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Research on Trajectory Control System of Flexible Manipulator Based on DCS Inertia Weight Combination
TANG Aiwu, CHEN Tianyou

(Yongzhou Vocational and Technical College , Yongzhou 425000, Hunan , China)

Abstract: In order to effectively adjust and control the motion amplitude of the flexible manipulator and avoid
large deviation between the actual motion track of the flexible manipulator and the target track, a flexible
manipulator motion track control system based on the combination of distributed control system (DCS) and inertial
weight was designed. It is a computer system that integrates computer, communication, display and control and is
controlled by process control and process monitoring. The DCS algorithm was used to control the behavior
amplitude of the monitored object and calculate the inertia weight of the flexible manipulator. The DCS-inertia
weight combination was used to solve the specific value of the prime control index. The software design of the
flexible manipulator motion trajectory control system was realized. The experimental results show that the motion
amplitude of the end coordinates of the manipulator in the horizontal, vertical and spatial axes under the action of
the DCS-inertia weight combination algorithm can be controlled within 10 units of length, and the optimal control
state of the manipulator's motion trajectory can be entered within 0.52 s, with the maximum difference of the
motion trajectory being only 0.01 rad, which verifies the feasibility and effectiveness of the system.
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Fig.1 ~ DC motor drive circuit connection structure
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Fig.2  Robotic arm controller connection closed loop
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Fig.3 Schematic diagram of initial trajectory and expected trajectory
XEF UL AR, R B3 AT LA D 5k A 4R 3l
AR R A AR
u, =0, (7)
S ST RE RS B E SO
Ou0)= Db, ) iell2) ®)

FEC R T
b, S EBUE R B 1,050 0 Rz 3 ) bR A
LR A
R B AN
0,4 (20) = 0,,(1,)

{muo=mu» )
R— WP A 6 i A, ik
T (B — AN 30 SR B R R 1 2R BB
it oA, AT6 N MERETHIE A
FZHER , b n =N, - 5, UG n N7 69 %
R ET N AT A R A SRR e —

AT
B.=[b, b, byl iell 2} (10)
232 1D /N W I DR = S B pare e S5 e Af o
BRHRAE T FRWT
Z=H(ZB,1) (11)

KXW :B=[B, B, | Wit ;H(Z B,1) Nk
B =1 Z,u. [ A R
i IO AR IE 1 BUE AU T AR B S
AR 7, R AL BT 2 BT i B, s sh &
115 22 2R e SR RE AR S 19 H AR sRECE SN
1

min:J (B ) = 5 [Z(t[) - Z(lf) ]TWe[Z(tr) = Z,(t)]

(12)
Kb W, o —A I AR Z, o RS
) 35t 5 B oA ) i, AT i 2 M B i aR /)N T
KA,
BRI R T AR 0 — B BT DL AR
PR A >4 T B SR S0 1)

3 B M

31 ZEEE

TEFE UR16e BY 2 P WL o AR 4E o 52 56 %t
%o KRG EYNE B bR E YRR —
e, A R 20 mos B WU ST e TR I
PR AT, — 35 (] BE DAMLARE 15 45 BE 0% NIl 1
32 BT W e R R O, LR S
WA 4R, P ECB-MHS84 FHLE A F %
2, o 0 DCS—1R MR 4 A 4 AR T RS
B e LAV A LR P B A S8 AL, b
FAERLI A, 5B VE AR IR, Ak SC 0 45
S I 22 | R PERUUE ST R R s BT )
1410 kg

K4 P iz s s

Fig.4 Robotic arm motion scene

7



WA AR 20245F H 544 2

JE R R, F R T DCS-TR A E 40 6-09 AU 2 S Sit 42 ) R AT R

LR DAY RS B, AR i
AR B DL

F1 LWEHER

Tab.1 ~ Selection of experimental equipment
%5 SR RS
1 FEMENURRE ST UR16e RIHLAR % £
2 P AL ECB-MH84 1541
3 RSN ECI-430 9K )ik 7%
4 HUBOEFF GQA0/50 R4 il 2 AT

Sy b G A A A %o S B 2 SR i B ), SR
AL LR B YT RN H A BB 2 (8] S BE B B
L

E 58 B 30 I s IR A 1t J , FF R et 52
ISR, HARTE B AT < 400 FL R 38V, HILARES 1)
F0.4 kW, iz 5 20 m, T & 10 kg, AL
A KAA A e/ IMA 5 3 0.9 #1104, Fie R £ IR
150, LR EE (0, 10,

FE 58 IS B0 f i R A SL I S B0 B e L, LA
BIUAHE A i A B 7E A 2 Nl DA R s ) il )L
(14)32 3 e {25 Ak N SR ML G 132 sl o7
BT RETE AR , BT AR R N AT, S i
Sl B H AR A 22 B D VR
32 HiEAIE

AR SIZ 5 3 B XA AR I A s 76 R
YN LA Bz 2 1] dih 5 1) B 938 B i 80k 7
TESE TSR SIAE T, MU A i Ak b iz 2 R B
AT DL WEHLAOG 7 # BE 0 A e 1 O o FE TR W]
T B R E AR A E LT, G SR AU K i
AL FRAZ Bl R AEER AR, TIBLAR OG5 # B 1) i A oA
OB B A bR 22 M 1R TSR K
&, YHUIRE A S A iz sl IR EAS AT 10 4~ 54
< EE I W0 AT 358 B s Bl i (R AL T R AR Rl 2
P, RIS G0 AIUBEOC T AR RS A i 7 e B i ¢
Qb T AT ARG R N
33 XWHER

