle detecting device
for the right-hand wheel 2, as shown in Fig.
4, there is provided a pair of sensors 21, 21,
each having its tip end in contact with the
corresponding one of the pair of shafts 17c,
17c¢, which extend downward from the stay 6
and to which the levers 17b, 17b are pivo-
tally connected, respectively, so as to detect
the amount of movement of the correspond-
ing one of the shafts 17c, 17c. As shown in
Fig. 2, these sensors 21, 21 are electrically
connected to a measuring unit 22 to supply
detection signals thereto. In the illustrated
embodiment, the reference condition of each
of these sensors 21, 21 is set at the condition
in which the corresponding detector plate 15
is oriented in parallel with the refence straight
line H of the present system. Thus, the turn
table 14 is caused to turn over an angel
corresponding to the angle defined-between
the wheel 2 and the system reference straight
line H, and the corresponding amount of
movement of each of the shafts 17¢c, 17c is
detected by the respective sensors 21, 21
with the detected information being supplied
to the measuring unit 22. It is to be noted
that in the preferred embodiment as illus-
trated, the values obtained by the sensors 21,
21 are differentially processed to calculate the
angle of inclination of the wheel 2 with re-
spect to the system reference straight line H.

As shown in Fig. 2, the present system
includes four such measuring units 22, one
for each wheel 2, and these measuring units
22 are all electrically connected to a computer
23, where the values from each of the mea-
suring units 22 are suitably processed to
determine the inclination of each of the
wheels 2 with respect to the system reference
line H thereby calculating the toe angle of
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each of the wheels 2. The computer 23 is
also electrically connected to a front wheel toe
angle display device 24a and a rear wheel toe
angle display device 24b, which display the
toe angles of the wheels 2 thus calculated by
the computer 23. Of course, the front and
rear wheel toe angle display devices 24a and
24b may be integrated, if desired.

In operation, the automobile 1 is driven into
the system such that its four wheels 2 ride on
the respective floating tables 18, which are
temporarily locked in position. After releasing
the floating tables 18 from the locked condi-
tion, air under pressure is introduced into
each of the air cylinders 17, so that the paired
detector plates 15, 15 are moved closer to-
gether to sandwich the wheel 2 therebetween.
In this case, the contact plate 15a of detector
plate 15 is securely brought into surface con-
tact with the side surface of the wheel 2 while
producing a reiative motion with respect to
the support member 15 through the spacer
15b as described previously, and the turn
table 14 is caused to rotate around the shaft
43 over an angle corresponding to the angle
of inclination of the wheel 2 with respect to
the system reference line H. The amount of
movement of each of the shafts 17c, 17c is
detected by the sensors 21, 21 and the
detected values are supplied to the measuring
unit 22.

In this case, as may be seen in Fig. 4, the
wheel 2 typically rides on the floating table
18 with the center plane C, of the wheel 2
being slightly deviated from the center plane
C, of the turn table 14. However, since the
floating table 18 and support plate 12 are
provided to be freely movable in predeter-
mined directions, as the detector plates 15,
15 are brought into pressure contact with the
wheel 2 from both sides as described above,
the center plane C,; of the wheel 2 on the
floating table 18 is automatically brought into
alignment with the center plane C, of the turn
table 14 with ease without requiring apprecia-
ble driving forces.

As described above, the amount of move-
ment of each of the shafts 17¢, 17¢ detected
by the pair of sensors 21, 21 is supplied to
the corresponding measuring unit 22 where
the inclination of the wheel 2 with respect to
the system reference line H is calculated. The
thus calculated inclination of each of the
wheels 2 is then supplied to the computer 23,
where the information is processed according
to a predetermined program to calculate the
toe angle of each of the wheels 2, i.e., the
inclination of each of the wheels 2 with re-
spect to the longitudinal direction D of the
automobile under test. Then, the thus calcu-
lated toe angles are displayed at the devices
24a, 24b. Accordingly, while observing the
current toe angle values displayed, an opera-
tor may adjust the inclination of each of the
wheels 2 until the right and left wheels 2 are
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set equal in toe angle. When so set, the
steering wheel is also properly aligned with
respect to the longitudinal direction D of the
automobile under test.

As a modified structure, the floating tables
18 may be disposed of, if desired. In this
case, the wheels 2 to be tested are placed
directly on the support beams 19, 19 which
are fixedly attached to the ground surface G
on both ends. Furthermore, by appropriately
defining the system reference line, the equaliz-
ers 13, 13 may also be disposed of. In this
case, the rails 11, 11 do not need to be
provided as extending from end to end in the
pit, and they may be provided only partially
over the range of movement of the support
plate 12. In addition, only one sensor 21 may
be provided for measuring the inclination of
each of the wheels 2. Besides, an angle
sensor (not shown) may be provided on the
shaft 16a which pivotally connects the detec-
tor plate 15 to the stay 16, if desired, in
which case, the camber of the wheel 2 may
be detected at the same time.

Fig. 6 schematically illustrates another sys-
tem for measuring the inclination of the
wheels of an automobile constructed in accor-
dance with another embodiment of the pre-
sent invention. As shown, similarly with the
previously described system, the present sys-
tem includes a front wheel measuring section
30, and a rear wheel measuring section 30,
which are also generally defined in the form
of the pit in the ground. Each of the measur-
ing sections 30 includes a pair of support
beams 33. 33. which extend horizontally in
parallel as spaced apart from each other with
their both ends fixedly attached to the ground
surface G, and a pair of floating tables 32,
32, as being movable along the pair of sup-
port beams 33, 33. In each of the measuring
sections 30, a rail 31 is fixedly provided at
the bottom of the pit as extending horizontally
as spaced apart from each other. The rail 31
in the front wheel measuring section 30, is in
parallel with the rail 31 in the rear wheel
measuring section 30;. It is to be noted that
one of the rails 31 may be provided partially
as required and not in a continuous manner
as shown.

