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(54) Dynamic balance testing machine

(57) A compensation rotational shaft 10 having a
compensation weights 11 for cancelling out a free mo-
ment of a crank shaft 5 as a test piece is provided on a
vibration cradle 1. The compensation rotational shaft 10
is rotated by a synchronous motor 9 other than a syn-
chronous motor 8 for rotating the crank shaft 5. At this
time, the synchronous motor 9 is rotated based on a ref-

erence signal detected by an optical sensor 18 (13, 14)
in such a manner that the synchronous motor 9 is syn-
chronously rotated with the rotation of the clank shaft.
By these means a dynamic balance testing machine is
provided with mechanical arrangements for canceling
out a free moment of an asymmetrical crank shaft and
capable of accurately measuring a rotating unbalance
of the asymmetrical crank shaft.
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Description

[0001] The present invention relates to a dynamic bal-
ance testing machine, and especially to a dynamic bal-
ance testing machine for measuring an unbalance of an
asymmetrical crank shaft.
[0002] Crank shafts constituting a main part of an in-
ternal combustion engine include so-called asymmetri-
cal crank shafts. Typical asymmetrical crank shafts are,
e.g. crank shafts of 3-cylinder or 6-cylinder V-type en-
gines. The weight distribution of such an asymmetrical
crank shaft is not symmetrical relative to its rotational
axial center and an asymmetrical crank shaft as a single
body has a moment (which is called a free moment) due
to its predetermined dynamic unbalance. In case of
measuring a rotational unbalance of such an asymmet-
rical crank shaft, it is necessary to resourcefully treat the
above-mentioned free moment, because a large vibra-
tion is occurred due to the free moment.
[0003] To say in more detail, it is unsatisfactory to cor-
rect a rotational unbalance of an asymmetrical crank
shaft as a single body, but it is necessary to correct a
rotational unbalance of an asymmetrical crank shaft fit-
ted with a piston and a connecting rod. Therefore, the
following method for correcting a rotational unbalance
of an asymmetrical crank shaft has been proposed.
[0004] Before measuring a rotational unbalance of an
asymmetrical crank shaft, a free moment is compensat-
ed by attaching a dummy weight to each crank pin of
the crank shaft, the dummy weight having the same
weight as the weight of a connecting rod and a piston to
be fitted to the crank pin.
[0005] However, according to this method, attaching
and removing the dummy weight is often manually car-
ried out, and automatizing thereof is difficult. In addition,
if an automatic dummy weight attaching and removing
device is to produce, such a device has a disadvantage
in its complicated structure and will be very expensive
as a whole. Further, attaching and removing of the dum-
my weight takes much time, and therefore this method
has also the disadvantage that the measurement time
of a rotational unbalance of one crank shaft, so-called
a cycle time, becomes long.
[0006] In this respect, a device has been proposed in
which a crank shaft as a test piece and a dummy shaft
having a dummy weight are rotatably fitted to a vibration
cradle and are mechanically connected to a rotational
driving device, and by synchronously rotating the crank
shaft and the dummy shaft, a free moment of the crank
shaft is cancelled out by a free moment of the dummy
shaft (for example, Japanese Unexamined Patent Pub-
lication No. 7-306112 (1995), paragraph [0005]). With
such arrangements, since the free moment of the crank
shaft is cancelled out by the rotation of the dummy shaft,
the rotational unbalance of the crank shaft can be suit-
ably measured without being hindered by the free mo-
ment of the crank shaft.
[0007] However, this prior art has the problem that,

