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Development and Application of Low-friction, Compact Size Actuator “MagLinkage”
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We develop a compact size, low friction actuator “MagLinkage” and realize dynamic shock
absorption control for catching of light object with a robot hand. The actuator is consisted of
compact size direct-drive motor, magnet gear and low gear ratio planetary gear. The magnet
gear translates motor rotation axis to vertical direction with extremely low friction. And the
planetary gear reduces rotation speed appropriately for robotic hand application. In this paper,
we describe specifics, dynamic response, friction/cogging torque model and catching a light weight

object with shock absorption control.
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AT, NGy I RIA T T2 Fax—K “MagLink-
age” ZFAFE L, TOMEEEZMEET 5. X517, BRY bV NE
Flo—2& LT, HRINF vy F2EHT 5. [1(a) I© Mag-
Linkage % 8 i\ =% f5/ > ¥ (MagLinkage /N> K) %7
A& (b) IZ/RT@EY, MagLinkage Ti&, /NEX L 27 b RFA
T —Z ORI 2 AR & O EREH L, bR IEERE T
A TRy MOICE L g E olET 5. KAV RR
T4 TE—R, (KRELLONERFEE, MAETHEOM A DY
X0, BB - BNy 72Ty UPRERINTWSD, Ny KN
FANEY) T4 BIEHIENTWS, £/, E—XOETHHAE
HTEASE R U 72 AL EBRIZH B 72, /INIANY K - l{laRy b
ZREK L3\, MagLinkage N> RZHWS Z & T, HEIRIX
il (Maxwell € 7VHIEE) 247 V3 LR - 3 —RElH O A
TEELUZ. aRy bAY RIZBWT, ¥ —RHIH O A CHE%
I A2 B L =Bl ZnE Tz, AR O®RETH 5.

TI2FaL—RDNY I RIANEY T4 %M ETE72DIT,
MOy v T e BEEAEETE A A G DE S FIE 1] %,
DNy 2 Zy o ERMAET SHEETE 2] MREINLTVD.
ULAURMS, MNIaRy by RPHia Ry b &S 3B
L 725 [T7Faz—ReBAOEE] FFEINTVA
W, —J, WERE 7 7Faz—XE2HWZ@NY I RIANT
Ay R (3] ORIRBIL 555, HRALEL, HoREEoR
WNRUHERREN Y 2 F 2 T— XD AT RBMETHEH L W, Hfld,
®Ny 7 R Z AN Y T 1 7 Series Elastic Actuator(SEA) A%
(RPN S N TWBED, 1 ABRKREVWREYEH B, Tz,
70 F 2L — X DA R B & Bl U 7Bz, A
MERE L 72t O B & RIS 2 G2 s T I A Al RE A IAREE & 1
TWARW. 2T, LAY FPHuRy %3287 MR
ATREZ/NI - EE - @AY P RSA T T I F a T — R EHTZICH
HTHDBELRDD.
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FA¥6 U 7= Maglinkage /N> R D E R~ - ERkZ K 1(c) &
£ 21TRT. &, S DIP (FEE) BfioY v 2 K 60.5mm
DIP B#&in 5 PIP (#55) BEHiMDY > 2K 77mm TH Y, &
& 35mm TH5. Nv 7 KIANEY T 1 B¥MENNY RDR
TN TADY A A THD. HEBE NIV IIBILEBR AR Y
T OEENY RERIEDWREZHIELTT 7 F a—&, JhiERK,
WAOEHEZEE L7, PIP EMiCIIR M7 2T 572012,

@ (b) s

Degree of freedom [-] 8
Max fignertip speed [m/s]| 2.6
Max fignertip force [N]| 6.8

Link length (PIP to DIP) [mm] 70
Link length (DIP to tip) [mm]| 60.5
Finger width [mm] | 35

Fig.1 (a) Over view of MagLinkage hand, (b) schematic
diagram of MagLinkage and (c) specfics of the
hand.

