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(54)Title: TIRE GROOVING APPARATUS AND METHOD

A tire grooving apparatus according to the present invention consists of at least a carriage (5) movable in a lateral direction 
parallel to a tire support shaft, a lift (7) provided on the carriage and vertically movable, and a pivotable arm (81) provided on the 
lift (7) and having a cutter support unit (9) at the free end portion thereof, characterized in that the apparatus is further provided 
with a means (13) for detecting a deviation of center line of a tire tread surface, or both this center line deviation detecting means
(13) and a lateral vibration detecting means (14). A tire grooving method according to the present invention is characterized in 
that an actual measurement obtained by the center line deviation detecting means (13), or both an actual measurement obtained 
by the center line deviation detecting means (13) and an actual measurement obtained by the lateral vibration detecting means
(14) are utilized for the correction of the quantity of movement of a cutter (10).
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DESCRIPTION
TYRE GROOVING APPARATUS AND METHOD
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TECHNICAL FIELDThe present invention relates to a tyre grooving apparatus and method wherein lateral runout and center deviation or only the center deviation a?:e detected and thereby the cutting position of a cutter can be corrected.
BACKGROUND ARTConventionally, the work of grooving a tyre for trial manufacturing and a limited scale production, namely carving the tread pattern grooves in a plain cured tyre without any tread pattern is generally performed by means of a hand cutter and it requires skills and a lot of time. Taking the above-mentioned problems into consideration, the present applicant already proposed a tyre grooving apparatus, as shown in Fig 32, having, as main constructive features, a cutting device attached to a vertically movable carriage, which is moved in parallel and perpendicular directions against the tyre support shaft; a pivotable arm support shaft which is extended from the carriage; a pivotable arm attached to the support shaft; a cutter holder which is pivotably attached to the pivotable arm perpendicularly to the axis thereof; a cutter which is held by the end portion of the cutter holder; and the cutting position of the cutter· arranged to be on the extended axis of the support shaft (Japanese Unexamined Patent Publication No. 54240/1988 and 177232/1986).In the present specification, the cutting position of cutter means a peculiar point of cutter which is a certain distance (M) (including zero) from the bottom end of the cutter holder (refer to Fig. 1).Carving of tread pattern grooves for plain tyre
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2
by the tyre grooving apparatus is carried out by setting the cutting position of the cutter to the tangential line (Processing Standard Point for Tread) of plain tyre. Thus, since the cutting position of the cutter is kept5 always on the extended axis of the pivotable arm support shaft, namely on the tangential line of plain tyre, calculation of quantity of movement of the movable carriage and the pivotable arm becomes simple, the programming of computer programs becomes easy and10 accurate grooving becomes possible.However, when lateral runout in the tyre-width direction caused by strain of tyre itself or deviation of tyre support occurs, even if grooving is carried out by the cutter of which movement is controled by a computer 15 program so as to carve the prescribed tread pattern while the tyre is rotated, position of grooves from the tread center of tyres of the same size and specificationdiffers to each tyre and positions of grooves which ought to be at the prescribed ones on right and left sides of 20 the tread center C (the :yre equator) are different from each groove when a plurality of grooves are carved for a tyre, so that there arise problems about quality such as unstableness of tyre quality and decrease of strength.To dispose the problems, the present applicant 25 has provided a tyre grooving apparatus and method,wherein the lateral runout of the tyre is detected and the cutting position of the cutter is corrected in accordance with detected value.However, even if the same kind of tyres are attached to the tyre supporting shaft of the tyre grooving apparatus in the same way, the tread center position does not always coinside with the theoretical tread center position set by the standard program for each tyre and the slight deviation sometimes occurrs because of the difference in dimensions on the right and left sides of the tyre arisen during curing, deformation caused by inner pressure, the improper engagement with a rim and the like.
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Accordingly, as shown in Fig. 19, the quantity y of lateral runout on the side of the tyre is not always equal to the quantity of actual deviation of tread center TC to the tread center PC set by the standard program. Therefore, even if the lateral runout on the side of the tyre is detected and the position of cutter is corrected with the detected value (the cutter is moved to follow the lateral runout) and thereby the grooving is performed, the position to be cut cannot be set to a prescribed distance from the tread center of the tyre, and finally, the position of tread grooves from the tread center TC does not coincide with each tyre of the same kind. Taking the above-mentioned problems of the conventional art into consideration, it is an object of the present invention to provide a tyre grooving apparatus and method wherein position of cutter is corrected so as for all the position of tread grooves from the tread center to coinside mutually among the same kind of tyre and for tread groove positions of a tyre to be at a prescribed ones on right and left sides of the tread center.

DISCLOSURE OF THE INVENTIONA tyre grooving apparatus of the present invention comprises:(a) a tyre support device for rotatably supporting a tyre,(b) a cutter support device which rotates freely,(c) a pivotable arm which holds the cutter support device at the free end portion thereof,(d) a vertically movable block having a rotatable shaft which pivotably holds the pivotable arm and a mechanism portion for standard movement,(e) a horizontally movable block holding the vertically movable block and having a mechanism portion for standardmovement and a mechanism portion for correction movement which can move the block at least in the transverse 
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direction in parallel with the tyre support shaft of the tyre support device,(f) a means for detecting the center deviation of the tyre,5 (g) a means for detecting the lateral runout of the tyre,and(h) a control meansand is characterized in that the control means comprises a standard movement operation portion which set the10 cutter at the theoretical cutting position, and a correction movement operation portion which caluculates the quantity of correction movement of the cutter in accordance with input signals from the means for detecting the lateral runout of the tyre and the means15 for detecting center deviation of tyre, and operates the mechanism portion for correction movement mounted on the horizontally movable block in accordance with the calculated value.Furthermore, a tyre grooving apparatus of the20 present invention comprises:(a) a tyre support device for rotatably supporting a tyre,(b) a cutter support device which rotates freely,(c) a pivotable arm which holds the cutter support device 25 at the free end portion thereof,(d) a vertically movable block having a rotatable shaft which pivotably holds the pivotable arm and a mechanism portion for standard movement,(e) a horizontally movable block holding the vertically30 movable block and having a mechanism portion for standard movement and the mechanism portion for correction movement which can move the block at least in the
35

