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Wear compensation strategy of sand belt in grinding
flexible manufacturing unit
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China; 2. School of Mechanical Engineering and Automation, Fuzhou University, Fuzhou 350108, China)

Abstract: Aiming at the problem of the reduction of grinding quantity due to abrasive wear and maintaining consistency of grinding workpiece
in flexible manufacturing unit of sand belt polishing by industrial robot, the wear compensation strategy of sand belt in the process of polishing
was analyzed and tested, taking copper alloy tap workpiece as the grinding objects. The compensation strategy and mechanism based on im-
proving the speed of sand belt were put forward, which overcomed the contradiction between the traditional linearly-increasing-speed-based
method and the nonlinear trend of belt wear. The acceleration velocity formula of sand belt was also derived. The results indicated that the
grinding quantity of the 100th workpiece is 10.67 g, using the linearly-increasing-speed-based compensation method. The grinding quantity
of the 101th workpiece increased to 11.02 g which is close to the standard grinding quantity, when the belt speed is nonlinearly increased
from 15.99 m/s to 16.83 m/s, showing that the nonlinear acceleration compensation strategy is feasible.

Key words: industrial robot; grinding; belt wear; compensation strategy

W s H#A:2018 - 05 - 31

E&WE : EEREORMT R R (863 7131) BEBIITH (2013AA041006 ) ; 1 #2144 Bl AL W5 By 5 H (2012HZ0006 - 2) s A HH T
FARHOMEE R (JAT171133) ; TETTRRAH AR THRITH (2017 - 137 -21)

YEE B UERE (1990 - ), 2z, INPERIFEA A, PO, 322N T AILES B AR % 5 B 5E . E-mail :691932931qq. com

BIEBEREAN TS Bt 202, A S0, E-mail ; fugaosheng@ fzu. edu. cn



514

AR R I T T B AR W 19

0 51 5

TSR K R TL 7= i 0 43 % i F T8 g, H
T R . (1) RS U Sk B IR (2) it
WOHE B 52 BOHLN T 5 (3) 3l 1t A I 4 5 AR i T
BEE EEIOAT AL AR W & R, TAEREEE S, A= 8R 1%
T AT ASRZR & T — SRR R, i 5
ANTHOCE ki e iRk,

R T HEEEIAT L Y B B AR B AR A A
KIT T A RIEENF A T CMP-60/4-A BRI TOlLALES A
B o B oL, BT AR AR TR LY A B
R,

TR ) Tk AL a8 AP ZE P i T 8A e e 52
Brn v BB B I AT, A A DA R B i 3 s
HIZCRREAR, [RIRE A BB A2 T, T 5 1 s 2L, o
TSR R A A ) 8, PR 5 300 Ao A 72 5 1) 2 50K b
PET ARSI s, i 2 () SCHR S B T i 2 b s
PR T 38 a1 B 1) g A e b R Y O Sk
170 HERIEEEI 077 3 F — 2 i BA A R Sl 5
PATANME: , B T BN TR bR e , B 2R g i
AR, SO GG I 25 516 1 5 R S 30 /R G 8 R 2%
T AN T, a3 pLgs A i hil R 5, S48 0
LI 2 Y At b 32 KR o) v, S T i T
BRI | A A XL A i ah B AME R
XM LRI T — 1 Sk ik & ATk
XA ARG E 2R y , SE P AR A 4%, BEARMEE o5, TR
TR e Sk T4 RGBS TR 8ES i i 42 & b
TR R S DY B M, H AT B $E 5 O =
5 6 X7y LS B U ) G ey | S5 At I KNS
PR A M SR 5 D AR L M R 2 IR AR AR P O,
LR TR AR MEBL IT AN G 20 AR D 7 B 451 A0
WAL PP T MR

