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(b) Fourier transform of equivalent input signal generated by output pulses

Fig.2.8 The effect of input signal’s level on V-F transformer
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R= Input signal frequency
Sampling frequency

Region I : Input signal is almost correctly transformed
to pulse series
Region II : Input signal is noisily transformed to pulse series

Region III : Input signal is not transformed to pulse series

Fig.2.9 Three regions of V-F transformer
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. transformer TC.C.W. > +
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Spring-mass load

Strain gauge

Stepping motor
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V-F Om_qut.

Input lever
Output pulses

Time Time

Fig.3.1 Control system for new NC controller
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6 . : Motion of spring-mass load (rad)

8 ... - Motion of stepping motor (rad)

Fig.3.2 Block diagram of spring-mass load driven by stepping motor
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Motion of stepping motor and
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(a) Feedback gain K; =0, Sampling frequency=500Hz,
Threshold level=1, Frequency of spring-mass load=5Hz
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(b) Feedback gain K ;=3, Sampling frequency=500Hz,
Threshold level=1, Frequency of spring-mass load=5Hz
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(c) Feedback gain K ,=3, Sampling frequency=200Hz,

Threshold level=1, Frequency of spring-mass load=5Hz
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=

Feedback gain K =3 I

0.4

Time s

0.5 : .

(d) Feedback gain K,=3, Sampling frequency=500Hz,

Threshold level=1, Frequency of spring-mass load=50Hz

Fig.3.3 Step responses of spring-mass load driven by stepping
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Threshold level for V-F transformation : 1
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R= Input signal frequency
Sampling frequency

Region I : Input signal is almost correctly transformed
to pulse series
Region II : Input signal is noisily transformed to pulse series

Region I : Input signal is not transformed to pulse series

Fig.3.4 V-F transformer has about three regions in its

transforming performance
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(a) Feedback gain K,=0, Sampling frequency=500Hz,
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(b) Feedback gainK ,=3, Sampling frequency=500Hz,
Threshold level=1, Frequency of spring-mass load =5Hz

Fig.3.5 Ramp responses of spring-mass load driven by stepping motor
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Voltage output
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of strain meter (=

of strain gauge

@, ©®
Pulse signal ; Driving signal ®
@
Fig.3.6  The robotic arm
Table3.1 Hardware facility used in experiment

@D Personal computer PC-9801 DA  20Hz . (NEC)
@ AD transform board ADAI12-8/2(98) (CONTEC)
® Stepping motor BRA35 1/10

0.036DEGREES/STEP (KAMOSEIKO)
@ Motor-driver UPS503-0 (MYCOM)
® _Strain meter DSA-603 (SHINKOH)
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Voltage output of strain gauge (v)
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Fig. 3.7 The experimental results of vibration
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Fig.4.1 Traditional NC control systems



Processing in computer
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Fig.4.2 New NC controller for PUMA-robot
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Fig.4.4 Desired positions and postures of robot hand
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Fig.4.5 Pulse series for each articulation to attain
desired trajectory of robot hand
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Fig.4.6 Transitions of each articulation’s displacement
in attaining desired trajectory of robot hand
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Fig.4.9 The tool is used by robotic hand

-51-



DE S RN T THERDD.

W—Jquﬁ <1 4.7)

ZOHT, JixnRy MRECHET A Y vIIThD, £ 3EE LETE
DY A KITHIET 5 TREDY 2 CATFITHS. —BlE LT, afy hOA LK
NLEZFERVBEEOYa 752 BT, TEZE-~E4 LH-LRVWES
DENFIUIOWTHERBIZ LV I a2 L— g U afTo T,

| PUMA 57— ACH L CEMIBER S, & TREROBIERE, 8 4.9 (07
TEOCHEDDS ETIUL, TOLEDIEEEFII T, T 2ERD T LITHEYT
5. |

1 00 0
6%20 10 - (4.8)
00 1 I+,
0 00 1
X 4.8) &V
Rn R]z Rl3 —R121i+R13(lg+lh)+P£
e | R Bu Ro ~Ryl, +R,(, +1,)+P, 49)

“|Ry Ry, Ry —Ryl+R,(I, +1,)+1 +P,

0 0 0 1
ERBNAVEORL GIZETA Y BTV YIal—varkhiTo
L RECHHFZE 4.10 17T, K411 uRy FEE (G R BSHEWZEBF
THY, VoD, EMLy TRV TROBEITHD. v Ial—v
a vRERLY, EURRYa EfTRIRES>TH, #WHBroRET+aEn2

&ﬁbﬂot.&ﬁ,lﬁwﬁ4fﬁﬁﬁb??f,InﬂVﬁzﬂw%éKﬁ,

REVERENELTLEY, BRELTHIEHHZH 2L TER<25.

