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A Variably Compliable
Probe System for the In-Circuit Test of a PCB
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Abstract

. A new probing mechanism and an active compliance control algorithm have been developed for the

in-circuit test of a PCB( printed circuit board ). Commercially available robotic probing devices are incapable of
controlling contact force generated through rigid probe contacts with a solder joint, at high speed. The
uncontrollable excessive contact force often brungs about some defects on the surface of the solder joint, which

is plastically deformable over some limited contact force. This force also makes unstable contact motions

resulting in unreliable test data. To overcome these problems, we propose that a serially connected macro and
micro device with active compliance provide the best potential for a safe and reliable in-circuit test. This paper
describes the design characteristics, modeling and control scheme of the newly proposed device. The experimental
results clearly show the effectiveness of the proposed system.

Keywords : probing, in-circuit test, plastic deformation, impact force control, macro / micro, active compliance

I. A8

EHAA7&9 HH olEo] 43 27 H(printed cir-
cuit board)2 @2 DAUEFIHFHAL gt wepA
278 diFl FAFRE 22EP 2 nEURE &
2 =AUt dAAENRY AAFAEF S BAA
Ale gEE 2EZEAY, d9IEETES AAstE AFY
EZARZ4 glojy tiwd Fo% PR Fde FApd
HEe Alfixture)dol AN 27100 Rl 2 Hiloﬂ
AEAY ZR2BE IHANAFDL I Y9 A =278& &
AEL 5 sgsle FE2EE FAFAE NP3 gaa,
o Woll o3 SAHANEANL NaAFr|El ZA E5
A Bk zEd, o] WYL n9E J4437 A8 oel
AMF g HE 2Z(lead) Zo] FolxmzH
A9 dFHE JXd Z2HE GYAIFIZIZF ol YA
on &g A2 Bdo] uiyd 11X HF oA
o 3tuE RYHAH AT Fololste HHUSH EFLF
Astrkalel] A gt gt

oje}z2 EAE Atz 2R ZRZHE A
Fd3(solder fillet)ol A ZTRRE HEAA EAFAES
8lE o]F T2 H(flying probe)yel Ho] MaEx gt
o] Whale ¥ 194 E uie} Zo] FFHoz ZTRH}
HdadEdy 45 u FFE2ZT P gt FAH A E
F59c mgeld olgt B FANIZE mZREI} 3H02 ~
0.4 m/sec). 2 FHEF9 HEFA LAdlE HEYE Aols
7] olFt}, ojlg Ao AHolME T28yl Jdagds 4
ZA] #ois HZ2(contact force)o] LSt FH &3
S HYA 7Y, AEY 2L B 2 LTS dogig
Hg ¥E2Ee Jugdd &4 Wd(plastic deforma-
tion)& LA I W FHEFS Q9o 4 3, HENF
2 EAAAA] 2R NEASS FAAAF Q) 53

Hed=} : 1996. 8. 21, ¥4 L= 1 1997. 4. 25.
AAE AR A SR AFFATE
234 : g4er1ed

447 ARHA AN S B

24984 ‘Ef"élﬁ?‘;fi 3 EHol A AbsiEA ] B2
g 7 28 FHdx FAA7] 4o webd, BAH4AL
Al ZBE Foizl APA 7o) el Ze £Alol} AE
S BAAFA F gt 3v), A 2 e 2
Wi HEFHEE 3 THoh

FAAATAANA B Ql5o] T A @ &5
E ZE JFE EASHA B5A wIE sHA2g. oy
g d@AS HEFHo)(contact transition)Br 3l RS
o} 83 SFH(active)d FEHo|Aol= BEHo| e L
9 A 2 (impedance), & 2 zak(mass)"]\/]- 7&”(Stlffness)
oz Q3 we oFHoHl] E=F, FEATo] u$ w27
2ol H¥9 AorjzMe Xﬂﬂ'% Ao} £ % (control band-
width) 2 8l & HZE A7l 44 &k