S0 5k B R A S G T AU A i A A A A
il Nl s ) Al O 1) %) H AR A R EUE S S BR
AL FREE Z 18] ()2 S iR (R AR A i, BAR ST 45
L 2~F4FR,

A3 BT 2 AT AT, SEER L N HE AR g Al A AR Ak
HIE T 10K EZ Nl R T 90PRTE R, I
HSEGAH 0k BRZH Rt Al AR 8 i KB R 94>
PN, HUE, LB A Y iz sh iR i AR Ak B A

78

A 6> FRALCE s T HRZE A B ik 21 1 84> HR
(VAN RN a2 WA K V8 N5 S TS 1 A N
il RGEAERE AR 3B SR A2 St E
F2 HEHLRSIT
Tab.2  Horizontal axis coordinate statistics
SR AN FA I X BRE A FRAL

HEmM g g o BRSO OSE pn
Y

2 5 12 7 5 13 8
4 5 10 5 7 15 8
6 7 13 6 6 14 8
8 9 15 6 6 13 7
10 4 10 6 5 12 7
12 7 14 7 8 17 9
14 6 15 9 6 14 8
16 7 11 4 4 11 7
18 4 9 5 5 13 8
20 5 12 7 7 15 8

¥iE / / 6 / / 8

=3 iRt
Tab.3 Vertical axis coordinate statistics
SR A B XF REZH A PR

BB Hpn o supE e BEE SR e
dfn Ad SRR ggr gy R

2 3 9 6 3 10 7
4 4 5 1 5 12 7
6 3 5 2 6 12 6
8 3 6 3 5 12 7
10 4 8 4 3 11 8
12 5 9 4 3 10 7
14 3 8 5 3 11 8
16 5 10 5 4 9 5
18 3 7 4 5 12 7
20 3 6 3 5 13 8
¥l / / 4 / / 7

SR 3 T, ST X SRR A A

AL T 10 RN R EEZ N (ESC IR 21 2 i f
KRAEAL Ty 6 4~ PN, e iz Sl (B AR bk
BT 1500 R AR i e RAE IR E T 8 AN
K e RBUE AU 5 AN AN . ft ], A
SCERGE AT LI 12 B i (82 fh e R 2 FeA, 5 HL
SR A Ry 4 FAL I BE TR B2 B 2
NTAPNRE . PE L, ARG FEIE T 3
AN B UEW] T AR SCR GEAE N L 13 Bl iR
{EAE RO BT



FEER,F T DCS-TR AR T A0 F ARG Z o) it 425 2 AR

WA AR 20245F H 544 F2

x4 THEHHLERGT
Tab.4  Statistics of spatial axis coordinates
AL BN K Xof B A~ B K

g/ T W 7 - AT -
SN

2 1 3 2 1 10 9
4 1 2 1 2 13 11
6 2 2 0 2 12 10
8 1 3 2 3 12 11
10 1 3 2 1 13 12
12 1 2 1 1 12 11
14 1 1 0 2 10
16 3 3 0 3 11
18 1 2 1 1 11 10
20 2 3 1 3 10 7

¥fH / / 1 / / 10

A3ATTEE 4 TR0, SEU6 4 2 a) b Ak bR AR AL K
SRALTF 10 B KB 2 P, AR A i e KA A i
KB 3K EEZ N i s E 255 T2 m, 14 m,
16 m, 20 m i, XF B8 20 5 0] g Ak A A2 Ak i b T 10
AN Z N, ARSI ZE R KT 104557
K, HARE i RAEIR B T 1243 K, a7 v
F LB AUBUE , Jokh SRR o JF HLSLER A
HYSEAC R LA B RS, T RREE A I A3 T
104 BB A 22 9 i K B . kT
HIARSC R GeAE 2 [ 45 SR A

T B UE ZR M ALE 2 sl 4 ) R SR
P AR, DIATUAEE 5671738 sl 60 MR R AU ot
REFE IR , A8 A5 7] LA 850 B gz il s 2, Hz 3
B R AR e, B ER BB S E BRI
B2/, R B R G AR A, SEER 7E Mat-
lab/Simulink 2038, SR HIE 52 9084 A AL
A BRI 003 R P LA S 1R ST 2 437
B ERER AT, A5 E T LRI SE Y 2 (948 Bh BT
PREESCR I 5 s .

&5 DCS-DES 415 75 T 2 AL 15
B R A S AT AR Sz shul s R S
FE0.52 s ik B T AR HPIRE W TE DCS-15 1k
BEA G ITERESIT ,0.52 s i o] Atk AL
PR IE ShE P RS o PRANAHTIRL S W] 0 AN
B AFTER NG BRER R 2 IR A ROR
A4 0.01 vad; 1M 7 2 0 & Y FLIE PR ERTE 0.52 s
J& AR E AR — 2, W) A RO, R,
T S ZE AU O 1 G 207 B A I R R AL
ST ARG 032 Sh L 1 1 2R A s Tl
T AL A Sk, A SE PR  H bR
— 3 A T MU Y T AR

o
~
o prper o

37 B B B /rad
e
[3e]

|
e
o

:

2 4 6 8 10
IR 1A)/s
() KT 1R B L

o7 B i /rad

-0.2

s} [ /s
(b) T 28R B 1

K5 DCS-IRPEAEE LG 5 i T MU G 19 il B B
Fig.5 Joint trajectory tracking of flexible manipulator under

the combined method of DCS—inertia weight
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