On each of the two rails 31, 31 is movably
mounted a pair of toe detecting devices Iy, |,
which may be used for measuring the inclina-
tion of the left and right wheels of an automo-
bile under test. As shown in detail in Figs. 7
and 8, each of the toe detecting devices |
includes a pair of detector plates 35, 35
which may be moved closer together or sepa-
rated away from each other. That is, each of
the detector plates 35, 35 is supported at its
center to be pivotal three-dimensionally at the
top of the stay 36 through a ball joint 37, and
the stay 36 rides on the rail 31 as being
slidable therealong. Between the oppositely
arranged detector plates 35, 35 is provided
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an air cylinder 38 as fixedly mounted on a
slide table 34, which is slidable along the rail
31, as being perpendicular to the rail 31. A
pair of rods 38a, 38a are provided in the air
cylinder 38 to project or retract in the oppo-
site directions. The forward ends of the rods
38a, 38a are operatively connected to the
bottom ends of both of the stays 36, 36 by
means of link levers 38b. In particular, each
lever 38b has its one end pivotally connected
to the forward end of the rod 38a at 38c and
the other end pivotally connected to a pivot
38c defined at the bottom of the stay 36 at
its center. With such a structure, similarly
with the previously described embodiment,
through the operation of the air cylinder 38,
the pair of oppositely arranged stays 37, 37
and thus the associated detector plates 35,
35 may be moved closer together or sepa-
rated away from each other as guided by the
rail 31, so that the detector plates 35, 35
may be pressed against the wheel 2 from
both sides, as shown in Fig. 8.

There is provided a sensor 39 for each of
the four toe angle detecting devices such that
the forward end of the sensor 39 is in contact
with one end of a support member 35c¢ of the
detector plate 35 thereby allowing to detect
the amount of movement of that portion of
the support member 35c, and the sensor 39
is electrically connected to an associated mea-
suring unit 40 as shown in Fig. 6. It is to be
noted that each of the sensors 39 is so
arranged that the reference (zero) condition is
established when the detector plate 35 is
directed perpendicular to the rail 31. Thus,
when the paired detector plates 35, 35 are
pressed against the wheel 2, they are moved
pivotally three-dimensionally around the ball
joint 37 in accordance with the angle of
inclination of the wheel 2, whereby the sensor
39 detects the amount of movement of the
point in contact thereby supplying a detection
signal to the measuring unit 40, where the
angle of inclination of the wheel 2 with re-
spect to the straight line perpendicular to the
rail 31 is calculated. Each of the four measur-
ing units 40, each receiving a detection signal
from an associated sensor 39, is electrically
connected to a computer 41. Each of the
measuring units 40 is also connected to an
associated one of other sensors 44a-44d,
which are used to detect an off-center value of
the longitudinal center line of the automobile
under test from the imaginary reference line H
of the measuring system. The computer 41 is
electrically connected to a front wheel toe
angle display device 42a including an off-
center indicating portion 42c¢ and to a rear
wheel toe angle display device 42b.

The operation of the present embodiment is
approximately the same as that of the previ-
ous embodiment. In the previous embodi-
ment, the toe angle detecting device | on the
turn table 14 as a whole rotates in carrying
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out toe angle measurements; on the other
hand, in accordance with the present embodi-
ment, those elements which move rotatingly
following the inclination of the wheel 2 are
only the pair of detector plates 35, 35.

As possible modifications of the present
embodiment, the sensor 38 may be provided
more than one for each of the wheeis 2 so as
to increase the level of measuring accuracy.
Moreover, an appropriate angle sensor may
be mounted on the ball joint 37 so as to allow
to directly measure the camber of the wheel 2
as well.

Fig. 9 schematically illustrates a still further
modification in which the sensor 21 is pro-
vided one for either side of the wheel 2
thereby allowing to detect the inclination of
each of the paired detector plates 15, 15
independently as different from the above-
described embodiments wherein only one of
the paired detector plates 15, 15 is detected
for its inclination. Such a structure is practi-
cally quite advantageous because the errors,
for example, caused by partial protrusions 2b
formed at the side of the wheel 2 or tire for
indicating the tire manufacturer may be mini-
mized in measurement of inclination of the
wheel 2. Described more in detail in this
respect with reference to Fig. 9, in which the
left and right detector plates 15 and 15, are
pressed against the wheel 2 on both sides
partly in abutment against the local protru-
sions 2b, designating the angle of inclination
of the right detector plate 15, with respect to
the system reference line H by 6, and the
angle of inclination of the left detector plate
15, with respect to the reference line H by 6.,
the angle of inclination of the center plane of
the wheel 2 with respect to the reference line
H may be expressed as in the following man-
ner, assuming that the protrusions 2b are
formed symmetrically on both sides of the
wheel 2.

Referring now to Figs. 10-12, there is
shown a further embodiment of the present
invention. Fig. 10 illustrates the overall struc-
ture of the system for measuring the inclina-
tion of the wheels of a four-wheeled automo-
bile constructed in accordance with a further
embodiment of the present invention, in
which the main portions are exploded for the
purpose of illustration and a toe angle detect-
ing device T for each wheel 2 is removed.
Fig. 11 shows in detail the toe angle detect-
ing device T provided for each of the four
wheels 2 of an automobile under test with the
floating table 54 removed. Fig. 12 is a front
view showing the structure of Fig. 11. As
shown in Fig. 10, in a generally rectangular
pit P formed in the ground surface, there are
provided two pairs of rails 53A, 53A and
53B, 53B as extending horizontally in parallel
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thereby each pair defining a front wheel mea-
suring section A and a rear wheel measuring
section B. The center-to-center distance E be-
tween these pairs of rails 53A-53A and 53B-
53B is set equal to the wheel base of an
automobile under test. As described previ-
ously, these pairs of rails 53A-53A and 53B-
53B may be so structured to be adjustable in
spacing thereby allowing to apply for various
automobiles different in wheel base distance.

A pair of support plates 54AL, 54AR are
movably mounted on the pair of rails 53A,
53A therealong and another pair of support
plates 54BL, 54BR are movably mounted on
the pair of rails 53B, 53B. On each of the
support plates 54 is mounted a toe angle
detecting device which will be described in
detail later. The pair of support plates 54AL,
54AR movably mounted on the same pair of
rails 53A, 53A are operatively connected
through a pantagraph type connector 55A,
and, similarly, the pair of support plates
54BL, 54BR are operatively connected
through another pantagraph type connector
55B. Thus, the distance between the left and
right support plates may be suitably varied so
that the present system may be applied to
automobiles different in tread length.

