2001 £ 10 A FE IR Oct.2001
ELIHBE 10 Engineering Science Vol.3 No.10
F R # X

7N B BB BRF 6 4 1 o A e H e AL B AR Al
41 CMAC # & M 45 4 il

BARAY, REE, kXL AR REZS
(1. LHEXBASNEIREZ, L& 200030; 2. tHERIGREERAF, L#E  201202;

3.HRAREILRFNEER, BREK

150001)

UANBHBEEHFERREMR, ST FEREHEMHNERE, RAT CMACHEZMEEN

BEHE, TREHUBRRE, DEAXUFENZHE, INEIWTRERN, SHBERARBNVRAR TR

(BE]

BT RIF RO R,

[X@A] AemEFBELs;
1 317

FHEANABHEFGR 20 ML 60 £k
Stewart D. #HHFBH K, SEENBHRAL A
MBS, ERARBEENR, NELKF,
ERRIRE, HERSFMA, EFERGTZHIH
FRATEMEE, LA, RN, FEIWKES
o HBIBRE, HEKANAHEFEEL L EER
BAEASEMNA, HERRRE: a3#ME, 52
12 3% IE A A B R Bl R iF AR s Bh MR B
R FEEDZEKBE THETHE,

ZEXEUNBHEBSHFENRAANR, Niazh
¥.HN¥EREMTENARRE, BREAFER
B, ANBHEEHFENEHALEEERM,

2 HABXA aREPFEEMARLKF
A

FRMARKXAAMEFESMAEME 1
Frm, EEBEFE. 6l BEE., ARRER
REAM, L FEEREEZ R B ELXZEE—6
A~ (E1HPREE24) BEEEE, EdBEE
WEXKEIH LA EFEH 6 MEHENT HES
(ET. £4A. ®iE. 0, BERMEHA) .

L€ 1=FC)
[fEE®]

2001-04-06; #HEHHK 2001-07-22

CMAC &M% ; iEsh%¥; shh¥

H1 #ABEXAEBHESHTAKHEE
Fig.1 Structure diagram of six degrees

of freedom parallel platform

ARBAHEHEVFENTHEMEXR, HEAE
FPEMBEELLBRYH. IWLHER O - XYZ M
O'-X'YZ., BERARRER O L TERMEREDH
Beal, X-Y FPEHSEM ESRESARN T
AL, WA AME 1R, ShBRBRERSA O
MFEEFL, BFEEPMN, ShBLIFREL
M-8, HASHRR ZF3BLREREA,

BHLFRRTHSRESHEN THRALERESR

BffH (1972-), B, WRMBHA, EBXEKREELE



10 BLHES: NAHEFRFEHFESHEHEBMUBERRREN CMACHEMEEH 37

WEBHP, (i=1, 2, =, 6), AN FHELER
BREWEBRRI P, (i=1, 2, =, 6), BRIRRE
 REBEAMEXENB (i=1, 2, -, 6), FEEU
TRFZh{E: MALA 0.— MMM 0,— BRA 0, —
FB (x,, ypr 2p)o0 B 6 MNEHBHFKEE [
(i=1,2, =, 6) EEELHRARPARTN:

I, = P, - B;, i=1,2,",60 (1)
o
1 0 0 cosf, 0 sind,
P, = |0 cosf, - sinf, 0 1 0o |-
L sinf, cosf, :I { sind, 0 cosGy:‘
cosf, —sinf, O xp
]:Sinez cosf, O|P’;+ |¥|o (2)
0 0 1 Zp

R () BHASNEHELANELIROEELR,
MEHPEHRISEMEFERMBIRAN, &
R (1) TREWSHBOMER,
EHMBEMYVEHMNERMN. MITEAK
ek, MTERHAR, TEIRER, HRARE
BEFPAMENMGE, B TFLYEERMAERNG6
MR XRBESYE, EHARFTRE TS EE,
BB E AL, BRBBTHAMMmE 2,

BEMERMATFENMNES BT RKNERYE
TRA, AERERMAERATAEER, RAX
Rt '

