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Development of a Pneumatic-Electromagnetic Hybrid Linear Actuator with an
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Conventional hybrid actuators can achieve a better force/torque bandwidth than a
single principle actuator without losing back-drivability. However, hybrid actuators occupy space at
least equal to the sum of the volumes of two or more actuators and multiple transmissions. In this
research, we developed, and controlled an integrated pneumatic-electromagnetic hybrid linear actuator
(iPEHLA). In the integrated design, hybrid components of an air cylinder and a linear motor were arranged
around a single shaft, and the pneumatic and electromagnetic actuators shared the same moving parts
(i.e., piston and moving ﬁart) and internal cylindrical spaces (i.e., cylinder and stator). Consequently,
space required was less than the sum of the volumes of the two actuators. The force control performances
of the iPEHLA under pneumatic and hybrid actuation were compared by using a prototype. The experimental
results demonstrated that the novel design maintained its hybrid properties.




B X C—19, F—19., Z—19 (@)

1. WFEBRAES IO &

BERDPFEER R v h T, BREREHIIC X
T—RE—=ZEZH, mORIPEEZFIH LT,
R DIEE AT C& T2, 5%, BN
FFENDANELZEIHBTHrR Y hLst
BT A baRy MIX, AR5
R % RO BRED BA B O SEBL S MR TR
ThD,

FgefRE (fhH) XohFETic, mith
LD 7= 8 DR O B BRI B S & R
T 52T, BINEMNAEA Ul ER
HAVI NRIAT V=T EMT 7 Fax
—HERB LT, E6IL, KTV Faxz—H
BB L ER R s TRy &R
AL, ARSI AR L2 U —F o JEbE
ORI A EH L TS, KTV Fao—
U3  mH ) - mIREE A A L, B
IR I IE I C&E D@0y 7 KT AN
YT 4 2RO, ZOL D A L7 RE
AT HMHE, EBORWEREW D, E
JIHAE 72 & FRED 72 J1HIAENC b BRI b &
Tl L, BRMOBREICTliaA L OREOR
BRH o7,

COMEE, V=T EMT VT an—4F %
EENRIR E Ng 7 U » NMb3 5 2 & TR
T& 5, WERPILTIL, 0. Khatib 5 D
Distributed Macro-Mini (DM?) Z 48 & LT,
WTINDONA T Y RIEEICB W THEE
DT I Fax—H % BEWEERZ O T
THHEE LT, UL - mERE DR
BEL 70 H>TUW=,

ey E (BFW) X, 2E AN 7Y v R
TV Faxz—RITLoT, k- FEAVERHEA
nRy NEBELTEBY, 77Faxz—HD
IR - EEREAE DN ER TTENE, 20k D
eayel MIOICHNARETH D,

2. WD BEWY

AW CIX, MEEhEIA & L CIERMEZE & 2 F
AT H2EENATYV Y T 7 Faxz—H|Z
HH L, WRES & BRI & i ~n
ETHHEFE (PR R ER[EF) BLOZE
) (485 & riEhik) 2 —{fMb3 5 2 L <,
Ny RIALNRTILTHY N b, .
FEHTT - ESE TR ATRE e T LT
Fax—XER¥ETDH, "7V KT IF

2 =X O/NRUE - SR A ERT D720,

—IEIE AR R L, RRUE & EAMERE O R
2179, 1 FRIZIE, ¥Ialb—ra itk
O EARRHEEZ A SN L, REMIEORKG KL
OREZETT 9, 2 FERIIE, Hl#E 2T LB
% LB 21T O, EREZBL T, 7%
HEIZ L > TAAL 7Y FEREIR ATRE T h
ARPR S i

