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BACKGROUND OFTBEINVENTION 

l. Field of the lnyention 

THIS SHEET HAS BEEN 
REPLACED 

The pn=sent invention relates to vibrational processina 

apparatus and methods including apparatus and methods for plating small . 

electronic components such as laminated chip capacitms and Including 

baml-polishing apparatus for applying vibration to an object to be 

processed to perform proccsacs such as plating and polishing thereon. 

More particularly, the present invention :relates to a vibrational 

10 pmcessing apparatus and method capable of controlling the state of 

Vll>tation to optimm vibration applied to· an object to be processed. 

2. Dcription ottbe Rotated Art 

Pfl. 9 sboWs a structure of a platina apparatus as an example 

of conventional vibmdonal processing apparatus. For example, a 

15 plating appantus u filustratcd Is disclosed fn Japanese unexamined 

patent publication (ICOKAI) No. 115-10999. 'Ibis plating apparatus 1 

includes •~bntion geneiatlng portion 2, a vibration tnms!er member 7 

for transferring vibrational energy geneiated by the' vibration 

pncnticm portioa 2, and a basket 8 connected to the vibration transfer 

momber 7 for containing an object to be platod such as a chip type 

elearonic component. 1be basket 8 constitutes a negative electrode. A 
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plating process is performed with the basket 8 immemcd in a plating 

solution in a plating solution bath 9. 

The vibtational generating portion. 2 includes a motor 3. An 

eccentric load 4 is added to the rotating shaft of the motor 3. 'Ibe motor 3 

is mounted on a supporting frame S which is elastically supported on the 

bottom of a case through springs 6. With such a structure, rotation of the 

motor 3 causes periodic fluctuations of the balance between an eccentric . · 

forco produced by the eccentric load 4 and an elastic supporting force 

provided by the springs 6, thereby causing a swinging motion of the 

10 supporting flame 5 as a whole. Then, vibrational. energy is transferred 

10 the basket a through the vi"bration transfer member 7 connected to the 

supporting frame S to cause the basket 8 to vibrate in the platm1 

solution periodically. As a :rault, objects to be plated and steel balls 

or media placed fn the basket 8 are agitated ~mixed by the vi1>ration of 

lS the basket 8. 1bis allows the objects to be plated to b~ agitated in 

appropriate contact with the basket 8 and therefore allows foonation of 

uniform plating films on the surface of the objects to be plated. 

20 

'Ibe IOtational speed of the motor 3 of the conventional 

plating apparatus ia set at a fixed value. Therefore, the vibrational 
' . energy which can be generated by the vibration generating portion 2 is 

fixed. However, tho cbaracterlstlc frequencies of n"bmting portions 

hdudlng the basket 8 vary depending on the 8Jl10Ullt. size and weight of 

the objects to be plated and steel balls or media charged in tho basket 8. 

Thia results In a change in the degree of the agltadon of the objects to 

2S be plated fn the basket 8. lberc.fOic, even if the rotational speed of the 

ii1ii~1ur 
~·-·"··-·· . .. 

• 



[RECEIVED H7/11 17:15 199& AT S33B&!Jll 
r l •9oJf.01.ijllB!~ 18:14 P04 

.· 

-3- THIS SHEET HAS BEEN 
REPLACED 

motor 3 is p?eSet so as to apply optimum vibration to the objects to be 

plated, it has been necessary to reset conditions such as the rotational 

speed of the motor 3 by detecting optimum vi1>Iating conditions using 

detecting equipment or the like each thnc conditions of the objects to be 

S plated or the like contained In the basket 8 are changed. Such an 

opcmtion has rcquiled much time and labor, reducing the efficiency of a 

plating process. Further, theie has bmi a problem fa that the thiclcncss 

of plating on an object to be plated can vary because of msufficicnt 

aptatjOD of the object if the resetting of the rotatfna condition of the 

10 motor 3 and the lib Is not carried out. 

Furthert tho problems aa described above have occurred In 

conventional bmcl pollsblng apparatus. Specifically, when polishing 

is performed by applying n"btadon to an object to be polished and an 

abradant or medium placed in tho barrel pot, the state of vi"bration of the 

lS bmcl pot varies jf tho size, weight, and quality of the object to be 

polished vary depending on the process. This bu resulted in a problem in 

that much time and labor ii .required for resctting the optimum vi1xating 

conditions. 

