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Application of mechatronic modeling to design of
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Abstract: To shorten the design schedule of a direct drive servo system and to ensure its performance
to meet the indicator demand of the system design. a mechatronic modeling method for the direct drive
servo system was proposed. By taking a typical uniaxial direct drive system for an example, the
implementation process of the method was described. The dynamics model of direct drive system was
established, and the mechatronic co-simulation model based on Matlab and Recurdyn was also build.
The time-frequency domain characteristics of the mechatronic co-simulation model was analyzed and
simulated in different conditions, then their simulation and experiment results were compared.
Comparison results show that open-loop time-frequency domain simulation and an pratical experiment
results are basically consistent, and its Amplitude-frequency Characteristic Matching Degree (ACMD)
is greater than 83% , Phase-frequency Characteristic Matching Degree (PCMD) greater than 73%,
and Time-domain Response Matching Degree (TRMD) greater than 89%. It verifies the correctness
and effevtiveness of the mechatronic co-designing method. The method is suitable for predicting the

system performance in the mechatronic design process, which improves design efficiency.

Wi B HEA:2014-01-24 ;81T H#1:2014-03-04.
EE£WMB:FXARBFIEE BT H (No. 51105371



9 ]

IR A5 AL IR BT B 9Kl IR ZR g it b i BT 2417

Key words: direct drive servo system; dynamics modeling; mechatronic modeling; performance prediction

1 3 7

ELHRAR I 2R e A O — R SR A L R SR
2 BT A i R AL RS AL R LA A HLE LR
AU HAT L Z R GRS AR Bt
=~ s R R, B A K B
RORAR . o] 4 3% 2 2 e et TR 4 O R E
PE BB AL A5 b 2R — B ML HL AL Bl 5 43 i A O
W fE R I8 B AR T 4 Ml (Aberdeen
Group) B 241 %12 ) ST R 5 M e fF 52, K
WFFEEE R AT LAF /5 2 2 RV A 3T
W Be 2R A7 14 BE 000 5 gk B ok 7 2 K ] Al
G 5 R v R A R A ), KA
RGBT TR AE 7B L AR A 2
BRI T2 e T A U — e L RE A A AT 9
My AT R AL T AE 238 B £ 22 B2 X Jn] g
fiff R R 0 R A [ 850 A 1 2o AR PR A0 9 2 0
Jib . WAL SR AR AR AR B B B AT I E T
0 I ok R BT R B 4 DR R AR 7 il 1) 2 7 i
TRRUA, $2 8 TP A s, 55 B E KA R R
(NASA) B 2 ZGE T kead 12 7 & B 5 B0 Bk B
(¥ B i) 5 JCA ) 1) OG R AT 1 R AT L R IE R
of A2 Pk B BCTE B R Y I ) 5 R AR B AR G
XA T TR B Bk A7 1 B B O 2ok ik
TH BB i A,

BEXT B R ) B, A SO BT —Fl B IR Al Il &
G @Ay Wk %7 T LATE — A BB R o
BIUB F2 i 25 22 AU B, O 1EAT 01 573 B R fiE
TR T A A A Ay i AR S —
A ML A ) BRI AR 8 A AR T s Y AR
SR, B R AT AR B AR S
AF I 04 ST 36 235 2R 1 A7 X be 43 A, LASR IR 32 5 15 Y
A RPN IE AR . R T2 AR 5k Tk KA i
R GEHEAT R BB T A BE TN L £ B9 A] IR &
BRI RCR .

2 ARG A FHEA

LKA R AR G — M by R YR 3R L R A

BL AL AR | O A T 2 S A A . T 3 Rl EL K
YL AT 000 7 R T R

U<t>:R1<t>+L%+E<t>

E(t)=Kgw(D)

h s (1)
Ty () =K I(D)
J d(z(tt):TM(t)*TD(t)

HAp .U KK E (V) s RV HAK AL (Q) ;5 L
Sy EEL K (] 6 FJR% CEDD 5 TCo) A v AR [ 3% fL 7 (A
ECo R ML 3 3 (V)5 Ke N CH 8 3 R %K
(V « s/rad) 5 w(0) 2y LA 0 % B (rad/s) s Tu (0
L HLE R R (N - m) s Ke M A R B
(N m/A); J b HHL R o &9 5% 3 0 i
(kg m”) s Ty (o) kg HL AL 3 T 32 09 S5 1 38 2 ) 46
(N« m), HALFEEESE J1 46 T Co M A i )
B OT.0(0

XF T AR A] IR AR G o AN 3 L 2 S 4 i o
AR EN T AR B, T 2 — 25 o B K R
GiiAE LM R . R B IR AR Al R SRR 1 R
A A EAX R AR R A SRR S R R I
L JEE 8 O R B SO A

FL AR R ST A9 A 0 3 2 R R 43 B eR T

L » AT CTCO > T
I(I)ZJ

Lo s 1 CICH) D) (2)
I(t) ,other
FLIR R G iy 15 Bas — Mo 07 i A

& R BAL IEAS M BB, T

x=round

x
SS]X&Jre, (€D



2418 e K TR 5 22 %

o, o S 77 o B A RS A 1 B B A B 0. R BE A5 D) FE MBI AR 22, R FH B i )
BB PER e MM, round i [F 3K R KL, Stribeck # A BEIEAIAL, W1 () Fios .

Ty if 0=0 and Ts <Tu<<T<

T if 0=0 and Ty >T<¢

Ts if 6=0 and Ty<Ts

T, (0 To) =4 T () =T + (TS — T e 020" + B0, 5
Topea (D =Te +(Ts —Tc e P>+ B 0

T (0) if 0=>0

Tswivea () if 0<C0

Hor, T, HEE T T, (Ts NFEE T LR ERMNE 0 HRENIREMOE ;0
s Too T NEREEIIE Q. Q— X SRS -1t o £ 000 4R AR A o 4 A RO ST Al o A
Stribeck # & ; 0 LI {H H B BT . B N B g HLAL T AR o =0,

B R HE— 2N A SR Bl 4% B R R > AR A He |, C
3 ik AN - DR 2R T R I8 B0 ) AR IR 3y i A 4 3 550 0K R S8 9 R 1A P S
T = mgpsin(a +0) , (5)  BERLINIE 1 B, A1 TR B B AE P R R)

Horfrom NG ROR B BT g I IE s o FEOT FCARPE A S AR B Y 07 AR Y L Xk AR 48 BEAT
N AR B b B e S b D R B R BB R DR T,

“mad o el
@
7 =]
M Saturation Quantizer
T
L]

BT ELSRH AL 2R G0 e AR R ATE &

Fig. 1 Model of typical uniaxial direct drive system
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Tab.1 Parameters of uniaxial direct drive system
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Fig. 3 Picture of uniaxial direct drive system
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Fig. 4 Bode diagrams of simulation and experimental results (different loads)
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Fig. 5 Time domain response of simulation and experimental results (different inputs)
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Fig. 6 Bode diagrams of simulation and experimental

results (different frictions)
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