2 T SR T S ) S 500 TR B 11t )5 i)
FUEETEAT THRIFD R R0 B4 B 451 M 3 W iR e =

ARSCREHE— 2L HRTT T HLES AP 14 i T80T
H B A 7™ FR b (0 S M SR S Dl A L R 4
(ST AL BRI AR IR A i

1AM SRS o A

VB W) 2 00 S R ) B S E | Tz Bl
PEHITREES XS SR 225 e T B I 4, LU
X AN [ P I 2 50 AP ) e SRS 47 0 A

e,
1.1 ETEmTHHEBNIMRRE

RS RS ) I T 0 2 TR RS2 o S 1 TR A 22
S0, 38 FE LR TR L PR O 44 SCIE IR L, 52 P s TR JBE
PR AU IR BELA VR BE AR, ¥k 1 5 11 ) ik
IR, U 1] B 1) A0 DR A 39 A 3 JRE A 2 fph X 5
AR AR 22 52 B HIL R B PE T, 2 5 B I
BRI 2 TR R, il AR R
R A AT I 25 TR, RT LA— T 52 A o
i, R RN a8 R A TR, M
D) 35 ) B g Betibat 5 TAF A ki B, LAA 514
ORBE A H 4, DR ke mT e e A T 4 gk A 494 T
PG LURME TR ) 4 5 5 o 7 2k G P R S
LA ST IUB E B AR ARk g AR 2 3 o A
INHFERA N5 5 e AR i 51 = 25 07 R shpL g
O RS A A T e LA 5 1 S 25 B ik i o
(IVACIRE PN S ONCE VA R A TSR Uy S K S PN T
SEAOCIE S E R ALES BT r . B gme 2 LA
HEPIBLER N TAEZS (B CAD =4t ISR Seml, /e 3157
PRz R RSB NS e S5 SR S A S gk )
S UK R

AP T ) A i R A T I A Stk A T
o AP OLE RS U Y i i 1 HLR DL,
M S B as RAB IE B B A, I L & A9 3962 3l
TR PLER A IO T A, e L S R 1 7 AR 5K
W, B R, H AT g R B AR ) B E
AN R, BEAh ST 120 I PR A ) R e R
gy MR XA R BORE BE R R, AR B — T T 32 AL
T e ARG E BRI, 55— 07 T 3% T AFAS B Y
R 22 B2 | X L6132 95 0 25 e 2 23 BIHLR T
iz ghiRs b, T AR ZECET B IEX AR RR
FEAFAEROR B INME , B T AR 25, W23 RPLAR
NS HETEDIE SIS R YN S = L VE S NI U i)
AN A, 2 i AR 25 5, A%
SE PRI AR 5 R BB AR 25 50K, 5 B N R i 15
SRS N AR BN B EORWAR o, B SN, 7R 4
FEEFIAIRC, o5 F A SR K e i TARRS 18], 772 e
RS ATHEAT AR 7, H AT G IE MRE PR ik J2 4R
7 AR AS LA SE B BOR , ANTE K e Sk ik Aok
et ARBA A T A Tl AR ™

LA, i 2 I e 4 SRR T S e 1 A
HEEE B EAT P )i M A0 R T Il R A EE A
W, DR At o 8 A R 2 A M SRS O A BT



<20 - L H

Tr & %36 &

1.2 EFRERIMERER

PRI AME DT A RN, — R T 2
PRI L P A R B e T R M
HILEEAH ), B8 i T2 0 3 T LA K T 5 07 1) ) AR
XS A B AME T A B VR . 2B 1R
WFFE W, A0 LT Rb Ay R, T3 B A 5% M 1T LA 22 %
AT i ELAR A R s B R 2, 7 A
T2 A5 IS R e AE 2R M TR B I SRR AR
OISR 8 WIHILAS A ALK A R 3 g, A5 n T
BEAR b Fb  AGE A T Tl A= 7= 38 i 32 s 07 il
JE VAT T ARSI A MR B S i L (o 7 2, 36
T RKitbgEA ™,

HAT, T 3 F AR IR 2 38 1 45 5 e 5, AT
PR AT SR EE M DR S 40 1T 36 o v s 1 2>
AHFFE R PLC 0 5718 F 6 B ML TAE A8,
TN A T A 38 Ao 4 o Aty S 3 o3 o T B 1
TR 0 2R S AR , 3 A 0 T Tl A=
77 SRIADHE MBS I ST AR 4 | i R4 i T A
RETE R BIAMEEZLR

N TR AR A T — il i
IR, T Tl AILES A0 22 i T B0 7 B 1 3k
HRA AT P 5 11 5 L5 M R R R A
1.3 ot

WA I DIBR RN S HISOR 7, bRt BB H o
LG RV TR B S R] P A AT R b i, HA R =R

1 Am

2, =2 (1)
o Am— BEEPUHET S 19 TR & 25, B— WP 9 E
Ar— FEHIIFE]

W bty T B B S I B R] Ae 20 %8 18, B HI Rk
] LSRR T B AT IS 0 T AR BT 25 Am EA T
i, W ESHIE Z .