Describing the structure of the pantagraph
type connector 55A in the front wheel mea-
suring section A, horizontal rods 56L and 56R
fixedly attached to the support plates 54AL
and 54AR, respectively, extend in parallel
with the rails 53A oppositely closer together.
First arms 55b, 55b are pivotally connected
to the forward ends of the horizontal rods
56L, 56R at pivots 55a, 5ba, respectively,
and these first arms 55b, 55b are pivotally
connected at their forward ends at pivot 55c.
A pivot 55d is provided at mid-point of each
of the first arms 55b, 55b and a pair of .
second arms 55e, 5be, which are half as long
as the first arms 55b, are pivotally connected
to the respective pivots 55d, 55d. The pair of
second arms 55e, 55e have their other ends
pivotally connected together. With the panta-
graph type connector 55A constructed as de-
scribed above, even if the distance W be-
tween the left and right support plates 54AL
and 54AR varies, the position of the pivot 55f
may be maintained on a straight line h de-
fined by connecting the two horizontal rods
561. and 56R. In other words, the pivot 55f
freely moves along the line h in accordance
with changes in distance W as being always
located at the center of distance W.

The support plates 54AL, 54AR have shafts
57L, 57R at the center, and vertical rods 58L,
58R extending vertically corresponding to the
longitudinal direction of an automobile under
test are pivotally connected to the shafts 57L,
57R, respectively. At the forward end of each
of the vertical rods 58L, 58R, there is pro-
vided a scale plate 59L, 59R which may be
used to indicate the toe angle of the corre-
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sponding wheel 2. The scale plate 59 is
fixedly attached to the vertical rod 58 with the
reference (zero) point in alignment with the
longitudinai direction of the vertical rod 58.
Thus, even if the vertical rods 58 are inclined

"with respect to the reference center line of the

system as shown in Fig. 13, the reference -
(zero) point of the scale plate 59 remains at
the longitudinal axis of the vertical rod 58.

The pair of vertical rods 58L, 58R are
operatively connected at their forward end
portions by another pantagraph type connec-
tor 60A which is similar in structure to the
previously described pantagraph type connec-
tor 55A. Described more in detail, horizontal
rods 62L, 62R, substantially same in length
as the previously mentioned horizontal rods
56L, 56R, are pivotally connected to the
respective vertical rods 58L, 58R at pivots
61L, 61R, and the pantagraph type connector
60A including a pair of first arms 60d, 605
and second arms 60e, 60e, which are all
pivotally connected via pivots 60a, 60a, 60c,
60d, 60d and 60f. Thus, the pivot 60f is
insured to always remain at a mid-point be-
tween the pivots 60a and 60a.

The two pantagraph type connectors 55A
and 60A are interconnected by a synchroniz-
ing rod 63A. In this case, the length of the
rod 63A is so set that all of the pivots 61L,
60a, 60f, 60a and 61R lie in a straight line in
parallel with the rails 53A. The synchronizing
rod 63A has its both ends pivotally connected
to the pivot 55¢ of pantagraph 55A and to
the pivot 60c of pantagraph 60A, so that the
corresponding pairs of horizontal rods 56L-
62L and 56R-62R are synchronized in opera-
tion. Thus, even if the support plates 54AL,
54 AR shift in position during toe angle mea-
surement, the distance between the pivots
61L and 61R is always maintained equal to
the distance W between the support plates
54AL and 54AR and at the same time the
horizontal rods 62L, 62R are maintained in
parallel with the rails 53A. That is, the quadri-
lateral defined by the pivots 57L, 61L, 61R
and 57R always remain a parallelogram.

On the other hand, also in the rear wheel
measuring section B, a similar pantagraph
type connector 55B is provided as operatively
connected between the right and left support
plates 54BL, 54BR, and like elements are
indicated by like numerals. Accordingly, even
if the support plates 54BL and 54BR are
shifted in position sideways along the rails
53B depending on the manner of advance-
ment of the automobile to be tested, the
quadrilateral defined by the pivots 57L, 6 1L,
6 1R and 57R always remain to be a parallelo-
gram.

Also provided is a connection rod 64 in-
cluding a length adjustment section 64a for
operatively coupling the pair of support plates
54AL, 54AR on the rails 53A, 53A to the pair
of support plates 54BL, 54BR on the rails
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53B, 53B. The connection rod 64 includes a
front rod 64A for the front wheel measuring
section A and a rear rod 64B for the rear
wheel measuring section B, which are con-
nected by the length adjusting section 64a for
adjusting the entire length of the connection
rod 64. The length adjusting section 64a is
comprised of a retainer 64a, in the form of a
cylinder with its one end open and a slider
64a, which is slidably fitted into the retainer
64a,, and, thus, while maintaining the front
and rear rods 64A and 64B lying along a
straight line, the entire length of the connec-
tion rod 64 may be suitably adjusted.

Preferably, the forward end of the front rod
64A is pivotally connected to the pantagraph
type connector 60A at the pivot 60f and the
front rod 64A is also pivotally connected to
the pivot 55f of the other pantagraph type
connector 55A. Similarly, the rear rod 64B is
pivotally connected to the pantagraph type
connectors. 55B, 60B at pivots 55f, 60f,
respectively. With the provision of such con-
nection rod 64, the longitudinal center line of
an automobile to be tested may be always
brought into aligenment with the lengthwise
direction of the connection rod 64 automati-
cally. As is obvious from the above descrip-
tion, each of the vertical rods 58 is always
maintained in parallel with the connection rod
64 through the above-mentioned link mecha-
nism so that even in the case in which the
connection rod 64 is inclined with respect to
the longitudinal direction as shown in Figs.
13 and 14, the direction of each of the
vertical rods 58 is always maintained in paral-
lel with the longitudinal center direction of the
automobile to be tested. As mentioned before,
the longitudinal center line of an automobile
to be tested is defined as a straight line
extending between the centers of front wheel
and rear wheel tread distances.

