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[57] ABSTRACT

An electronic, undamped oscillator driven by a peri-
odic input signal (forcing function) having a fre-
quency equal to the natural frequency of the oscillator
develops an output sinusoidal signal having a rate of
growth (amplitude increase) proportional to the am-
plitude of the first harmonic component of the mput
signal. When the input signal is a force variation signal
and the oscillator is tuned to the rotational frequency
of a tire mounted on the force variation machine, the
rate of growth of the output signal of the oscillator is
proportional to the amplitude of the force vanation
signal. A peak follower detects the amplitude of the
increments between successive peaks of the oscillator
output signal. A meter indicates the amplitude of the
successive peaks of the oscillator output signal,
thereby indicating the amplitude of the first harmonic
component of the force variation signal. A circuit
which senses the positive-slope zero-crossing of the
oscillator output signal is utilized to energize a tire-
marking unit, thereby indicating the position of the

peak of the first harmonic component.

16 Claims, 14 Drawing Figures

- e ey ey by skl bl el ik B S N —— mgm el AR

e —— e el . -



Re. 28,775

Sheet 1 of 5

Reissued April 20, 1976

[ N ] ()
—_

—E._E.:._..:.—._E—

4

NVVEN 7T OARS
HAIE D. TARPIN/AN
HARRY FRIEOMANN
(et (0 S5lent

AT 7TORNEY



l 5

T La
/L

NVEN 7 ORS
HAIG D. TARPIN/AN

PHARRY FRIEDIMANN

(Yo, . [tk
 ATFORNEY



INVENTORS
STAIG D TARPIN/ AN
PTARRY FR/IEDMANN

= J—
—Iu_, S LLZaE
-~
. £ 10 24 pg
e ————— o _______ N
R _hﬂﬂmnﬂnﬂnﬂllllll.! nhhﬂ‘m lllllllllllllllllllllll
_Im ' N D .._.H.l =
;

L

Sheet 3 of 5

ASOOUNANNNNONONNNN . ,.
DI IDDT T TIDDT I IITIIIDD)

Reissued  April 20, 1976

/

*fﬁ/éﬁ".;ﬁ f’; oA &
A7T7ORNEY



Reissued  April 20, 1976

N NN
Tb - - ]I L Oleg
X Q [d Q:ha‘
N Yy NN
"DQG ' '[ Ol

™

Sheet 4 of 5

Re. 28,775

/NVENTORS
ARG D, TARLPIN/AN
AARRY FAR/EDAMANNY

" f ﬁ C e, f

ATTORNEY



Reissued April 20, 1976 Sheet 5 of 5 Re. 28,775

H
<
W
Ty
37.:?'9-_ 27 N
N
N
§
o\ INVENTORS
/G 2 TARPIN/AN
JETITING OF RES/STOR 55 FTARAPRR Y FR/IELCI7ANN
{rﬁ,-z s ‘!‘* .. A 2o */f

AT 7TORNEY



Re. 28,775

1
HARMONIC SIGNAL ANALYZER SYSTEM FOR

TESTING TIRES

Matter enclosed in heavy brackets [ J appears in the
original patent but forms no part of this reissue specifi-
cation; matter printed in italics indicates the additions
made by reissue.

This invention relates to apparatus for representing a
predetermincd harmonic component of a repetitive
input control effect and, more particularly, to such
apparatus suitable for use in a force variation machine
for indicating the amplitude and location of a non-
uniformity of a tire rotated thereby.

Force variation apparatus for measuring and indicat-
ing structural variations, for example, splices of tires, is
commercially available. Such apparatus may include a
transducer for converting the mechanical force varia-
tton into an electrical signal and an amplifier for in-
creasing the amplitude of that signal, which may then
be apphed to a strip chart recorder or a wave analyzer.
Such prior apparatus has been subject to the disadvan-
tages that the strip chart recorder did not indicate the
amphtude of harmonic components of the force varia-
tion while the wave analyzer was complex and costly.
Moreover, the location of the peak of the non-uniform-
Ity was not automatically indicated.

[t 1s an object of this present invention, therefore, to
provide a new and improved apparatus for representing
a predetermined harmonic component of a repetitive
input control effect which avoids one or more of the
abovementioned disadvantages of prior such appara-
tus.

It 1s another object of the invention to provide a new
and improved harmonic component analyzer which is
of simple construction and has a high degree of reliabil-
Ity

It is another object of the invention to provide a new
and improved apparatus for indicating the amplitude
and location of the first harmonic content of the non-
uniformity of an object rotated thereby.

In accordance with the invention, apparatus for rep-
resenting a predetermined harmonic component of a
repetitive 1nput control effect comprises means for
supplying a repetitive input control effect comprising a
predetermined harmonic component and means re-
sponsive to the amplhitude of the predetermined har-
monic component of the input control effect for devel-
oping a second control effect having a rate of change of
amplitude representative of the amplitude of the prede-
termined harmonic component of the input control
effect. The apparatus also includes means responsive to
the second control effect for deriving therefrom a third
control etfect representing the ddference in the ampli-
tudes of the pecaks of selected cycles of the second
control effect, thereby representing the amplitude of
the predetermined harmonic component of the input
control effect. |

For a better understanding of the present invention,
together with other and further objects thereof, refer-
ence is made to the following description, taken in
connection with the accompanying drawings, and its
scope will be pointed out in the appended claims,

Referring now more particularly to the drawings:

FIG. 1 is an elevational view of force variation appa-
ratus utilizing a harmonic component analyzer con-
structed 1n accordance with the invention;
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FIG. 1a is a plan view, to an enlarged scale, taken
along line 1a—1a of FIG. 1 of a portion of the FIG. 1
apparatus;

FIG. 1b is an elevational view, to an enlarged scale,
of the FIG. 1a apparatus;

FIG. 1c¢ is a sectional view, to an enlarged scale, of a
portion of the FIG. 1 apparatus;

FIG. 2 is a plan view of the FIG. 1 apparatus;

FIG. 3 is a plan view, to an enlarged scale, of a strain
gauge cylinder of the FIG. 1 apparatus;

FIG. 4 is an elevational view, to an enlarged scale, of
a portion of the tire support of the FIG. 1 apparatus and
represents strain gauge members thereof schematically;

FIG. § is a schematic drawing of a harmonic compo-
nent analyzer constructed in accordance with the 1n-
vention and suitable for use with the force vanation
machine of FIG. 1;

FIGS. 6 to 10, inclusive are graphs representing vari-
ous electrical signals developed in the FIG. § appara-
tus; and

FIG. 11 is a graph representing a frequency calibra-
tion chart for a portion of the FIG. § apparatus.

Referring now more particularly to FIGS. 1 and 2,
the apparatus there represented is a force variation
machine having a base 10 on which there 1s mounted a
tire support 11. A tire 12 is mounted on a rim 13 and 1s
inflated through a rotary coupling 14 on shaft 13a. A
support arm 15 extends to a strain gauge cylinder 16
attached to a support 17, 18. The strain gauge utilizes
four resistive members 19, 20, 21, 22, represented
schematically in FIG. 3 on the cylinder 16. The strain
gauge members 19, 20, 21, 22 are connected in a suit-
able bridge circuit to supply a signal representing de-
formation of the cylinder 16 under force vanation due
to radial distortion of the tire.

As represented in FIG. 4, the tire support 11 is
mounted on a pivot shaft 23 and has a flexible base 24
on which there are mounted suitable strain gauge resis-
tive members 25, 26, 27, 28. The strain gauge members
25, 26, 27, 28 are also connected in a suitable bridge
circuit to develop a signal representing deformation of
the tire support 11 in the direction of the pivot shaft 23
under force variation due to lateral distortion of the
tire. The support 18 is adjustably positioned by means
of a screw 29 which slides the support 18 along the base
plate 10 to determine the amount of deformation ap-
plied to the tire 12 by drive wheel 30. The drive wheel
30 is mounted for rotation on a suitable support 31
slidable 1n guide 33 along the base plate 32. The wheel
30 is driven by a motor 34 coupled by means of suitable
belts and pulleys 35, 36, 37, 38, 39 to the rotatable
shaft 40 of the wheel 30. A cylinder 41 is utilized to
position the wheel support 31 along the base plate 32
against a bar 42, thereby positioning the wheel 30 for
rotation of the tire 12.

Referring now to FIG. § of the drawings, there 1s
represented apparatus, constructed in accordance with
the invention, for representing a predetermining har-
monic component of a repetitive input control effect.
The apparatus includes means for supplying a repeti-
tive input control effect comprising a predetermined
harmonic component, for example, a force-vanation
signal comprising a first harmonic component. More
particularly, this means comprises an input selector
switch 50 which may be coupled, for example, in one
switch position (a) to the strain gauge members 19, 20,
21, 22 and in the other switch position (b) to the strain
gauge members 2§, 26, 27, 28. The switch 50 1s cou-
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pled to a switch 51 for translating the supplied mput
signal or for selecting a calibration signal, as will be
described subscquently.

The apparatus also includes means responsive to the
amplitude of the predetermined harmonic component
of the input control effect for developing a second
control effect having a rate of change of amplitudc
representative of the amplitude of the predetermined
harmonic component of the input control etfect. More
particularly, this means comprises, for cxample, a sim-
ple, undamped oscillator utilizing operational amplifi-
ers 52, 83, 54 for developing a second signal having a
rate of change of amplitude representative ot the am-
plitude of the first harmonic component of the input
signal. The oscillator has a feedback circuit including
an adjustable resistor 55 for determining the amplitude
of the feedback signal and for adjusting the natural
frequency of the oscillator to equal the rotational fre-
quency of the tire. The first operational amphfier 52, 1n
conjunction with input resistor 52a, feedback resistor
§5 and load resistor §2b, is a summing amphfier. The
amplificrs 53 and 54, in conjunction with their asso-
ciated nput resistors 53a, 5S4a and condensers 53b,
S54b, are integrators.

The apparatus also includes circuit means responsive
to the second contro! effect, that is, the output signal of
the oscillator, for deriving therefrom a third signal
representing the difference in the amplitudes of the
peaks of selected cycles of the second control effect,
thereby representing the amplitude of the predeter-
mined harmonic component of the input signal. The
output circuit of the oscillator is coupled to a peak
follower, that is, a peak detector comprising a diode 56
and condenser §87. The condenser 57 is coupled
through an operational amplifier S8 and adjustable
resistor 59 to a meter 60 having a zero adjustment
comprising a potentiometer 61 in series with the resis-
tor 62 and a source of positive voltage B+. The adjust-
able resistor 89 is a scale adjustment for the meter. The
diodes 60a and 60b protect the meter against excessive
current surges. A resistor 5§7a is coupled between the
source voltage, B+, and the condenser 57 to supply
current flow equal in amplitude to leakage current flow
from the condenser 87 through the amplifier 58. The
switches 62, 63, 64 are reset switches for discharging
the condensers in parallel therewith through the resis-
tors 65, 66, 67 respectively.

The apparatus also includes means responsive to the
second control effect for developing pulses occurring
with a predctermined phase relation to the predeter-
mined harmonic component of the input control effect.
The last-mentioned means comprises, for example, a
peak detector including an operational amplifier 68
coupled through a resistor-condenser differentiating
network 69, 70 to a transistor switch 71 and transistor
amplifier 72. The output circuit of the transistor ampli-
fier 72 is coupled to relays 73, 74 and through switches
76, 77a to a marker solenoid 75. The contacts 73a of
the relay 73 complete an energizing circuit for marker
solenoid 77 and the contacts 74a of relay 74 complete
an energizing circuit for marker solenoid 78 (shown
only in FIG. 5). The marker solenoids 77 and 78 con-
trol suitable markers 79, 80 (shown only in FIGS. la
and 1b) of the FIGS. 1 and 2 apparatus for marking the
positions of the peaks of the first harmonic components
of the force-variation signals representing, respectively,
radial and lateral distortions of the tire. As represented
in FIGS. 1a and b, the markers 79, 80 are, for exam-
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ple, differently colored pencils mounted on spring-
loaded arms 79a, 80a pivoted on pins 79b, 80b, respec-
tively, on support blocks 81, 82. The support blocks 81,
82 arc adjustably positioned on a vertical support rod
83. The vertical position of the support blocks 81, 82 1s
so sclected that the markers 79, 80 mark the tirc sub-
stantially at the peaks of the first harmonic components
of the radial and lateral distortions, respectively, of the
tire. As will become apparent from the following expla-
nation, the markers 79, 80 preferably arc positioned to
mark the tire substantially at the region of contact of
the drive wheel 30 with the tire 12 of FIG. 1 and thus
to mark the first harmonic distortion peaks 1n corre-
spondence with the occurrence times of the pulses ot
FIG. 10 referred to subsequently.

Referring now more particularly to FIGS. 1 and 2 of
the drawings, when the drive wheel 30 rotates the tire
12, force variations as translated along support arm 15
to the strain gauge cylinder 16 and along the tire sup-
port 11 to the strain gauge members 25, 26, 27, 28.
Non-uniformities in the tire construction cause radal
force variations which are translated by the strain
pauge members 19, 20, 21, 22 into an electrical signal
and lateral force variations, that is, force variations
parallel to the axis of the tire, which are transiated by
strain gauge members 25, 26, 27, 28 into an electrical
signal. The rotational frequency of the tire may, for
example, be 6 revolutions per minute.

The radial force variation signal may be selected by
positioning switch 50 at contacts (a) for application of
the radial force variation signal as a forcing function to
the oscillator [s} 52, 53, 54.

The oscillator is a simple, undamped oscillator which
[ functions in accordance with the following equation
1: ] functions in accordance with the following Equa-
tion 1:

X(1) + *X(t) = kF(D (1)

where F(t) represents a forcing function, k 1s a con-
stant, w represents the natural (angular) frequency of
the oscillator, X(t) represents the output signal of the
oscillator, as a function of time (t), and X(t) 1s the
second time derivative of the signal X(t). The natural
frequency of the oscillator is adjustable by adjustment
of the resistor 88 of FIG. §, and any forcing function
will cause the oscillator to oscillate. However, a special
case occurs when the forcing function F(t), for exam-
ple, as represented in FIG. 6, is periodic and its funda-
mental frequency is equal to the natural frequency of
the oscillator. Such an operating condition is defined as
resonance and the output signal X(t) of the oscillator is
then a sinusoidal signal of increasing amplitude, as
represented in FIG. 8. The rate of increase of the am-
plitude of the oscillator output signal is proportional to
the amplitude of the first harmonic component of the
input signal represented in FIG. 7. When the forcing
function input signal F(t) is the radial force vanation
signal, and when the oscillator is tuned to the rotational
frequency of the tire, then the rate of increase of the
amplitude of the output signal X(t) of the oscillator is

proportional to the amplitude of the first harmonic
component of the radial force variation signal.

The output signal of the oscillator amplifier 54 is
applied through diode 56 to condenser 57. The peak of
the first cycle of the output signal of the oscillator
amplificr 54 causes the condenser 57 to charge to a
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voltage representative of the amplitude value of the
first peak. The voltage across the condenscr 57 is trans-
lated by amplifer 58, which has a gain of unity, and the
translated voltage is applied through scale-adjusting
resistor 59 to the meter 60, which has previously becn
adjusted to read zero by means of potentiometer 61
when no output signal is developed by the oscillator
and when the reset switches 62, 63, 64 are closed.

The operator reads the maximum value indicated by
the meter 60 and during the time interval between the
first and second peaks of the ouiput signal of the oscil-
lator 54, he readjusts the potentiometer 61 so that the
meter reads zero while the condenser 57 is charged to
a voltage representing the amplitude value of the first
peak of the signal of FIG. 8.

The voltage across condenser 57 i1s represented by
the curve of FIG. 9. When the second peak of the out-
put signal of the oscillator 54 exceeds the amplitude
value of the first peak, the condenser §7 charges to the
amplitude value of the second peak as indicated in FIG.
9. The voltage across the condenser 57 1s translated by
the amplifier 58, the output voltage of which is apphed
to resistor 59 and the meter 60. The value indicated by
the meter 60 represents the difference in amplitude
between the first and second peaks of the output signal
of the oscillator. As mentioned previously, this differ-
ence in amplitude is proportional to the amplitude of
the first harmonic component of the input signal F(t)
applied to switch 50,

The output signal of the amplifier 54 is also applied
to saturable amplifier 68. The amplifier 68 saturates to
either voltage B+ or B— as the output signal of the
oscillator crosses a zero reference in the negative to
positive sense or in the positive to negative sense, re-
spectively. The resistor-condenser network 69, 70 1s
effective to differentiate the upswings of the output
signal of the amplifier 68 and develop positive-going
pulses of short duration as the amplifier 68 saturates in
the positive sense, as represented in FIG. 10. The nega-
tive-going pulses of the resistor-condenser network 69
are ineffective since transistor switch 71 only conducts
when positive voltages are applied to its base. The
pulses occur once per tire revolution and have a fixed
phase relationship to the peaks of the first harmonic
component, that is, each pulse occurs at the same time
as the peak of the first harmonic component of FIG. 7
which leads the oscillator output signal, represented in
broken-line construction in FIG. 10, by 90°.

The pulses represented in FIG. 10 render the transis-
tor switch 71 conductive to develop corresponding
negative-going pulses which are applied to the transis-
tor switch 72. The switch 72 energizes the event
marker solenoid 75 of a suitable strip chart reorder
(not shown) and also the relay 73 upon the occurrence
of each pulse when switch 76 is closed manually. When
the relay 73 is energized, relay contacts 73a close and

the radial marker solenoid 77 is energized to cause the
radial marker 79 of FIGS. 1a and 1b to mark the cir-

cumference of the tire, thereby indicating the location
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of the peak of the first harmonic of the radial force
variation. The limit switch 75a is actuated by a suitable
cam (not shown) on shaft 13a of the FIG. 1 apparatus
to close momentarily and energize solenoid 75 once
each revolution of the tire to provide a reference mark
on the strip [ charter ] chart recorder corresponding
to a given location on the tire, for example, the serial
number.

The operation of the oscillator 52, 533, 54 may be
more fully understood by considering the following
explanation. The first operational amplifier 52 is a
summing amplifier having an output signal E, repre-
sented by the following equation:

E, E.;) |
y=— Ky |+
e R; (RI R. l:'

where E, is the signal representing force variation ap-
plied to the resistor 52a, E, is the feedback signal from
the amplifier 54, R, is the value of resistor 52a, R, i1s the
adjusted value of the resistor §5, and R; is the value of
the resistor 52b.

The second operational amplifier 53 is an integrator
having its output signal E; proportional to the integral
of the input signal E, as represented by the following
equation: |

— 1
"~ RC

E,:l.r E;J: dt { 3}

b ]

where resistor R is the value of resistor $3a and C is the
value of condenser 53b.

The amplifier 54 is also an integrator. Its output sig-
nal is represented by the following equation:

— |
E*—RC j E.dt (4)

where R is the value of resistor 54a and C ts the value

of the condenser 54b. Substituting Equation 3 into
Equation 4 results in the following equation:

l 2
E“"(RC) jngcltdt

By differentiating Equation § twice, Equation 6 is de-
rived as follows:

(3)

. 1 )P
EA_(RC) E. (6)

where E, is the second time derivative of voltage E,.
Substituting the value of E, from Equation 2 into
Equation 6, the following Equation 7 is derived:

(re)| B4 =& kel |

Equation 7 is analogous to the differential Equation 1
of an undamped oscillator where

. [Ry
Eor [

(7)

l ' 4
('ﬁ"é") ] . and E,= F(t)
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The reponse of a simple, undamped oscillator, having
a natural frequency w to an arbitrary periodic forcing
function, having the same bse frequency w may be
cxpressed mathematically as the sum of an infinite
serics of terms. Only one of these terms is proportional
to time, and this term also is proportional to the ampli-
tude of the first harmonic component of the forcing
tunction. This is established by the analysis which fol-
lows:

Equation 1 may be solved for X(tj by means of La-
place transforms. To do this, the Laplacian of each
term 1s taken, and a new equation consisting of the
transtormed terms is obtained. Assuming a guiescent
system, that 15, X(0)=} and the first time derivative

R(O)=€L the result is:
L{Xi}=g(s), L{X{t3}=s"gts) and L{F(1)}=f(s)

XA{1)

Thus, the differcntial equation becomes transformed to
an algebraic equation as follows:

s*g(s ) tw?glsi=f(s) (8)
Or
(§*Fw®)g(sy=f(s) (D)
and
ais) = fis) (57— )= fo) (2 .
WSSt wr S COhgE wf) (10)

The nverse transform of Equation 10 is obtained by
application of the convolution thecorem of the Laplace
transtform, thereby, producing the solution to the origi-
nal differential Equation 1 as follows:

. r
K(t}:{]— . — 1 {I’(ﬁﬂ]} } [.— ] [ “ F]
W | §% +

or, finally

(11}

|
X)) =—

X

t
f Fird sin wit —r)dr (123
] '

where 715 a vanable of integration which occurs in the
definition of the convolution intcgral, the variable
being intcgrated over the interval from O to t.

It was earlier stated that the function F(t) is a peri-
ocdic function of natural frequency @. Thus, it may be
expressed by the Fourier series expansion;

g A
Ht}=—-;;}+ C, cos (wh =+ o)+ E {,cosinwl i a, (13)

where A,/2 i1s the amplitude of the zero frequency com-
ponent of the function F(t), C, 1s the amphitude of the
first harmonic component, w is the angular frequency
of the first harmonic component, «, 1s the phase angle
of the first harmonic component, C,, is the amplitude of
the harmonic component n, and «, 1s the phase angle of

-
[F T -,
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the harmonic component n. When Equation 13 is sub-
stituted for F(r) in Equation 12, the oscillator response
X{t) becomes:

A l

2

¥
Xity= J sin witl — 7)dr
{1

O 1 |
¥ - COS (T + ey SIN et —7idr
) )

. - §
}- 2 Lo COs (Mwr+ ax) sin {t—7xdr (14)
ney WS

!

When the Equation 14 above i1s integrated, the solution
for the oscillator response X(t) becomes:

- C .
(1 —cos wl) -1;,,-{;— [1 sin (wl+ a)

COS (RNw + an
Yo o ’

Cos {wt + ﬂn}I COs {wt — n:“]( (15}

n — | n + |

Clearly, the only term which is multiplied by time t 1s
the underlined guantity of Equation 15. It can readily
be seen that this term 1s also proprotional to C,, the
amplitude of the first harmonic component of the forc-
ing function F(t). When {(wttal y=m/2.57/2,97/2, etc.,
X(t) will equal Ct/2e@ plus some constant term made
up of the sum of the remaining terms, all of which have
the same value each period. Thus, the oscillator re-
sponse X(t) increases with time, but the increments are
due only to C/2w. When the incremental change 1n
X(t) from one period to the next is measured by means
of a peak follower, a signal representing the value
C,/2w 1s obtained. It should be noted here that the
voltage E. of Equation 7 corresponds to the oscillator
response X(t).

Both thc frequency of the oscillator 52, §3, 54 and
the scale adjustment of the meter 60 must be calibrated
before using the analyzer and also every time that the
tire sizc is changed. The driving wheel 30 of the FIG. 1
force variation apparatus rotates at a predetermined
frequency. Accordingly, tires of different sizes will
have difterent rotational frequencies because of their
different circumferences. Thus, the force variation
waves generated by diffcrent size tires will have differ-
ent fundamental frequencies. In order to equalize the
natural frequency of the oscillator 52, §3, 54 and the
rotational frequency of the tire, the adjustable resistor
55 should be adjusted in accordance with a calibration
chart, such as represented in FIG. 11, which has been
previously dectermined. The frequency of the oscillator
52, 53, 54 may be set by measuring the time required
for ten revolutions of the tire and dividing this period of
time by 10 to obtain the peried of one revolution. Re-

ferring to the calibration chart of FIG. 11, the appropri-
atc setting of the adjustable resistor 55 may then be

determined.

In order to calibrate the scale adjustment setting of
resistor 59, the switch §1 of FIG. § 1s switched to con-
nect with the limit switch 94. The limit switch 90 1s
actuated by sleeve cam 13b on shaft 13a, as repre-
sented in FIG. le. This actuation of limit switch 90
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generates a rectangular wave signal having a trequency
equal to the frequency of rotation of the shatt 13a. The
peak-to-pecak amplitude of the first harmonic compo-
nent of thc cahibrator signal 1s, for example, 18.5
pounds.

The reset switches 62, 63, 64 may then be closcd.
The potentiometer 62 should then be adjusted to cause
the meter 60 to indicate zero. The reset switches 62,
63, 64 should then be opened and the meter will indi-
cate a value corresponding to the first peak of the out-
put signal of the oscillator 52, 53, 54. The potentiome-
ter 61 should then again be adjusted until the meter 60
reads zero. When the meter thereafter reads a new
value, this corresponds to the increment between the
first and second peaks of the oscillator output signal.
The resistor 39 should then be adjusted to read the
peak-to-peak value of the calibrator signal, namely,
18.5 pounds. Thereafter, during an operating cycle of
the apparatus of FIG. 1, the output signal of the peak
follower 56, S7 representing the incremental change
C,/2w of the oscillator signal causes a meter reading
directly 1n pounds of first harmonic force variation
corresponding to the value of C,, due to the amphifica-
tion factors introduced by the amplifier 38 and the
meter catibration.

It should also be understood that if it is desired to
read the amplitude of the second harmonic or higher
order harmonic component of the force variation input
signal to the FIG. § harmonic analyzer, the frequency
of the oscillator 52, 53, 54 may be adjusted to equal the
frequency of the second harmonic or higher order har-
monic component. Suitable calibration of meter scale
may be made at the selected harmonic frequency.

The harmonic analyzer of FIG. § may also be readily
adapted for use in a radial run-out machine in which
the input transducer to the harmonic analyzer would
supply a signal representing the radial and lateral run-
out of a rotating tire.

While there has been described what is at present
considered to be a preferred embodiment of this inven-
tion, 1t will be obvious to those skilled in the art that
various changes and modifications may be made
therein without departing from the invention, and it is,
theretore, aimed to cover all such changes and moditi-
cations as fall within the truc spirit and scope of the
invention. |

Having thus described our invention, what we claim
and desire to protect by Letters Patent is:

1. Apparatus for representing a predetermined har-
monic component of a repetitive input control effect
comprising:

means for supplying a repetitive input control etfect

comprising a predetermined harmonic component;
means responsive to the amplitude of said predeter-
mined harmonic component of said input control
effect for developing a second control effect having
a rate of change of amplitude representative of the
~amplitude of said predetermined harmonic compo-
nent of said input control effect;

and means responsive to said second control effect

for deriving therefrom a third control effect repre-
senting the difference in the amplitudes of the
peaks of selected cycles of said second control
effect, thercby represcniing the amplitude of said
predetermined harmomec component of said nput
control effect.

2. Apparatus in accordance with claim 1 which 1n-
cludes means responsive to said second control effect
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for deriving therefrom a fourth control effect represen-
tative of the phase of said predetermined harmonic
component of said input control effect.
3. Apparatus for representing a predetermined har-
monic component of a repetitive input signal compris-
ng;
circuit means for supplying a repetitive input signal
comprising a predetermined harmonic component;

circuit means responsive to the amplitude of said
predetermined harmonic component of said input
signal for developing a second signal having a rate
of change of amplitude representative of the ampli-
tude of said predetermined harmonic component
of said input signal;

and circuit means responstve to said second signal for

deriving therefrom a third signal representing the
difference in the amplitudes of the peaks of se-
lected cycles of said second signal, thereby repre-
senting the amplitude of said predetermined har-
monic component of said input signal.