\ motion direction /

’ soler joint
printed circuit board
L
W4 \_7
through-hole type part chip type part

a9 1. 7€ FAPAE Ze28,
Fig. 1. Conventional probes for in—circuit test.
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oz wA EEIVITFE ol$EH, v LE/TFE Fe 2
718 7HAY AA ZA( task )& FHFH3L ol #e 2
A L5717 FHLE AFEHE A9, AuAdES E 5
Atk mEhA, dAY TFV)|TRG BE AoEEE 71X
W, PFE Aol shgditt vAEEI T AA% A
o7} olE|gt Alx®le] Ao AdHerw Fasjith 2R
FEE 4 e vAHEE7| Tl A7 T3 77 59
A4 SoH3I4IB) F2 Z2golu 71EFd AHgHo Ao
H[4], MAEE71 T dAFodolHEN FU, A7 AEREH,
A7 ol &, M4 F o] ALEF oAt

HEHo|A o BE AT Y=o A goh. AF7A
FYPd ATELS FZ XE BFE 5 YvHel 2 A

Fie dgda AojdyoicHsl9]. o wyEe HEA
o] 7|ZkEt HEAF @AGle] e E9E ATz
& AN FEF3e A WAE 73 (environment)d] o
2dE& AEeA g glojor 3ok F WA RiE Bds
(discontinuous) Aol eolcH101[11]. o WL WAEA
ko] HEAFA wE & AoFRE JHAN, FEF
HYHE HEHE AT 5 3oy, 2EF uhagd 9
3 253 gidEA e HEo) Zold F e d oH A
f-ol= Alojslr|7) ojFt), o]lE YRR AouEELe 7
H#EA(hard surface)el A 9] HExHol AolE t1F1m o
o, Aej7] A s FAFANE st}

E =EdA4 dRnz sl E33AMY HE 3ol
HAERAA HAxg HEFHol TN A AW
HdEFEHANA HAE] Wi MR Aojwol g7H
T AW 08 HEHEEFL A AR BEHFE ¢ ok
F, AFeF, FELE, 283 FEEFoIHT]. dREe
24WEL2 FALETN gsiA 2AHE. oY=z &
AETETANA S8 27 FHYA 7 HHEZEH
248E Axg Yelles A5 ol(penetration depth)&
Aost= o WA o,

AREe] AXoz= FARAFAN e FAATI} =
#7HA W2 28Ho] QA gozm g gIoH12]. BxEo
e B FFHdA 21HE 252 2487 93 wan
g AATHEANE 2= FESE7FY AL EN T
7h AEE d2dd AEE FAYAL A2Ee Mgzt o
o He FRAYY9E ZE 2AREY BYLEITFE 42y
AFAMREHE AR or, & 3998 2AN =
2 AAALUEE Zte 1AREY nALEr]TE Z2HE
Z33tE o)Fmdol dY N9 FFAYALoloA HFE=
AA718 AEE &&3o A3l o FA4 A
g dFEY A, 9 2 Aoyl st =31
on, B Azde] g84E HoFr) g8 FAEHHAL
e e Agoe] Yot 1 A B A2Ho] gy
# AEFGANE B3t YN €342 e ZY ¥
HEY £33 ERH4E & 4 928 Ro3q

2 =79 TAL ey 2o 2%oME Aotd TEH
Alzde] A 2 mdge BiE et JoH, 3FqME
FAANE Lt HEA0 gnFL Adsgdon, 4
BelAe 3G AgE AALnEE, 72 $EELA
oy PID IASAIIHE 4L S8 vy Esy
o, 53l E AEE 71&stn Yt

O. 28 =28 A|Adgo| Mot

e 28 2t XY &9 go] $549 W
7 T3l dAAE AYL FYPsr] Y3t wIZe A
AE /%, AJIY/A2AA A e Akl Alofo)