The toe angle detecting device T is
mounted on each of the four support plates
54 as will be described below. With particular
reference to Figs. 11 and 12, a turn table 65
formed in the shape of a cross is supported to
be rotatable around the shaft 57 which is
provided at the center of the support table 54
and to which the vertical rod 58 is also
pivotally connected.

On the cross-shaped turn table 65 is fixedly
mounted a pair of guide rails 66, 66 as
spaced apart from each other and in
alignment, and a pair of detector members
67, 67 to be pressed against the wheel 2
from both sides for measuring the toe angle
thereof are slidably mounted on the guide
rails 66, 66. In the illustrated embodiment,
the detector member 67 includes a pair of
detector plates 67a, 67a spaced apart from
each other and a support member 67b for
supporting the pair of detector plates 67a,
67a, whereby the pair of detector plates 67a
and 67a are brought into pressure contact
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against one side surface of the wheel 2 for
measuring the toe angle thereof. Between the
pair of oppositely arranged detector members
67, 67 and oriented perpendicular to the rails
66 is disposed an air cylinder 68 having a
pair of rods 68a, 68a which project and
retract in opposite directions. The forward
ends of these rods 68a, 68a are pivotally
connected to link tevers 68b, which are pivo-
tally connected to the respective ends of the
support member 67b at pivots 67c and 68c.
Thus, when air under pressure is introduced
into the air cylinder 68 as supplied from a
pressurized gas source (not shown), the rods
68a, 68a project in the opposite directions, so
that the pair of detector members 67, 67 are
brought closer together as guided by the
guide rails 66, 66 thereby securely holding
the wheel 2 therebetween. It is to be noted
that in the illustrated embodiment the support
beams 69 for supporting thereon the wheels
2 in position are held in flush with the ground
surface with the help of pillars 69a extending
upright from the bottom of the pit P.

As best shown in Fig. 11, a needle 70 is
fixedly mounted on the cross-shaped turn ta-
ble 685 with its tip end generally located at the
scale plate 59 fixedly mounted on the vertical
rod 58. Thus, the needle 70 is so positioned
to lie in a longitudinal center plane C, of the
wheel 2 when properly held between the pair
of detector members 67, 67 under pressure.

In operation, an automobile to be tested is
driven by itself into the present system such
that its four wheels ride on the corresponding
support beams 69. In this case, as shown in
Figs. 13 and 14, the automobile tends to be
oriented obliquely with respect to the longitu-
dinal direction of the toe angle measuring
system I, whereby the longitudinal center line
of the automobile is inclined with respect to
the longitudinal center line of the measuring
system 1. In the present system |, however,
due to the particular link mechanism, the
connection rod 64 becomes always aligned
with the longitudinal center line of the auto-
mobile automatically. Besides, as mentioned
before, through the unique link mechanism,
the quadrilateral defined by the points 61,
57, 55f and 60 always remain to be a paral-
lelogram. Thus, the vertical rod 58 pivotally
connected to the support plate 54 on which
the toe angle detecting device T is mounted is
always directed in parallel with the longitudi-
nal center line of the automobile so that the
zero point on the scale plate 59 indicates the
direction of the longitudinal center line of the
automobile. After placing the wheels 2 on the
support beams 69, the steering wheel is set
to be in alignment with the longitudinal center
line of the automobile to be tested.

Then, air under pressure is introduced into
the air cylinder 68 so that the paired detector
members 67, 67 are moved closer together
thereby being brought into pressure contact
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with the wheel 2 from both sides at the same
time. In this instance, the turn table 65 is
caused to rotate around the shaft 57 over an
angle corresponding to the degree of inclina-
tion of the wheel 2 with respect to the longi-
tudinal center line of the automobile. Thus,
the direction indicated by the needle 70 fix-
edly mounted on the turn table 65 comes into
agreement with the direction of longitudinal
center plane of the wheel 2, and thus a
reading on the scale plate 59 indicated by the
tip end of the needle 70 is the current toe
angle of the wheel 2. Since the zero point of
the scale plate 59 is insured to always indi-
cate the direction of the longitudinal center
line of the automobile, as mentioned above,
there is no need to implement correction
depending on the degree of inclination of the
automobile to be tested with respect to the
reference center line of the measuring system
| and the reading on the scale plate 59
indicated by the needle 70 directly indicates
the true toe angle of the wheel 2. In this case,
if an operator adjusts the toe angle of each of
the left and right wheels 2 so as to bring the
readings of the left and right scale plates 59
indicated by the needles 70 to be identical,
the steering wheel may be brought into pro-
per alignment with the advancing direction of
the automobile.

In the above described embodiment, a pan-
tagraph type connector is provided between
the left and right support plates; however, in
the case where automobiles to be tested all
have the identical tread length, such a panta-
graph connector may be discarded. in this
case, it is only necessary to have the connec-
tion rod 64 pivotally connected to mid points
between the pivots 61L and 61R and be-
tween the pivots 57L and 57R. It should also
be noted that the pit P may be provided
individually for each of the front and rear
wheel measuring sections A and B, and the
rails 53 may be provided partly as required.

Fig. 15 shows a modified structure of the
above embodiment. In this case, the vertical
rod 58 is connected to the shaft 57 which is
located at a position separated away from the
center of the support plate 54 over a distance
in the direction separating further away from
the longitudinal center line of the automobile,
and the sensor 71 is fixedly mounted on the
vertical rod 58. The sensor 71 is connected to
a display device 72 for displaying the value of
the detected toe angle. The sensor 71 has a
sensor rod 71a which extends in the direction
perpendicular to the vertical rod 58. On the
other hand, an actuator rod 73 is fixedly
mounted on the turn table 65 as extending
forward along the center line C, thereof in the
widthwise direction and the tip end of the
sensor rod 71a is in abutment against the
actuator rod 73. The remaining structure is
similar to that described in the previous em-
bodiment.
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With the above-described modified struc-
ture, in the case where the automobile to be
tested is inclined with respect to the longitudi-
nal center line of the measuring system 1 as
shown in Fig. 16, the vertical rod 58 is
always maintained to be directed in parallel
with the longitudinal center line of the auto-
mobile similarly with the previous embodi-
ment. Thus, the amount of movement of the
actuator rod 73 detected by the sensor 71
fixedly mounted on the vertical rod 58 indi-
cates the degree of inclination of the wheel 2
itself without being affected by the inclination
of the longitudinal center line of the automo-
bile, and, thus, the toe angle of each of the
wheels 2 may be displayed at the display
device 72 after simple calculations without
requiring to implement any correctional proce-
dure. in accordance with the present embodi-
ment, the detected toe angle of the wheel 2
may be displayed in digital format with a
minimum of cost since it only requires a
minimum number of sensors and simple arith-
metic calculations.