transverse direction in parallel with the tyre support shaft of the tyre support device.(f) a means for detecting center deviation, and(g) a control meansand is characterized in that the control means comprises a standard movement operation portion which set the 
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cutter theoretical cutting position, and a correction movement operation portion which calculates the quantity of correction movement of the cutter in accordance with input signal from the means for detecting center5 deviation of tyre, and operates the mechanism portion for correction movement mounted on the horizontally movable block in accordance with the calculated value.Moreover, a tyre grooving method of the present invention is for grooving a tyre according to the10 standard program and is characterized by;(a) a step of detecting lateral runout of the tyre.(b) a step of detecting center deviation of the tyre.(c) a step of correcting the grooving position for the cutter in accordance with the detected values of lateral15 runout and center deviation.
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Futhermore, the tyre grooving method of the present invention is for grooving the tyre according to the standard program and is characterized by;(a) a step of detecting the center deviation of the tyre,(b) a step of correcting the grooving position for the cutter in accordance with the detected value of the center deviation.Preferably, the grooving position for the cutter is corrected according to the correction program provided independently to the standard program.Since the tyre grooving apparatus of the present invention comprises a horizontally movable block having the mechanism portion for standard movement and the mechanism portion for correction movement whereby it can move the cutter at least in parallel with a tyre support shaft, a vertically movable block having the mechanism, portion for standard movement whereby it can move the cutter in the up-down direction, a means of detecting lateral runout and center deviation of the tyre or a means of detecting only center deviation, and a means of controlling the aforementioned portions, the horizontally movable block and the vertically movable block can be controlled according to the amount of
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standard movement, and the amount of standard movement is followed by the amount of correcting movement according to the detected values of the detecting means so that the cutter can most suitably be positioned.Moreover, according to the tyre grooving method of the present invention, the amount of standard movement of the horizontally movable block and the vertically movable block can be controlled in accordance with the standard program, and therewith the cutter can suitably be positioned by detecting of the lateral runout and center deviation of the tyre or only the center deviation thereof so that the amount of standard movement may be followed by the amount of corrected movement in accordance with the above detected values so that the cutter can most suitably the positioned.
BRIEF DESCRIPTION OF THE DRAWINGFigs. 1 and 2 are respectively a side view and a front view of one embodiment of tyre grooving apparatus of the present invention; Fig. 3 is a main functional block diagram of the tyre grooving apparatus shown in Figs. 1 and 2; Fig. 4 is a block diagram showing an electrical construction of a main portion in the tyre grooving apparatus; Fig. 5 is a flow chart in carrying out the grooving on the basis of the data of premeasured lateral and center deviations; Figs. 6 and 7 are respectively detailed flow charts of one embodiment relative to portions for detecting the lateral runout of the tyre and for detecting the center deviation on the tyre tread surface, and a grooving portion in Fig. 5, in which the center deviation is detected in only one point, Fig. 8 and 9 are respectively delailed flow charts of another embodiment relative to portions for detecting the lateral runout of the tyre and for detecting the center deviation on the tread surface, and the grooving portion in Fig. 5, in which the center deviation is detected inonly one point; Figs. 10 and 11 are detailed flow charts of one embodiment relative to portions for detecting the 
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lateral runout of the tyre and for detecting the center deviation on the tread surface and the grooving portion in Fig. 5, in which the center deviation is detected in a plurarity of point; Fig. 12 is a flow chart in which the5 grooving is performed while detecting the lateral runout of the tyre; Fig. 13 and 14 are respectively detailed flow charts relative to portions for detecting the lateral runout and center deviation on the tyre tread surface, and a grooving portion in Fig. 12; Fig. 15 is a 10 flow chart in which the grooving is performed on thebasis of the data of the center deviation only; Figs. 16 and 17 are respectively detailed flow charts relative to a portion for detecting the center deviation on the tyre tread surface and the grooving portion in Fig 15; Fig. 18 15 is a diagram for explaining one embodiment of the methodof detecting the center deviation; Fig. 19 is an explanatory illustration of lateral runout of tyre and center deviation of tread; Fig. 20 is a graph for showing the amount of correction movement of a cutter; Fig. 21 is 20 an explanatory illustration of the construction ofdriving mechanism of horizontally movable block; Fig. 22 is a schematic illustration of a device for moving a center deviation detector; Figs. 23 to 31 are explanatory illustration of the examples of the method of detecting 25 center deviation and Fig. 32 is a schematic illustration of a conventional grooving apparatus.
BEST MODE FOR CARRYING OUT THE INVENTIONThe present invention is described in detail on30 the basis of embodiments, however the present invention is not limited to the embodiments. In the grooving apparatus shown in Figs. 1 and 2, numeral 1 is a bed, numeral 2 in a tyre support device mounted on the bed 1, on which a tyre 3 is supported by a tyre support shaft 2135 and rotated by means of a motor 22 in the direction of an arrow C in Fig. 1. Numeral 4 is a base block which ismovable along a guide bar being movably supported by rails on the bed 1 by means of a motor (not shown) in the
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X-axis direction being perpendicular to the axis of a tyre support shaft 21. If the distance between the base block 4 and the tyre support shaft 21 is set to a specified value, the base block 4 is not required to be moved. Numeral 5 is a horizontally movable block which is movable along a rail 42 on the base block 4 in the Y- axis direction being parallel with the tyre support shaft 21 and numeral 6 is a device for driving the horizontally movable block, which comprises a mechanism portion for standard movement and mechanism portion for correction movement as shown in Fig. 21.Numeral 7 is a vertically movable block, which is movable along a guide shaft 74 on the horizontally movable block 5 by means of a device 71 for driving the vertically movable block in the Z-axis direction being perpendicular to the bed 1.Numeral 81 is a pivotable arm, which is fixed to an arm support shaft 8 extended from the vertically movable block 7 in the X-axis direction and is rotated round the axis 82 of the arm support shaft 8 in the direction of the arrow A in Fig. 2 by means of a motor (not shown) of the vertically movable block 7.Numeral 9 is a cutter support device attached to and projecting perpendicularly from the pivotable arm 81 toward the aforementioned axis 82, wherein a cutter support frame 92 is attached to a support rod 91 which is supported by the pivotable arm 81, a cutter holder 94 is supported by the cutter suport frame 92 with an insulator 93 being located therebetween, and a cutter 10 is removably attached to a cutter holder 94 so that the cutting position P of the cutter is on the extended axis of the aforementioned axis 82, and further, there is employed such an arrangement that the cutter 10 can be heated by a power supply (not shown). Numeral 11 is a motor by which the cutter support device 9 is rotated inthe direction of the arrow B so as to allow the position of the cutter to be changed. Numeral 12 is an actuator 
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9
which moves the cutter support device 9 independently in the up-down direction in order for the cutting position P of the cutter 10 to coincide with the axis 82.Alternativelly, in place of the actuator 12,5 cutting position P of the cutter 10 may be made coincident with the axis 82 by adjusting the position at which the cutter support device 9 is attached to the support shaft 91.Numeral 13 is a center deviation detector which10 comprises, for example, a optical reflection-type displacement sensor and is capable of scanning along a scan shaft 803 in the direction of the arrow D by means of a driving device 84 (see Fig. 18). If the aforementioned center deviation detector 13 is fixed in15 the central position on the tyre tread surface to detect the radial runout of the tyre and the cutting position to be cut by the cutter is corrected, it can also serve as a radial runout detector.Numeral 14 is a lateral runout detector for20 detecting the lateral runout of the tyre which is disposed opposing to a buttress on the side surface of the tyre at a predetermined distance m. For example, the detector may be an optical reflection type displacement sensor or the like of which the position is adjustable25 according to a tyre diameter by means of a holding device 141 provided on the tyre support device 2, wherein the detected value is input to a control device (not shown) and thereby the mechanism portion for correction movement of the device for driving a horizontally movable block is 30 driven.