-52-



250 — Desired position
------------ —— The resultof sinulation |

2004

150

100

50

200

800

Fig.4.11 Positoin errors with proper Jacobian
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Fig.5.1 Robotic fingers driven by stepping motors
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+ V-F
transformer

Motor driver

v

Strain gauge

Stepping motor

+
Robotic finger

P

Pulse counter

Objective position

C.W. : Clock-wise
C.C.W. : Counter clock-wise

(@) Position control system

K.z V-F transformer

Kz : =/5000 rad pulse

6 . : Motion of robotic finger (rad)
6 ., : Motion of stepping motor (rad)

- 1552

(b) Block diagram of position control system

Fig.5.2 Position control system of robotic finger
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C.W.
+ V-F Motor driver
transformer >
— C.C.W. +
Strain gauge Stepp1n+g motor
; Robotic finger
Objective velocity(force)
C.W. : Clock-wise
C.C.W. : Counter clock-wise
(@ Velocity (Force) control system
Kg
— . F
6 { On[7] 00+ |{k|k |6L
— Kg »— K, rKp > > >
+ S - Jsz

K.t V-F transformer

Kr: m/5000 rad, pulse

6 . : Motion of robotic finger (rad)
8 m : Motion of stepping motor (rad)

(b) Block diagram of velocity (force) control system

Fig5.3 Velocity (Force) control system of robotic finger



IAdjusting the offset voltage of each finger

Left finger touches

Right finger touched

Y

Balancing gains of each finger

v

Left finger

Y

Velocity control

v

Right finger

Y

Velocity control

the work?

the work?

Right finger touches
the work?

Left finger touched
the work?

Velocity control

y

Left finger touches
the work?

Velocity control

Right finger touches

 J

Position control

Force control

Force control

Position control

Fig.5.4

-61-

Control strategy for robotic fingers




& THIREICIRD. ZORAVA TRIOT 4 o HFiZ<AZ—RDOT 4 HO8hE I
BRELTEWNT D Z LIZRB DT —F ITIHIC—EDREH % 5212858
BEREE 2D, ZH LIt ARE— » AVATREBETHZLITLY, W71
HEOFLIRNT—7 OIEFFE BRETAEEDHTY— 7 MBRTEB L
2225,

524 BORYbTg UHOLEATR

iy, Ry hT 4T LTIX2EDT 4 VHOFFORED T VAHLEE
ThD. AETIE 2L ARDT 4 B T b= ER S —VEEED O LN
NORFELEBHT —VEBREOTA L REEaRy N7 4 o TOWERHEEL LT
A4 TTHoTWA.

ZO—PBI%E 5.5 1279, K55 FTA~B RKEATERS —BEEEDOA 7 X
Y MERTHEOTHY, B~C KENRA 7y NEEROBSERF—PBEETH
5. C~D RRIEM 7 4 Y H A ZHE S ERm S E TR TH Y, BE
WOV RIZIERFR CERAZRBEIE TR0 b b ZoXE TR S
BEEEZRLTNS. D~E RRIIEL S —VEEEOT A VTHEIZLY 2RD7
A Y HDEFORHEER /NG A SHIRETH D, ERITIIZ 5 L gISRERIC
T—7 DIEFFRON RY o T%ITH 2 5.