Figs. 17-19 shows a still further system for
measuring the inclination of the wheel of an
automobile constructed in accordance with a
still further embodiment of the present inven-
tion. The present embodiment is structurally
similar to the embodiment shown in Figs. 10-
12 and thus like elements are indicated by
like numerals thereby omitting the repetition
of explanation as much as possible. As shown
in Fig. 17, the present toe angle measuring
system is also provided in the pit P in the
shape of a rectangle and extending into the
ground from the ground surface on which
automobiles run. As different from the previ-
ous embodiment, the present system is pro-
vided with an indicator rod 109 for indicating
the location of the pivot 55f of the panta-
graph type connector 55A in the widthwise
direction as extending along a straight line
connecting between the pivots 55f and 5bc.
The indicator rod 109 is formed with an
elongated slot 109a at one end, and the pivot
55c is loosely received in the elongated slot
109a. The other end of the indicator rod 109
extends beyond the pivot 55f over a predeter-
mined length. In this case, due to the unique
characteristic of a pantagraph mechanism, the
line defined between the pivots 55c and 55f
is perpendicular to the line defined between
the pivots 55a and 55a, so that the indicator
rod 109 always extends in the direction per-
pendicular to the widthwise direction even if
the center-to-center distance W varies thereby
allowing to indicate the position of the pivot
55f in the widthwise direction. It is to be
noted that the above-described structure is
identically provided for the front and rear
wheel measuring sections A and B.

Also provided are position sensors 110A
and 110B for sensing the position of the
pivots 55f in the widthwise direction of the
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system | with the tip end of the sensing
member in abutment against the correspond-
ing indicator rod 109. In the present embodi-
ment, the indicator rod 109 is always main-
tained perpendicular to the rails 53A and 53B
so that its position directly indicates the posi-
tion of the pivot 55f in the widthwise direc-
tion. The position sensors 110A and 1108
are electrically connected to a processor unit
111. As may be recalled, the longitudinal
center line of the automobile under test be-
comes always aligned with the straight line
defined by connecting the pivots 55f, 55f of
the front and rear wheel measuring sections A
and B as indicated by the two-dotted line in
Fig. 17. Thus, by calculating the inclination of
the straight line extending between the pivots
55f, 55f of the front and rear wheel measur-
ing sections A and B from the respective
positions of these two pivots 55f, 551, the
inclination of the longitudinal center line of
the automobile under test may be known.
That is, designating an angle from the direc-
tion perpendicular to the rail 53 by ¢, de-
tected values of the respective positicn sen-
sors 110A, 110B by a and b, respectively,
and the distance between the sensors by E’
(which may be approximated by the wheel
base distance E), then the inclination of the
longitudinal center line of the automobile un-
der test may be expressed as in the following
manner.
tanc = (a — b)/E

Here, the sign of each of the parameters a
and b should be changed depending on
whether the movement of the indicator rod
109 is to the right or to the left.

It is to be noted that the indicator rod 109
does not have to be provided at the mid point
between the support plates 54AL and 54AR
and it may be provided at any point there-
between as long as its position is identical for
the front and rear wheel measuring sections A
and B. In such a case, the line extending
between these two indicator rods 109, 109
disposed at points other than mid points does
not coincide in position with the longitudinal
center line of the automobile under test, but
its direction is parallel to the longitudinal
center line of the automobile under test.

Figs. 18 and 19 illustrate the toe angle
detecting device T provided in the system
shown in Fig. 17 and this toe angle detecting
device T is also structurally similar to the one
shown in Figs. 11 and 12 in many respects
though different numerals are used. |n the
present embodiment, there is also provided a
cross-shaped turn table 112 on which is fix-
edly mounted a pair of guide rails 113, 113.
And a pair of detector members 114, 114 are
provided to be slidable along the guide rails
113, 113, respectively, such that the detector
members 114, 114 may be pressed against
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the wheel 2 from both sides. The detector
member 114 also includes a pair of detector
plates 114a, 114a, which are brought into
contact with one side surface of the wheel 2,
and a support member 114b for supporting
the pair of detector plates 114a, 114a. An air
cylinder 115 is fixedly mounted on the turn
table 112 and a pair of rods 115a, 115a may
project or retract in the opposite directions
depending on the air pressure inside of the air
cylinder 115. These rods 115a, 11ba are
operatively associated with the pair of detector
members 114, 114 via four link levers 115b,
which are pivotally connected to the rod 115a
and to the detector member 114 on both
ends, respectively, through pivots 115c and
114c. Thus, similarly with the previous em-
bodiment. when air under pressure is supplied
to the air cylinder 115, the pair of detector
members 114, 114 are moved closer together
thereby pressing the wheel 2 from both sides.
Aiso similarly with the previous embodiment,
support beams 116 for supporting thereon
the wheels 2 in position are provided with
their both ends fixed to the ground surface
and intermediate points supported by pillars
116a which extend upright from the bottom
of the pit P. Thus, the support beams 116 are
generally flush with the ground surface GL.

Also provided as fixedly attached to the turn
table 112 is an indicator rod 117 for indicat-
ing the orientation of the wheel 2 to be
examined as projecting in the direction per-
pendicular to the lengthwise direction of the
guide rails 113. Thus, the direction of the
indicator rod 117 always coincides with the
direction of the center line C, of the wheel 2
sandwiched between the pair of detector
members 114, 114. Also provided is a posi-
tion sensor 118 so as to sense the position of
the indicator rod 117 as being in contact
therewith. In the illustrated embodiment, the
position sensor 118 is mounted on a projec-
tion 104a which projects forward from the
support plate 54AR and electrically connected
to the processor 111. It is so structured that
the position sensor 118 indicates its zero
reference point when the associated indicator
rod 117 is directed perpendicular to the rails
53.