3 FHAFB/EEHM
EERARNKBAEBIANAHELENEN
MR,
hEBHREN:
L(¢q,q) =K-P, (3)

AP ¢ A FEERNT X &¥%; K WR%GsME; P X
REH8E,

RGEWMh hEFBR.
d oL oL
&5a—§:“Q (4)
Q MM TFRET XRIEH X,
B B o JR

Q: = J'F + F,
AP FAMBIATHRRE S ; F L RAREN S
EEIANBHEVYENSINETRD, BRE:
a. NERBEES; b. BEAFRESARFEHL
AAK; c. FEMZMNNE,
HRG)MRQ)TRIFEMSNEFR:

M(X)X+V (X,X)X+G(X)=J"F,

0
0
0
0

1,C?0, + I,5%6,
(I, - 1,)s0.c0

0 -
0
0
- Is0,
(I, — I,) s0.c0xch,
Is*0, + 15%0,c%6, + IzczﬁzczayJ

(fm 00 0
0moO 0
00 m 0
000 0
L0000 - I,s0,
6
Va(X, 50 = 3|
k=1

AP G(X) AFENENERE, MAFERHE
EEE, X An EWAREEME,

MU ES A&, SBEGKRBREIH
o, OEE, MEEKRE, MAR—KE,

4 R TAVZMEEELHF

. HEMEERREFRERERFREEKY
BRI, HEMBURRENERERN ., B
HEBRRBICIZ . ELRFEI ML EIRE, EHEEH
SRBB TR Y,

CMAC (cerebellar model articulation controller)

oX (k) ~ 2 aX(i)

L )%,

HERMERARBFEINMEEH, BRREEH
FERBEIRHRS, BIEATRERSE,
CMAC 45515 51 2 4 1 /1N B 40 4T 465 31 B k52
HWEEMBEINHENERE, HEXRRE—MHE
Ru¥, SHAME, BTXHR, RE¥IEOMA
BN, AINERE—EMEZILESN.
HEWHEME2 in,. ENRAREXEREN
y=g(X)o E—XRHUTHIBRMTR:
f:X—=A W a=S(X),
g:A—y Bly=w:-ao
Ko fABAZRBINERABSE, X hn £8



38 FEILEMNE

®3%

w

wi
W2
w3 y
W4

o i 1

see |RIBDINIDIX

S
MAREZM®

R

Wn

2 CMAC4HMREHE
Fig.2 Schematic diagram of CMAC

AREZER, w INFHEZE, y AL, o« Bm
KHBER APHEE, « HIXTERBRLMO0, X
FEAMEEN X RALBTERN L, HEHo, B
WHE—-RKBENGHRAELBHNFH#HITHE, E
BT, CMACAEABERH¥IHEE., EF T
RN B HIEZWHR T (genelization size) » CMAC
P £ 0 B T S0 R A 23 (] B A O A9 Ok B 7 e
ZE b ML, BMAZE SEAPRAKA
Btk A Z MR — N Eabhl, WMREAKR
ROBRRD, @A T SYEAIE—— XN ; Y
WMAEBRBEE, HBSE A WERHERK, X
B CMAC BT N R R K, S O 8 M 4% i 4 BB
S, Wk A GRS (Hash-coding) B ¥,
AP - NEBNEEHEEA,

CMAC % TR A o ¥ BB, WkR.
w(k) = w(k - 1) + Aw
Aw = 5(d; — y;)/ng

AP Aw AINBER, n HEIE, y, WREW
B, d; ARGEWMAGES, ng MR T,

HaEmREAERBHEKERM L, 5IA®H
RFERME (—BI1B. 202 EFRREN
B AT SE B . X R4 I AT i 2 & &
AT AGE RGO BR BR R B s SRR AR .

HE, B TEABFRRRSE S, ERGEHEK
MEHEO T, AIEIA R LB, R R
BHREE R — SRS, HELATLERRF Y
PLHCH g B B oy 3R, BB o, HA
SE B B0 BB 1 R B, T B RTIR S B
WHEDRA —EMEME, RERLRIGAEER,
PR ot 2 5 SR S A R E

LR, AMIMAYRIIARBERERRSE
Fe R T B 1 B0 AR K 3R 5 AR G0 A0 3 25 A o 0 BR B RS
B, HEFTRERLE KM, §BHF TS HHEL®E
B %8 3 H 2 M 4 B A B0 10 JE 28 v B R Bk A0
BIRM A¥ RN, FE%E CMAC % 5 R #E
H, E£H CMACHEMEIERRTMA Y, UHR
B A AR