since the dummy shaft is mechanically connected to the
rotational driving device of the crank shaft, much time is
required for adjusting pulleys, gears and the like in the
mechanical connecting portion and variations in preci-
sion, accuracy, weight distribution and the like of the
parts in the connecting portion tend to affect the meas-
urement accuracy. In addition, this device has the prob-
lem that it is difficult to change the set-up of the device
when an unbalance of each of plural crank shafts with
many kinds are measured.
[0008] In a further example of prior art, it has been
proposed that a crank shaft as a test piece is rotated,
and a synthesized vibration due to a free moment of the
crank shaft and a vibration due to an unbalance of the
crank shaft to be corrected is measured, and the vibra-
tion due to the free moment is electrically treated and
removed (For example, Japanese Unexamined Patent
Publication No. 2001-255227).
[0009] However, this art has a problem that, since the
free moment of the crank shaft is several ten times to
several hundred times as large as the unbalance of the
crank shaft to be measured, and removing the vibration
due to such a large free moment by electrical compen-
sation results in lowering in the measurement accuracy.
Further, there is another problem that calibration (revi-
sion) has to often be carried out in order to use such a
device for a long time.
[0010] A main object of the present invention is to
solve the problems of the above-mentioned prior art and
to provide a dynamic balance testing machine capable
of easily changing the set-up of the machine corre-
sponding to variations of kinds and shapes of the crank
shaft of which unbalance is measured. Another object
of the present invention is to provide a dynamic balance
testing machine provided with mechanical arrange-
ments for cancelling out a free moment of an asymmet-
rical crank shaft, capable of accurately measuring a ro-
tational unbalance of the asymmetrical crank shaft.
[0011] The invention according to claim 1 is a dynamic
balance testing machine comprising: a vibration cradle
provided in such a manner that the cradle can be vibrat-
ed corresponding to the unbalance when an unbalance
of a test piece is measured, a test piece driving device
provided in the vibration cradle and having a rotation
shaft for rotating the test piece of which unbalance is
measured, a compensation rotational shaft provided in
the vibration cradle, having a rotational shaft positioning
on the same line or on a line parallel to the rotational
axial center of the test piece, and having a compensa-
tion weight provided for the rotational shaft, wherein the
rotation of the rotational shaft causes the compensation
weight to generate a vibration for cancelling out the vi-
bration generated in the cradle at rotation of the test
piece, due to a predetermined unbalance of the test
piece, and a compensation rotational shaft driving
means provided for the vibration cradle for rotating the
compensation rotational shaft which is mechanically
separated from the rotational shaft of the test piece driv-
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ing device in such a manner that the test piece and the
compensation rotational shaft are synchronously rotat-
ed.
[0012] The invention as set forth in claim 2 is a dy-
namic balance testing machine according to claim 1,
wherein the test piece driving device is applicable to ro-
tate plural test pieces of different kinds or shapes for
measuring the unbalance thereof, the compensation ro-
tational shaft has plural compensation rotational shafts
corresponding to the kinds or shapes of the test pieces
of which unbalance is measured, and the compensation
rotational shaft driving means is applicable to selectively
rotate one of the plural compensation rotational shafts,
corresponding to a test piece of which unbalance is
measured.
[0013] The invention as set forth in claim 3 is a dy-
namic balance testing machine according to claim 2,
wherein the compensation rotational shaft driving
means has driving means separately provided for each
compensation rotational shaft.
[0014] The invention as set forth in claim 4 is a dy-
namic balance testing machine according to any one of
claims 1 to 3, comprising means for outputting a refer-
ence signal every time when a predetermined portion of
the test piece went through one-rotation carried out by
the test piece driving means, wherein the compensation
rotational shaft driving means rotates the compensation
rotational shaft synchronously with the reference signal.
[0015] The invention as set forth in claim 5 is a dy-
namic balance testing machine according to claim 4,
wherein the test piece is a crank shaft, and the reference
signal outputting means comprises an optical sensor for
outputting a sensor light intersecting the rotational locus
of a crank pin of the crank shaft to output a reference
signal based on the interruption of the sensor light
caused by the rotating crank pin.
[0016] The invention as set forth in claim 6 is a dy-
namic balance testing machine according to claim 5,
wherein the reference signal outputting means outputs,
as the reference signal, the midst interruption of a dura-
tion in which the sensor light is interrupted by the crank
pin.
[0017] According the invention of claim 1, since the
compensation rotational shaft and the compensation ro-
tational shaft driving means are mechanically separated
from the test piece driving means, the compensation ro-
tational shaft can be disposed in such a position that the
set-up of the machine can be easily changed. Thereby,
even in a case where the only one compensation rota-
tional shaft is provided, the machine can treat plural test
pieces of different kinds or shapes by changing a com-
pensation weight to be mounted on the compensation
rotational shaft.
[0018] Further, according to the invention of claims 2
and 3, plural compensation rotational shafts are provid-
ed corresponding to the kinds or shapes of test pieces
of which unbalance is measured. Therefore, by selec-
tively rotating one of the plural compensation rotational