Z =7 .A = %Am (2)

WhaE N T A2t & 2%, bai B | b R
VI BRSPS s ma b R Y 25 BR
R E N IMR 2 F R B S BRI AT T, &
BT A AR 1 2 o o AN ) BB 1 R 0, (% 1) S
F1) T A5 22 1) AR %o B (PR T T R A A
TR T LA Z W AN IH Ak (%) K o) S B A b ok
) A, R & Z af s an R
7 = K,F.V (3)
K F— I EH T V— W K — FL B R 4R
(S RLE EERE BB EREAX) .

g5 (2,3), 1115,
Am = BK,F V (4)
/Q"\K = BK() ,ﬂﬁ%l‘:

Am
V_Fﬂ (5)

A (5) W T AR B HIl i 0k 1 JB #)  Bein T
()P 507 2R 3, D AE R M Rl 45 SR s 2
(G - B2 beN /N

P A5 0 2 7 B 1) A, AT ST S T A0 DAY
HHIRRLK,

Am,
bR )
Ry SR 55 TR 9 5, —

BT B
0T AME S FT SRS 09 AR I G e
DA R felf A B ) 3k BAR VI I B Ay, G
Tbae S N 5 AP ) A o B 1) g s =
K F,V, = Am, (7)
1P

Am, _ AmOFan (8)

T KF, AmF,
K V,— A TAME TAFEEH i 2] Am, , 0057 S 42 2]
R F ,— WPl R FE 2 v, B T4 S5 bak 6] iy ik
] EEHI T
EHIBIETT BN, b 3 B X ) 1) |32k 1) S 1 0 A
SEMR) T 220 Tb A I i v 1) B T 4 T U e
Am,

V, =
> Am,

2 AR R I AR A e A

Vs

Vi (9)

2.1 REEH

T A 4Kk, RN 175 mm x 70 mm x
40 mm , B R 5 B A 4 (M5 . ZCuSn, Zn,, P, ) , 6
HiAPEL . #FE DEERFOS FER 80#1b71 , 75Ky JC122, b
WK K4 m, 55 R 90 mm, BEIL S5, ABB HLES A
IRB 4400-60/1.9 FHige HASHOAL, 4niEl 1 Fos
2.2 AR

Sk R S AR 8 B T AR S B AR 1) T
PREEH &, A W 5% A6 0 a7 B 5 Sk 80 #, Bb Y 3 FE N
15 m/s, T2 0.2 mm BYBEHI ST, &= T
PR S MR S5 T ARSI 04, R 20 WisteRk H
SEEME IR A R 2 FR



514 BAERE 55 AT T T P bl AR A M SR I S 21 -

: : 1 ..

. . . -
o L -
w114 F i QS g .
] : L ;
o L o= : :
1.2+ opemton -
] B . .

o ‘. a® u! ' ' | SCIE

1 1 1 1 L 1 1 1 1 1
020 021 022 023 024 025
JEH R/ mm

P2 BEWITR LS AR ] A ]

X 2 H R SR T S {E AT A D Y
SEREEHITREE N 0. 22 mm, SFHEENIE R 11.3 g, It
B4 AR B I A A5 T A B R, DA SR A
HEESHI I (Am, =11.3 ) i AT R (9) 15 07 v 4
e A
Am, 11.3

V2 = Amlvl - Am, g (10)

SR T RN TV B G T R 0 A R R
AR IR AE T AR R 60 mm/s D7 ) 46 o
K15 m/s (BN T —A> T AL 0. 01 m/s) , T4
RSB R 0.2 mm PAPET, e 58 T4 85 11 2 B in T
UH A, 25 R e 3 R,

— R

- - - MRHEEEHIE113 g
12 e 95 Y%bRifE I
—-—- 90 %Rk &

9

020 40 60 80 100 120 140 160
IR BUIR
Pl 3 A A S ) B o T i £ 22 P i 2 T2
M3 MIZmT DL G 20 A4S AR, TAF
[ Cll et A I P S S A N ) I AR C

