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Dynamic Actuating Characteristic of Pneumatic Muscle Actuator

HE Guokun, LIU Jixuan, ZHANG Zhenying
(School of Mechanical Engineering, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract: Aiming at the pneumatic muscle actuator(PMA) system mainly made up of pneumatic
muscle actuator, programmable logic controller and high speed switch valve, a mathematic model
is established to describe the dynamic constringency length of PMA governed by frequency and
pressure. The error of theoretically predicted length is below 4% of the mean value. Considering
the rubber damp and fluid damp of PMA, a new model is proposed based on the existing model
for more accurately prediction of the dynamic actuating characteristics of the PMA system. A
comparison between the simulation and experiment indicates the correctness of the dynamic con-
stringency length model and the modified actuating characteristics model.

Keywords: pneumatic muscle actuator; dynamic constringency length; actuating characteristic;

theory model

KEH AT HLA (PMA) & —Fh A 1/ H &
FE K AR AT B R 4 | SRS R RIS T, A K
o FH 7 (8 S0 A 04 B R SR IR Bl 78 Tlb AR 2
GO )2 W R TR W VEIR Sh i B Y
IR Sh 4 R A BRI A AR ) PR T AL (U
F PMA REAFAEE AR PE R w e, B A B
VAR AN GBS AR B b 3 L Sh A5 R AN Bk 3h 77 1
FRPE X AR S X PMA 2 Gt i R 1 45 il 1 T /%
FH R RIME. A SCRAEHE S R AN TR RSG5 3)
AR A AR B R L X EUA B PMA SR 3

ks HY . 2007-08-31.

S AR LA ST BELJE 3 A R
TREUR IO TS 4R .y PMA R GRS
PRI T AR B AL T SO KGR Y B R Y.

1 PMA R4 sh S04 m= 1 FRS A A

PMA H)Z5F 2 b TAEJRURANE 1 F7s , oA
PR TR UF AR I A, PMA SRR Sy — 2% 8 5
LT e 2N o 24 70 LU 4 23 U PMA 45K 7l
[ WL 240 A A T R o e e — S 11 R & 5 — I 4
S50 A8 A9 T LA o ol 1] AR T 7 A Bl g

YEHZ TR ATEE (1982—) , 5, Wi b4 KT A B R D . 5 L Bl #%.



T E R4 AT HUA A 3 A 3RS e A 5T 589

H i xF PMA (1 2h & 5e 058 2 24 h 72 1R
AR (0~0. 1 Hz) N, AR 4 B AT (1) BRI AR AL a] )
L2y SRR T B N e i LA F P U A (S B = A 0P
AT PMA (10 32 3 7 AR BRI A SR Xt n
K 2 fii/s i) PMA R0, 857 1 0T LL L EORS 6 b
IRy 0~25 Hz N B ShA 0040 i i B AR L.

WA 2 7, o] 4 F 2 4 40 il 25 (PLO) 3 1 i
HH K 5 R S I %) T RS DA Rt A LA
(AR TR 7 AL SRR I A A% SRR 43 S Gl L
A 1) 100 R 4 6 i A A I B3 R E 31 PC
L AT RO AL 3, 4% 18 PLC FUJTE M S sh AT
JULPR i P9 0 S0 A8 AR RN 671 38 2R G0 0 Sl ST T B AR
AL IS PMA R 40 sh 28 00 2 0 Fe kX

Kl 2 PMA % H0k R &

1.1 PLC fNFF X RGHEE

£ PMA R4 RAPUTTF s7-200 &31] PLC
FE T OC R A 2 7 s A R i, PLC i 45
] e T X ) A SE B B N T LI B i HE ORI
il R T O B A2 — A PR g 1 1 5 O B L
1 S F 5 SRR 2 (R BEAR f 4 D O B A
FRF SR RES A2 AR S X IR R G R
JIEC AT K SE I 6 R A PLC #5iil PMA &
SR T AT B

T 1 B SR 3 B SR B sanville 28 200 k4
i, B

Q-G <TT\>‘ Z[R%Zﬁl)]lzp‘[(%)“_
Ey™ T (Bza) o

GeFD /=) 4172
QZCJ#PI[]%(}&—%—I) ]

(% <) 2)