The processor 111 is also electrically con-
nected to front and rear wheel display devices
119A and 119B, so that when detected incli-
nation information for each of the wheels 2 is
inputted into the processor 111, calculations
are carried out by implementing corrections
using the above-mentioned equation for de-
terming the current inclination of the longitu-
dinal center line of the automobile under test
to obtain the toe angle for each of the wheels
2, which is then displayed at the display
devices 119A and 119B. In the present em-
bodiment, the front wheel display device
119A is so structured to display the spoke
angle which may be obtained by processing
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In operation, an automobile to be tested is
first driven into the present system to ride on
the support beams 116. In this case, as
shown in Fig. 20, it is often the case that the
automobile to be tested is directed obliquely
so that the longitudinal center line of the
automobile to be tested is inclined with re-
spect to the reference center line of the mea-
suring system |. However, in the present
system, the longitudinal center line of the
automobile to be tested is calculated at the
processor 111 from the information supplied
from the position sensors 110A, 110B ac-
cording to the above-noted formula and its
information is stored in the processor 111.
After setting the automobile to be tested pro-
perly on the support beams 116, the steering
wheel of the automobile is set at the “straight
ahead’” position.

Then, air under pressure is supplied into the
air cylinder 115 so that the paired detection
members 114, 114 are moved closer together
whereby they are pressed against the wheel 2
from both sides. In this case, depending on
the degree of inclination of the wheel 2, the
turn table 112 is caused to rotate around the
shaft 57. Thus, the indicator rod 117 fixedly
mounted on the turn table 112 comes to be
aligned with the center line C, of the wheel 2
so that the degree of inclination of the wheel
2 may be detected from the degree of inclina-
tion of the indicator rod 117. The associated
position sensor 118 detects the information of
the degree of inclination of the indicator rod
117 and supplies this information to the pro-
cessor 111, where this information is suitably
processed with correction being effected using
the stored information for the inclination of
the automobile under test and there is finally
obtained the inclination of the wheel 2 with
respect to the longitudinal center line of the
automobile under test, or toe angle of the
wheel 2.

Thus obtained toe angle information is im-
mediately displayed at the display devices
119A and 119B so that an operator may
suitably adjust the arientation of each of the
wheels 2 while observing the displayed infor-
mation. In the present embodiment, since the
spoke angle is also displayed, it may be
confirmed that the spoke angle is within a
predetermined range.

Referring now to Fig. 21, a still further
embodiment of the present invention will be
described. As shown, the present embodiment
of the toe angle measuring system also in-
cludes a front wheel measuring section A and
a rear wheel measuring section B. And, the
front wheel measuring section A of the pre-
sent system includes a pair of left and right

" toe angle detecting devices T’, T’, each of

130

which is so structured to carry out a toe angle
detecting operation while keeping the wheel
to be measured in rotation. On the other
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hand, the rear wheel measuring section B
includes a pair of support tables 54BL and
54BR which are provided to be movable in
the horizontal direction and operatively coup-
led by an equalizer 120. It is to be noted that
those elements which are identical to those
provided in the previous embodiments are
indicated by like numerals as much as pos-
sible.

The structure of the rotary type toe angle
detecting device T’ provided in the front
wheel measuring section A wiil now be de-
scribed in detail below. As shown in Fig. 21,
the device T’ includes three rollers 121, 122
and 123 which are arranged in parallel and
supported to be rotatable and on which the
wheel 2 to be measured rides. Among the
three rollers 121-123, the center roifer 122 is
smaller in diameter than the other two top
and bottom rollers 121 and 123, and it is the
roller used for detecting the toe angle of the
wheel 2. The center roller 122 is so provided

to rotate around its center axis and freely

pivot in a plane which is perpendicular to the
wheel 2. Among the other two rollers, one of
them (or front roller 121 in the illustrated
embodiment) is operatively coupled to a driv-
ing source 124 and this driving roller is
driven to rotate at high speed during a toe
angle measuring operation to cause the wheel
2 to be driven to rotate. The toe angle detect-
ing roller 122 is operatively coupled to a
servo-motor (not shown) which is structured to
be controlled in accordance with the thrust
acting on the toe angle detecting roller 122 in
its axial direction. Also provided as operatively
connected to the roller 122 is a potentiometer
125 which is then electrically connected to
the processor unit 111. Thus, if the wheel 2
on the roller 122 is inclined with respect to
the axial direction of the roller 122, when the
roller 121 is driven to rotate to cause the
wheel 2 to rotate on the roller 122, there is
produced a thrust acting on the roller 122 in
its axial direction and the thrust thus pro-
duced is converted and amplified into a large
power which is then used to drive the servo-
motor thereby causing the center roller 122 to
pivot until it comes to the position where
there is no thrust. The current position of the
roller 122 without thrust is then detected by
the potentiometer 125 and its detection signal
is supplied to the processor unit 111 as the
information indicating the inclination of the
wheel 2, whereby the toe angle of the wheel
2 is calculated.

As also shown in Fig. 22, above the rollers
121-123 is disposed a position detecting de-
vice Q for detecting the position of the wheel
2 riding on the rollers 121-123. The position
detecting device Q includes a detector mem-
ber 126 provided with a pair of contact rollers
126a, 126a, which are brought into rolling
contact with one side surface of the wheel 2,
and an air cylinder 127 having a reciprocatin-
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gly movable guide rod 28 having the detector
member 126 pivotally mounted at its forward
end. That is, the detector member 126 is
pivotal around a pivot 126b in a plane normal
to the plane of the wheel 2 so that the
detector member 126 may pivot following the
inclination of the wheel 2 with respect to the
reference center line of the system.