20 

n fa an object of the present Invention to provide a 

vibmtimud procc.mg apparatus capable of applying the optimum 

vibrating c:onclltiou to an object to be processed even if pIOCCsling 

condfdcms such as tho alzo and quantity of the object to be processed are 

changed. 

SUMMAB.Y OFTBE INVENTION 

11111iUWiT 
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A vi1>rational processina apparatus according to the present 

invendon includes a vibration generating means or unit for generating 

predetermined vi"bration, a vibratable element eonnccted to the vibration 

1encratmg means or unit for containing an object to be processed and for 

S applyfn& prc:detcrmined vibration to the object to be processed to effect 

a predctcrmJned process by vibrating in respo~ to the vibration 

generated by the vi1ntiou generating means or unit, a displacement 

detecdq means or unit for detecting the vibrational displacement of the 

vibrated element, and a control means or unit. The control me811S or unit 

10 outputs a control sipal to the vibration means or unit prior to the 

pn:detcnnined process to subject the vioratablc element to vibration and 

to detect displacem.cnt of the vibratable clement to obtain a displacement 

cbaractedstics thmof and outputs a control sfpal to the vibntion 

generating means or unit during the process to generate vi'bratiODS based 

1S upon the dlsplacemcnt characteristics to cause desired vibrational 

displacement of tho vibrated clement. 

20 

In a vibrational processing apparatus accordhlg to a 

limited aspect of the present invention, the vibratable element is 

characterized fn that it Includes a contab!et which contains rm object t~ 

be plated 8nct Is fmmezsed In a platiDg solution and a ttansfcr member 

connected to the container and vi'bmtlon generating means for 

trnsfcrrin1 vibration from the vibration generating means to the 

container. 

Pmtber, In a vibntlcmal plOCttling appuatus BCCOidiq ~ 

2S another limited aspoct of the preaont Invention, the vibntablc element 

..... ,,.. .......... ·· .. : . , .... ,:.:,., ... . 
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includes a container which contmns an object to be polished and an 

abradant and vibrates in .response to vioration from the vibration 

pnerating means. 

Jn a vibntional processm, method according to the present 

5 invention. the control unit is caused to output a control signal to the 

vibration generating unit prior to the predetennined process to subject 

the vibratable clement to vibmdon. Displacement of the vi"bratable 

element fs then detected to obtain displacement cbatacterlstics thereof. 

1be optimum amplitude of vibntion to be applied to the vibratablc 

10 element is then dete.rmfned from tho displacement characteristics. A 

control signal Is then applied from the ~trol unit to the vibration 

generating unit in accordance with the previously detmnincd optimum 

amplitude. 

15 

In one aspect of a method ~I to the prcse.at invention, 

the process fs a plating method; in accordance with another~ the 

process is a polishina process. 

BRIEF DESCRimON OF THE DRAWINGS 

Fig. 1 illustmtca a structure of a plating apparatus 

fll:COrdini to a fhst embodiment of the present fllvcntion. 

20 Fig. 2 fs a functional block diagram of a computer 50 of the 

plating apparatus shown Jn Ea- 1. 

Pig. 3 Is a flow chart showing a poc:essing operation of the 

computer 50. 

1111Uilii1nr 
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Fis· 4(a) illqstrates displacement characteristics ofa 

vibnted element detected by a displacement sensor 30. 

F'11- 4(b) is a table showing tho data of vibrational 

characteristics of the vibJ:ated clement obtained from the displacement 

5 characteristics. 

10 

15 

20 

Fig. 4(c) is a displacement characteristics diagram showing 

another example of displacement characteristics detected by the 

displacement sensor 30. 

fig. S illustrates an operation of calculating optimum 

amplitude data petfonned by a data processing portion 52 of the computer 

so. 
FJg. 6 illustrates the relationship between detected 

pmcossln& time and amplitude and between calculated processing time and 

frequency. 

Figs. 7(a) and 7(b) arc illustrations of data showing other 

oxamples of optimum amplitude data controlled by the computer SO. 

Fig. 8 shows a structure of a bmel polishbl& apparatus 

according to a scc4Dd embodiment of the present invention. 

Fig. 9 shows a structure of a conventional plating 

apparatus! • 

DETAILED DESCRIPTION OFTBE PRERRRED EMBODIMENTS 

Fig. 1 shows a secdonal structure of a plating apparatus 10 

according to a first embodiment of th8 present inve.ndon. The pJatfng 

apparatus 10 Jncludes a vibration generating portion or unit 11 for 
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5 

10 

generating predetermined vibration, a vibration transfer member 17 for 

tramfetring the vib:ration generated by the vibration generating portion 

11, a basket 18 which contains an object to be plated or the like and which 

serves as a negative electrode, a displacement tensor 30 and an A-D 

converter 40 for detecting vibrational displacement of the basket 18, a 

computer SO and a motor controller 60 fanning a control means or unit for 

c:ontrollin& the state of the vibration generated at the vibration . 
generating portion 11, and a plating solution bath 20 for storing a 

plating solution. 