shafts corresponding to a test piece, the free moment
of the test piece can be canceled out by the rotation of
the compensation rotational shaft. And in a case where
the kind of a test piece changes, it is only necessary to
select a compensation rotational shaft corresponding to
the kind and rotate the same. Therefore, the dynamic
balance testing machine is such that the set-up of the
machine can easily be changed corresponding to the
kind of each test piece.
[0019] Plural kinds of compensation rotational shafts
are provided corresponding to the kinds or the shapes
of test pieces. However, for driving these compensation
rotational shafts, only a single driving means may be
provided or a corresponding number of driving means
may be provided for each of the compensation rotational
shafts. In a case where only a single driving means is
provided and the driving means includes a motor, the
motor shaft may project both forward and rearward and
compensation rotational shafts may be provided at for-
ward and backward of the motor via clutches, respec-
tively. In this case, by changing over the clutch, two
kinds of compensation rotational shafts can be selec-
tively rotated.
[0020] Further, such arrangements may be adopted
that the driving force of the compensation rotational
shaft driving means is selectively transmitted through
the clutches, pulleys or the like to the plural compensa-
tion rotational shafts.
[0021] Furthermore, the compensation rotational
shaft driving means may be provided for each compen-
sation rotational shaft as according to the arrangement
of claim 3.
[0022] According to the arrangements of claim 4, the
rotation of a test piece rotated by the test piece driving
means can be accurately detected and the compensa-
tion rotational shaft can be synchronously rotated with
the rotation of the test piece.
[0023] Especially, in a case where the test piece is a
crank shaft, it is preferable, in view of reliability of the
machine, that the rotational position of a crank pin con-
tained in the crank shaft is detected by an optical sensor
and the compensation rotational shaft is synchronously
rotated with the rotation of the crank shaft based on an
output of the optical sensor, as according to claim 5.
[0024] Further, as according to claim 6, in a case
where the midst of a duration in which the sensor light
is interrupted by the crank pin is utilized as a reference
signal, the unbalance of the test piece can be measured
without being influenced by variations in size of the
crank pin or the difference in size toward half-diameter
from the rotational axial center of the crank pin, so that
the reliability of the machine is raised.
[0025] According to the present invention having the
above-mentioned arrangements, an unbalance of espe-
cially an asymmetrical crank shaft can be measured ac-
curately. In addition, such a dynamic balance testing
machine can be provided that the set-up of the machine
can easily be changed.
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[0026] Embodiments of the present invention will be
described in detail in the following with reference to the
appended drawings, wherein:

Fig. 1 is a diagram illustrating a configuration of a
dynamic balance testing machine according to an
embodiment of the present invention.

Fig. 2 is a diagram for illustrating a function of the
dynamic balance testing machine having the con-
figuration shown in Fig. 1.

Fig. 3 is a block diagram showing the control circuit
configuration of a synchronous motor in the dynam-
ic balance testing machine shown in Fig. 1.

Fig. 4 is a diagram showing a relation between the
arrangement of an optical sensor and a crank pin.

Fig. 5 is a chart for representing output pulses from
an optical sensor 18 (light receiving element 14)
corresponding to Fig. 4.

Fig. 6 is a conceptual view illustrating a configura-
tion of a dynamic balance testing machine accord-
ing to another embodiment of the present invention.

[0027] Referring to Fig. 1, in a dynamic balance test-
ing machine according to this embodiment, a vibration
cradle 1 is held by, for example, four supporting springs
2 vertically set up on a base 20 so as to be vibrated.
That is, the vibration cradle 1 is provided in such a man-
ner that it can be vibrated depending on the unbalance
amount of a test piece when it is measured. On the vi-
bration cradle 1, a pair of supports 3, 3' are vertically set
up. The supports 3, 3' rotatably support a pair of bearing
rollers 4, 4', respectively. With two pairs of bearing sup-
ports 4, 4', an asymmetrical crank shaft 5 as a test piece
is supported at the both ends thereof.
[0028] A drive motor 8 is provided, for example, on
the lower surface of the vibration cradle 1. The rotational
force of the drive motor 8 is transmitted to one bearing
roller pair 4' by a pulley 15, a driving belt 7 and a pulley
16. In other words, the bearing roller pair 4' is rotated by
the drive motor 8. With the rotation of the bearing roller
pair 4', the asymmetrical crank shaft 5 mounted thereon
is rotated. Since the other end of the asymmetrical crank
shaft 5 is received by the other bearing roller pair 4, the
asymmetrical crank shaft 5 rotates on the two sets of
bearing roller pairs 4, 4' with the rotation of the bearing
roller pair 4'.
[0029] In a case where the rotating asymmetrical
crank shaft 5 has an unbalance, the vibration cradle 1
is vibrated in a predetermined amount corresponding to
the amount and angle of the unbalance. Detection of the
vibration of the vibration cradle 1 is realized by that vi-
bration detectors 6, 6' provided on the base 20 detect
the vibration of detecting rods 17, 17' which are fixed to,

for example, the lower surface of the vibration cradle 1
and extending downwardly therefrom.
[0030] Further, in this embodiment, a pair of bearings
12 are attached to, e.g., the lower surface of the vibra-
tion cradle 1, and a compensation rotational shaft 10 is
rotatably held by the pair of bearings 12. The compen-
sation rotational shaft 10 is disposed in such a manner
that its rotational axial center is parallel to the rotational
axial center of the asymmetrical crank shaft 5 received
by the bearing roller pairs 4, 4'. Attached to this com-
pensation rotational shaft 10 are compensation weights
11, which can generate a moment canceling out the free
moment of the asymmetrical crank shaft 5.
[0031] Further, a motor 9 is provided to the lower sur-
face of the vibration cradle 1 and the rotational shaft of
the motor 9 is connected to the compensation rotational
shaft 10 so that the compensation rotational shaft 10 is
rotated by the motor 9.
[0032] Furthermore, an optical sensor 18 is provided
which has a light emitting element 13 and a light receiv-
ing element 14 for outputting a reference signal every
one-time rotation of a predetermined crank pin 51 of the
asymmetrical crank shaft 5 received by the two sets of
bearing roller pairs 4, 4'.
[0033] As mentioned below, the rotational speed and
the rotational phase of the motor 9 are controlled based
on a reference signal outputted from the optical sensor
18.
[0034] Fig. 2 illustrates a function of the dynamic bal-
ance testing machine having the configuration shown in
Fig. 1. In Fig. 2, the relation among the free moment
generated by the rotation of the asymmetrical crank
shaft 5, the unbalance amount and the compensation
moment generated by the rotation of the compensation
rotational shaft 10 is illustrated in Fig. 2 showing the vi-
bration cradle 1 in plan.
[0035] The asymmetrical crank shaft 5 as a single
body has a large moment, namely, a free moment as
mentioned above. This free moment depends upon the
basic shape of the asymmetrical crank shaft 5, and in a
case where the asymmetrical crank shaft 5 is incorpo-
rated into an internal combustion engine and a connect-
ing rod and a piston are fitted to a crank pin of the asym-
metrical crank shaft 5, the free moment is canceled by
the weights of the connecting rod and the piston. The
asymmetrical crank shaft 5 has, in addition to the free
moment, an unbalance to be measured by unbalance
measurement and to be removed by unbalance correc-
tion. In many cases, such an unbalance to be corrected
is much smaller than the free moment.
[0036] When the compensation rotational shaft 10 is
rotated by the motor 9, a compensation moment is gen-
erated due to the function of the compensation weights
11 attached to the compensation rotational shaft 10.
When the motor 9 is so controlled that the rotational
speed of the compensation rotational shaft 10 becomes
equal to that of the asymmetrical crank shaft 5 and the
rotational phase of the compensation rotational shaft 10
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coincides with that of the asymmetrical crank shaft 5,
the compensation moment becomes a moment as large
as the free moment and having the reverse direction to
the direction of the free moment. Therefore, the vibration
based on the free moment and the vibration based on
the compensation moment are offset to each other, and
any vibration of the vibration cradle 1 is not generated
based on the free moment. As a result, the vibration cra-
dle 1 has vibration only due to an unbalance of the asym-
metrical crank shaft which is to be corrected.
[0037] Fig. 3 is a block diagram of the control circuit
configuration of the motor 9 in the dynamic balance test-
ing machine shown in Fig. 1. As above-mentioned, the
rotational state of the predetermined crank pin 51 (not
shown in Fig. 3) of the asymmetrical crank shaft 5 is de-
tected by the optical sensor 18, and a reference signal
for synchronous rotation from the optical sensor 18 is
given to a synchronous control circuit 21 every one-time
rotation of the crank pin 51, namely, of the asymmetrical
crank shaft 5. On the other hand, the compensation ro-
tational shaft 10 is, for example, directly connected to
the motor 9, so that the compensation rotational shaft
10 is rotated once with one-time rotation of the motor 9.
The motor 9 is provided with an encoder 23, by which
the rotational state of the motor 9 is detected and given
to the rotational control circuit 21.
[0038] In the rotational control circuit 21, the signal in-
dicating the rotational state of the motor 9 from the en-
coder 23 is compared with the reference signal from the
optical sensor 18, and a control signal having the rota-
tional speed and the rotational phase of the motor 9 co-
incident with those of the asymmetrical crank shaft 5 is
generated, and is given to a servo driver 22. Then, the
rotation of the motor 9 is controlled by the servo driver
22.
[0039] Thereby, the motor 9 and the asymmetrical
crank shaft 5 are rotated at the same rotational speed
and in the same rotational phase to each other, and the
compensation rotational shaft 10 directly connected to
the motor 9 and the asymmetrical crank shaft 5 are also
rotated at the same rotational speed and in the same
rotational phase to each other.
[0040] As a result, a compensation moment for can-
celing out the free moment of the asymmetrical crank
shaft 5 is generated by the rotation of the compensation
rotational shaft 10.
[0041] Fig. 4 illustrates the relation between the ar-
rangement of the optical sensor 18 (the light emitting
element 13 and the light receiving element 14) and a
crank pin 51. In the optical sensor 18 having the light
emitting element 13 and the light receiving element 14,
sensor light (sensor beam) goes straight ahead from the
light emitting element 13 to the light receiving element
14. The sensor light is so emitted as to intersect the ro-
tational locus of the crank pin 51. That is, the positions
of the light emitting element 13 and the light receiving
element 14 are arranged in such a manner that the sen-
sor light going straight ahead from the light emitting el-

ement 13 to the light receiving element 14 can intersect
the rotational locus of the crank pin 51.
[0042] In Fig. 4, the sensor light projected from the
light emitting element 13 to the light receiving element
14 is positioned aside the rotational center of the crank
shaft 5 in such a manner that it can intersect the rota-
tional locus of the center of the crank pin 51. Thereby,
the sensor light is interrupted once during one-time ro-
tation of the crank pin 51. In more detail, in the case
shown in Fig.4, the sensor light is not interrupted while
the crank pin 51 is in the range from 0°to 180° but is
interrupted while it is in the range from 180°to 360°(0°).
Therefore, the output from the light receiving element
14 is a pulse signal shown with designation A in Fig. 5.
[0043] However, the above-mentioned angle is only
an example, and the value of the angle changes with
the diameter of the crank pin 51, the arrangement of the
optical sensor 18 and the like.
[0044] In the case shown in Figs. 4 and 5, since one
pulse is outputted every one-time rotation of the crank
pin 51, the rise (reference signal 1), the decay (refer-
ence signal 2) or the center (reference signal 3) of the
pulse can be obtained as a reference signal.
[0045] In the above-mentioned case, in order to ob-
tain the center of the pulse (reference signal 3) as a ref-
erence signal, it is only necessary to measure the time
from the rise to the decay of the pulse by a clock and
recognize the midst of that time as the center of the
pulse. The recognized center of the pulse is successive-
ly used as a reference signal for control. If a reference
signal is obtained based on the center of the pulse, in
other words, based on the time at when the center of
the crank pin 51 interrupts the sensor light, it has an ad-
vantage that minute errors in the diameter of the crank
pin 51 can be absorbed, that minute differences in the
arm length of the crank pin 51 (the length from the rota-
tional center of the crank shaft to the center of the crank
pin 51), if any, can be absorbed and so on.
[0046] In the above-mentioned embodiment, the op-
tical sensor 18 comprises the light emitting element 13
and the light receiving element 14, but a reflection-type
optical sensor may be used, instead. Further, instead of
the optical sensor, another arrangement may be adopt-
ed in which a reference signal is outputted by a proximity
switch or the like. It is only necessary to adopt such an
arrangement that the sensor light is interrupted once
during one-time rotation of the crank pin, or such a dis-
position and an arrangement of the sensor that one sig-
nal is outputted with one-time rotation of the crank pin.
[0047] In the above-mentioned embodiment, it has
been described that, since the asymmetrical crank shaft
5 is provided on the upper side relative to the vibration
cradle 1 with the compensation rotational shaft 10 being
provided on the lower side relative thereto, the asym-
metrical crank shaft 5 and the compensation rotational
shaft 10 are controlled so as to be rotated in the same
rotational phase. However, in a case where the asym-
metrical crank shaft 5 and the compensation rotational
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shaft 10 are both provided on the upper surface of the
vibration cradle 1, it is only necessary to control the
asymmetrical crank shaft 5 and the compensation rota-
tional shaft 10 to have the reverse rotational phase to
each other, or they are rotated in the reverse directions
to each other. In other words, it is only necessary to con-
trol the rotational speed and the rotational phase of the
compensation rotational shaft 10 in such a manner that
the free moment generated by the asymmetrical crank
shaft 5 can be offset with the compensation moment
generated by the compensation rotational shaft 10.
[0048] Fig. 6 is a conceptual view showing the config-
uration of a dynamic balance testing machine according
to another embodiment of the present invention, in
which the vibration cradle 1 is illustrated in plan. Simi-
larly in the above-mentioned embodiment, the vibration
cradle 1 is provided with a bearing roller pair 4' driven
by a drive motor 8 and another bearing roller pair 4 to
be a set together with the bearing roller pair 4'. An asym-
metrical crank shaft 5 as a test piece is received and
rotated by the two bearing roller pairs 4, 4'.
[0049] The vibration cradle 1 is further provided with
a compensation rotational shaft 10 rotated by a synchro-
nous motor 9, similarly to the above-mentioned embod-
iment. Compensation weights 11 are attached to this
compensation rotational shaft 10.
[0050] Further, in this embodiment, a synchronous
motor 91 and a compensation rotational shaft 101 to be
rotated by the synchronous motor 91 are provided.
Compensation weights 111 are attached to this compen-
sation rotational shaft 101. Further, a synchronous mo-
tor 92 is provided. The synchronous motor 92 is a so-
called double projection motor in which a motor shaft
projects both forward and backward. Connected to
these two projections of the synchronous motor 92 are
compensation rotational shafts 102, 103 via clutches 95,
95, respectively. A compensation weight 112 is attached
to the compensation rotational shaft 102, while a com-
pensation weight 113 is attached to the compensation
rotational shaft 103.
[0051] In these arrangements, each of the compen-
sation rotational shafts 10, 101, 102, 103 is disposed so
as to extend on an axial line in parallel to the rotational
axis of the asymmetrical crank shaft 5 received and ro-
tated by the bearing roller pairs 4, 4' .
[0052] Further, each lengths of the compensation ro-
tational shafts 10, 101, 102, 103 and the numbers and
the weights of the compensation weights 11, 111, 112,
113 are set to such a value as capable of offsetting a
free moment of a predetermined type asymmetrical
crank shaft of which unbalance is measured.
[0053] With such arrangements, the compensation
rotational shafts 10, 101, 102, 103 are not rotated and
no compensation moment is generated as long as the
synchronous motors 9, 91, 92 are not driven. Therefore,
by selecting one of the compensation rotational shafts
to be operated on the based of kind or shape of the
asymmetrical crank shaft 5 as a test piece, the dynamic

balance testing machine can easily change its arrange-
ment in order to measure the unbalance of plural asym-
metrical crank shafts of different kinds. For example, for
measurement of the unbalance of the first kind of asym-
metrical crank shaft 5, the compensation rotational shaft
10 is rotated by the synchronous motor 9. Further, for
measurement of the unbalance of the second kind of
asymmetrical crank shaft, the compensation rotational
shaft 101 is rotated by the synchronous motor 91. Fur-
ther, for measurement of the unbalance of the third kind
of asymmetrical crank shaft, the compensation rotation-
al shaft 102 is rotated by the synchronous motor 92 via
a clutch 95. Furthermore, for measurement of the un-
balance of the fourth kind of asymmetrical crank shaft,
the synchronous motor 92 is rotated and only the clutch
96 is connected to rotate the compensation rotational
shaft 103.
[0054] As above-mentioned, by selecting one of the
compensation rotational shafts to be rotated with a syn-
chronous motor, the dynamic balance testing machine
can easily be ready for the unbalance measurement of
different kinds of asymmetrical crank shafts.
[0055] In the arrangements of the above-mentioned
embodiments, the compensation rotational shaft 10 is
rotatably held by the supporting bearings 12 fitted to the
vibration cradle 1. However, the compensation rotation-
al shaft may not be held by the supporting bearings 12,
but may be rotatably received on bearing rollers and ro-
tated via bearing rollers, similarly to the asymmetrical
crank shaft as a test piece. With such arrangements, in
a case where the kind of an asymmetrical crank shaft of
which unbalance is measured changes, it is only nec-
essary to exchange the compensation rotational shaft
mounted on the bearing rollers with another one accord-
ing to the change. Thus, the set-up can easily be altered.
[0056] In the above-mentioned embodiments, the test
piece is an asymmetrical crank shaft. However, the test
piece is not limited to an asymmetrical crank shaft, but
it may be other test pieces having a moment (so-called
a free moment) due to its predetermined dynamic un-
balance.
[0057] The present invention is not limited to the
above-mentioned embodiments but may be variously
changed within the range of the appended claims.

Reference Numerals

[0058]

1 vibration cradle
2 supporting springs
3, 3' a pair of supports
4, 4' a pair of bearing rollers
5 test piece (asymmetrical crank shaft)
6, 6' vibration detectors
8 drive motor
9 synchronous motor
10 compensation rotational shaft
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11 compensation weights
13 light emitting element
14 light receiving element
18 (13, 14) optical sensor
51 crank pin

Claims

1. A dynamic balance testing machine comprising:

a vibration cradle provided in such a manner
that the cradle can be vibrated corresponding
to the unbalance when an unbalance of a test
piece is measured,
a test piece driving device provided in the vi-
bration cradle and having a rotation shaft for ro-
tating the test piece of which unbalance is
measured,
a compensation rotational shaft provided in the
vibration cradle, having a rotational shaft posi-
tioning on the same line or on a line parallel to
the rotational axial center of the test piece, and
having a compensation weight provided for the
rotational shaft, wherein the rotation of the ro-
tational shaft causes the compensation weight
to generate a vibration for canceling out the vi-
bration generated in the cradle at rotation of the
test piece, due to a predetermined unbalance
of the test piece, and
a compensation rotational shaft driving means
provided for the vibration cradle for rotating the
compensation rotational shaft which is me-
chanically separated from the rotational shaft
of the test piece driving device in such a manner
that the test piece and the compensation rota-
tional shaft are synchronously rotated.

2. A dynamic balance testing machine according to
claim 1, wherein the test piece driving device is ap-
plicable to rotate plural test pieces of different kinds
or shapes for measuring the unbalance thereof,

the compensation rotational shaft has plural
compensation rotational shafts corresponding to
the kinds or shapes of the test pieces of which un-
balance is measured, and

the compensation rotational shaft driving
means is applicable to selectively rotate one of the
plural compensation rotational shafts, correspond-
ing to a test piece of which unbalance is measured.

3. A dynamic balance testing machine according to
claim 2, wherein the compensation rotational shaft
driving means has each driving means separately
provided for every compensation rotational shaft.

4. A dynamic balance testing machine according to
any one of claims 1 to 3, comprising

means for outputting a reference signal every
time when a predetermined portion of the test piece
went through one-rotation carried out by the test
piece driving means, wherein

the compensation rotational shaft driving
means rotates the compensation rotational shaft
synchronously with the reference signal.

5. A dynamic balance testing machine according to
claim 4, wherein the test piece is a crank shaft, and
the reference signal outputting means comprises
an optical sensor for outputting a sensor light inter-
secting the rotational locus of a crank pin of the
crank shaft to output a reference signal based on
the interruption of the sensor light caused by the ro-
tating crank pin.

6. A dynamic balance testing machine according to
claim 5, wherein the reference signal outputting
means outputs, as the reference signal, the midst
interruption of a duration in which the sensor light
is interrupted by the crank pin.
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