The left and right detector members 126L
and 126R are operatively coupled as in the
following manner. The detector member 126
is integrally provided with a connector section
126¢, which projects forward over a predeter-
mined distance, and one end of a horizontal
rod 130 is pivotally connected to the forward
end of the connector section 126¢ at a pivot
129. The other end of the horizontal rod 130
is pivotally connected to the other end of the
corresponding other horizontal rod 130 at a
pivot 131. Also provided is a pair of arms
133, 133 whose one ends are pivotally con-
nected at pivot 134 and the other ends are
pivotally connected to the respective horizon-
tal rods 130, 130 at pivots 132 132. Thus,
in effect, the rods 130 and arms 133 which
are pivotally connected to each other and to
the connector sections 126c¢, 126¢, define a
pantagraph type connector. As is obvious, the
pivot 131 remains located at the mid point
between the left and right detector members
126L and 126R, or left and right wheels 2
and 2, and to this pivot 131 is loosely con-
nected one end of a connector rod 135 which
extends and establishes an operative associa-
tion between the front and rear wheel measur-
ing sections A and B. Described in detail, the
top end of the connector rod 135 is provided
with an elongated slot 135a extending along
the lengthwise direction of the rod 135, and
the pivot 131 is loosely fitted in this elon-
gated slot 135a.

Also provided in the vicinity of the pivot
134 is a position sensor 136 for detecting the
amount of movement of the forward portion
of the connector rod 135, and this sensor
136 is electrically connected to the processor
unit 111, whereby the sensor 136 detects the
deviation a of the forward portion of the
connector rod 135 from the reference position
and supplies this information to the processor
unit 111. The reference position or line of the
present system is defined as a longitudinal
center line between the left and right toe
angle detecting devices T', T'.

In the rear wheel measuring section B, the
toe angle measuring device T as described
previously is mounted on each of the left and
right support plates 54BL and 54BR, which
are operatively coupled by the equalizer 120.
As described previously, the equalizer 120
has a stationary center point pivot 120a,
through which the above-mentioned longitudi-
nal center line of the system passes. Thus, the
left and right support plates 54BL and 54BR
are always located equidistantly from the cen-
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ter pivot 120a. The rear end of the connector
rod 135 is pivotally connected to the station-
ary pivot 120a. With such a structure, just by
detecting the amount of deviation of the for-
ward portion of the connector rod 135 from
the longitudinal reference line of the system
using the position sensor 136, the degree of
inclination of the longitudinal center line of
the automobile under test may be measured.
In other words, in the above-mentioned equa-
tion, it is only necessary to determine the
inclination ¢ with the parameter b setting
always equal to zero.

As an alternative structure, the rotary type
toe angle detecting device T’ may also be
provided for the rear wheel measuring section
B as well, if desired. Fig. 23 shows a still
further modification of the above-described
embodiment, which includes the front and
rear wheel measuring sections A and B, which
are spaced apart in the longitudinal direction
over twice of the wheel base distance of an
automobile to be tested, and an intermediate
section 137, which is comprised of pair of left
and right support plates operatively coupled
by an equalizer. In this embodiment, the
automobile to be tested is first located be-
tween the intermediate section 137 and the
rear wheel measuring section B to carry out
toe angle measurements for the rear wheels,
and, then, the automobile to be tested is
moved to ride on the front wheel measuring
section A and the intermediate section 137 to
carry out toe angle measurements for the
front wheels.

While the above provides a full and com-
plete disclosure of the preferred embodiments
of the present invention, various modifica-
tions, alternate constructions and equivalents
may be employed without departing from the
true spirit and scope of the invention. There-
fore, the above description and illustration
should not be construed as limiting the scope
of the invention, which is defined by the
appended claims.

CLAIMS

1. Apparatus for measuring the inclination
of a wheel of a vehicle with respect to a
predetermined reference line, comprising:

first supporting means for supporting said
wheel in position;

aligning means for aligning said vehicle
with reference to said reference line; and

detecting means for detecting the inclina-
tion of said wheel with respect to said refer-
ence line, said detecting means including a
pair of detector units, which are generally
spaced apart from each other thereby allowing
said wheel to be inserted therebetween and
which are provided to move closer together to
be pressed against said wheel from both
sides, second supporting means for support-
ing said pair of detector units freely rotatable,
driving means for driving to move said pair of
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detector units, and sensing means for sensing
the degree of inclination of said wheel when
said detector units are pressed against said
wheel from both sides.

2. Apparatus of Claim 1 wherein said incli-
nation is a roe angle of said wheel and said
reference line is a longitudinal center line of
said vehicle.

3. Apparatus of Claim 2 wherein each of
said detector units includes a support section
which is movable closer to or separated away
from said wheel in position as guided by a
guide rail, an intermediate section which is
supported on said support section to be freely
movabile in a first direction, and a contact
section which is supported on said intermedi-
ate section to be freely movable in a second
direction, which is perpendicular to said first
direction, whereby said contact section is .
brought into contact with the corresponding
side surface of said wheel when said support
section is moved closer to said wheel.

4. Apparatus of Claim 3 wherein said first
direction is a vertical direction and said sec-
ond direction is a horizontal direction.

5. Apparatus of Claim 3 wherein said sup-
port section is comprised of a first support
portion engaged with said guide rail and a.
second support portion which is pivotally sup-
ported on said first support portion and which
supports said intermediate section.

6. Apparatus of Claim 1 wherein said sec-
ond supporting means includes a support
plate placed on a guide member to be freely
movable along said guide member and a shaft
mounted on said support plate extending ver-
tically to which said pair of detector units are
operatively connected to be rotatable around
said shaft.

7. Apparatus of Claim 6 wherein said driv-
ing means includes a driving unit and a link
mechanism for linking said pair of detector
units, whereby said pair of detector units are
always located equidistantly from said shaft
when operated by said driving unit.

8. Apparatus of Claim 7 wherein said driv-
ing unit is an air cylinder.

9. Apparatus of Claim 1 further comprising
display means for displaying said inclination
of said wheel detected by said detecting
means.

10. Apparatus of Claim 9 further compris-
ing processing means connected between said
detecting means and said display means, said
processing means processing information re-
ceived from said detecting means in accor-
dance with a predetermined procedure and to
supply the thus processed data to said display
means for display.

11. Apparatus of Claim 10 wherein said
processing means includes a computer.

12. Apparatus for measuring the inclination
of a wheel of a vehicle with respect to a
predetermined reference line, comprising:

first supporting means for supporting said
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wheel in position;

aligning means for aligning said vehicle
with reference to said reference line; and

detecting means for detecting the inclina-
tion of said wheel with respect to said refer-
ence line, said detecting means including a
pair of detector units, which are generally
spaced apart from each other thereby allowing
said wheel to be inserted therebetween and
which are provided to move closer together to
be pressed against said wheel from both
sides, second supporting means for support-
ing said pair of detector units freely rotatable,
driving means for driving to move said pair of
detector units, and indicating means for di-
rectly indicating said inclination of said wheel
when said pair of detector units are pressed
against said wheel from both sides as driven
by said driving means.

13. Apparatus of Claim 12 wherein said
second supporting means includes a first sup-
port plate, which may be set in position
varyingly, and a second support plate, which
is rotatably supported on said first support
plate around a vertical shaft provided in said
first support plate and includes guiding means
for guiding the movement of said pair of
detector units, wherein said indicating means
includes a needle integrally provided in said
second support plate and a scale plate fixedly
provided in said aligning means, whereby said
inclination of said wheel is indicated by a
reading on said scale plate pointed by said
needle.

14. Apparatus for measuring the inclination
of individual wheels of a four-wheeled vehicle
with respect to a reference line, comprising:

a first pair of left and right supporting
means, which are provided to be movable
closer together or separated away from each
other, for supporting thereon the front left and
right wheels of said vehicle;

a second pair of right and left supporting
means, which are provided to be movable
closer together or separated away from each
other, for supporting thereon the rear left and
right wheels of said vehicle;

first link mechanism for operatively connect-
ing said first pair of left and right supporting
means;

second link mechanism for operatively con-
necting said second pair of left and right
supporting means;

interconnection means for operatively inter-
connecting said first and second link mecha-
nisms such that a longitudinal center line of
said vehicle is made parallel to the longitudi-
nal direction of said interconnecting means
when the wheels of said vehicle are placed on
said first and second pairs of supporting
means, said interconnection means establish-
ing said reference line;

detecting means mounted on each of said
supporting means for detecting the inclination
of said wheel supported on the corresponding
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supporting means with respect to said refer-
ence line when activated; and

indicating means for indicating the inclina-
tion of said wheels thus detected by said
detecting means.

15. Apparatus of Claim 14 wherein each of
said first and second link mechanisms always
maintains a parallelogram relation.

16. Apparatus of Claim 15 wherein said
interconnection means includes a length ad-
justing means thereby allowing said intercon-
nectionn means to change its overall length
automatically.

17. Apparatus of Claim 14 wherein said
indicating means includes a scale plate fixedly
mounted on said first link mechanism at a
predetermined position and a needle provided
in said detecting means for indicating a read-
ing on said scale plate when said detecting
means is activated whereby said reading pro-
vides said inclination of said wheel with re-
spect to said reference line.

18. Apparatus of Claim 17 wherein said
inclination is a toe angle of said wheel with
respect to said longitudinal center line of said
vehicle.

19. Apparatus of Claim 18 wherein said
longitudinal center line is defined as a line
extending between the centers of the tread
between the two front wheels and the tread
between the two rear wheels of said vehicle.

20. A method for determining the inclina-
tion of a wheel of a vehicle, comprising the
steps of:

locating said vehicle in a measuring site;

detecting a deviation between a longitudinal
center line of said vehicle thus located in said
measuring site and a predetermined reference
line of said measuring site;

detecting the tentative inclination of said
wheel with respect to said predetermined ref-
erence line; and

correcting said tentative inclination using
said detected deviation to produce the infor-
mation relating to the inclination of said wheel
with respect to said longitudinal center line of
said vehicle.

21. The method of Claim 20 wherein said
vehicle is a four-wheeled vehicle having two
front wheels and two rear wheels, and said
longitudinal center line is defined as a straight
line extending between the center of the tread
between said two front wheels and the center
of the tread between said two rear wheels.

22. Apparatus for measuring the inclination
of individual wheels of a four-wheeled vehicle,
comprising:

a first pair of left and right supporting
means, which are provided to be movable
closer together or separated away from each
other, for supporting thereon the front left and
right wheels of said vehicle;

a second pair of right and left supporting
means, which are provided to be movable
closer together or separated away from each
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other, for supporting thereon the rear left and
right wheels of said vehicle;

first link mechanism for operatively connect-
ing said first pair of left and right supporting
means;

second link mechanism for operatively con-
necting said second pair of left and right
supporting means;

interconnection means for operatively inter-
connecting said first and second link mecha-
nisms such that a longitudinal center line of
said vehicle is made parallel to the longitudi-
nal direction of said interconnecting means
when the wheels of said vehicle are placed on
said first and second pairs of supporting
means;

sensing means operatively associated with
said interconnecting means for sensing an
angular deviation of a longitudinal center line
of said vehicle from a reference line of said
apparatus;

detecting means mounted on each of said
supporting means for detecting the inclination
of said wheel supported on the corresponding
supporting means with respect to said refer-
ence line when activated; and

processing means for processing informa-
tion received from said sensing means and
said detecting means to calculate said inclina-
tion of each of said wheels with respect to
said longitudinal center line of said vehicle.

23. Apparatus of Claim 22 further compris-
ing display means for displaying said calcu-
lated inclination of each of said wheels.

24. Apparatus of Claim 23 wherein said
longitudinal center line of said vehicle is de-
fined as a straight line extending between the
center of the tread between the two front
wheels and the center of the tread between
the two rear wheels.

25. Apparatus of Claim 22 wherein each of
said first and second link mechanisms in-
cludes a pantagraph type connector.

26. Apparatus of Claim 25 wherein said
pantagraph type connector includes a station-
ary pivot point and said interconnecting
means includes an elongated rod extending
between said stationary pivot points.

27. Apparatus for measuring the inclination
of a wheel substantially as herein described
with reference to any of Figs. 2 to 23 of the
accompanying drawings.

28. A method of measuring the inclination
of a wheel substantially as herein described
with reference to any of Figs. 2 to 23 of the
accompanying drawings.
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