324

ez HEY E gxAojd #UY EXSo] mEsojok
ot EF, A AAER oy Folxe ESE ALY
L g HAJ o]FoiRor Fr} Es|, EaA A}
2L THAAE APUNAEA S} HEA B3 245
A5 Hast 2 g9 Wgoz E£Ho] BT E =
WAl gy o] 8 7H, ol9k & QTAEE TEAF)
EE O&d T2 HASAHES e ZEH AAEE A9t
3taA}p g}
1. 4 Follolgf =g
FA/NAEE7IT NEE ol &% D A& o)E 9
Edo] 1y 2 Yeld gtk o] Axgle] Eye #7
(environment)#}2] FHZA] wAsE S 71538 FE§s)
A Aozt o Yok a6 Yehd A AEe ndysd
o83 Z}
BFAEEINT .
Moy Xm = Fu— (B + B,) % + B, %, — K, (s, —x,) (1)
U A-&5 7T
My Xy = fo—Ffot By %m — By %y +Ky(xp —x,) (2
AL dAdRdzn FHHCY,
fo= B, x, + K.x, 3)

4714, m K, Be A% A%, 2zadys gaAse o
B, H2 m,on, et A% BA4LEIT, WALENT,
4% @3¢ dvide &, = AFlolgol A7 ol
H, fi2 Y|t BAAF By, B,ol 27171 Az 3

A, Al2"Ee 83 28 TR (resonance) TAE Kol

g
— Ke
@ = ",
@ = 5: )

A7IM, & WAMEE7| T 848 HEA B E FA
Rroln, & BFILE7TFY ulAEF7| FAbolof WA}
€ FRREot) Wk m,> 10 m, , K. > K, 09, , &
m B0 A 283 7} HE2HM AAE A2del A
ojti o Z(control bandwidth)®] 4¥xen 2 & ot 3
A9 AFoolele MAE uALE7| T A oA
ol o A=A Aol ARHER uNLEs|T
o AR ZE AAEE Aol FL& AAG%T B 5 )

macro micro environment
a¥ 2 839 HELEE A% FI/MNLEsT
x4,

Fig. 2. Model of a macro/micro motion device for
the contact task with the environment.
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93t o] MLES o435 HAEAA Wi =dua &
th FA/MAEETRE Ze A2H oA HEFHE

< 37] A% dFcoledg AoJAY A2d H5ES )
£33 Lol 2EE + YTt

Uom * BHEE71T9 HEZ Ao Q9=

O * TAEE7 T HEX Ao YIF

Fom @ AAEE7]179 A o] 7bad g9 A7)

Fq: AFAAANY 27 9

Fres : 538 3 AR A=

Xes : 38 AR AR HE=.
Aol A HFEL USH 2 YTATE BERIGUY,
g Ao} &= v](force control speed) :

@] — [
@ cim
3 A o]-32Al (force control responsibility) :
_ _Fa4
wz - F satn
HZ&74 (contact stiffness) :
K,
% = Ke
A~ AL (impedance resolution) :
FV?S
¢4 - )(”2‘v (5)

A71A PASErE HELFTANA BHLE7] T 1
A&7 SEEES A, FAANEFEL HEA
mAEE7ITol 9% HEY TATHS ov|din, HF%
AL PAEEZT7L Ze 97 FA dF «$REE
ERATHZ) £F, dius sdEs did Alada @70
Mz AU W ZE5HoA ] HEelol dd PR I
HAE(density) & AT A2 45 HAR A2"
o A&Ert S5, AqEHFEe] ALTE, HEAA
FEFE Foh JFAAC W, F vAEE7I 7Y BAol
AAE @AM & F UKol 5 F o] RolAE FIAA
o} &go] Folrh £, FoiA @A FAde ¥zt ol
o olo] mel A2y A, Ex £84E 2o we}
i olof HEHAAM AolsH S HAUsAL + Yok At

S BAE o83 A2 Heg HUsE) AsA

i

7>l 7, <1 6)

s e 2ASE Vet ol Wastal EW, Y
W2 sdEs 44 dAgz FEasee ousd dvd
29 Aol @ A=A 7, = 1] TS T A
¢ HRY 4 Atk
3 =zo dshiEe HRE o MUY