35
Next there is explained the grooving process using the apparatus having the aforementioned construction for grooving a tyre in reference to block diagrams shown in Figs. 3 and 4 and flow charts shown in Figs. 5 to 17.As shown in Figs. 3 and 4, the tyre grooving apparatus of the present invention comprises a center deviation detecting means, a cutter heating device, a
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cutter support device, a tyre support device, a rotating device, a mechanism portion for standard movement of the vertically movable block, a mechanism portion for standard movement of the horizontally movable block, a lateral runout detecting means, a mechanism portion for correction movement of the horizontally movable block, a mechanism portion for movement of the center deviation detecting means and a control means. The aformentioned control means includes a standard movement operating portion and correction movement operating portion as shown in Fig. 4. Each of the aforementioned standard movement operating portion and the correction movement operating portion contains a central processing unit (CPU) and a memory. The standard movement operating portion is connected through an input-output interface to the cutter heating device, the tyre support device 2, the cutter support device 9, the rotating device, the mechanism portion for standard movement of the vertically movable block and the mechanism portion for standard movement of the horizontally movable block. The correction movement operating portion is connected through the input-output interface to the center deviation detecting means, the lateral runout detecting means, the mechanism portion for correction movement of the horizontally movable block and the mechanism portion for movement of the center deviation detecting means. Furthermore, the standard movement operating portion and the correction movement operating portion are connected through the interface to each other.The programs required for grooving operation such as a program for controlling the operation of the cutter 10 for a tyre having no runout, a program for controlling the rotation of tyre and a program for controlling the correction movement operating portion are stored in the memory in the aforementioned standard movement operating portion. The program required for the correcting operation such as a program for controlling the center deviation detecting means, a program for
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11
controlling the lateral runout detecting means, a program for controlling the mechanism portion for correction movement of the horizontally movable block and a program for controlling the mechanism portion for movement of the 5 center deviation detecting means are stored in the memory in the aforementioned correction movement operating portion ., There is explained a method of grooving bymeans of the apparatus for grooving a tyre having the 10 aforementioned construction in reference to Figs. 5 to 17. Fig. 5 is a flow chart in case of the grooving on the basis of the data of the lateral runout and center deviation measured in advance.