The vlbration generating portion 11 includes a vmiabk­

spccd motor 13 having an eccentric load 14 added to the IOtational shaft 

thereof. The motor 13 is secured to a supporting frame lS. Further, the 

supporting frame lS is elastically supported on the bottom of a case 12 

through elastic sprinas 16. With such a configuratfon, the rotation of 

15 the motor 13 causes a periodic eccentric rotating motion of the eccmtric 

load 14 about the rotational shaft of the motor 13. This results in 

20 

periodic fluctuations of balance between an cc:ccmtrlc force produced by 

the eccentrlc 1oacl 14 and an elastic force provided by tho olastic springs 

16 and, consequently, in perlodlc swing of the supporting flame 15 
, , 

~latlvc to the bottom of the case 12. 

1'he vibration transfer member 17 la comdtuted by a bar­

shapcd memba: which is secured to the bottom of the supporting frame 1$ 

and which penetrates thmugb and outwardly extends from tho case 12. A 

basket 18 is secured to an end portion of the membeJ: 17. When the 

25 1Upportlna frame 15 makes the swinging motion as deacdbed above, the end · 

.... - ... 
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portion of the vibration transfer member 17 swings in conjunction v:1th 

that motion. As a result, the same swinging motion as that of the 

supporting frame 15 is transfmcd to the basket 18. 

The baskot 18 is provided in the fonn of a mesh container 

5 which contains an object to be plated 2S such as a chip type electronic 

component or insulator particles 26 or steel balls 27 and is immersed in a 

plating solution Jn a plating solution bath 20 during a platin1 process. 

'Ibis basket 18 serves as a :negative electrode during electrolytic 

10 

plating. 

The displacement sensor 30 detects displacement of the 

basket 18 and may be, for example, a laser type non-contact displacement 

sensor, CCD, accclelation sensor, or speed sensor. When a non-contact 

. type displacement sensor Is used as the displacemat sensor 30, the 

displacement sensor is provlcled outside the platm, solution bath 20. It 

1S u secured so that an appropdato position on the periphery of the basket 

18 serves as a position for detecting displacement. When it is difficult 

to use the peripheral surface of the basket 18 as the detecting position 

of the sensor, the displacement sensor 30 may be disposed so that a 

surface of the vibration transfer member 17 exposed above the pJatln& 
20 solution ~th 20 serves as the posidon for detectln& displacement. 

FUtther, when an acceleration sensor or speed sensor is used, such'!­

sensor must be disposed on th basket 18 orvlbmtlon tiansfer member 17. 

The A-D converter 40 r=lvea an analog signal cmre.sponding 

to the displacement detected by the displacement sensor 30 and converts 

2S it Into a digital aJpa1 wbfch ts outputted to the computm- SO. 

... . ... ~. ...:. . • ..: ~.::. :: ,;..!.., ... - ;.,.. ', •• - ........... . 
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1be computer 50 controls plating operations of the plating 

apparatus 10, espocially, the operation of tho vibration genemthig 

portion 11. This control operation will be dcscn"bed later in detail. 

The motor controller 60 receives a control 1ipal from the 

S computer SO and outputs a control signal to the motor 13 for controllin1 

the rotational speed of the motor 13. 

1be operation of the. plating appaxatus having the above­

descn"bcd configuration will now be described. 1be operation of this 

plaq apparatus 10 js controlled by the computer SO. Fig. 2 IDustmtes 

10 a configuration associated with the control operation of the computer 

using a functional block diapam, and F"ig. 3 mustrates the control 

operation using a flow chart. ~e following dcscdption will be made 

with reference to Figs. 2 and 3. 

According to a functional representation of the 

lS conftguradon of the computer 50 associated with tho operation. of 

controlling the plating apparatus, the computer SO is constituted by a 

control data input portion Sl, a data processing portion S2, a data 

storlng portion S3t a sensor input portion 54, and a control data output 

portion SS. For example, the control data input portion 51 is constituted 

20 by an inpUt apparatus such as a keyboard; the data processina portion S2 

is constituted by a CPU (contral piocessin& amt}; and the data storing 

portion 53 Js constituted by a memory such as a hard disc. Pmther, the 

ICDI01' input portion. 54 and control dam output portion SS m 

constituted by an Input/output fntcrfaco or the like. 