T CMACHESERKMEWIERRE 3,

AR LR FF106 B fL y>
+
il 1
..
% $IHE
5 v
| CMAC 212 | CMAC &¥itH

3 EFTCMACHESREHSNER
Fig.3 Schematic diagram of compound control based CMAC

HE¥IJBEER:
w(k) = w(k - 1) + Aw,
Aw = quy/ng,
Hep: u, WCMAC#EHISBMBM L, u, AHREN
28 0 o

5 BAHR
AHEEFAEREHNSENT: RRKR m

=1000 kg, L FE¥%E ri=0.6m; TFEEER
r,=0.8 m; I, =20 kg*m?; I,=20 kg-m?; I, = 40
kg*m?,

WEGL I RXSEORN

EAL 6=0.51; EAFEEB A, =0.007 845
m’; MEBEHRK K=6x10 2 m’/N-s; WitE
¥ C.=5.4x10 "m’/N-s, s MRE¥C,.=5.4%



£10H BEESF NAHEFRVFEHREIFTEAEBRVEARALEHN CMACHEMEEH 39

10" m°/N-s; BMEHHEEE B. =690 MPa; HiE
E 4 P,=8 MPa,

A IR IR Fl FF106 WM&/, £,=0.6; w,=45
Hz; BERHE 100 1/min; BEEH 21 MPa; B E
B 40 mA

CMAC # 2 M % R 7 &= B K /b n, =5 000,
ZHRT n, =21, MABE N2, MAZEDFHN
e(k),e(k—1),

EMBEEMT, RERKBERN 110 °m, N
:50

BaANFERBHHX: & X o, B35
ENO0.2Hz, BEN0.02m BWIEZML; MMM

21 — 1 v T v 1 °r 1T ¥

1717

18R 2 5 /\i:::::::::;;7
-\

1.6
0

2200
2000
1800

S /
1600
1400

1200
0

c. FHELHT M RRS HR

WRER20°, BMERNO.2H WIEZHL; HAF M|
MEE., MEERFIT, HARRBEPN, B
da BN BRFBINET KN EL; B
4b K& REBE R G TE CMAC ¥ 2 M 4 32 % T B R
BHiZ; B 4c BEAEMB BT T FZK R R
HF, Bhghgl, 2, -, 618F6 MBER., B
4d B2 B IERE B KT 4 K3 3h w4k,
HAEH 1 REMPARHES MK, 2 K5 E#
R, 30 X F A MK, 4 KN ER
%o ME 4 8HM, XPHAMMBIE. SHEM
RIEBKN, BHTERARM.

0.3 1 r 1 r r r 17

02 X\ 4

0.1 ﬂ

g (— 7 T\

=007 2 5 v
04

02 1

-0.3
0

d. EMAZINT & HIEsh i

B4 ENF. PHFEREHNGREL

Fig.4 Simulating curves of kinematics, kinetics and control
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[Abstract] A (TiO, + B,O; + Al,O; + TiB, ) /NiCrAl metal-ceramic coating was fabricated on a steel (Chinese
brand 40Cr) surface by laser. TiB,, Al,O; were introduced by an in-situ reaction of Al, B,0O; and TiO, during

laser cladding process. The microstructure, phase, element distribution and micro-hardness were analyzed with

the aid of microscope, X-ray diffraction, electron probe and micro-hardness tester. Experimental results show

that the ¥-Ni, ¥, Al,O; and TiB, are the dominant phases in the cladding zone. Laser processing parameters as

well as the chemical composition of coatings determine the microstructure and hardness of the cladding layer.

The hardness and the boundary strength are significantly enhanced due to the presence of ceramic in the coating.
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laser cladding; metal-ceramic coating; microstructure; phases; micro-hardness
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[ Abstract ]
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This paper analyzed the kinematics and dynamics of the 6-DOF platform, and adopted CMAC

Neural Networks as controller to realize tailing track. Simulation results showed that the analysis of kinematics

and dynamics was correct and the controller had the capabilities of resisting disturbance and good robustness.

[ Key words ]

6-DOF in-parallel platform; CMAC neural network; kinematics; kinetics
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