ί

1) An origin mark is put on the side of the tyre and a detection mark is put on the tyre tread surface. Preferably, the aforementioned origin mark is put on the position coincident with any required wear indicator. Alternatively, the wear indicator itself may be used as the origin mark in place of the aforementioned marking. By way of example, the detection mark has a shape of a small projection which is 1 mm in width, 1 mm in height and 1mm in length and is formed by means of a concave provided in a metal mold when the tyre is cured. As far as the aforementioned detection mark is large enough to be detected by the center deviation detector 13, thereis no particular limitation on its size. However, if it is too small, it is difficult to be detected. The minimum dimension which can be detected is, for example, 0.5 mm in width, 0.5 mm in height and 0.5 mm in length. The position in which the detection mark is put and the number thereof are properly selected according to the grooving method.2) The power supply is turned ON, and the origin of each driving mechanism (device) is set.3) The tyre 3 whose marked pattern tread should be grooved is fitted on the tyre support shaft 21 in



accordance with the aforementioned process, thelateral runout detector 14 is provided facing to sideof the tyre buttress, and the center deviationdetector 13 is provided facing to the tyre tread5 surface.

10
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4) A tyre is positioned according to the origin mark of the tyre. Namely, the aforementioned origin mark provided on the side of the tyre is brought to be coinsident with the position of the lateral runout detector 14.
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5) The lateral runout of the tyre and the center deviation of the tyre tread surface are detected. The examples of the detailed flow charts for this portion are shown in Fig. 6, 8 and 10.6) The grooving is carried out while correcting the amount of movement of the cutter on the basis of the data of the aforementioned lateral runout and the center deviation. The examples of the detailed flow chart in relation to this portion are shown in Fig. 7, Fig. 9 and Fig. 11.7) It is determined whether or not prescribed number of grooves have been grooved. If it is confirmed that the prescribed number of grooves have been grooved, the next step is followed and if not, the procedure returns to the steps of detecting lateral runout of the tyre and the center deviation of the tyre tread surface .8) If the prescribed number of grooves have been grooved, each driving mechanism (device) is returned back to the origin.9) The grooved tyre 3 is removed from the tyre support shaft 21.10) The power supply is turned OFF and the grooving is finished.Figs. 6 and 7 are the detailed flow charts respectively for the portions where the lateral runout of the tyre and the center deviation of the tyre tread surface are detected and for the portion of the grooving



13
operation in Fig. 5, and the flow charts are for one embodiment wherein the center deviation is detected at only one place.(51) Whether or not the origin mark on the side of the5 tyre tread is positioned to face the lateral runoutdetector 14 is confirmed.(52) The motor 22 fitted on the tyre support shaft 21 is driven under the control of the controlling means and the tyre 3 is rotated at the low speed in10 the direction of the arrow C in Fig. 1.(53) The lateral runout of the tyre is detected by the lateral runout detector 14.(54) The data of the lateral runout detected in the aforementioned step is stored in the memory in the15 correction movement operating portion.(55) The detection of the lateral runout of the tyre is carried on until the origin mark on the side of the tyre is detected.(56) When the origin mark is detected, the rotation20 of the tyre is stopped.(57) The detection mark on the tread surface is set to the detecting position of the center deviation detector .(58) The mechanism portion for moving a center25 deviation detector is driven under the control of thecontrolling means and the center deviation detector SCc> ..(59) The detection mark on the tyre tread surface is detected by the detector 13.30 (S10) The position of the detection mark measured bythe center deviation detector 13 is stored in the memory in the correction movement operating portion. (Sil) When the scan is terminated, the center deviation detector 13 is returned back to the position35 of the origin under the control of the controlling
mentioned explaining the afore- Fig. 18, numeral 31 is

means . Fig. 18 is a diagram forsteps (SI) to (Sil). In
r.
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a tyre tread surface, numerals 32A and 32B are detection marks provided on the tyre tread surface, numeral 84 is a mechanism portion for movement of the center deviation detecting means (a moving device), PC is a theoretical5 tread center, TC is an actual tyre tread center and X is an amount of the center deviation. In Fig. 18, the center deviation detector 13 scans in the direction of the arrow D.After the data of the lateral runout and the10 center deviation are obtained according to the aforementioned steps, the grooving is performed. The detailed flow charts concerning the standard movement in the grooving process are identical with one another. Therefore the aforementioned portion of Fig. 7 is explained here and those of other drawings (Figs. 9, 11, 14 and 17) are omitted from the explanation of those drawings .(Gl) According to the standard program in the• standrad movement operating portion, the following process is carried out.(i) The mechanism portion for standard movement of the horizontally movable block is driven and thereby the cutter 10 is set at the theoretical center of the tyre.(ii) The mechanism portion for standard movement of the horizontally movable block is driven again and thereby the cutter 10 is moved to the theoretical position for grooving.(iii) The motor 11 of the cutter support device 9 is driven and thereby the direction of the cutter is set.(iv) The motor 22 of the tyre support device 2 is driven and thereby the tyre 3 is rotated at the low speed in the direction of the arrow C in Fig. 1.(v) The cutter heating device is turned on and thereby the cutter 10 is heated.(vi) The mechanisum portion for standard movement of the vertically movable block and if necessary the



15

actuator 12 of the cutter support device 9 are driven, the cutter 10 is moved down by a predetermined amount, and thereby the cutting is performed by a predetermined depth.(vii) The directional change, the lateral movement and the like of the cutter 10 are performed according to the predetermined grooving patern, and the cutting is swung up for finish when the predetermined grooving is completed.(viii) The heating of the cutter 10 is stopped.(ix) the cutter 10 is moved upward and is kept apart from the tread surface.(x) The rotation of the tyre is stopped.(G2) According the correction movement operating portion controlled by the command of the standard movement operating portion, the following process is carried out along with the aforementioned standard processing operation.(i) The data of the lateral runout and the center deviation are read out from the memory of the correction movement operating portion.(ii) In CPU of the correction movement operating portion, the data of the lateral runout is corrected based on the data of the center deviation and the amount of the correction movement of the cutter is calculated. In the example shown in Fig. 7, the detection of the center deviation is performed at only one point, and therefore that data of the lateral runout is corrected evenly by the data of the center deviation. Pig, 19 is a diagram for explaining the relationship between the amount of the lateral runout y and that of the center deviation x and Fig. 20 is a graph showing the amount of the correction movement of the cutter.The formula (I) shown in Fig. 20 is as follows:
LRO-l = LROq + x - y (I)
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(wherein,
LROq : the amount of the cutter movement corrected by the data of the lateral runoutLRO-j.: the amount of the cutter movement corrected by the data of the lateral runout and that of the center deviationx: the amount of the center deviation y: the amount of the lateral runout)The formula (I) applied to the example shown in Fig. 19 is as follows:

LRO1 = LRO0 + (-|x| ) - (+|y| )
(iii) The correction movement of the cutter is conducted according to the amount of the correction movement calculated by the above formula.(iv) If the correction movement is performed by a predetermined amount in accordance with said correction movement, the correcting operation is terminated. If the predetermined amount is not reached, the correction movement is carried out until it is reached.The example shown in Figs. 8 and 9 is almost similar to the example showin in Figs. 6 and 7. However, they differ only in that while the amount of the correction movement of the cutter is calculated at the time of the grooving in the example of Figs. 6 and 7, it is calculated when detecting the lateral runout of the tyre and the center deviation of the tread surface is performed in the example of Figs. 8 and 9. For that reason, the detailed description of the flow chart is omitted. The examples in Figs. 10 and 11 are almost similar to ones in Figs. 6 and 7, but they are different . in the following respect. Namely, while the center deviation is detected in only one place in Figs. 6 and 7, it is detected in a plurality of places in Figs. 10 and 11. Preferably, the center deviation is detected in 2 to
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360 places in consideration of th workability and the economy.. In the following, the different points in theflow charts shown in Figs. 10 and 11 will be described.5 (S21) When the first center deviation measurement iscarried out, the tyre is rotated by a predetermined pitch and the second center deviation measurement is carried out.(S22) The measurement of the center deviation is10 repeated as many times as the number of places havingdetection marks. After the completion thereof, the step of grooving is started.(G3) In the step of grooving, the amount of the movement of the cutter is corrected in accordance with 15 the following manner.(i) The data of the lateral runout and that of the center deviation are read out from the memory, and thereby the data of the center deviation is corrected by that of the lateral runout. The amount 20 of the center deviation x used in the abovecorrection is caluculated according to the following formula (II) :

. θ - θ n25 x = ------------------------- x CXn+1 - Xn) + Xn (II)
Θn+1 - θn

(wherein,Xn, xn+l: fche measured values of center deviations30 at n and n+10n, $n+l : rotational angles at n and n+1
Θ'· the rotational angle at the required positionX: the amount of the center deviation at theposition whose rotational angle is Q .) .35 (ii) The amount of the correction movement of thecutter is calculated based on the aforementionedamount of the center deviation X according to the formula (I).
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(iii) The correction movement of the cutter is performed on the basis of the aforementioned amount of the correction movement.Fig. 12 is a flow chart showing the case of grooving while detecting the lateral runout of the tyre. It is similar to Fig. 5 except that the step of detecting the lateral runout of a tyre is moved to the step of grooving. Fig. 13 is a detailed flow chart of a portion for detecting the center deviation of the tyre tread in Fig. 12. The flow chart of Fig. 13 is similar to that of Fig. 6 excepting that Fig. 13 does not include the flow of the part for detecting the lateral runout, and therefore the detailed description will be omitted.Fig. 14 is a flow chart of the steps for detecting the lateral runout and for grooving in Fig.12. The flow chart of Fig. 14 is similar to that of Fig. 7 except that the position of the origin of the lateral runout is corrected in advance according to the data of the center deviation stored in the memory in the correction movement operating portion and thereby the lateral runout is detected, and the amount of the correction movement of the cutter 10 is calculated on the basis of the measured value of the above lateral runout. Therefore, the detailed description thereof will be omitted.Fig. 15 is a flow chart showing the case of carrying out the correction movement of the cutter only by the measurement of the center deviation of the tyre without the detection of the lateral runout thereof. Fig. 15 is similar to Fig. 5 except that the step for detecting the lateral runout of the tyre is omitted, and therefore the detailed description will be omitted.Fig. 16 is a detailed flow chart of the step for detecting the center deviation on the tread surface. Fig. 16 is similar to Fig. 10 except that the flow of the part for detecting the lateral runout is omitted, and therefore the detailed description will be omitted.
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Fig. 1~ is a detailed flow chart of the grooving step in Fig. 15. By way of example, if the detection marks are provided at 360 places on the circumference of tyre at equal intervals and that the5 amounts of the center deviations among detection marks are linearly approximated according to the formula (II), the position of the tread center TC can be known with sufficient accuracy to avoid the practical trouble. Therefore, when there are a lot of places where the10 center deviation is detected as described above, it is not required to detect the lateral runout of the tyre. Though the example for providing the detection marks at 360 places on the circumference of tyre at equal intervals has been described, the number of the places15 where the detection marks are set is not limited to the above but can suitably be selected in consideration of the measuring accuracy, the workability and the like. However, if the detection marks are provided in at least two places, no practical trouble will occur.20 Fig. 21 is an explanatory illustration of theconstruction of one embodiment of the device for driving the horizontally movable block 6. In the example shown in Fig. 21, the mechanism portion for standard movement comprises; a female screw body 65 having a driving gear25 68 which is rotatably held by means of a bearing on theframe member 51 which is slidably provided over a pair of rails 42 mounted on the base 4; a driving motor 61 which is coupled to a ball screw shaft 62 which is engaged with the aforementioned female screw body 65 at one end30 thereof; and a supporting bearing 609 mounted on the base 4 for supporting the other end of the aforementioned ball screw shaft 62.When the driving motor 61 is driven by the standard program, the ball screw shaft 62 is rotated and 35 therewith the horizontally movable block 5 is moved by a required amount in the Y-axis direction. The mechanismportion for correction movement comprises; a supporting boss 66 where a plurality of splines are formed in the



20
axial direction, which has a driving gear 67 held rotatably on the frame member 51 through a bearing; a spline shaft 64 which is slidably engaged with the aforementioned supporting boss; a correcting motor 63 which is coupled to one end of the spline shapt 64; and a supporting bearing 610 mounted on the base 4 for supporting the other end of the aforementioned spline shaft 64. Here, the aforementioned driving gear 67 is engaged with a driven gear 68.When the correction motor 63 is driven according' to the correction program in this state, the spline shaft 64 is rotated and the driving gear 67 is rotated. The rotation of the driving gear 67 causes the rotation of the driven gear 68. Thereby, the horizontally movable block 5 is moved by a predetermined correction amount. Because the spline shaft 64 is slidably engaged with the supporting boss 66, the movement of the horizontally movable block 5 by the standard program is not prevented.Fig. 22 is a schematic view of one embodiment of a device for moving the center deviation detector 84. In the embodiment shown in Fig. 22, the device for moving the center deviation detector 84 comprises; an □-shaped frame member 801 fixed to the top of a bracket member 83 projecting from the approximately middle bottom surface of the rotating arm 81; a motor 802 provided on a side fragment of the aforementioned frame member 801; a scan shaft 803 connected to the driving shaft of the aforementioned motor 802 and including a ball screw or the like extended inside the □-shaped frame member 801; a bearing material 804 provided on the inside surface of the other side fragment for rotatably supporting the end of the aforementioned scan shaft 803; a female screw body 805 which is engaged with the aforementioned scan shaft . 803; and a guide shaft 806 provided between the aforementioned side fragments for preventing the aforementioned female screw body from being induced to rotate. The aforementioned female screw body 805 is 



fitted with the center deviation detector 13. When the motor 802 is driven, the female screw body 805 scans in the direction of the arrow D.Next, the concrete example of the detection mark for the detection of the center deviation is described with reference to the drawings. The detection mark 32 is provided in an appropriate length in the peripheral direction as a small projection being about 1 mm in size, which is shaped through curing by a recess provided in a metal mould when curing the tyre. The aforementioned mark 32 may be of any type as far as it can be detected by the center deviation detector 13, and the recess may have any shape, for example, a shape of a concave groove. However, if it is too small, for example, is below about 0.5 x 0.5 mm, it is difficult to be detected. Furthermore, the detection mark may be provided in one place, or in some places intermittently on the full or a part of the periphery in a suitable length, or it may be continuously provided in the direction of the circumference. If the detection mark is provided in one place or some places, the rotational positioning of the tyre is to be carried out at the time of the detection, but if it is continuously provided on the full circumference, the aforementioned positioning is not required. Moreover, the detection marks 32 are not always provided on the both sides of the tread center TC but the mark may be provided on only one side or only one mark may be provided in the position of the tread center TC by selecting 0 (zero) for the constant distance a.In the detecting method in Fig. 23, because the detection marks 32A and 32B are provided on both sides at a constant distance a from the tread center TC respectively, the distance b of the movement from the scan starting point ST to the tread center PC and the distance d of the movement beyond the tread center PC to the detection mark 32B are measured, and thereby the amount of the center deviation X can be calculated according to the following formula:
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X = b - (d-a) .
In the method for detecting deviations shown in Fig. 24, during the movement from the scan starting point 5 ST to the tread center PC under the control of the standard program, the detection mark 32A is detected and then the amount e of movement up to the tread center PC is measured, and thereby the amount of the center deviation X can be calculated according to the following 10 formula:
X = e - a
Moreover, in Fig. 25, the detection mark 32B,15 which is used, is provided on the side beyond the tread center PC set by the standard program, and the amount f of movement from the aforemenioned tread center PC beyound the detection mark 32B is measured, and thereby the amount of the center deviation X can be calculated by 20 subtracting it from a Constance distance a.
X = a - f
In an example of the method shown in Fig. 2625 and 27, the detection mark is provided at an appropriate certain distance and the mark can be detected even if the amount of the distance are unknown. In Fig. 26, the distance b of movement from the scan starting point ST to the tread center PC by the standard program, and the30 distances c and d of movement respectively up to the detection marks 32A and 32B are measured, and thereby the amount of the center deviation X can be calculated according to the following formula:

d - cX = b - c - ----------2
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In Fig. 27, both the distance e, which represents the movement from the detection mark on the side of the scan starting point ST to the tread center PC set by the standard program, and the distance _f, which represents the movement from the tread center PC to the other detection mark 32B, are measured, and thereby the amount of the center deviation X can be calculated according to the following formula:

X = (e - f) / 2
Fig. 28 shows the detecting method in case that the constant distance a is 0 and one detection mark 32 is provided at the tread center TC of the tyre, wherein the distance c of movement from the scan starting point ST to the detection mark 32 and a distance b of movement to the tread center PC by the standard program are measured, and the mount of the center deviation X can be calculated by subtracting the former from the latter according to the following formula:
X = b - c

Figs. 29, 30 and 31 show examples of the detecting methods wherein the center deviation detector 13 is scanned right-wards and left-wards from the position of the tread center PC prespecified by the standard program. Fig. 29 shows a case that the detection marks 32A and 32B are. provided on the both sides at a constant distance a from the tread center TC of the tyre, wherein the amount of the center deviation X can be calculated by subtracting the aforementioned constant distance a from the distance c or £ of movements from the scan starting point ST to the detection mark 32A or 32B by scanning:
1X = c - a or X = f - a
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In the method shown in Fig. 30, the amount of the center deviation X can be calculated even if the constant distance a is unknown, wherein the center deviation detector 13 scans from the position of the 5 tread center PC which is the scan starting point ST toward both sides and the distances c and f of movements to the detection marks 32A and 32B are measured, and the amount of the center deviation X can be calculated by finding the half of the difference therebetween according 10 to the following formula:
X = (c - f) / 2

. Furthermore, in Fig. 31 the constant distance a15 is 0 and one detection mark 32 is provided at the tread center TC of the tyre, wherein the center is deviated by a distance c detected from the scan starting point ST to the detection mark 32.
20
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INDUSTRIAL· APPLICABILITYAs described above, the present invention comprises; a horizontally movable block for moving a cutter in parallel with a tyre support shaft; a vertically movable block for moving it in the up-down direction; and a detector for detecting the lateral runout of the tyre and a detector for detecting the center deviation of the tyre or only the latter, wherein the detection marks provided on the tyre tread surface are detected by means of the center deviation detector which is mounted on the support base capable of transversely moving in parallel with the tyre support shaft and scans in the direction of the tyre supportshaft the distance of movement from the scan startingpoint to the tread center PC set by the standard programis measured and the distance of movement from the scan starting point to the detection mark or the distance of movement from the detection mark to the aforementioned tread center PC is measured, and thereby the amount of 



the center deviation X is calculated based on these data. Therefore, even if the cured tyre has a dimensional difference between right and left halves of its tread, or if the tyre is deformed by the internal pressure, or if the tyre is defectively engaged with a rim, the deviation between the tread center of the tyre and the cutter supporting device can be simply and surely measured for individual tyre. Thus, the horizontally movable block and the vertically movable block described above are controlled with the amount of the standard movement, and additionally the value detected by the lateral runout detector is corrected based on the value detected by the center deviation detector, and thereby the position of the cutter which is set according to the aforementioned amount of the standard movements is corrected by driving a mechnism portion for correction movement of the horizontally movable block in response to the corrected amount of the correction movement. Therefore, even if the center deviation is caused by the lateral runout of the tyre, or by the dimensional difference between right and left halves of its tread caused during the curing, or by the deformation due to the internal pressure, or by the defective engagement with the rim, the positions of grooves relative to the tread center of the respective tyre can be rightly fixed in predetermined places. Furthermore, because the amount of the standard movement is always controlled by the value set by the standard program and the mount of the correction movement based on the detected value of the lateral runout and center deviation can be corrected by the separate correction program, the construction of the computer program can be simple and small in size, and therewith a uniform grooving can be carried out.Moreover, it is considered that when the detection marks are provided on the both sides of the tread center, both center deviations are respectively detected by the detection marks on both sides. If different absolute values are obtained, such difference
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can be interpreted as a change of the relative positions of the detection marks to the tread center by the swelling deformation of the tyre after the curing or the like. In that case the detection accuracy can be5 improved by obtaining the average value, and further the calculation can be made simpler by positioning the scan starting point to the tread center set by the standard program. Furthermore, the detection mark provided on the 10 tread surface may be a small one, and therefore the characteristic of the tyre is not influenced, and there is another advantage that the center deviation detector can also be used as a device for detecting the longitudinal runout in the direction of the tyre15 diameter.
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CLAIMS

1. A tyre grooving apparatus comprising:
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(a) a tyre support device for rotatably support a tyre,5 (b) a cutter support device which is rotatable,(c) a pivotable arm which holds the cutter support device at the free end portion thereof,(d) a vertically movable block having a rotatable shaft which pivotably holds the pivotable arm and a mechanism10 portion for standard movement,(e) a horizontally movable block holding the vertically movable block and having a mechanism portion for standard movement and a mechanism portion for correction movement which can move the block at least in the transverse15 direction in parallel with the tyre support shaft of the tyre support device,(f) a means for detecting the lateral runout of the tyre,(g) a means for detecting the center deviation of the tyre, and20 (h) a control meansand is characterized in that the control means comprises a standard movement operation portion which set the cutter at the theoretical cutting position, and a correction movement operation portion which calculates25 ' the amount of correction movement in· accordance withinput signals from the means for detecting the lateral runout of the tyre and the means for detecting center deviation of tyre, and operates the mechanism portion for correction movement mounted on the horizontally movable30 block in accordance with the calculated value.

35
2. A tyre grooving apparatus comprising:(a) a tyre support device for rotatably supporting atyre, _(b) a cutter support device which is rotatable,(c) a pivotable arm which holds the cutter support device at the free end portion thereof,(d) a vertically movable block having a rotatable shaft
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which pivotably holds the pivotable arm and a mechanism 

portion for standard movement,
(e) a horizontally movable block holding the vertically 

movable block and having a mechanism portion for standard 

movement and the mechanism portion for correction movement 

which can move the block at least in the transverse direction 

in parallel with the tyre support shaft of the tyre support 

device,
(f) a means for detecting center deviation, and

(g) a control means

and is characterized in that the control means comprises a 

standard movement operation portion which set the cutter 

theoretical cutting position, and a correction movement 

operation portion which calculates the amount of correction 

movement in accordance with input signal from the means for 

detecting center deviation of tyre, and operates the 
mechanism portion for correction movement mounted on the 
horizontally 

value.
3. A 

according to 
a

movable block in accordance with the calculated

(a)
(b)

(c)

a

step 

step 

step

tyre grooving method for grooving a tyre 
a standard program characterized by: 

of detecting lateral runout of the tyre, 

of detecting center deviation of the tyre, 

of correcting the grooving position of thea
cutter in accordance with the detected values of lateral 
runout and center deviation.

4. A tyre grooving method according to Claim 3, 
wherein the grooving position of the cutter is corrected by a 
correction program provided independently to the standard 
program.

5. A

wherein

(a)

(b)
are

tyre grooving method according to Claim 3 or 4,

a step
a step 

performed before grooving.

6. A tyre grooving method according to Claim 3 or 4,

of detecting the lateral runout of the tyre, and 
of detecting the center deviation of the tyre

wherein

(a) a step of detecting the lateral runout of the tyre is 
performed during grooving, and
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(b) a step of detecting the center deviation of the tyre is performed 
before grooving.

7. A method for grooving a tyre according to a standard program 
characterized by

5 (a) a step of detecting the center deviation of a tyre at an interval
of equal pitch around the full circumference, and
(b) a step of correcting the grooving position of a cutter on the basis 
of the detected value of the center deviation.

8. A tyre grooving apparatus, substantially as herein described
10 with reference to Figures 1, 2, 3 and 4, or Figures 1, 2, 3, 4 and 21, 

Figures 1, 2, 3, 4 and 18, Figures 1, 2, 3, 4, 18 and 21, Figures 1, 2, 
3, 4, 18 and 22, or Figures 1, 2, 3, 4, 18, 21 and 22.

9. A method for grooving a tyre according to a standard program, 
substantially as herein described with reference to the Examples depicted

15 in Figures 5, 6 and 7 or Figures 5, 8 and 9 or Figures 5, 10 and 11 or 
Figures 12, 13 and 14, or Figures 15, 16 and 17 or Figures 5, 6, 7, 18, 
19 and 20.

10. A grooved tyre when prepared by the method of any one of 
claims 3 to 7 or 9.

DATED this SEVENTEENTH day of JULY 1991 
Sumitomo Rubber Industries, Ltd.

Patent Attorneys for the Applicant
SPRUSON & FERGUSON
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ABSTRACT ■

A tire grooving apparatus according to the present invention consists of a movable block (5) movable5 at least in a lateral direction parallel with a tire support shaft, a vertically movable block (7) provided on the movable blocks, and a pivotable arm (81) provided on the block (7) and having a cutter support device (9) at the free end portion thereof, characterized in that the10 apparatus is further provided with a center deviation detector (13) for detecting a deviation of center line of a tire tread surface, or both the center deviation detector (13) and a lateral runout detector (14). A tire grooving method according to the present invention is15 characterized in that an actual measurement obtained by the center deviation detector (13), or both an actual measurement obtained by the center deviation detector (13) and an actual measurement obtained by the lateral runout detector (14) are utilized for the correction of20 the quantity of movement of a cutter (10).
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| | The additional search fees were accompanied by applicant's protest.

| | No protest accompanied the payment of additional search fees.
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This international search report has not been established in respect cf certain claims under Article 17(2) (a) for the following reasons:

1.(  | Claim numbers ................ , because they relate to subject matter not required to be searched by this Authority, namely:

2.| | Claim numbers .......................  because they relate to parts of the international application that do not comply with the prescribed

requirements to such an extent that no meaningful international search can be carried out, specifically:

3.|  | Claim numbers........................ because they are dependent claims and are not drafted in accordance with the second and third

sentences of PCT Rule 6.4(a).

VI.Q OBSERVATIONS WHERE UNITY OF INVENTION IS LACKING 2

This International Searching Authority found multiple inventions in this international application as follows:

1. | | As all required additional search fees were timely paid by the applicant, this international search report covers all searchable

claims of the International application.

2. (2) As only some of the required additional search fees were timely n lid by the applicant, this international search report covers only

those claims of the international application for which fees ' ere paid, specifically claims:

4.(2)  As all searchable claims could be searched without effort justifying an additional fee, the International Searching Authority did not 
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Remark en Pretest

| | The additional search fees were accompanied by applicant's pretest.

No protest accompanied the payment of additional search fees.
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