K Co M REGA HABh RE A A 2O DT
FU T RS R b R4 A8 500G R SR H 5
P, MR NS s Py RO REE S T7 5 C e
JE LA,

P S i %) T AR SRR AT LUAGE L 76 & H ST
KW SE BT IT A H SR G g ) 58 4= 56 P . A
— AR T N8 0 2T RGBT, 2 2
TR MTEIE B 18] 2o/ T W00k ok o £ 5 9 o 25 L. A
e AE A JEIH N I S I iy <l

g = QA/f (3)
Arfre £ o8 PLC F i k(55 B8R, f=1/T52
Jikwp i 4 . A R T EB AT RA3E s PLC HEA7 Y.
1.2 SHIARERNSETHER

KT A TS LA B N SR R AR Ak 2 7 o
SASRRELL R LA R : O BRAR AR, H 2
FIAHS MRS T P=pRT; QMR shid 72 0 55
Ji 2 At A 5 (D 22 W AR IR B A% A X6 3t 3 i R )
M. i S qi s , AR Hi it 1 1 e My R RN RE 1 T E
JEFEA 1S

Po — p(rr, &2 — Lo V) )

d V V d
o VSR s AR
1.3 HiEshhFEER
B PMA R4 F it 4732 1 00 15 201
Z IR EEAE 3 FiR.

Lo AN N TIWLPA B SRR 5 L SN T LA SR o I 5
x Wi s Fo 3RS i ERAR ) 5 Fr 3RS g v i B4 5
F, 3K Sy i BLE 715G SR R G P B B 8 )

K3 PMA 32 JjRiEl&l

MR B 127y Bl A
m C(lj‘tf‘:Fl.*Fr*FZ*G (5)

a7 20D~ G BT PMA 8l 28554 2 i) Be
L,

2 BN RSN S

YRz J1 2 PMA By — A 28, H AT, PMA
i th IRV IZ R FH I Zhou 58 AN 45 B



590 (LI ]

K % % LI

BRIP4 PR RSB L AR Zhou YRR
LB T BT R L ST A Y S SRS
RS

_ o STCD() 2 7'[D02
= (P PC)[ 00( e 4sin260]
(6)
| Fi |= f.S.P/n (7

e HRINRIG R Pe HSHSIE, BUR
0.1 MPa; D, RS s ILA BT 1R EAR.
9K Bl SRR 45 LA SR ER A S B v A 15
e (RJRARYE PMA TAEREE 0] LA H L 3R 8) T B
TR S FEESEE S AL R AR LS . B
B [ AR R I Bl B AR BELJE RN AR A B 1) B
JE - X W4 BEJC ABBE T AEI 5 0 2 = i 4 K,
LY PMA 7S PR A S 2T TAERT, BHJE 71
AR/INEE 2 0] DL Z0 0, {H 2 5 PMA TR 45 % 3K 3
10 HzP) b, HpH JE 7 BA 38 K. ik, i 1 5 A
Ty o i 3 B A5 3K B0y ) Sh T EE R B
R T RIARXT BELE J7 89534 K AR s BELJE T A
TRBELJE 77 FRVE SRy I A8 2R 1 2 M G & A TTAS BRI
FAAR ) 22 WL RELTE T 15 A AR Y
F o=, 4L

RN
FIFHELSE F1 1

dL
+ﬂ) E

AT

Go oy A =)

_ dL _
Fo=Gutm) g = de

df
— G+ ) é

K WBIEBHLIE 28 e N SHLE R ¥
PMA 3Kzl A A& 2y
F=F +F +F, (9)

3 PiEAMLL

3.1 WHEEHEBNHEMIR

HRAEE 2 B . B PMA £ S8R AR 2 7 A1
1250 R G0 8 PMA 1) — i [ A S50 &5 %8
T — ity R S ER FLE fin 6738 . e SE st AR v, R
FH R D7 R IS RIS A% % 8% 43 SR PMA Ji 9 1Y
JE A8k B s A8 Ak, SE5G B ZOT AR Ik R TE
bR 1.