.. ~ . .... . . .. 
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'Ibc plating operation of the plating apparatus 10 includes 

two modes of operation, i.1:., a displacement detection mode for detecting 

vibrational displacement characteristics of the platina apparatus and a 

plating process mode for pcrformJng a platin1 process by applying optimum 

S vibration based on the detected displacement chamcteristics. 

Fmt, iD the displacement detection mode, as shown in Fig. 

3, a process for sampling amplitude data is performed (step 10). 

Specifically, ID object to be plated 25, Jnsulating parti~es 26, and 

steel balls 27 are placed fn the basket 18 and are immcISed in ~plating 

10 solution bath 27. In this state, the data proc:c88fna portion S2 of the 

computer SO outputs rotational speed control data to the motor controller 

60 through tho CODtlOl data output portion 55 to constantly change lbe 

rotational speed of the motor 13 from a low speed to a high speed. The 

motor controller 60 outputs a control sfpal to the motor 13 in accordance 

1S with the rotational speed control data to cause the motor 13 to opetatc 

continuously at the low speed throup high speed. This results in 

vibration of the basket 18 the state of which varies in accoidance with 

the change fn 1ha rotational speed of the motor 13. 

At the s&mc thne, the displacement sensor 30 detects the 

djsplac:em~ of the basket 18. In this case, a laser type non-contact 

displacement mis used as the clisplaccment sensor 30, and the 

vibrational dfsplaccment of the basket 18 ls detected as ono-dimemional 

displacement In the X-directlon In Pig. 1. 

PIJ. 4(a) shows tho clisplaceme.nt of the basket 18 detected by 

2S the displacement aemor 30 In tcnna of ID amplitude W. The horizontal 

llBQ161l» 

Pll 
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axis of the graph in Pig. 4(a) represents the viblation frequency of the 

basket 18 relative to the change In the rotational speed of the motor 13. 

It is apparent from Pig. 4(a) that the structure of the basket 18 

containfna vibnted pmtfons of the plating apparatus 10, i.e., the 

S vibration generating portion 11, the vi"bration transfer member 17, and 

the object to bo platod and the like has a primary resonance point P4. 

Pig. 4( c) shows the :relationship between the frequency and 

amplitude fn a case whc=fn the vlbmtional structure bas not only the 

primary resonance point !Jut also secondary and tertiary resonance 

10 points. The analog data of tho amplitude W of tho basket 18 is sampled by 

the A-D converter 40 at constant time intervals, converted into digital 

15 

20 

data (W1, W2). and then inputted to the data processing portion 52 through 

the sensor input portion 54 of the computer 50. 

The data processina portion 52 receives the displaccmcnt 

data Crom the displacement sensor 30 and geDClltes the data Of the 

displacement characteristics of the pladng apparatus 10. 

Fig. 4(b) conceptually illustrates this displacement 

chuacterlstlcs data 56 in the form of a table. Ihe displacement 

charactaistics data 56 fs constituted by a combination of the frequency 

f of vi"bradon comsponding to the rotatloul speed of the motor 13 and 

the corresponding amplitude W of the basket 18. 

The amplitude data sampling poce11 as described above ts 

continuously pedonned untn tho motor 13 reaches a predctennlnec:l 

IOtatlona1 speed. After a predetermfned sampling process) tho 

dispJacement characteristics data 56 as described above is stored hi the 

1iiRiifrf. . .. ~ . "·· 
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data storing portion 53, and this tCIDJinates the sampling process (Fig. 

3,step20). 

Next. tho actual plating process Is performed. For example, 

the opemtor of the platiq apparatus inputs instructions for the pladng 

S proccss and various data on the plating conditions to the computer SO 

through the control data input portion Sl. As the conditions for the 

plating process, it is sufficient if ~dltions required for calculating 

. the rotational speed of the motor 13 for causing tho optimum vibrational 

displacement (amplitude) at the basket 18 and consequently the object to 

10 be plated are inputted. For example, the type, cbirged amount, and th~ 

quality of tbo object to be plated and tho diameter and charged amount of 

the steel balls are inputted. Further, standard optimum amplitude data 

COlreSpODdlna to various pladlJI conditions aro stored in advance in the 

data storin& portfon 53. AB an example, referring to Pig. 51 

1S idcntificadon types S7a identifying various vibratina conditions and a 

combfnadon of optfmum amplitude data S7b and·vi"bmtion dun.tion 57c for 

each identification type- are set in the optimum amplitude data table S7. 