SR ARG T 2ZR Yol NI (Z0m T 20
UE ) SIS Ak TF- 22 a8 T R, 3 AP Y
FE M, TR AR S i, SO T
S HIRI B 0 B R B AR DD R AR £ | (g
o DR T T T S S B O S 8 1) A R
WIZ B B VT ) feik | B ) e e e 5 i AR S 32
BLDLBSFERE 5N 3, 28 s ) M 1) B R AR A R 1
A5, DT R X sk 553, S 1 A0, 9 D>, AR Ak AH X2
S T ARE N T I ) — ok, — R i 2 AOBib
O BB R B B R ST T B SR E R I
B, I 4 1 200 T, AR SO S R P B i 1Y
M

Pl 3 Hr a3 BRI T AR RS 5 95 % bRtk E Hil 2 |
90% BrfE S HIl & (A7 B, T2 100 A4S T AR, B H]
i PR, FF 46 2 W05 T 95% A o B I &, U R
BT — R ARG i o D B 1 M SR Dl R
THR 2 RIEn TR — 80k,

HFEHIIRR RS 2257, GH RN AR HIE,
TN B /NBST | SRS A b B A T AN B A JS i T
TR I AT B T S A R G B E TR B
P B BEHIRZS o R FH Sk 30 ) 8 1) 2 8, O ook 42
FR R R AT S ) M A v, 2 TR R
P R GERTR L , AN e B iof b AR 4 1 B 0k 1) B 1R
HATIREE

PRI 5 1 S M AN IS 5 SE I A M8 O =X T 32
PR A AR A % S ) o T ) ) 2 A
R A FE I

3 LA AMAECR Bk

T IS UE S RS AP R B e A Y
AT, PR3 e 0 E I AMEERICR,

WILAHEE N 15 m/s, 1/ 100 A T 4458 115 G 2 v
P (BN T 1 A AR HEE 0. 01 m/s) B 7 i 4
A ) B ] () AR AR i e an 5] 4 TR

P 4 AT 56 100 A TR 58 Jml 3k i 42 Bisf ) s
Hil i 10.67 g, MBS ADAF B EE (15 +0.01 x99) =
15.99 m/s, 18 iz 2R FH AR 42 P 3 v b Ay 38 %) A2 O
W, B S A R BT R
Am, — 11.3

2= 5V T 067

x 15.99 = 16.83 m/s

(11)

PPN 15. 99 m/s $2 5 3 16. 83 m/s &,

YRS 25 B 0 T RO A ) S Al £ SR
El 5 Fs .



<22 /A I %36 &
Hr (2] ARDPF flE T BT Tl LS A8 A S R Ge 1 n
T TRSBIFLI ] BB TR B R, 2012,27(5)
13 - - - bREERIEDLS g
. - 9SoeREIEHI R 462-465.
T [3] PAN Z, ZHANG H. Robotic machining from programming to
% process control; a complete solution by force control [ C]J.
World Congress on Intelligent Control and Automation. New
York: IEEE, 2008 ;400-409.
T —— (4] BRRR AEmTE T Las NS TR 5 5E )]
YA BT 22241, 2014, (5) 12227,
B4 (SRR T T st erg (5] PURAR IR PR 5 BARSHI SHOT LA
WL T PR e s i [ ] il ol A 304k, 2017,39
lr (11) :4-10.
‘ . (6] IR, 4RI b I8 B 20T W e 1 T T AELRE P
B G — WRGBRFEL D). K KER MU T REEBE ,2004.
(7] ® =8 B AEEFEHEAR L TR [ M]. &
PR FROR 2 Y ik, 2009.
(81 MRAE Tl ALER N A ShES I R GE ) B 2 JAR ST [ T].
KAILRA24 : AR, 2014,11(22) :71-74.
100 . 2'0 . 4'0 . 610 . 810 . ](‘)0 . 150 ! [9] CHONGJ W S, ONG SK, NEE A Y C, et al. Robot pro-
IR gramming using augmented reality: An interactive method for
5 AELR MR RN HL T B I Ak 2k planning collisionVfree paths [ J]. Robotics and Computer
Integrated Manufacturing, 2008 ,25(3) :689-701.
S SRRl FEIN T3 100 > T4l ad R4k [10] MASSA D, CALLEGARI M, CRISTALLI C. