
3,507,027 E. JAUMEs 
PROCESS CF AND MACHINE FOR CENTERING SPOKED WHEELS 

April 21, 1970 

3 Sheets-Sheet . Filed Feb. 26, 1968 

&ks 

INVENTOR 
4?? ?Z/%'S 
BY 

a 777/7S 27/7 
C727SSaeepwoo 

M7AaA M247A/ 

ATORNY 

  

  

  



April 21, 1970 E. JAUMS 3,507,027 
PROCESS OF AND MACHINE FOR CENTERING SPOKED WHEELS 

Filed Feb. 26, 1968 3. Sheets-Sheet 2 

?a 2. 7. .?? ? ---?---Z-----?? ??? ----- 

I I I IV 

????RNE? . 

  



April 21, 1970 E. JAUMEs 3,507,027 
PROCESS OF AND MACHINE FOR CENTERING SPOKED WHEELS - 

Fi Led Feb. 26, 1968 3. Sheets-Sheet 3 

& 

III 

BY 
Araa Al Ma Z77 

ATTORNEY 

  

  

  

  

  

  

  

  



United States Patent Office 3,507,027 
Patented Apr. 21, 1970 

1. 

3,507,027 
PROCESS OF AND MACHINE FOR CENTERING 

SPOKED WHEELS 
Eric Jaulmes, Paris, France, assignor to Ateliers de la 

Motobecame, a corporation of France 
Filed Feb. 26, 1968, Ser. No. 708,412 

Claims priority, application France, Feb. 27, 1967, 
96,566 

Int. CI. B23p 19/00 
U.S. C. 29-159.02 10 Claims 

ABSTRACT OF THE DISCLOSURE 
In the centering of spoked wheels, the adjustment of 

the tensions of the spokes to a desired value, or value 
within a desired tolerance range, is effected by shock 
exciting the spokes by an electromagnetic pulse, detecting 
the ensuing spoke oscillations by an electric pickup and 
utilizing the frequency of the detected oscillations for con 
trolling the adjustment of the spoke tensions by means of 
a solenoid-operated pneumatic spoke tightening wrench. 
For this purpose, the spoke oscillating frequency is com 
pared with one or preferably a series of reference fre 
quencies. In a preferred embodiment, especially designed 
for effecting automatic spoke tensioning in conjunction 
with large-scale manufacture, the spoke oscillations, after 
conversion into a suitable square wave, are combined in a 
comparator with a series of step-by-step increasing refer 
ence frequencies, the comparator being designed to pro 
duce an output pulse only if the frequency of the spoke 
oscillation exceeds the respective reference frequency. The 
output pulse is converted into a predetermined operating 
pulse for the control of the wrench, whereby to result in 
fixed increments in the positive sense of the tensioning 
torque of the spokes by each reference frequency or com 
parator output pulse and, in turn, in an ever closer approxi 
mation of the spoke tensions towards a desired final value 
or tolerance range, as the reference frequency is increased 
during successive spoke tensioning steps or operations. 

SSSS 

The present invention relates to a process of and 
machine for centering spoked wheels, in particular, though 
not limitatively, bicycle and light motorcycle wheels. 

In order to produce a perfect wheel, that is, without 
wobble or twist, or a wheel being perfectly round and 
accurately centered, all that is required in practice is to 
ensure that all the spokes have the same tension, assuming 
of course, as will be in the following, that the wheel rim 
is geometrically round or correct. It should however be 
pointed out that this requirement is not entirely indispens 
able. 

According to previously known methods of centering 
spoked wheels, the wheels are mounted on a rig which 
allows warping and off center to be checked. The tensions 
on the individual spokes are then adjusted by screwing up 
and unscrewing the spoke tensioning units, until the wheel 
rotates true. In using such a centering method, the result 
ing tensions are not necessarily the same on all the pokes. 

In order to avoid this empirical and tedious method, 
which can only be performed by highly skilled and special 
ized labor, spoke-tensioning machines have already be 
come known which operate by tightening up all the 
spoke nuts with the same applied torque. This method does 
not, however, result in the same tension on all the spokes, 
because the torque which has to be applied to a nut de 
pends, among others, on the clearance between the threads 
and on the friction between the nut and wheel flange or 
T. 

Accordingly, an important object of the present inven 
tion is the provision of an improved method of and means 
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2 
for tightening the tensioning nuts of a spoked wheel, to 
obtain the same tension on all the spokes, irrespective of 
the torques applied to the nuts. 

This method, compared with the manual method re 
ferred to above, has the advantage that all the spokes 
Subsequently perform under the same conditions, whereas 
in the case of the previous methods, even though the wheel 
may rotate true, the tensions on the individual spokes may 
be different, whereby the spokes perform under different 
conditions. 
With the foregoing object in view and in contrast tó 

the referred to prior method, the present invention utilizes 
the natural frequency of oscillation of the tensioned spokes 
as a means for sensing and adjusting the spoke tensions 
to a desired value, or value within a desired tolerance 
range. According to one feature of the invention, the same 
involves the application to a spoke to be adjusted of a 
mechanical impulse, to cause the spoke to oscillate at its 
natural frequency, the sensing or measurement of said 
frequency and screwing up of some of the nuts and un 
screwing of others, in a manner to adjust all of the spokes 
to the same natural frequency and, in turn, uniform ten 
sion, respectively. V- 
A requirement for the carrying out of such a process is 

that the spokes must not touch each other at their crossing 
points and that the flange of the wheel hub to which 
the spokes are anchored must be wide enough to ensure 
this condition under all circumstances. 
A more specific object of the invention is the provision 

of an electronically controlled automatic spoke-tension 
ing machine utilizing the basic spoke-tensioning process 
of the invention and being especially suited for use in con 
junction with automatic high-output quantity production 
of bicycle, motorcycle and the like spoked wheels. 
The preferred process utilized for the latter purpose 

involves essentially a series of nut-tightening steps or op 
erations, that is, without loosening or unscrewing of the 
nuts during the automatic adjusting operations. More 
particularly, the nuts are first given, in a preliminary 
operation, an initial screwing up and they are then tight 
ened further, in a first operating step, to a certain degree 
so as to raise the natural frequency of oscillation of each 
spoke up to and above a certain reference of threshold 
frequency. The tightening operation is then repeated in a 
second step, using a higher threshold or reference fre 
quency. As a consequence, the scatter or range of varia 
tion of the tensions between the different spokes of a wheel 
is reduced by this operation. During subsequent and similar 
operating steps, utilizing step-by-step increasing reference 
frequencies, the scatter further decreases accordingly. In 
practice, it has been found enough to apply three tension 
ing steps or operations, to approximate or bring the varia 
tion in oscillating frequency, and, in turn, of the spoke 
tension, between the spokes down to a practically tolera 
ble value. The use of tightening operations only in fixed 
amounts or increments greatly simplifies the mechanical 
design of the machine and results in increased operating 
effectiveness and safety, as will become more apparent as 
the description proceeds. 
The threshold frequencies may for example be 400 

cycles per second for the preliminary screwing up process, 
followed by steps using 450 cycles, 480 cycles and finally 
500 cycles as threshold or reference frequencies for the 
successive tightening up operations. 

In carrying into effect the invention, a machine is used 
in which the wheel is mounted. All the spokes are then 
excited in succession to oscillate by applying thereto a 
pulse from electromagnetic exciters operated preferably 
by discharging an electrical capacitor through a relay, 
such as a thyristor or SCR (silicon controlled rectifier) of 
known type in the art. 

After a spoke has been caused to oscillate in this way 
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at its natural frequency, the oscillations are sensed or 
detected by an electromagnetic pickup or detector 
adapted to produce electrical signals at the frequency 
of the spoke oscillations. As will be understood, there 
are as many exciters and detectors as there are spokes 
in a wheel. The exciters and detectors are activated in 
succession by a rotary or electronic distributor switch 
operated at a suitable speed by an electric motor or 
clock frequency, respectively. 
The frequency of the output signal of the detector is 

measured in multiples of a standard frequency, for ex 
ample 100 kilocycles, produced by an oscillator, pref 
erably a quartz oscillator, and applied to the frequency 
meter or comparator. In the automatic tensioning ma 
chine, the spoke frequency is compared with a fixed ref 
erence or threshold frequency, for example 450 cycles. 
If the spoke frequency is higher than the reference fre 
quency, no output signal is supplied by the comparator. 
If, on the other hand, the spoke frequency is lower than 
the reference frequency, the comparator produces an 
output pulse which may be stored by known means and 
shaped to activate an electromagnetic valve which, in 
turn, initiates the rotation of a nut tightener in the form 
of a pneumatic wrench arranged to tighten up the nuts 
at the ends of the spokes. 

Furthermore, in the preferred embodiment of the in 
vention each nut tightening wrench rotates its nut only 
a fraction of a revolution at a time, for example A2 turn, 
and then stops. In this way, two or more wrenches can 
be rotating simultaneously on successive spokes, that is 
to say their actions overlap in time and consequently the 
transition from one spoke to the next is not held back 
by the time necessary for the tightening of each nut. In 
practice and by way of example, a spoke can be checked 
in 60 of a second, while a wrench operates on the cor 
responding nut for a duration of the order of /3 of a 
second, rotating the wrench through, for instance, A2 of 
a revolution. . 

Preferably, the distributor divides the operation into 
two successive phases, a sensing or measurement phase 
and an active or control phase, which succeed each other 
in alternation, each of said phases having the same dura 
tion, that is, A00 of a second in the example mentioned. 

Furthermore, in the preferred embodiment of the in 
vention the signal supplied by each detector at regular 
intervals in the form of a damped sine wave is trans 
formed by known means into a rectangular or square 
wave pulse signal suitable for comparison with a similar 
signal of standard or reference frequency. For this pur 
pose, the rectangular pulse resulting from the sine wave 
may at first have a duration different from that of the 
interval between pulses, although the sum of a pulse 
duration and interval is a constant, this constituting the 
period of the signal. This signal is then transformed into 
a pulse signal of half the frequency of the original sine 
wave in which the pulses and intervals are of equal length, 
that is, constituting a true square wave. Furthermore, 
means are provided to ensure that the signal comparison 
begins at the starting instants of the spoke and reference 
pulse signals, respectively. 

Besides, the function of the comparator is such that 
if the measured pulse duration is lower than the dura 
tion of the reference pulse, a control pulse is produced 
in the output of the comparator. On the other hand, if 
the measured pulse duration is higher than the duration 
of the reference pulse, no output is produced by the com 
parator. The output pulse may first of all be stored or 
delayed and then distributed by the distributor and 
shaped for the energization of the electromagnetic valve 
actuating the nut-tightening wrench during a fixed dura 
tion or tightening cycle, the time delay of the actuating 
pulse serving to make up for the mechanical inertia of 
the valve. 
The invention, both as to the foregoing and ancillary 

objects as well as novel aspects thereof, will be better 
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4. 
understood from the following detailed description of a 
preferred embodiment of an automatic spoke-tensioning 
machine, taken in conjunction with the accompanying 
drawings forming part of this specification and in which: 
FIG. 1 is a combined schematic representation and 

wiring diagram of an automatic spoke-tensioning ma 
chine constructed in accordance with the principles of 
the invention and embodying a mechanically operated 
distributor; 

FIG. 2 is a series of theoretical diagrams explanatory 
of the function and operation of the machine shown by 
FIG. 1; 

FIG. 3 is a further theoretical diagram illustrative of 
the effects of the successive spoke-tensioning steps ac 
cording to the operating method embodied in the ma 
chine shown by FIG. 1; and 

FIG. 4 illustrates in block diagram form alternative 
automatic spoke-tensioning apparatus similar to FIG. 1 
but utilizing electronic measurement and control means 
throughout. 

Like reference characters denote like parts and magni 
tudes in the different views of the drawings. 

Referring more particularly to FIG. 1, the hub of a 
wheeel is represented diagrammatically at 1, the spokes 
are shown at 2a, 2b . . . and at 3a, 3b . . . there are 
shown the pneumatic tightening wrenches which act on 
the nuts 3' to tighten up the spokes. The pneumatic 
wrenches operate outside the wheel rim 4 and, while 
there are as many wrenches as there are spokes, only 
two are shown in the drawing for the sake of clarity. 

In accordance with the invention there is provided 
an exciter 5a, 5b . . . and a detector or pickup 6a, 6b . . . 
for each spoke 2a, 2b . . . . Each exciter, which may be 
in the form of an electromagnet acting on a spoke, is 
controlled by the discharge from a capacitor 7a, 7b . . . 
the latter being charged, through a charging resistor 8a, 
8b . . . from a high voltage direct current source or 
line 9, Supplying direct current at for example 300 volts. 
The discharge of the capacitors are controlled preferably 
by solid state relays, such as SCR's (silicon controlled 
rectifiers) or thyristors 10a, 10b . . . of well known 
design. 

Each pneumatic wrench 3a, 3b . . . is controlled 
by an electromagnetic (solenoid) valve 11a, 11b . . . 
respectively, which is connected to a common compressed 
air supply 12. 
The rotary switch or distributor assembly is driven 

by a motor 13 and consists of three commutator or 
switching drums A, B and C. Each commutator drum 
has a wiper arm 15, 18 and 21 mounted upon a shaft 
14 driven by the motor 13 and serving to contact in 
sequence 36 electric stationary contacts 16, 19 and 22, 
respectively, assuming the wheel to have 36 spokes 2a, 
2b . . . . In regard to the drum A, the wipers 15 make 
contact Successively with the stationary contacts 16, each 
of which is connected to the gate of one of the thyristors 
10a, 10b . . . so as to trigger the thyristors by control 
pulses derived from a suitable source, for example a 12 
volt source of direct current as indicated. In this way, 
all the spokes 2a, 2b . . . are successively caused to 
vibrate or oscillate, one after the other and during a 
single operating step or round of the machine. 

In regard to the contact drum B, the contacts 19 there 
of are displaced by one switching step or unit relative to 
the contacts 16 of the drum A, while the wiper 18 makes 
contact successively with the 36 stationary contacts 19, 
whereby to feed to the pulse shaper and comparator 20 
the sinusoidal spoke oscillation d supplied by the respec 
tive detectors 6a, 6b . . . . In regard to the contact drum 
C, its wiper 21 makes contact successively with the 36 
stationary contacts 22, whereby to feed the output signals 
h of the comparator, after preliminary storing in the 
device 23 and via the 36 pulse shapers or delay units 
24a, 24b . . . to the 36 solenoid valves 11a, 11b . . . re 
spectively. As already mentioned above, each solenoid 
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valve remains open during the operating period of the 
corresponding pneumatic wrench 3a, 3b . . . that is, the 
pneumatic wrench performs a number of fixed partial 
revolution, for instance, A2 of a revolution in 4 of a 
second according to the example mentioned. 

Items 25A, 25B and 25C represent standard or refer 
ence generators selectively connectible, through a switch 
26, to the comparator 20, the latter further supplying 
synch pulses to said generators, to phase-synchronize or 
coincide the starting times of the pulses being compared, 
in the manner as will become further apparent as the 
description proceeds. 
The sequence of operations during a spoke tightening 

cycle or period will now be described in the following 
with further reference to FIG. 2. 
The working periods of a spoke tensioning operation 

are divided by the rotary switches A and B into two alter 
nating phases of equal duration, one of which, that is, 
phase m constitutes the sensing or measurement phase 
and the other phase constitutes the active or control phase 
a. Each of these phases may have a duration of for exam 
ple one of Aoo of a second, advantageously derived from 
a 50 cycle power network. At the beginning of each meas 
urement phase n, the respective exciter, triggered by the 
commutator A, applies a brief pulse b to the respective 
spoke, as shown by the signal c in FIG. 2, causing thereby 
the spoke to oscillate at its natural frequency and attenua 
tion as shown by signal d representing a damped sine 
wave or oscillation. The latter is detected by the respec 
tive detector 6a, 6b . . . whose electric output signal is 
applied to the commutator B. This signal, being initially 
of sine shape, is first converted, in the device 20, to a rec 
tangular shape as shown at e and then into its final shape 
f. The latter constitutes a true square wave having pulses 
and intervals of equal width or duration and a frequency 
one half the frequency of the oscillation d. 
The pulse half period T of the signal f is compared with 

the reference period t for each pass or operating step of 
a number of local signals of fixed reference frequencies, 
for example 450 cycles for the first step, 480 cycles for 
the second step and finally 500 cycles for the last step, 
said local signals being produced by the generators 25A, 
25B and 25C, respectively, and selectively applied through 
the control switch 26. If the half period T is greater than 
the half period t of the reference signal, that is, if there is 
a positive differential between T and t as shown in FIG. 2, 
the comparator 20 delivers a control or output pulse gas 
represented by the signal h. On the other hand, if T is 
less than t, no output pulse is produced by the compara 
tor as pointed out. 
The signal g is too short to be used directly and is 

therefore first applied to the memory or pulse stretcher 
23 whose output is a pulse as represented at i. The latter 
reaches the commutator C in the form shown at i and is 
then applied to the further delay or shaper unit 244, 
24b . . . wherein it is given a duration compatible with 
the time constants of the electromagnetic valves 11a, 
11b . . . and of the associated pneumatic Wrenches 3a, 
3b . . . for instance A2 of a revolution in 4 of a second 
according to the example mentioned. The signal k in 
FIG. 2 represents this last phase of the conversion of the 
input signald supplied by the detectors or sensing devices, 
??, 6b . . . . 
The operation of the spoke tensioning machine accord 

ing to the invention, which functions by successive ap 
proximations all in the positive or spoke tightening direc 
tion and which is capable of effectively reducing the range 
of variations in the tensions between the spokes, without 
ever reversing the direction of rotation of the Wrenches, 
is furthermore illustrated in FIG. 3, wherein columns I, 
III, III, and IV represent, respectively, the results of the 
pre-tensioning, of the first tightening step or round to 
give a lower limit of 450 cycles, of the second tightening 
step or round to give a lower limit of 480 cycles, and of 
the third or final tightening step or round to give a lower 
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6 
limit of 500 cycles, respectively, the frequency being rep 
resented upon the ordinate in the diagram. 
As will be seen, after the pre-tensioning to approxi 

mately 400 cycles as shown by column I, some of the 
spokes may exhibit tensions, as indicated by the small 
crosses in the drawing, extending over a range to from 
350 to 465 cycles approximately. After the first spoke 
tightening step, to give a lower limit of 450 cycles, as 
shown by column II, the scatter of the spoke tensions has 
been reduced to a range d1 which is always positive and 
amounts to only approximately 40 cycles. After the sec 
ond tightening step, as shown by column III, to tensions 
above the lower limit of 480 cycles, the scatter d2 is now 
over a range of only 20 cycles. Finally, after the third 
tightening step, as shown by column IV, to give a lower 
limit of 500 cycles, the scatter d3 is now only about 10 
cycles and always in the positive or spoke-tightening 
direction. This final result can be regarded as the practical 
equivalent to having perfectly uniform tensions on all the 
spokes of the wheel. 
As pointed out, the electronic circuitry of the devices 

20, 23, 24, for converting the original sinusoidal spoke 
oscillation d into the final control pulse k of predeter 
mined length and suitable for the operation of the solenoid 
valves 24a, 24b . . . and wrenches 3a, 3b . . . during 
each of the successive operating steps or rounds, may 
consist of conventional and well known pulse shaping and 
converting circuits or devices. Thus, the oscillation d may 
at first be squared and reduced to a signal f of frequency 
equal to one half of the oscillating frequency by means 
of well-known pulse shaping and frequency dividing cir 
cuits. Similarly, the reference square wave signals f' may 
be produced by crystal oscillators 25A, 25B and 25C also 
including wave shaping and frequency dividing circuits 
of known construction. 

In the example shown, assuming equal measuring and 
control periods in and a of each A00 second, and assum 
ing further the spoke oscillating frequency to vary within 
the range of 300 to 500 cycles, there obtains practically a 
single pair of square wave half periods of duration T 
and t, respectively, during a measurement or comparison 
period m, which may be phase-synchronized by suitable 
means to provide coinciding starting time positions as 
shown. In FIG. 1, this synchronization of the periods T 
and t is indicated by a signals being applied from the 
comparator 20 to the oscillators 25A, 25B and 25C. 
The comparison device to determine the positive differ 

ence between T and t may be in the form a simple differ 
ence-forming circuit adapted to produce a positive pulse 
g for T being greater than t and producing a negative 
pulse g for T being smaller than t, respectively. The nega 
tive pulse g may be eliminated in a known manner by a 
pulse clipper, to produce output pulses g only if T exceeds 
the value of t. The conversion of the latter into the final 
actuating pulse k may be effected by additional known 
pulse shaping and/or delay or stretching circuits or de 
WICS 

As already mentioned above, the pneumatic wrenches 
may be controlled entirely electronically, the mechanical 
rotary distributors of FIG. 1 being in this case replaced 
by an electronic switching circuit performing the same 
function. An arrangement of this type is shown diagram 
matically in FIG. 4. Referring to the latter, the distributor 
of FIG. 1 is replaced by an electronic circuit 30 being fed 
by AC current at 50 cycles converted into a square wave 
by the device 31. This distributor has output terminals 
1-36, similar to the distributor of FIG. 1. 
More particularly, in place of the three distributor 

drums A, B and C of FIG. 1, there are here provided three 
groups of logical circuits A, B and C”, respectively, con 
taining the following circuit arrangements. The logical 
circuit A contains 36 gates 32 adapted to perform the 
functions of the wiper arm 15, drum contacts 16 and of 
the devices 7, 8, and 10 of FIG. 1. The logical circuit B' 
contains 36 gates 33 adapted to perform the functions of 
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the wiper arm 18 and drum contacts 19 of the commu 
tator B of FIG. 1, while the logical circuit C contains 36 
gates 34 adapted to perform the functions of the wiper 
arm 21 and drum contacts 22 of the commutator C of 
FIG. 1. 
The devices which are common to both FIGS. 1 and 2 

are the comparator and pulse shaper 20, the memory 23, 
the delay units 24a, 24b . . . the solenoid valves 1a, 11b 
. . . the pneumatic wrenches 3a, 3b . . . the exciters 5a, 
5b . . . and the detectors 6a, 6b . . . . 
The function and operation of the electronic spoke ten 

sioning system according to FIG. 4 is as follows. 
Let it be supposed that at the instant t a pulse is de 

livered by the electronic distributor to the line i 1. This 
pulse is modified by the device 32i -1, shown hatched in 
the drawing of the logical A before reaching the exciter 
5i, imparting thereby to the respective spoke a pulse 
to cause the same to oscillate, this operation being anal 
ogous to that described in reference to FIG. 1. As a con 
sequence, the detector 6i delivers a signal applied to 
the gate 33i of the logical circuit B. This signal can pass 
only at the instant t, that is, on arrivel of the signal de 
livered to the line i by the distributor 30. The simultane 
ous existence of a signal from a detector and a signal 
from a distributor corresponds in FIG. 1 to the making of 
electrical contact between the wiper 18 and one of the 
contacts 19 of the commutator B. The gate 33i in other 
words performs the logical function of a coincidence or 
“AND' circuit. The signal from this gate reaches the fre 
quency comparator 20 in which, as before, the period T 
is compared with the reference period t to produce a con 
trol pulse g first stored in the memory 23 and thereafter 
delivered to the feed line of the logical circuit group C. 
This control pulse can pass the gate 34i of the group C 
only on arrival of a distribution signal on the line i. The 
gate 34i also performs therefore the function of a logical 
coincidence or “AND” circuit. The output signal of the 
gate 34 reaches the delay unit 24i and from there passes 
to the solenoid valve 11i and pneumatic wrench 3i, in 
substantially the same manner as described hereinbefore. 
As soon as the 36 spokes of the wheel have been given 

their first tensioning with their oscillation freqeuncies hav 
ing been brought up to values lower than the second 
threshold frequency of say 480 cycles, a logical circuit, 
replacing the selector switch 26 of FIG. 1, then raises 
the threshold frequency to the next higher level, where 
upon the cycle of operations is repeated for each of the 
36 spokes, in substantially the same manner as described 
hereinbefore in reference to FIG. 1. 

In the foregoing, the invention has been described in 
reference to a specific exemplary device or embodiment. 
It will be evident, however, that variations and modifica 
tions, as well as the substitution of equivalent devices or 
circuits to those shown herein for illustration, may be 
made without departing from the broader purview and 
spirit of the invention as set forth in the appended claims. 
The specification and drawings are accordingly to be re 
garded in an illustrative rather than in a restrictive sense. 

I claim: 
1. A method of centering spoked wheels comprising the 

steps of: 
(1) preliminarily tensioning the spokes of a wheel to 

be centered, 
(2) exciting the spokes by a mechanical impulse, to 

cause the same to oscillate at their natural fre 
quencies, 

(3) converting the spoke oscillations into correspond 
ing electric waves, and 

(4) utilizing the frequency of said electric waves as a 
reference for the adjustment of the spoke tensions to 
a desired value. 

2. A method of centering spoked wheels as claimed in 
claim 1, said last step comprising comparing said elec 
tric waves with a series of reference waves of progressive 
ly increasing frequency, and applying a predetermined 
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etensioning force to the spokes whenever the frequency of 
said electric waves exceeds the respective reference fre 
quency. 

3. A method of centering spoked wheels as claimed in 
claim 1, said preliminary tensioning step resulting in 
spoke tensions corresponding to frequencies above 400 
cycles per second, and said last step comprising succes 
sively comparing the electric waves with reference waves 
of 450, 480 and 500 cycles per second, respectively. 

4. Apparatus for the centering of spoked wheels fitted 
with tensioning nuts for each spoke thereof and compris 
ing in combination: 

(1) spoke nut tightening means, 
(2) means to excite the spokes to oscillate at their 

natural frequencies, 
(3) pickup means to convert the spoke oscillations into 
corresponding electric waves, and 

(4) means to utilize the frequency of said electric waves 
as a reference for the operation of said tightening 
means, to adjust the spoke tensions to a desired value. 

5. Apparatus for the centering of spoked wheels fitted 
with tensioning nuts for each spoke thereof and com 
prising in combination: 

(1) electrically actuatable spoke nut tightening means, 
(2) means to excite the spokes to cause the same to 

oscillate at their natural frequencies. 
(3) pickup means to convert the spoke oscillations into 

corresponding electric spoke waves, 
(4) a plurality of sources of electric reference waves 
having fixed frequencies increasing progressively 
from an initial to a final reference frequency, 

(5) wave comparison and converting means to suc 
cessively compare a spoke oscillating wave with said 
reference waves, starting with the lowest and ending 
with the highest reference frequency, to produce an 
output signal whenever the spoke oscillating fre 
quency exceeds the respective frequency, and 

(6) means to utilize said output signal for the opera 
tion of said spoke-tightening means, to apply sub 
stantially constant torque increments to said tighten 
ing means in response to each output signal, after 
preliminarily tightening all said spokes to tensions 
above a predetermined tension corresponding to a 
spoke oscillating frequency below the initial refer 
ence frequency. 

6. Apparatus for the centering of spoked wheels fitted 
with tensioning nuts for each spoke thereof and com 
prising in combination: 

(1) a plurality of electrically actuatable spoke nut 
tightening means, one for each spoke of a wheel 
to be centered, 

(2) a plurality of electrically controllable exciting 
means, one for each spoke, to impart an impulse to 
and to cause the spokes to oscillate at their natural 
frequencies, 

(3) a plurality of electrical pickup devices, one for 
each spoke, to convert the spoke oscillations into 
corresponding electric spoke oscillating waves, 

(4) comparator means including wave-shaping means 
and means to produce at least one reference wave 
of predetermined reference requency for comparison 
with said spoke waves, said comparator means 
adapted, upon excitation by said spoke waves, to 
produce an output signal only upon the frequency of 
a spoke wave exceeding the frequency of said refer 
ence WaVe., 

(5) means including further wave-shaping means and 
connected to the output of said comparator means, 
to produce an energizing pulse for said nut tighten 
ing means, resulting in predetermined tightening 
torque increases in response to each output signal 
of said comparator means, and 

(6) multiple distributor switching means operably 
connecting said exciting means, said pickup means, 
said comparator means and said nut tightening 
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means, whereby to successively excite and tighten 
said spokes and to limit the spoke tensions to values 
above a lower limit corresponding to said reference 
frequency, after preliminarily tightening all the 
spokes to tensions above a predetermined tension 
corresponding to a spoke oscillating frequency below 
said reference frequency. 

7. In apparatus for the centering of spoked wheels as 
claimed in claim 6, said comparator means including 
means to produce a plurality of selectively connectible 
reference waves of progressively increasing frequencies, 
to enable a limitation of the spoke tensions to values 
above the predetermined and progressively increasing 
limit tensions corresponding to the respective reference 
frequencies. 

8. In apparatus for the centering of spoked wheels as 
claimed in claim 6, said exciting means consisting of 
electromagnetic actuators with means to energize the 
same by the discharge of electrical capacitors via relays 
controlled by said distributor means. 

9. In apparatus for the centering of spoked wheels as 
claimed in claim 6, said pickup means consisting of mag 
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netic detectors and said comparator means adapted to 
convert the electrical oscillations supplied by said pickup 
means into an electrical square wave for comparison 
with a local reference square wave of predetermined fre 
quency. 

10. In apparatus for the centering of spoked wheels as 
claimed in claim 6, said spoke nut tightening means con 
sisting of pneumatic wrenches controlled by solenoid 
valves in response to the comparator output signals. 
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