3. WED ik
AT, LFD 2 507 —<IZE Y #H
UO
(1) —KHEE2HITHEE ATV v KA
A VI NRIATEHHT IV Fax—H

DA%

2) FEHNOEKIEE EISEEEFERT D
BRI D ANA T Y v Rl AT A
DEAFE &7

B DB T 7 F 2 — FEEREHD

X LD, BERIEIEHEEORE & 225TE

VU U H L DR BRI DTV, AFSE

BN N E TOMIEICTE ST EENA

TV KT 7 F ax—%OHETT &

ESERN

FREZREEZHAWEZEHLKDOY I 2L —

va k| BRRIEEEORELEIT O,

ZORERICHESE, VU U HAEICaA LV E

BliE L, AENICE A b tia ey 7 %

AT 5 —IMMb&E L2 e 5, 3 EEITV,

FREERRIC X A2RER ORI 2 Sk 5,

BRClIue— R Z AW THED AR L, ]

BT DTV Faxz—FDOAT7 Y v RERE)

DFEBIEETITY, £/, BT /7 F a2 x—

A BT K 2 MR A 1E E 0D ) i 1 D 1E

X%, A7V v RERE) & 281 BRE) C bk

THZET, M TV RT 7 Fax—4D

B2 iR T 5,

4. HrIERE

()~ EE G T HEENATY v R
AVI NRIATHEBT 7V Fax—%DOMH
7%

[72TEmNAT Y v ROBESHE L 2EM % {1k
45 LnwHrsarte7roE (1) 1
DWTHRRET B72, e fE L1 LT
axEl s BEB L OWGEEREZ B L=, 2D
AERE (X 2) 12k, EBRMIZEMEREED
FEHME ERRFEICHKT L7272 TR AIRE
FEEZHWEEERKDOY I 2L —v g Ui
X o TR IR MG # b3 570 L8, v
al—yag v bER LRt T, &
5z, RIEICBW TR, HIROZERES Y
XD EIE N LT G 21T o 70, T ORME
DRI XV | Z8[E A — B —DFEFOE L
EIA VBRI TE S Z LAURR S, EH
W7 ERLICIE S W2 E R 5,

T I F a2z —HDORENEFT D720,
NI — KLY =7 L —IL &AW
FHAEEE A2 R L7 (IK3), JIOFHIORER .,
TRIE « BMET JF a2 — X DOFKBEHZEN L BT

<4 Magnetization direction

Back yoke
Magnetic core
Permanent magnet

M1 —KeEEez AT 5
ZEENAT Yy FEE)T 7 Faxz—X



-
Macro controller

Ny

Load cell

X3 SEBRLEE

BRENZ + 0 2 BEE A LTV D Z & iR
L7,

FROBIEEZ, IHEEIATO 2N T, B
VEDOWERE T2 T2 & T, Bon kR z2E
BEREmOU—r v ay P THERRTLZEN
TE (FFa¥R) ©O), BEREZEC, RO
DIFFEE NS A — LTS bERNH 572
E.RERRENH ST, £~ —iKfEEze
BNAT Yy RT7 7 F ax—2OREEICHE
T O HE L (GEEMERE) ©), &
VEOBBTH LN E 2o 72 TR AN T
2B D R ERETT D5 2 T
. INHOMBIC X o TIREEE DR %
sR9 2 Z ENTE T ((FEEMER) @),

() it D ZERIE & RSB ST 58
BER ST DA TV Rl 27 L OBEZE
& Rl

P E L 72 sl VEp o ) il it 2 REAG 4 5 &
SR FE oy L U CEM LT, @Is%E
TORHN PIRERBRANNCEY, 77 F =
T— X DEREMET S 2 LT, ERE
BEE DB DY E LB L T, A7V v FBR
BTk, AofErERED M LD & 2 SRR
(ZE - TRL, BONIEECRZ EHEREHIZ T
BELL (FREXR) @), BAERITIE, —
TEDOHES) 2 R S DRAFITR N T, EEEA
BziTH5 2 LT, BEHES L OfRZEZ /N EL
TELZ LR LI (M4), BEREOEE
DIFHESIMT . 2B TR B OMTEE 7 5B
WEMAZ=Z T2 EOKERNDY | £,
il U CAFJEBR IS IC & » CHEE MR %
/D ZLINTET,

BT 7 Fax— 2 BWREBET 5 E—
ZRTANONRYIZ B IR AT, BRFEL
Te BT K o TRAVERK 2 BRE) 3~ 2 PR e R
FRZATV, RO EORENBFEAEL
BN L AR LT,

WIERCRDEFR TOICHZ]F L, —1F
g ZH T 2%ENAT Yy NEBT 7

60 T T T | T T T T T T T T T

Force [N]
=
Ll

20 1 I 1 I 1 I 1 I 1 I 1 I 1
-2 -1 0 1 2 3 4 5

Moving part position [mm]
(1) 225 LK)
60 T I T I T I T I T I T I T

a0 --- -

Force [N]

20 1 I 1 I 1 I 1 I 1 I 1 I 1
-2 -1 0 1 2 3 4 5

Moving part position [mm]
(ii) ZE@B A7V > REEH)
4 RS SEERES R

A S % —ENE AN \ZGRE, ATE) 1124k
NaEMATYad, 225EBREZ T Tk, B
BOFBETHE OFHUMEDS 40N & 72 5720
M. ZEENA T Y FERE) T H AR E 40N
& DRZENZERERLEBOS S & i LT

NEL 2% (ATE)FALE 0 225 3mm)

F 2 = — Z OB A FA AT D MR R L %
L7 (GdESws O©),

5. ElpFEEHE
(BFZEfRFFE . Wi K OSBRI 5 1
=N

CMessamsy) Gr1ip)

O fhH L, AEEFER Ry Fo=Ho7T
U F oz — X, EHiE rI ey
=V r, 612, 2016, 38—46

(FaRR) G211
(D Yoshihiro Nakata, Tomoyuki Noda, Jun
Morimoto, and Hiroshi Ishiguro, Design
of an Integrated Pneumat—
ic-Electromagnetic Hybrid Linear Ac-—
tuator, IEEE/RSJ International Con-—
ference on Intelligent Robotics and
Systems (IROS 2014), Workshop: From
Active Impedance to Intrinsically
Compliant and Variable Impedance Ac—
tuators: Pros, Cons and Trade-offs,




201449 H 14 H, Chicago, IL, USA

@ Yoshihiro Nakata, Tomoyuki Noda, Jun
Morimoto, and Hiroshi Ishiguro, De-—
velopment of a Pneumat—
ic-Electromagnetic Hybrid Linear Ac-—
tuator with and Integrated Structure
IEEE/RS]J International Conference on
Intelligent Robotics and Systems (IROS
2015), 2015 %4 10 A 1 H, Hamburg,
Germany

(7 M PERE)
OReL Gt 314F)

)

G T Fan—HEE ba—~ /A K
FlafRy PBIORU—T U2 FEE
%%% HE 2, PHEEIL, AR HBA

%ﬂ% Al _E

TS« FraT

Fm o FFEFRE 2014—109213 &
HEEFEH B : 201445 H 27 H
E N DR« [EN

®

R TV Faz—FRE ta—v /AR
FlaRy PBLXORU—T 2 MEE
%%%:ﬁmﬁzxﬁmﬁ%\fiﬁ\ﬁﬁ

1%
MR« TR E

FEEA « H5ar

Fg  BrErRE 2014 — 266466 =
HFEAEH B ;201445 12 H 26 A
E N DR« [EN

@

R TV T az—FEE, Ea—~v /(K
oAy NEBIUOVIT—T v 2 NEE
%%% P2, fRHEEIL, AR HBAR

%ﬂ% ElS

FEE © ReRT

#5- . PCT/JP2015/65173
HFEAEH B ;201645 A 27 H
EWNA DR A E

(Z Dfh)
R BR—
http://yoshihiro—nakata. sakura. ne. jp/?r
esearch=integrated—-pneumatic—electromag
netic—hybrid-linear-actuator

6. MWFZTEARR

(D) WFgeftEE

fhE {54 (NAKATA, Yoshihiro)
KBEKREE « KRB EERE T 22052 R - Bh#
M7EEHZS 80720664

(2) ey

BH .2 (NODA, Tomoyuki)
MRS ALE PR ERGE(E SRR TR - AN
R I S S U i =
oeEFS : 3058866 1