In this example, the operation of the motor 13 is controlled so that 

vibration having a predetermined optimum amplitude W is applied for time 

20 t for variOUa pJatina conditions. 

When tho data of a plating conclltioa is inputted from the 

CODtrol data input portion 51, the data ptOCeSSing portion 52 determines 

the Jdeodflcatlon typo of the vibrating condition corresponding to the 

hJput data and refm to the optimum amplitude data table S7 stored in the 

data stozfn& podfoJa 53 to detect the optimum 8;1DPUtude data W and piocess 

, • If ... 
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duration t corresponding to the input plating condition. For example, if 

the identification typo is determined as •B• from the input plating 

condition as shown in Fig. S, the optimum amplitude W (=12) and processing 

time t (=100) m extracted from the optimum amplitude data table S7 (Fig. 

S 3, step 30). 

Next, tho data processing portion 52 calculates data to be 

supplied to tho motor S3 using the extracted optimum amplitude data W and 

processing time t with nfcrencc to the displacement oharacteristica 

data tablo 56 which has already been obtained using sampling. . 
10 Spc:ciflcally, the amplitude data column 56b of the displacement 

clwacteristfc:s data table 56 is looked up usfna the optimum amplitude 

data W extracted by the above-described pmcess to detect the data which 

matches. In the Dlustratcd case, since the match occurs at the poJnt of 

the amplitude W = 12, a frequency f (•150) stoled In association .,.th that 

15 amplitude W is extracted from the displacement characteristics data 

tableS6. 

20 

Fig. 6 IDustxates the relationship between the detected 

p10CC88ing time t and amplitude data W and between the calculated 

processing time t and frequency data f. Tho data pxoccssing portion S2 
I, 

further converts the calculated frequency f Into motor 10tational apccd 

data. Throup such a proceu, a motor rotational speed and processing 

time t (•100} am calculated as control data for the motor 13 (step 40). 

'Ibo calc:ulatcd control data for the motor 13 fa outputted to 

ti. motor controller 60. The motor contIOllcr 60 contiols the rotation 

2S of the motor 13 based on this control data (Fig. 3, step SO). 

.. · ........ .. 

.. : 
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The above-described control allows the motor 13 to rotate at 
the optimum rotational speed for a predetermined perlod of time. As a 

result, the basket 18 vibrates at the optimum amplitude to form a plating 

film on the object to be plated while agitating and mixing the same. The 

S specific values of the optimum amplitude W, frequency f, and processing 

time t Jiven in the above description are. only illustrative. 

10 

As dcscdbed above, tho plating apparatus 10 accoidiDg to 

the present invention ts configured to control the rotational speed of 

the motor 13 so as to achieve tho optimum. state of vibration with the 

vibration chaiactoristic:s of the vibrated clement detected in advance. 

Therefore, the optimum state of vibration can be easily obtained even If 

the type, quantity and the like of the object to be plated vary. 'Ibis 

makes it posmble to form a UDiform plating film on an object to be plated. 

The method of controlling the rotational speed of the motor 

15 13 fs not limited to that for maintaining comtant rotation as dcscnDed 

above, and various methods of control may be employed as needed. For 

example, as shown in Fig. 7(a), the rotational speed of the motor 13 may be 

vaded to cause a stepwise change in the amplitude of the basket 18 from 

that hi tho fnidal stage. In this caso, for cumple, a plurality of 

20 
#• . 

· combinations of amplltudo data S7b and processfng time 57c may be stored 

for a single identification type in tho optimum amplltudo data table S1 

shown In Fis. $. 

Further, as &hown fn Ft,. 7(b) tho rotatioul speed of the 

motor 13 may be varied so that tho amplitude of the basket 18 fncreases as 

2S ~puses. 

ililli li1ili Hr 
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'lbc method of calculating the data for contmlling the 

rotational speed of the motor 13 from the displaeomont charactcrlstic:s of . 

the basket 18 is not limited to that described above with reference to 

Fig. S, and various methods which can be implemented on a software basfs 

S may be employed. 

In addition, various other configurations may be employed 

for each of the above-described components that foim the plating 

apparatus 10. Por example, the motor 13 and eccentric load 14 SCIVing as a 

vibration source may be configuRd using a vibration source having a 

10 vibrating element utilizing a piezoelectric effect or a vibration SOU!Ce 

wherein a mass element is electromagnetically recipmcatively vibrated. 

When the former vibration source fs used, the contml sipa1 from the 

computer 50 will be a signal !or varying the voltage level applied to a 

piemeledrlc elemmt In the latter case, the control signal will be a 

15 signal for varying the cycle and amplitude of the movement of the mass 

element. 

20 

Further. a CCD may be used as the displacement sensor 30, as 

described above. In thts case, a mark Is provided hi the centm- of the 

basket 18; tho locus of the movement of the mart in a predetermined period 

of time is 'iDputtect to and kept in a video mcmOI)' to store the amplitude 

data. Then, the stored hna10 data may be conyertcd into a binary form to 

obtain the amplitude of the mark, i.e., tho amplitude of tho basket 

through predctrmdncd calculatiOJJS. In this case, it Is possible to 

obtain the amplitude of the vibndOJl of the basket on a tWo-dimensional . · 

buf&. 

P16 
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Moreover, the displacement sensor 30 may be provided in 

three-dimensional directions to detect the displacement of the basket 18 

as tbrcc-dimensional data. This is advantageous especially when the 

vi1>ration source C8Jl provide arbitrary vibrations in the tlu:ee-

S dhnensional directions independently. 

In addition to the effect of optimum vibration control 

during a plating process as described above, the above-described plating 

apparatus 10 is capable of predicting, for exampl~ the ocamencc of the 

breakdown of the vi1xatlon transfer member 17 and the like due to fatigue. 

10 Specifically, the data of the natural frequency cban.cteristics of the 

vi"bration system of the plating apparatus 10 Is detected during the 

amplitude data samplfna process using the displacement sensor 30. 

Therefore, if this data of the natural vibration characteristics is 

maintained, a cbange in the natural vibration caused by, for example, a 

15 crack in the v~on transfer member 17 due to fatigue can be compared 

with the data of the natural vi1ntion characteristics maintained tc 

20 

detect the occwrmcc of tho breakdown due to fatipe. 

F11- 8 shows a structure of a baml polishing appatatuS 

according to a second embodiment of the present invention. The barrel 

polishing lppmtus 70 Is 81l apparatus which Includes a vibration 

pnentlq portion 71, a baml pot 76, a displacement sensor 30, anA-D 

converter 40, a computer 50, and a controller 65 and which polishes an 

object to be polished by agltatfq and mfxfng the object to be polished 

and au abradm, medium or ttte like contained therein. 

... . ..... . . .. . . 
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The vibration generating portion 71 is formed by a vibrator 

73 serving as a vibration source, a supporting frame 72b for supporting 

tho Yibtator 73, a fixing frame 72a, and elastic springs 74 and dash pots 

15 interposed between the supportina fnme 72b and fixing frame 72a. The 

5 vibrator 73 may be provided using a combination of a motor 13 and an 

eccentric load 14 as hi the above-dcscn"bcd first embodiment, or a 

VlDration source uti1izing a piezoelectric effect, or an electromagnetic 

vibration sOUICe. Rcfeufng to the mode of vibration, the structure fs 

preferably capable of providing not only one-dimensional Vl°1mtion but 

10 also two-dimensional or threo-dimensional vibration. 

15 

20 

The barrel pot 76 is foxmed like a hollow cylinder and is 

mounted on the underside of the supportina frame 72(b). During a 

polishing process, it contains chip type elcdronfc components or the 

lilcc. and a medium such as alumina powder and cobble stones. 

1be displacement sensor 30 is fixed ma position wherein it 

can detect vibrational displacement of the bmel pot 76. As in the 

plating apparatus fn tho &st embodiment, a non-contact type 

displacement sensor, acCeieration sensor, or spcod sensor may be used as 

this displacement sensor 30. 

' ' Furthc:r, the conflguratfons of the A-D converter 40, 

computer SO, and contmller 65 are the same as those in the above­

dcscnbcd plating apparatus and will not be descrlbod here because they 

will be apparent froDi tho description of tho same. 

Refcrriq to the operation of the barrel polishing apparatus 70, a 

2S plOCeSS of sampling vibntlonal displacement of the barrel pot 76 fs 

Pl8 
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• fhst perfonned to detect displacement characteristics datL Then, the 

optimum vibratina condition for the processing condition for the 

polishing process to be performed is calculated with reference to the 

obtained displacement ~eristics data, and vibration is generated 

5 by tho vibrator 73 based on the vibrating condition to vibrate the ~ 

pot 76, thereby effecting a polishing process on the object to be 

polished. 