Table 1 Specifics of DIP and PIP joint

DIP joint | PIP joint
Gear ratio [-] 1/16.4 1/16.4
Max joint speed  [rpm] 182 182
Max torque [Nm] 0.41 1.0
Backlash [degree] 0.5 0.5
Angle range  [degree] | -90t0 90 | -90 to 90
Encoder resolution [p/r] 500 72000
Weight [g] 110 170

PIP joint motor: MDS-2018 ( MTL Inc. ), magnet gear: FD22S-C-SA ( FEC Inc. )
DIP joint motor: MDS-1318 ( *“), magnet gear: FD22-C-SA ()

E 18 mm @ DD £E—& (MDS-2018, ¥ 2705V 7 -5RF
F)—HRREH) EE MLV X1 TOWAER (FD22S-C-SA,
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MRty -4 — - =) ZEALK. —F, DIP BN
A XL/ODPREEROFEEEZEHL, ER 13mm O DD €—X
(MDS-1318) &{Ka ¥ 7 XA TOAHE (FD22-C-SA) %
FHWN =,

BAMLV2Z1EDIP (J8%%) BT 0.41 Nm, PIP (AE75) BEf
T 1.0Nm TH b, HKEEEEIIHELILIZ 182rpm TH 5.
POE X FE AN Y N [4] 2¥1/50~1/100 TH B DITxL, Ay
FCIIMmBIHiEI 1/164 THD. ERARYy 2 D@#ENY P
HHEiz$ 5L, DIP Bffioxk ML 2ik 2.1 £%, PIP BfioRx
KIIW2ZIE11BETHY, ELLZNSSUDDMNVIT Yy 7%
LUK, 727U, 1E2Bfitya—VoERIE, S#HNVEK
R110g THEDIZHL, ANV FIF280g THS. /-, £H
iR & RESEE L EM ARy ZOEE Ny REET 095 TH
5. foT, BEMERDEEIZIZEENY FBRELTEY, &
XA FIv I LY ITOHRBIZIEARNY RHPELTWS.

% 212 DIP - PIP BffiD € — Xl CoF L EEE ML 2, 27—
O UEECN L 2, MR N OV 2 R T, FbEEE N L 2 1 E —

Table 2 Specifics of friction torque

DIP joint | PIP joint
Static friction torque™! [Nm] | 4.0E-3 1.68E-2
Viscous friction torque™2 D [Nm] | 3.98E-5 | 3.72E-4
Coulomb friction torque®2 C [Nm] | 3.37E-4 | 1.14E-2

% 1: Experimental value, at motor shaft

%%2: Estimated value using MD method, at motor shaft

LT ZAPRD bV a4y & R T E 2 72 BRI ' — X dlds[E|
A BOIREOE—X MVIIERETH S, —FH, 7—a v
BRIV CREEER N L2, 48D 1) 7 1BEET IV EK
E L, MD HEE [ THELZMETHS. DIP BHEi0E—X
(MDS-1318) OBRFHA V215 0.025Nm THBDITH L, #
IR IE 4.0E-3Nm TH 570, BRREFA ML Y & s g
5 e ERIEEEBIZ X B1BRIF 16%TH B, £/, PIP HfioE—X
(MDS-2018) OBERiERK V21X 0.13Nm TH 0, #ribAEE I
1.68E-2Nm TH 57-, [FEFEMETHIEEERIZ L 2K 13% T
H5. MEHIILIZE — XBERFIRK MV Y % 100% &5 5 & ik
BIZXBEEIT 16T TH Y, BEITHEHZ & ORHEBESR 2
U TS BRI AN S .

3 AE - AREEREE
DIP - PIP EffioAE - AEEDORERMEZRGET 272017,
PD HIfIX (1) 2 k2 HIEAEANDEBREREIT- 7.

(i=1,2) (1)

Tref—i (EBAHT ¢ D MV IIRAMHETH D, Ky HHI7 1Y, Ka
3 r 4 v ThB. 0, HDIP BfFiOAETH Y, 0, 23 PIP B
HiofmETHD., LMEFICAEHEMEZR (2) THEX, 0~2s
M, BiEfEzE A1 —T S8/, b, BERIRBOMELRET S
720z, BRENL AW BAfTIXEE L CEBRE T 72

Tref—i = Kp—i(Oref—i — 0i) — Ka—i6;

&dqzzgsmﬂwf) (i=1,2) (2)