Fingerl
—---Finger2

= O = NW s oo
1

Voltage of strain gauge

Time s

Fig.5.5 Adjusting initial conditions of robotic fingers
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(a) Grasping force generated by robotic finger
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(c) Pulse series generated by V—F transformer

Fig.5.6 Example of the work handling

-64-



F) & OBURIIFRECRG. LY

~(s+ K,K K, F

= KoK K ok, - (Js* + JK,K Ky s +K)s6, 5.5)
DEIZEZBND. AEROL ST —7 2B VBEITIBEIZIX
R

Ko g k k

~F= - s8, =-F
K, KK, K,

0 — mseL (5.6
DESITERTES. &LV -RE—{T 4 o HOESROEERES), EERE
BIZBWTIR VA TRT 4 o H &R LT 55 ROEBIZ OV TEY — 7 ~0
R ABERL, IR E—R7 4 A ORI FRAORERES), BIbALA T
7 4 > H a5 EBET HROEBNZOWTIIT — 7 ~DIERF ARB 5 Z &8
" bbb, AEROBRIZOALVA TRT 4 ARG XETHROEEBI TH DD
T—7FARBS LT B. ERGE6 (c) (I T 4 o TRENO DIz V-
FEHBEBR I Y A SN VA PIOBTF 25RT.

532 T—VIHNNIMER LD T 1« VO HOES)

HFLIZU — 7 ~OWFEHT IR LV EBIZRETED. Emyq v
WEVEZ OB —7 ~OM AT NIFMBR TEOREIBRILTHS.
ZDHET 4 o HERUAT OB AOFITEr 25, LD T—2izxt
LTI A UA DA FIBMER T BRI T 4 U HZBETE Hofk v 2o
NANEHETHZENTREE 2D, 25 LA SR#ET D Z LTV —JITER
LA SIORE SOEWLHIZIET -2 2FT LV ofzaRy T4 o HD
KOEETREPHED L EIIVELRD. AFRETRErRY T v Al<eR ¥
— AV TREERLTY—7 2R LT B REBIZBWT T — 2125 1% M
ATREDORY VT4 U HDOEEEZRR L. £O—FEZRTITRYT. V—2IZ
ANz & HEEZEESETHA RV, TlT7 4  TXEOHAIOKRE
XX W BEIT A OIIR LT ERER E MR L TN DR Z— /7 4 U T13IZ
A LB EBRE.T (@) DB, K57 b) IKIXZOROET 4

-65-



ARRELZIE, 2 BOT 4 o HRT—7 28 UATTNBH0fME Y T—2
Mz SNEANOHEBEERYT. AVATRT 4 VIR T—7 B LT TN
AMIFE—ETHAI bbb, wRAZ—R7 4 FTZiIAH EIFERT
K& ZDOARMb> T BEFVRb1S. ZH LEHELY, vAF¥— - XLA
TREER LR Y M7 4 BN THBRA LY RERATH LT —
JewRE—UT A T ENBELTLES Z L bHVB{DT LTS,

RiZ, FaRy 74 o ABRHICHHEHZERR L TV — 27 ZHBFLTWDHR
BIZBWT, V—2IZANEMAlcL &Ry b7 4 o HOEEBZFERLT-.
ZO—BIEE 5. 81ZRT. 5.8 (a) ITRT LRy b7 4 AT SIH
HRTHEREINTWE DD TR THoThbuRy N7 4 U HXEDHIDH
MIZESBIKREOK D HITHZENTES. K58 (b) IIXZORFOET 4
HBRRELTZNE 2EKDT 4 ITBRFE L HOME Y #EE SN ORTF%
RY. W7 4 o HHICIHERE R L TR KRGIX2ERKDT 4 D
BEL TS NIDORE SIIENENORIELTHAHUNTHIOREENRLHED
BELBWITTH B, 2T v E—F OEEHBHHOEITERE L TR T
RNEDIZ 2 RO T 4 I IOESRBEN T LE -7 b D L B 5.
W7 4 AT D E BRI ELNIHER/ITIE, T—7 OERDIIEE
LW, SMmb-> Thb— DR % 525 Z L RARER-OT—F Ll7
AVHEPEENTLES ZLidRnEnz 3.

5.3.3 D—VIZEAT BN NOKRESITL DV~ OFHLIEE

BARY T4 BT RE— « AVA TREBR LTI —7 2B LT 5K
BIZBW T =7 M bNTNTNIE D 7 4 VIR —27 2 FTERERAS
7. ZO—FER 5.9 1R, V—IICHEMZ L ERAZ—RT 4 HER
VA TRZ 4 o HHERTRIERAOMED, U—2iZMx o/ IBHETE
5. TOWESNTZATIOKRESFHEBLT, RELEZIU@N ZEZ LEICH
Ry NTA VTR T—I2FHLTNE—HFITHS.

-66-



1000

[}

3

3 800

h(l)

St

o.

on

& 00 F NG Slave
G

8 Master
RN SN ) RSHES]

Q : ~¥ e S e
S 200 | *Work

0 I} L L ] o L 1 ' 1 Lo L 1
0 5 10
Time s
(a) Position of each finger
15
10
'mwv‘p ‘..\.‘"""“‘...-\'W'\\’r‘f'\ﬁaa-
------- Slave
Master

—— External force

Grasping force N

15 L Ll fl j I S Y F S S S| 1 1 bl Jd, bl ) 1

Time s
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Fig.5.7 Motion of both fingers controlled by master-slave system
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Fig.5.10 Transferring an object from robot’s to human’s hand
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Voltage of strain gauge

Fig.5.12 Robotic fingers moving in vertical plane
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Fig.5.13 Adjusting initial conditions of robotic fingers
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Adjusting the offset voltage of each finger

| Determining the weight of each ﬁngeq

| The upper finger |

[Velocity control ]

e upper finger
touched the work?

The lower finger
touched the work?

[Position control |

[Velocity control |
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(The slave finger)

Fig.5.14 Control strategy for robotic fingers

-76-



MNEBHERTHDIYAY —UEZ TR T3, HUDT 4V HITEE
DO AHEA~FEE— FE2ERL, AVvATREZITRZED LTS 25
LEEwRE— AVA TREBRTDHZEIZEY BELTBEBEDHTI—I D
BRENRTFIREL 725, BIEEL TR VA TRT 4 o HzE 0 EXBZ I
7B, U—7 OBBII~ R —ICZOBELTIBHEY 5 X5 Z & TARRID
725, ZORAVAL TRT R Z —IZBEL TEINWT<NEZ iz s30T
— 2\ IEEIC BN S X RBOBENFREL 25, FmT 4 U HITHE
RT3 h0mEDU—r BEE~RY—QT 4 Y HOERT—VFEMEL Y 3HA
THZEGEREIIRD. ZOLD AP TRET D7 4 V HORIER IR T A
7u—%K5. 14 TR

5.5. 3{BEMED/N\> K'Y LT EH

a) D —- OiRFEFEE

ZIZTiIE—HIE LT, M7 4 FRIOPFLIZHFEL THRWT —7 Oftfe L [R
FRZIBR LIc U — 7 2B DONBICEL ERETo72. ZOBEDME T 1 THFE
A LTEAORT %K 51502, @7 4 o TOBBOHETF2K 5.15@IZFT. £
TELLDT 4 Y HPFIZT — 7Tzl L Tn5 (55.15 A ).
Z DB ORR LD T ¢ o T EHIEE — R EE» OABHEICEEL, £0
BTLIEOLBIETS. tBFOTRIOZ 4 IRV —7 i2fniz% (K515 F B
R) I — FEEEN OSBRI EEREL, v ¥ — 2%/ 5.
Z DB RO 7 4 TN B b A1t~ HEE— FEZEREL, AVLA T
Ly BELTRERNEELZSD (X515 FB~C /). Fog~X¥—{HIizH
BLIBBEXEZ DV —7 BB E5 (K5.15 7 C~F ). 20%X 5.15
1 E~F KEIZBWTRY —27 BEUSADA T ORE SEHETL, ZTOAHIDOK
EEINTV—IHELIZFRE LI Rolim (515 FF &) 28T 44
RU—75FHRLTNDE. V=7 %BW-R 5.15 F F mLEIE 7 4 o i
BRI L LT 4 U HEROVTWS.

717



400

o
g 00
z 0L fa
» 0 4
7]
:go 200 —— The master finger
s 0 NZ /0 |- The slave finger
£ -600
£ -800
4
§ -1000
_1200 § S T S T I S ST JRN SN SN NN (N N SN S N TG GHNE NN SN SN G N 1
0 5 10
Tme s
(a) Position of each finger
."\-u""'; “.._..--...-.E
z 10 o :' ‘-‘-\.F
g ; s —— Thesslave finger
& 5 ¢t e e Y —— The master finger
Y B'; L ogllme External force
§_ Component gravity
§ of the work
_10 S T TN N TS N N SN N N T SNUNN N TN S Y T T S NN NN )
0 5 10

Time s

(b) The force acting on the finger

Fig.5.15 The experiment of picking and placing the work
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