In the case of a polishing process to eliminate tlash at the 

comen of a chip type electronic component or the like. chips and cracks 

10 can bo produced ~ the comers of the component if vi1>ration baviJl& a 

great amplitude in the vicinity of the rcsommce point of the vibrator is 

suddenly applied at the initial stage of the process because the comers 

of the CO'mponent arc sharp in such a stage. Therefore, the vibration of 

the vibrator 73 is initially controlled so as to vibnte the bmcl pot 76 

15 with a small amplitude, and vibration in the vicinity of the n:sonanc:e 

point of the vibrator is applied to increase the amplitude when a certain 

period of time has passed. Such control over the vibrating opezatfoa of 

the Vl~tor 73 allows barrel polishing to be performed emciently in a 

short period of time. 

20 
,. 

In this bmel polishing apparatus. it Is also possible to 

control the vlbndon of the vlbntor 73 to provide an arbitrary mode. 

Specifically, the vibmtlon frequeney of the vtbrator 73 can be kept 

constant or varied In the form of a step or ramp over time. 

Pmthor, by ltOl'lng the natural vibndOD cbaractedstics 

2S of the vibrator dotectod by tho displacement sensor 30 durin& tho process 

---- -· 

Pl9 
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of sampling vibrational displacement, the occurrence of a defect due to 

the fatip of the vibrator or the like can be detected through comparison 

of such characteristics. 

As described above, a vibrational processing apparatus 

S according to the present invention has a configuration Including a 

displacement detecting means wherein the displacement chamcteristics 

of a vibrated clement arc detected In advance prior to actual processing 

ad wherein VI"bntion generated by a vibtating means is controlled 

uh1izfng the displacement dlaracteristics so that the vibnted clement 

10 fa put in optimum state of vibration. As a iault, optimum vibration can 

be applied to an object to be processed to perfor.m a predetermined proccu 

cfticiently ova if vanous processfng conditfons for the object to be 

processed vary. 

While particular embodiments of tho pzescmt Invention have 

lS been shown and dcscn"bedt it will be obvious to those skilled in the art 

that changes and modificadons may be made without departing from this 

invention in its broader aspects and, thercforo, the appended claims aR 

to encompass wftbin their scope all such changes and modifications as 

fall wlthfa the hue sphit and acope of this invention. 
'. 
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10 

WHAT JS CLAIMEll rs: 
1. A vibradonal processJng apparatus comprising: 

a vibration generating means for generating predetermined 

vibration; 

a vibratable element connected to said vibration generating 

means for containing an object to be processed and for applying vimation 

to •id object to be pmceascd to effect a predetemdned process by 

vfbratina in respome to the vibration generated by said vibtatioil 

pneradaa means; 

a displacement dctectfna means for detecting the 

vibmtional displacement of said vibratablc clement; and 

a contxol means for outputtiJJg a control sipal to said 

vibration generating means to generate predetcnnined vibmtion, the 

control means outputting a control signal to said vt"brating generating 

15 means pdor to said prcdetennlned process to subject said vi'bratable 

20 

element to vibration and to detect displacement of said vibratable 

element to obtain dfsplac:cme.nt characterlstics of said vibratablc 

element, and the control means outputtJna a control signal to said 

vibration PDcratina means durina said predetennined pmcessing based . , 
upoa said displacement chamctcristics for gcncratfog vibiadon to cause 

desired vlbntional displacement of aaid ni!!i)element. 
~ Vl'bl'"Atz,.b(e.. . 

2. A vibrational poceafng apparatus acconfiDg to claim "1 
wherein •Id vlbratablo element comprises a container which contains an 

objed to be platcc1 and Is immersed Jn. a plating solution; and a transfer 

\ tllllll l\ll\\ Ill\\ \\1\1 \\ Ill\ 
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m~ 'SFnc&d Co said :a.nteir• 1a i 11U rib& tla a p1w11tiag 2azw 

·ti; transferring vibration from said vibration generating means to said 

P22 

contafner
1 

w~ert111 sa.1J. trQnsl'er 1t1U4Jt-Y are. C-Onnec.ftJ~ ....- .,. 

w 8Qld. Ull ta;11~>- ~ Salli. Vi l»-a t;on jene'rlttT'?J 1r11e1t nt, .,. 

3. A vibrational proccssiq apparatus according to claim 1, 

S whaein said vibratable element comprises a container which contains an 

object to be polished and an abradant and vibrates in response to 

vibration from said vibration generating means. 

4. A vibrational processing apparatus, comprising: 

a vibration generating unit for generating predetermined 

10 Vibration; 

15 

a V1Dntable element connected to said V11n'atloa g~nemtlng 

unit for contafnlna an object to bo pmcessed and for applying vibration 

to said object to be processed to effect a predetermined process by 

vibrating in response to the vibration generated by said vibration 

pneratlug unit; 

a displacement dctectfng unit for detecting the vibrational 

displacement Of said vibratable element; and 

,. a ccmtml unit for output&, a CODIJol sipal to aafd 

vibration gcnc:radng unit to generate pl'Cdetcrmlned vibration, the 

20 control unit outputting a control aigna1 to said VJOJ:ating generating 

uni prior to said pndetermlned process to subject aaid VJbratablc 

element to vi"bratfon and to detect displac:cment of said vlbratable 

clement to obtain displacement characterlstfcs of said VI"bratablc 

\ llllll\ \\\1\\ Ill\\· l\1\1 \\ \II\ 
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element and the control unit outputting a control signal to said 

vibration generating unit during said predetermined processing based 

upon said displacement characteristics for generating .vi"bration to cause 

desired vJbrational displacement of said~ clement. l 
~ vib'<e>t"o.'o e.. 

.5. A vibndonal processing apparatus according to claim 4, 

wherein the VJ"blation goncrating unit fncludcs a variable speed motor 

having an eccentdc load. 

6. A vi"braticmal processing apparatus accotding to claim .5, 

wherein the displacement detecting unit includes a displacement sensor. 

. 7. A Vibrational processing apparatus aceotdina to Claim 6, 

wheiein tho displacement detcding unit generates an analog output 

c:orrespondina to the vibrational displacement of said vimatable 

element, and wherein the displacement detecting unit further includes an 

analo1 to digital converter for converting the analog output of the 

displacement sensor to a diaftal output. 

' • 8. A vibrational plOCCll and apparatus accordiua to claim 7, 

wherein the control unit includes a computer for ncelving said digital 

output from said analog to diaifal converter and a motor controller 

connected to tbe motor and to the computer. 

t 111\11\ 1\11\\ Ill\\ \\1\1 \\ \II\ 
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VJherein c4 ;&t ttAnsfeY 'ft\ew.bP'· ar.ta C.Ott»Pctf'.( -to SIJ.;,,{ " 

~n.ttt\r\eY ~~ sa.iel vibYjllti~"' j~nel'tlt,·~1.J (,c.rtit. 

9. A vibrational processing paratus acconiins to claim 

8, whc=in said vibratable element comprises a cfontainer which contains . 
an object to be plated and is immersed in a pla • · g solution; and a 

transfer mc:mbe • • 

gcr,r:fr1 • t rJfor transfexring vibration 

10. A vibrational processing apparatus acconiing to claim 

81 wherein said vibratable clemeut comprises a container which contab 

an object to be polished mcl an abradant and vibrates in response to 

10 vibration from saidvibration.g~ U >'- ,·t-

15 

20 

11. A method or vibrational processing using vibrational 

pmccsslng apparatus Including a n"bration acnerat.ing unit for 

generating predetcnnfned vibration, a vibratable element connected to 

said vibiation generatfng unit fOl conta.fning an object to be processed 

and for applybig vibration to aaid object to be processed, a displacement 

detecting unit for detecting vibrational displacement of said vlbtatablc 

clement, and a control unit for outputting a control slpal to said 

vibrationat 'pnerating unit, the method comprlsing the steps of: 

a) causing 'said contml unit to output a control slpal to 

said vibrad.cm pumting unit prior to~ ~etemdned proccsc to 

subject said vi"bratablo element to vibration; 

b) detecttng displacement of sald vlbratable element to 

obtain displacement chamcterisdcs tbereo~ 

------ ---- ---
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c) determining the optfmum amplitude of vibration to be 

applied to said vibzatable element from said displacement 

characteristiQS; and _L" ~ 'l i tA 
d) applying a control signal fnm(ijalcontrol unit to said 

vi°bration generating unit in accordance with the optimum amplitude 

determined in ste~). 

12. A vibrational proccasing method m accotding to claim 

11, whadn. said procea Is a plating process. 

13. A vibrational piocessfng method accmding to claim 11, 

10 w.henin said process is a pollsbfnr process. 

,, 
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