X 2- 312 DIP Bdffi & PIP B&i% PD AREHIME L 7z -
AEEIGE 2 RT. MR AMPAET, GUPHEETHS.
REMAEEIIMEEMS UTER LK. 77 7RO (Bf)
X ERE AR 7 XA EEA R L TWA. K2 &0, DIP E
HIX A - ALz HEEA OBRMEREAS R . DIP BIEIIK
AX VI ARERZRALEZZ LT, B aX  SHER LT
WS DRAE  EEREATRETH L. —F, M2 &Y, PIPH
HilX —5 ~ 5rad/s DREHTHEDIREHE LTS, PIP H
EZIX MV ZEMR LU TR MV IEAHEEZRHLZD, 20k
B, BARHEOIX V7 ML PEHATER VLRV RD, H
BOREINECZEEZOSND.
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Fig.2 (Left) DIP joint angle and (Right) angular velocity
when PD control
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Fig.3 (Left) PIP joint angle and (Right) angular velocity
when PD control

4 EBE - AXVI ML ETIVEFHESRIME
X 0¥ SNz PIP BRI - M 2 HIH T 572002, EE- 2
FUETFTNVEEATS, EFAVEEMIZTSEDIZ, 1)V
1EMRE L, BAREOIX Y2 ML IE cos WK TIEMT 5.
ZOEE - aX S VI ETFLVER (3) ITRT

[9.27111 + Dé?fﬂl + C Sgn(9‘27m)_
Z Ci COS('LPQ—m + 0of¥set—i) = Tref—2 — Toffset—2 (3)

i=1,8

X (3) OEUE—HEEN S, ZHEHEWKEEES, =HAR
r—a VRS, BUEAIXF VSNV TH B, O 1T PIP
BEffioE—2METHD, TIZEMEE—AY N, DISKEEERR
B, Cl&x7—0 VEEREE, ClEZax>y 7 MVIERE, Oomser—i
WFaF U RO TH S, —F, HUE—EHIZ ML ZES,
ETIHF ML ZEESOEOEA 7Ry FEETH D, ZhoDss
T A =Xl MD FEELEHYRAT Y TInENSRKD-., 742
B, B aX VI MNVIZEHDON T A —RFAEFEOFHME ZD
RERFHIZ DWW TIID THME T 5. B - aX 27 ML HD
AL ‘—‘&Iﬁji{lﬁ [D C Cl CS eof‘fset—l eoffset—S Tof‘fset—Q} 7)}%
XN @) TE OB aX YV IHiIEERTS.

Tref—2 = 7-rlef—2 + Dé2—m + c Sgn(éZ—m)
- Z Ci COS(i02—111 + eoffsetfi) + Toffset—2 (4)

i=1,8

Tref—o & PD HlfNZ & & bV 7 fR A EPEERILEIRID b L2 H
TETH 5.

4 ITEEE - XV bV MG OMR AR T, K41
Memh A s s, BEEIRETH b, REPHEAME, FHEA PD
D HDEETOHEEM, HFREH PD HIH L B - a¥ > 7k

No. 19-2 Proceedings of the 2019 JSME Conference on Robotics and Mechatronics, Hiroshima, Japan, June 5-8, 2019
2P1-H02(2)



N . v
friction/cogging torque
compensation & PD control f

A A A | ’l

2 Aﬂ%ﬁﬁykm
0 only PD control R
\

PIP joint angular velocity [rad/s]

0 0.2 0.4 0.6 0.8 1
Time [s]

Fig.4 PIP joint angle when PD control with no compen-
sation and friction, cogging torque compensation

WV FERIHZ fAG O TET L ZBOMEEMTHS. AN
ko, WESEEZMNSZ LT, 0~2rad/s NTOEHHEED A
EU, HOPITHEREDOMREAEA L7z, UL, -5~0rad/s D
XTI, MEHEZHN725E6 052 EOIREI AL T
5. ZO7H, BUROE TN TIIBESIRIE RO O Fb D 24
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MagLinkage \&EEHEAMBHGIZ /NS WEHET B 5728, /NI Wb
TN > B THMEN NNy 2 RS54 7L, ZOMizELZE—
ATy - R TIEMIZEHITE 5. Z ORI, #REeV5L
ATHEDOEWMERFHDHEE R, 1 v E—X > A4 5 Bz
BHTHD. KiLTIE, AMEBPRELTVWDENC E—
v Al (Maxwell € 7VHE#H) A% MagLinkage /> ¥ RiZ &
D EBLREDMREE L 7=

WHOA V=XV ZHIEITIEAN R X2 H L 7
voigt ETIVARHW SN B A, PRCEREE & &% U -5 W0
BIZRAS L TERIVBTHRET L. ZORNIIE, Yike e
Fry FTBBICHERTEKRE RS, £IT, KRS 6,7 1F
NE XU\ %E R L 72 Maxwell € 7V 7% F\W 2 il 53
ZERELTWA. Maxwell EFVTIE, BHZEK2E (W
MBIZRES S ETERABFELRN) 2EBET 20, BEY
REMERITIIF vy FTIHBECENTH D, RFHEE, /N
v MR TR RN R R REXE, TORXHDT 4 —
RNy 2 125D S RTBfiZ & v vy JHIfET 3 2 & TEIE
INFNFR - RUNREFVERBT S, YIalb—var 1%
ENRNXET 7 F 2T —ROTHRICEO AT TEAZEHIT S Z
LTUMREMERITIZF vy F T [6] AT NETIZRI N
TWa., ULrLAaDs, BEROBEEOME L il T 5 2
COHLZIZED, BRY bAYRIZBWTY —REFEOARTD
Maxwell € FILHIIE Z N E TIZEBHIN TV,

5.1 #lER

ARFX TlE, Maglinkage DEW NNy 7 KIS NE) T 1 %
DU T, Maxwell €T IVEIHIZERT 5. HRFETIIAE
N—2HEDRHNSONTEED, ZOFETIIEBROMELANE
WL — T TN TEBLRE, YRR e OBflZED 7
DIZIFIEE B OHIEIS B MER BT A 0 L U 7 HI A EE L
Motz. T T, KT, Mo R=2flfHzH\N5Z T
MagLinkage D&\ 27 K71 TR A EN L, YikE g @
Pz HELP LT 5.

X 5 ZRTY, FEICEER AR N2 2 E L, DIP B0
WA Oinitiar—2 2 FEHEIZ L TR (5) 12X DRI NRH Fapring
BT 5.

Fspring = QKSKg[q COS(@Sl) (5)

Ko BN X DONIER, Kg (3F0ELE, L BHEEOF.L0 5

center point on fingertip surface

Fspring

Fig.5 Schematic diagram of one finger with maxwell
model

DIP BfiiE TOV Y7 RTH Y, O 3N OHIAFE Ly VY
VIODRTAETHS. £ LU TRENEX T Fapring ZHWT DIP
B MV HIEE 1er—1 2R (6) THZ 5.

Fs rin, .
%Ll sin(6g1) (6)

Tref—1 =

B2 X L1 V78 Loo (REEY) v ($8HEH OHLA S PIP B
DO OmTAETHS. —f, PIPEHiOX Y
NV I & Fspring PWMEERBSHAL, X (7) THEX 5.

Kq .
TL:ef—2 = FdFspringL072 Sln(asl + 952) (7)
g

Kq AR v kiR TcHh 5. X (6) & (7) I2&y, &Y
B S N RN S - BN % PREEEHETRIL, Maxwell
EFNVOEMETROZEE) %2 FEB T 5.

5.2 228
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Maxwell € 7 IVEIH (a) Ofth, B - 3% > ZHHERIE OFF(b),
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EFNEIHD X > > TR A % IR R E S BREL 72720
—EHOEHEDHITHO T YA SR N, ToB_[HH
DEFRMPZ 572720 Th 5. B E MR Uk 5720
R VEY T U RBEYNICHRET 22 L &, #hbERE R E
TEHENBETHD.

MY EDKEFE S, Maglinkage /N> R & L7 R—2Z Maxwell
filgE, B - X 07 MV fERIEOMAGhEIZLD, Yk
B ZEHG DBES OKH & I A2 NS 2 Z DS RETH 5.
INSORRIZE D, BEYEKERRESTICFrvwFTEIL
MH[RE L Ao 7=,

6 #hEm
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Fig.6 (a) Maxwell model-based catch with torque com-
pensation, (b) Maxwell model-based catch with
no compensation, (¢) only stiffness control of DIP

joint
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Fig.7 Virtual spring force when catching with

(a) Maxwell model-based with torque com-
pensation, (b) Maxwell model-based catch with
no compensation, (c) only stiffness control of DIP
joint
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