R A5 05 40 et RS TR HE AT 05 B0 404 L 9 5 S I 2

177 g, R 4 FE 5 h el LAE L 7E 0~5 Hz

(8

BT W & e e A R 0 88 i & Bk /s . (B AE 5 Hz
DI 2 55R AR A () 52 i 22 /0N, e PMA (5 35008 4

I F8 A A A A SRR A AN P A i A PR

1 S ERARMR LA

LA TCHFRL S FENE RS bR
BTG MHE4-MSIH-3/2G AFREA 2 mm
R YRR 150 Hz
g SDE10-10 V/20 mA M % 0~10 MPa
KVERZEN 0.5%
(R 2Rt s TLH225 W5 A 0~300 mm

KiEE N 0.2 mm

SN R e XYL-1 MR N 0~500 kg
KR 0.05%
AD 338 16 fi LRI A

KB H 0.02%

BHEREFR PCI9111

TR RAE S A ) 1% 22 FU AR K. B2z, PMA I
it BRI RY (1) 05 BLA5 JR AN 20645 5 2 ) 1) e KR
ZLH 4, )& B

(b)P; A 0.4 MPa #1 0. 5 MPa
Kl 4 PMA ShZslcd B a2 1k i £k

3.2 R NEBRHEMKE

Ul 6 B - 18 PMA A7 S 12 11 77 4% Jg i K
A S [ 5 7 S A o R T AR A A 1R
SR IR ) A% AR o0 i Kl PMA 30 1 <8
JULPA i 12 AL P A o g 4 AR A



5553

T E R4 AT HUA A 3 A 3RS e A 5T 591

0.2 MPa

(b)P; 3 0.4 MPa f1 0. 5 MPa
Bl 5 PMA 3h25 e B2 i A8 1k ith £

ES R

K6 9Kah IRtk S R 4

MR8 9K 3l AR 47 05 FL o0 BT, O 5 5L e 45 AR
HEATHLER A& 7 B, B s A R LR AR TR ) o
YHRZ200 16 %0 G RIR 258 2. 7% a] W
FELJE 1 Ji5 RE B 4 i 4 & PMA 19 sh 5 9K 3h ). 1
PMA Wi 3R R R LA I , R LA Al

+ EA R
* kA A

Kl 7 PMA B3l ) ) BEE 0 55 524 h 2k

TRIEARXTEL/IN 3 I o T 7R AR AR Y A BELJE gt
FEXS BN AH R AR, AR ) (7 FLA5 R 5 5
B h 2 IR 22K,

44k

ARSCERXT PMA ZR G807 57 1 sh A 04 2 50
BT RO 5 o b 3R FL 2 AR M, I S 5 B Uk
T B E B AT B E AR M. R, 5 R T REE
FIFEI , % PMA shZS8Rsh I RIE T T el , o
PEAT T O A S B0 UIE. 45 SR F 0], PMA 7848 5 4
RN TAERE , siek () 9K sl g B RS BE % 5 G- s 4 5 5
BIKS S0 A AL B #E— 25T B PMA R4
ShA R AN T 9T 25 5E T B SERE.

S 3Tk -

[1] ZHAO Huailin, L.I Guo, YU Datai. Research on the
characteristics of mckibben pneumatic artificial mus-
cles [ J]. Hydraulic and Pneumatic,2005,7(8) :29-30.

(2] #W. R 05 —FF st o—S3h
ANTHLR [T]. w AL T %2, 2003, 14 (15) : 1347~
1349.

YANG Gang, LI Baoren, LIU Jun. Artificial pneu-
matic muscles actuator: a new type of pneumatic actu-
ator[ ] |. Chain Mechanical Engineering,2003,14(15);
1347-1349.

[3] YE Qian, WANG Zhuwen, BAO Gang. Pneumatic ar-
tificial muscles [J]. Hyd Pneum and Seals, 2000(2) ;
12-15.

[4] REYNOLDS D B. Modeling the dynamic characteristics
of pneumatic muscle[J]. Annals of Biomedical Engi-
neering, 2003(31) ;310-317.

[5] NELSON C,BEZDICEK M, BROWN M. Joint mo-
tion control of a powered lower limb orthosis for reha-
bilitation [J]. International Journal of Automation
and Computing,2006(3) :271-281.

[6] CHOU Chingping, HANNAFORD B. Static and dy-
namic characteristics of mckibben pneumatic artificial
muscles [J]. IEEE Robotic and Automation Confer-
ence, 1994 (5) : 281-286.

(7] Wl K N T LR iR &R Ge st o8 X L DL
B AR PR AU T AR 2B, 2004,

[8] TONDU B, LOPEZ P. Modeling and control of mck-
ibben artificial muscle robot actuators[ J . IEEE Con-
trol Systems Magazine, 2000(5) : 15-38.

(i 4

& ok AE)