Zzn AR AAE AYFDUIA SN 4B 3
FXY% 3Ae%, 23 7)) ANREA 23l s
Fagn, o 2Re Tzn NS AT AU LES
AA AANAE, A2 1Rg AN RE Yo
Weh Zze Ael ANE ARAA Foh ANNZ/Wy
of AgeE WARES SHol wet duel mopo) iy
n2, g PEe AANE Z2uo Adztel vy
o AEg WAPFA sl A Bk way 1
A9l 8 xirotation) AHHE7H AFE old, TzH9l 3
Azte gae mool wet QJele) A= FANL e
E 1o Foi7 AAYANE ZES Aolgolok Uk =Y,

7,<1,

Zzust §d% 43 W FEEFA) o2 9= AR
2Ehe e Vetn, WALENTE 2537 A
Eshihe] 92 (translation) & A 27} ALEH oAk Ho.
HAeEd me FRANE A QA7) s
$E0) 2715¢ AAHA E 15 To] AASSIT.

E L Zzp oz AE L 8999 A%
Table 1. Specifications of the degree-of-freedom and
the workspace of the proposed probe me-

chanism.
2 =5 4 )
B 257179 ARE 2
#F2g%7) 7l
A AFolole e 245 * 45 [deg]
#9857)79) - ]

R AFololele] 2ERA
AL EN 7 A= 1
Mg EI T 2ERS FAPA7E +25 [mm]

EE, AHLE7TY 5L &R 1AREY HALET NS
dag 3o, Z2Hyt dyRed HEE o Fde JEx
A& #A37] A e @X 1AFEY et & 39
SENTFY HILE e o2 Mg T £F
& AFAAT B} uALEZ T FAARE AU
HEe gdB (I, A4, vid)el wet FEFHo st g
AnZ o|lg ZgtsA ® 13 Zo| ARG AEHoZ,
T2 AAe 2AREY FYEE7TE, IAREY AL
E/ 72 FAH,
4 Heotal =29 Ex| MAH % ot

Aetd T2y Ajxde JfEFHQA FAo] 1y 3o Y
g oAtk AgE FYLEVTE HLE ¥ #HALES
T 5 UE 2RRFER FAH Jeon, 19 394 BHE
uiel gro] 2709 AFMREEE 1L dFololEHE o83
o A5 FE $5 3 Y(moving coil) ¥2L 83N
on, 1AFEY YALETe] HEIEE AU A
& A3 oY 8 BAs3 .

5 2L HA) 7 FE 2HF F(Lorentz
force)& ol &3 RAoZM AFF, AR/, Avkd R &%
Al(compliance)& TFHoE vlE § e Gl Urh

Robotsy End-Effector
—

servo motor #1
/ ( rotation )
‘/hwmoﬂnngum

servo motor #2
_( transiation )

macro motion device

micro motion device

oy 3 AgY NEE TAHFAE T2H GridE.
Fig. 3. A schematic of the proposed probing me-
chanism,
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2 =EA AAF vALEFE 4749 Ay ey
B - 3 - %4(NdFeB) 97AHY Abeld] A=A L&
ARAAZ H 2Pl AF T & 7181 ot 28 ¥ fou
o] ZYol FAFTHI5]

Fea=—1[ Bxal )

o7]4 Be A&Yxol:, die ZYe Fadolelt. Y
o] HAWFgAAM SHE  four < 08 N/Ao[TE HALF
HFofolH Y Atge] F 26 YER}IY, FE5IYL ofrt
23 AFFE7|d o3 AFrz Fadn. od, Y
A P& AU AA #AG] FFY A7)
vl st} olu, e LI E P2 2EHA AAE
o]83 Z=A(CAS MWI200)9 olF Y Aoy Hag
2288 HEAA 2Yd B2 AFY A7 2 olF=mY
9] A& FPAANFIAAN ZA A

9 49 AAH vHEFAI2Ee] AYPHQ) HFEE Fu
Fegol Yehy gith B Axde HS EExmdol A
H 22 PgAAUAA LFFEZE /FZ(open loop) F
HEgS #3717 WS g B HFZ A9 F
2 HAFol5-g ntoiFd FaFgHEAo] viFY AAH
Aol deolA 1 W3l FL& AKX gr) FHBo|5E upy
ojFolx Alxd”le] AlojyHEFL o 50 - 60Hz F=olch
o] F#ul42w-& Hewlette-Packard 3562A Dynamic Signal
Analyzerg o|&3lo T3t

=z 2. ANd
AL,

Table 2. Specifications of the proposed moving coil
type micro motion actuator.

SEAWYH HlAEFAR ol

B B F A
Azrolo) 5 HAol 64 [mm]
ojZojolE ©HH 10 x 14 [mm?]
. NdFeB A9 A7) 10 x 8 x 2.8 [mm]
NdFeB 74 9] A% 4
A4 Ao 242 3 [mm]
X}*—Wij;}gf‘ 44 05 [mml
=g A7 0.22 [mm]
ELEPIEUEES 185 (1)
Byl 732 3999 2
A 10 x 12 [mm’]
ade A 438 [9]
ELERNL RS 0.038 [mH]
Ay AEEZ 5 [mm]

HAEE 71T fAE 19 5ollA BE ulsp o] B8t
AME olg3ld FA3E o] AAME § 79 thole=
PolA, F Mo AL, F e PSD(position sensing
device) 2 TAHO] Utk nAHE o= Ho|HERE Y
2 Hlight rays)S ZAALE QA H #FH& L=
02 W04xE Ao wAlgnh uvkalg o] e :53Y
Aol E&Ho] Qe EoE ALE F9H0, PSD AAE
o2 Axk 9oukAtE T, olnf WialE B9 F4e] PSDY &
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HARROZRE 44 28 4 Utk PSD AN YA
t o)A #o) HE ABL o lmm olg}, o] FA e 9K
274 S4EE 44 oA A2 A (Keyence LC-2220)
g Agstd SHagen, 1 Aie 19 TN HAFE
ulel o] o % 6um o},

[
o

magnitude, dB
o

-20
40}
5 ]
10 froquency, H 10
0 T — —
0 -50F
-]
g -100}
£l
[=9
=150 F
5 10' 10
frequency, Hz

]

a9 4. AtE Al&"e HRE Fa4 S
Fig. 4. Closed loop frequency response of the
proposed system.

magnels  device

moving direcion N s
s St M
robetp  force actuato!
aneor

s N MLM U

Diode
. LASER
a¥ 5 vAlEE7ITY XSGR MEFE.
Fig. 5. Position sensing mechanism of the micro
motion device.

deviation error [ um ]

position of micro actuator (x,), mm

ad 6 "AHEEITFY 99X BEE,

Fig. 6. Position sensing accuracy of the micro
motion device (ASD = actually sensed data
from the PSD, REF = reference data of the
laser displacement sensor)



327 Journal of Control, Automation and Systems Engineering, Vol. 3, No. 3, June, 1997

X 3. Agtd A|2€e] A% 7]

Table 3. Performance results of the proposed
system. '
g BALF | A-EF = A
m n
* mass 01 Kg 0012 Kg - Mm > 10 M,
. B < 30 Hz >B50Hz |-%>1
Aol g%
» Foam 24 N ~ Fs = 03 N,
¥ >1

AT 0-560 Nmt-¥>1

&

YA AFE AARH e B A2 Hisgs
bt A3z ® 3o Jehd gk vAME 7o A
B L5717 AZ o /1045 Bt ol €%
57 WE AEEYITY 5 FAW fFoolE 9}
Ao FHLE7 7Y HFZ Ao Z R wold 2
A4 7t =28, nAeE7Fe HdA7 s 7
9] aNE FEHAMY a7PRT of fuAE & A5
7HA, HEEA Y ZAld we digAde e vAEE
7179 AAY WEEL oA 560 N/m 24 tgd 24
oto] HEF%HS HFsta ok 1 AYZ Hol ¥ Alxd
< 87HE AAYPES wF3e A5E MY B &
At
5 A2g) oz

BAoE oA dAE dFdoly ndd s +
AHA EFAAE AT BHYLE7F nALENTFY F
oty mddgd g dFux ok Agd Alx€e] &
g A BHolHAE T A2de $EEXNE T,
A Aol o]5L wy AAY 4 9tk Fd EF7|F9
F9%t mde AFAMEEH, FIHLV| L E g7 13t
o gen e Aoz Jehd 4 9t

K;é(t) a(t) = 71:; (V:(t)% — Tp(8))

8)

o7l = EHIA™TollL, M 2E, FHAL0|T
o] BEFdAARAEY. =3 B HAuRA oL, K&
7138, Ke EEATot R A7A A3oin,
Vine EHd A7td Astelxn, Tp(t)e F&F(Coulomb)
vhEY FEe ¥EHT oHE dehin, A" HALETE
e FIEEITY BEIAEs 0% ZRE FFSH
x(Oste] FAANL &3 Zoh

x(&) = R- () ©)

Aq7A, B2 Zlojg&uoln, A&AE 938 (prototype)oll A
o] e 238335 o|t},

Agd vALEZTY Hy] 2 JAH EAE A¥EA
Aoz gH3A oS3 2o

; 1
6(t)+ i (B, +

~ 74l :
V=1L dt + RI+Blx
fcai1= BlI (10)

fmech = ij +Dx
7)M, x= AW, BI& 2ARIYYF, LS JAYEx R

599 AY, Ve SN2 ARAK, forl 7L
TS Poloh Me £Ede] ¥A, De AATAA
| et TIAEEA T HASE AAA Yoleh. (10)
WA A7), A BN ARAE W
De A29Y $FPRNE DD HAAW g3}
2t

o 4y a2 o

£ GBI 1
Uy ML + (MR+DL)sS +(RD+ B #)s + K,GBI
A7NA, 2 ALY, G2 FH FEIY o5, Kt B

Aol Agolsol. ogade AAH A4S LR, 7 A
g Qgoniy thed go] Aot

L

r <
wbA (12)¢] 47%E (1D dd3ty tdstd vA:F
AT SERAAE ART AFVSL Y o8
2}

107* [s]. (12

X _ GBI
u,  s(Ms+D) " 13

A9 130 E9A=E=E A stE 19 73 2ok

Oy 7. WAEE TR EEAE
Fig. 7. Bockdiagram of the micro motion device.

m. o] gnz|&E

AA FAANNA BE UG aFHE BAATL 03
zolgh. 2%, A71H ATAANE 005 2)7 e
REel A2 o|EANEL FAATW AN YARE
o) AzAENl S8HE AL OlsecHEolth meha,
ol$ me Aol HRE HEHIF o Fol oty
=R E AYY FAMALENTE oj8d 249D
A%o] AojeTAZE £ ol g& FAES Adetn
A @Y. 2y 7ol & =gelA Ak AojFEA e}
s1e.

Xy Um& ZF2F HALE7) T 9, 912 Welgtn oA,
AFLETRANNE BALEA T 942 Aojo] Hahal
Atk grre] zRo A o] FYLEsTe
XAl PID Aloj7lel elala ofehst zto] aHTh

Um = Ko Xmg = %) + Rpa( Xong — x',,,)+k,,,,f(x,,,,,—x,,,)dt, =0
(14)

A71A, xmae BALEN T RANROVL, kg, Kty Kt
= 27 AL FIT Alolv1e) wd, m, HEo|Solth,

i

ad 8 At Aoy F&,
Fig. 8. Blockdiagram of the proposed controller.
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SEYHANA A
ol Hi 24 0457}
eEWFe Apgor 11101544. ey, FAeEr) T
AFEETIAA G B Aojuiol oo 78 LB
Stk ol F7o] ujg whE Al7Eee] wAsmE 7|E
o AgAfel e E Byl ole JepuEol FANY
dol 7 A Qom, Zruel gureel A, duy
Ero) 2o e RHAAWEOl wHsts oouy g
g Fol7] Aolth AALEITY g Aoirt gx

He A B39 eE7 7Y EE5E AAAZIG oy 1A
EF7TY A u.e
w, =  u, — ksgn(e) |, t = tg (15)
sgn(e;) = if e, <0 A%
sgn(e;)) =1, if e, 20 A% (16)
€y = f _fd ’ (17)
k>M,g (18)
A7IN, @, v wt HEED F9LE7 T Ax S A
&7 A7t E) A (triggering) €™, o] X7t A
A (setpoint) 2.2 A AHEG L3I HEF FALH7| T
50l Aty stojzte AR MEE Y A ¢x2
HEH ZR2EEN HEGAAY diAE 48 & F U
R 2REH HEY wHao] ¢le o nMEE) e Ha)
S Rel Lz B o] 9X3la HxHFA s 244
of d&arias VAR E ZEER 793 FAYR
(nominal position) A ©] %]E?OT e "3EY e 873
0|t} ¥, tw' FAARAEDOIY, M2 nALER
o] Aot} L2 Agoziy AL

d(t) = [x,s —x,()] ~ [xn () =2 ] (19)

AZIM, Xms, xnstz DZF AN 9 ATV 9]
A& E 71T Aotk xu(h), xm(0E 247 FEF P
HEE7) T, MHNEEA T § A o|t}

ojAl MAEEI|T HAE FAGE Ed FEZHoNA
date dEHo] HANEE HEZA AAE st} @
M Awd Aojd™ (15) o]Fel, A wd ey - 3
22l A|(PPFF : proportional position feedback - force
feedforward)7} vh3-3} o] TR AL},

u,,=kn,(d/—x,,)+k,,/fc N t> tsw (20)

A71AM, die AloIdE (15)°] E%e o (1908 AiiAze o)
™, Xn, knp, ke, iz ZH7F UIAISER] YR YR HlE H
Y o5, § 4Hq) o5, adgd3 FHEFoM] HEY
olt},
HEF dA A2 9 AFYolE &
EF7IT7 7HR I Y= E} =% 2 #8A4L o)gF
, oA HEHANA eF5RYd zEE AFY A7) T
ol EH HEHo] galc} olug LEZ YA
282 (109 & AHEY AU FTHYXNZHE )
A x 7F FolAE u, AFY W £ GF) uheE)
Cid=y

mlm AN #

C, —W 21

425 AFLBTHFN YEY L= #34 Gozy
B 0e3t 2ol 4ol

328
__bx
fe=—C, 22)
PPFF 7““0‘1"‘ E} .,] 7 g ‘-}é?_’—]‘E% A 35112}
fo £ fa
Xp = Xn ~ & < Xplimie (23)

o 7] A, 3]-8 % &7 o] (allowable penetration
depth)o| i, x, & HFZolo|t}

o
Xplimit =

A E
2 =RA A ghg E’ﬁ@*“li”‘—‘] HAAAE #3537
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Fig. 9. A photograph of the proposed probing
system prototype.

WA, & =Rl Add Zaras
T e MARETIFY $HEAS
%5}"4 s w3, A" HEA duFe a &
e AEVIAAA G AzZgo) o3 $E423]0
(passive compliance control), HZ3 #H 3] 23 PID A
oy HuwAYS Yk o), v HEax o
ZRHst HEBAQI Addo] ol HEAE] HEZA
< ZhAop o disl AA A 32 sFA T

9ol gyoletn @
He Agdelun 4¥e

E 4 9829 Aojr] A 2 APz,
Table 4. Control specifications of the prototype and
experimental conditions.

# 5 T A
FALE7 Ao MEY F7 1 [kHz]
mAEEIFY] Ao WEY F7) 10 [kHz]

3] Al A (Piezotronics, 209B12)9] &4 % 222 x 10* [N)
dHMe Hd &4 sHEA Max. 10 [N]
Hd A5 587 0.15 [mm]
a7 Y&y 0.2 [N]
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Fig. 10. Closed loop step responses by the PID
position control.
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Fig. 11. Response of the PID position control of the
micro motion device for various feedback
gains.
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Fig. 12. Comparison of the conventional methods
with the proposed method(slant angle of
contact point = 0).
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