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Table.1:Definition of parameter

1 Moment of inertia of robot arm 0.477 s 17ad)
A Moment of inertia of man's anm 0,072 W' frad]
D, | Damping coefficient of robot arm 009 [Woms 4 vad)
D, | Dampirg coefficient of maris arm | 1 B frad]
g Gravitational acceleration 931 [t 5™
" Weight 375 kel
Iz Weight of robot arm 05 [kg)
m, Man weight 1 (k8]
X Spring coefficient 100 Wirad]
! Half of length of robat anm 017 [m]
} Half of length of mar's arm 017 [m]
Tl Motor torque : [Am]
7 Man torque . [Nom]
7, Spring torque . [m]
8 Movement angle of robot arm i [rad]
8, | Movement angle of person's anm | [rad)

K, K. K, DENTA=FFuaRy b7
—LBEEERZERODBH R AT v T INE
THLOIZED.

3.2 HEAEEH

BARA BT, RIEEOBRIENT,
LE—HDRENMIT EEREL, K
KOBFRERZTEIICEEEr 2FH
LTWL . ZZTal3hoEExR, §i
REFE LTRESINZMN2METHS.




(a)Constant Position

T, = (@t )T, )

BEEr OFHIIFigsD 7 0 —F v —
MR L7 SR HIWN & - TBRERIZITD
na.

3.3 EfEIRE

ZITiE, BEEEEr ARy T —A
DEIMEL BEEAEEFHOBE OBGEE
AL LEATS.

DIZ, Figs@D X 51T A\ & EBMRH
HEH#HELTEIELTWAYISIRES =
2%, ZOk, ROEH-THDOOVE
WREELTWDE, Ry K7—AC
BIFD2HD20H WV EKRRDLE 125,

T, >(a+d)T, (a+5)7:,l,>7; >(a-3)T, L‘ <(e-d)T,

\ y
r=r+STEP| [ r=r | [r=r-STEP]

y
! PID control

Fig.4:Flow chart

(b)After Operation (6)New Constant Positior

Fig.5:0utline of operation

T, +T, = (2m, +m,)gl @)

ZOREY, RTOAKENEE—4
ETHHELTWBZ E3bns.

KIZ, Fig.5(b)D X 5 Iz ADRi% iz
INBEEAO T2 T EIN LT EE A E XD, B
2 LUT-B#ENX, = A v b7 — L 3PID&
WL THIHEEAEICHBEShTWS
DTENDIRD., ZD-D, R"EINE|E
AO I U Sy 2R H T, B3 L, 17,
LD, EORER, HOBHRM

T <(a+8)Ty ®)

LRDDT, BIEAEFEHMMAFigan 7
B—Fr— MIREWVBEEEZEEHT .
—[E D %7 C B AZME 380/ BE STEP 4y
ZEEL, BEEOEHITIN(6) -
TETKVRLEETOND. FOERD
Ry NT— NI R T o TEMER &
DIRLAEDLBENZITS.

KO ZMW-TETeRy FT—ANE
FLlLE, oRy N7 —AIZELT S
(Fig.5(). ZnLx, Ho29 B3 VIEE
UKL, 512, ABBI A0
FaRy T —A3EM L TWAB -8,
TEEIL NS 2 AT, THME AO T2 R b
LEFz bk s,

L= T 256 b REORE TEE
THZLILL > CHREENBEICTR v

N7 —b&o TR E BT = L ANF

BEIZR 5.



4 V3al—YavERR

4.1 ¥Ial—YavIckBREE
RETIHERT LORIMELEHAS
MZTBIDYIalb—vailldk
FEZAT Tz

WBHIZ, ARy N7 —ADERIC
3.75kg DT % FEHL L THiE & AKE2 A

BEAHBTAVIaL—2a v a2 fTor.

HiIERa =1, § =0.025, PID##E%5D /<
SA—%Kp=4, Ki=1, Kd=2%L7=
RFDOFER % Fig. 61277, HIHBIAE %X
REVBEONDH, HKMIZaRy b7
— AL ADBEE BIZAKEAREQ.5Trad)iz
WHR L. ZDOK, 6§ p0OEFTORER
R0, 13EE—F by LHEN
EBIHIOBEFE RS TND ZEN
Fig.6b) L W bo2d. LoT, R(6) %~

LTWBZEDWHERTER. Dz &
mh, aRy N7 —AOFEHEEIT O
L THHBEZITo /- L RZEORENE
LD ERghotz. BItAE. DENE
DIRENT, FHOHIBEASINROTHDZ L
& ADBOPIDHIHES % @24 IZ8RE LT
WD ZENRERETHY, EMTIIRIEIC
2B RN,

WIZ, 6=0.025LLC, BEKEME
RS TRRETHIER o 2 1~5D#F T
ELSEIZBEORIEEIToT-. O
DE—H b7 LEES B Lz R
#Table.2 L Fig.77RT. S I L 2EHETF DA
ZiIHDN, WIEEa OB, #
EARROIZIE- TR LT, FOHE
37T, =a:1&725TND Z EBan
D, IO END, EBRERETS 2
ETHRIEEDOAHEZAEI TEDLELD.

6z, HiERa=1, 6§=0.0252 LT,

ANDEiE ETIZELIZBEaDY I 2 L
—YarvETok. ZOFREFig IR
4. Fig8@& Y, afy k7 —ARAD
FOBE ZBRELTNWDIERbME.
L2L, ey FT—ADBENIR LT
HEBEOEFHNENTWS. TR, X
ARAEDRF L 0 & MBI 7 D HIESNE
FRELL 2o TRHWED, KO DEFZEE
RESHTETERZVOT, £E0BHE
WEEBITR. ZFLT, BUHEKIREE &
mHEEL, RO)EMIEZLEEE LS.

T T T
[ — Motor anele

e L LT LT [SUpY AR S

i1 L1 i
2 4 6 8 10 12 14 16 18 20
Time [sec]
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Fig.6: Simulation results

(When command input is the horizontal position)
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Table.2:Simulation results

(Relation of torques and amplification rate)

Load | Amplification Motor Spring
(Nm) rate a torque (Nm) | torque (Nm)
13.3 0.25 2.9 10.4
13.3 0.5 4.5 8.8
13.3 1 6.7 6.6
13.3 2 8.9 4.4
13.3 3 10.0 3.3
13.3 4 10.7 2.6
13.3 5 11.2 2.2
= Motor torque
PR — ‘{ ; "“:Spring torque
10 |- !
\ j
LY P !

Torque [Nm]
IS =S
/
/
/
o
¥
i

b
e

HIEE o

Fig.7:Simulation results

(Relation of torques and amplification rate)



— Table.3:Experiment results
CURTF AOREME €-2:5xp

_ - Relation of torques and amplification rate
LB IIEEORTE ( ‘ P )
. . Load | Amplificati | Motor torque Spring
CADBEIZHTHRAR Y b T —ADE (Nm) | onratea (Nm) torque (Nm)
PEE 15 0.25 3.62 10.28
N - 15 0.5 4.92 9.49
DIEMNEBRERN O LHA LR o7,
15 1 7.96 7.39
15 2 10.41 5.43
15 3 10.16 3.46
15 4 11.47 3.67
15 5 12.94 2.7
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Fig.9:Experiment results
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