4. Apparatus for representing the first harmonic
component of a repetitive input control effect compris-
ng:

means for supplying a repetitive input control etfect

comprising a first harmonic component;

means responsive to the amplitude of said first har-

monic component of said input control effect for
developing a second control effect having a rate of

change of amplitude representative of the ampli-
tude of said first harmonic component of said input
control effect;

and means responsive to said second control effect

for deriving therefrom a third control effect repre-
senting the difference in the amplitudes of the
peaks of selected cycles of said second control
effect, thereby representing the amplitude of said
first harmonic component of said input control
effect.

S. Apparatus in accordance with claim 4 in which
said means responsive to the amplitude of said first
harmonic component comprises oscillator means reso-
nant at the frequency of said first harmonic compo-
nent.

6. Apparatus in accordance with claim 3 in which
said circult means responsive to said second signal
comprises peak detector means for developing a third
signal representative of the difference in the amplitudes
of the peaks of successive cycles of said second signal.

7. Apparatus in accordance with claim 1 which n-
cludes means responsive to said second control effect
for developing pulses occurring with a predetermined
phase relation to said predetermined harmonic compo-
nent of said input control effect.

8. In apparatus for developing a control effect repre-
sentative of the non-uniformity of an object rotated
thereby, the apparatus including means responsive to
the rotating object for developing a first control effect
having a repetition frequency representative of the
frequency of rotation of the object, said first control
effect comprising a predetermined harmonic compo-
nent having an amplitude representative of the magnti-
due of the non-uniformity of the object, a harmonic
analyzer comprising:

means resonant at the frequency of said predeter-

mined harmonic component of said first control
effect and responsive to the amplitude of said pre-
determined harmonic component of said first con-
trol effect for developing a second control effect
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having a rate of change of amplitude representative
of the amplitude of said predetermined harmonic
component; |

and means responsive to said second control effect

for deriving therefrom a third control effect repre-
senting the difference in the amplitudes of selected
cycles of said second control effect, thereby repre-
senting the magnitude of the non-uniformity of the
object.

9. In apparatus for developing a signal representative
of the non-umiformity of a tire rotated thereby, the
apparatus including means responsive to the tire during
rotation thereof for developing a first signal having a
repetition frequency representative of the frequency of
rotation of the tire, the first signal comprising a first
harmonic component having an amplitude representa-
tive of the magnitude of the non-uniformity of the tire
and having a phase representative of the phase of the
non-uniformity of the tire relative to a reference point,
a harmonic analzyer comprising:

oscillator means responsive to the amplitude of said

first harmonic component of said first signal and
resonant at the frequency of said first harmonic
component of said first signal for developing a
second signal having a rate of change of amplitude
representative of the amplitude of said first har-
monic component;

peak detector means responsive to said second signal

for deriving therefrom a third signal representative
of the difference in the amplitudes of the peaks of
successive cycles of said second signal;

and circuit means responsive to said second signal for

deriving therefrom a fourth signal representative of
the phase of said first harmonic component of said
first signal, whereby the non-uniformity of the tire
is indicated.

10. Apparatus for developing a control effect repre-
sentative of the non-uniformity of a rotatable object
COMPprising: |

means for rotating an object;

means responsive to the rotating object for develop-

ing a first control effect having a repetition fre-
quency representative of the frequency of rotation
of the obiject, said first control effect comprising a
predetermined harmonic component having an
amplitude representative of the amplitude of a
predetermined harmonic component of the non-
uniformity of the object and having a phase repre-
sentative of the non-uniformity of the object rela-
tive to a reference point;

means responsive to amplitude of said predetermined

harmonic component of said first control effect for
developing a second control effect having a rate of
change of amplitude representative of the ampli-
tude of said predetermined harmonic component

of said first control effect;
means responsive to said second control effect for

developing a third control effect representative of

the phase of said predetermined harmonic compo-
nent of said first control eftect;

and means responsive to said third control eftect for
marking the object to indicate the non-uniformity
of the object in accordance with the phase of said
predetermined harmonic component of said first
control effect.

11. Apparatus for developing a signal representative

of the non-uniformity of a tire comprising:
support means for rotating a tire;
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means rcsponsive to the force variation on said sup-
port means during rotation of the tire for develop-
ing a first signal having a repetition frequency rep-
resentative of the frequency of rotation of the tire,
said first signal comprising a first harmonic compo-
nent having an amplitude representative of the
amplitude of the first harmonic component of force
variation on said support means and having a phase
representative of the phase of said first harmonic
component of force variation relative to a refer-
ence point;

oscillator means responsive to the amplitude of said
first harmonic component of said first signal and
resonant at the frequency of said first harmonic
component of said first signal for developing a
second signal having a rate of change of amphtude
representative of the amplitude of said first har-
monic component of said first signal;

peak detector means responsive to said second signal
for developing a third signal representative of the
difference in the amplitudes of the peaks of succes-
sive cycles of said second signal and thus represen-
tative of the amplitude of said first harmonic com-
ponent of said first signal;

means coupled to said peak detector means for indi-
cating the amplitude of said first harmontc compo-
nent of force variation,

means responsive to said second signal for develop-
ing a fourth signal representative of the phase of
said first harmonic component of said first signal;

and means responsive to said fourth signal for mark-
ing the tire to indicate the peak of said first har-
monic component of force variation.

12. A tire radial force variation determining apparatus
comprising means to support and rotate a pneumatic tire,
a rotatable load wheel exerting a radial load thereon,
means mounting the load wheel and the tire for relative
deflection in response to radial force variations of the
tire, means responsive to said deflections to produce an
electrical signal representative of said deflections, circuit
means to convert said signal to a plurality of pulses each
of which represents the location of the maximum of a
predetermined harmonic component of the radial force
variation of the tire in a single revolution thereof, and
means responsive to said pulses to indicate with reference
to the circumference of the tire tested the position of the
maximum of said predetermined harmonic component of
the radial force variation.

13. Apparatus for developing a control effect represen-
tative of the non-uniformity of a rotatable object com-
prising:

first means for rotating an object;

second means responsive to the rotating object for

developing an input control effect having a repetition
frequency representative of the frequency of rotation
of the object, said control effect comprising a prede-
termined harmonic component having a phase repre-
sentative of the non-uniformity of the object relative
to a reference point,;

and electronic oscillator circuit means coupled to said

second means and adjustably responsive in frequency
to the frequency of said predetermined harmonic
component of said input control effect for developing
a second control effect representative of the phase of
said predetermined harmonic component of said
input control effect, thereby representing the non-
uniformity of the object.
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14. Apparatus for developing a signal representative of | 15. Apparatus in ac'.cordancg with claim 14 *whfc‘h
the non-uniformity of a tire comprising: includes means responsive to said pulses for marking the

tire to indicate the non-uniformity thereof.

first means for rotating a tire; 16. Apparatus for developing a signal representative of
second means responsive to the rotating tire for devel- s the non-uniformity of a tire comprising:
oping an input signal having a repetition frequency first means for rotating a tire;

second means responsive to the rotating tire for devel-

representative of the frequency of rotation of the tire, . . * g
d sional o - p od R , oping a sighal having a repetition frequency repre-
sald signal comprisihg a predelermined harmonic sentative of the frequency of rotation of the tire, said
component having a phase representative of the non- 0 signal comprising an input first harmonic component
uniformity of the tire relative to a reference point; having a phase representative of the phase of the first
and means, including electronic oscillator circuir harmonic component of the non-uniformity of the
means coupled to said second m d adjustabl tire relative 1o a reference point;

‘ p cans and aqj g‘s aney and means, including electronic oscillator circuit
responstve in frequency to the frequency of said pre- means coupled to said second means and adjustable
determined harmonic component of said input sig- 13 responsive in frequency to the frequency of said first
nal, for developing pulses representative of the phase har momnj component of said mﬁ“’ j‘gﬂah Jor .jf vel-
of said predetermined harmonic component of said ;?IP ing puises representative of ine phase of said first

* _ _ ‘ armonic component of said signal, thereby repre-
signal, thereby representing the non-uniformity of senting the non-uniformity of the tire.
the tire. 50 £ k% k%
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UNITED STATES PATENT AND TRADEMARK OFFICE
CERTIFICATE OF CORRECTION

PATENT NO. : Re 28,775
DATED - April 20, 1976

INVENTOR(S) : Halg D. Tarpinian and Harry Friedmann

It is certified that error appears in the above—identified patent and that said Letters Patent
are hereby corrected as shown below:

Column 14, line 8 for "a" (first occurrence) read
-8 inpu‘t--.

Column 14, line 10 for "an input” read --a--.

Column 14, line 14 for "adjustable" read --adjustably--.

Signcd and Sealed this

twenty-ninth Day Of June 1976

|SEAL)
Attest:
RUTH C. MASON C. MARSHALL DANN
Attesting Officer Commissioner of Patents and Trademarks
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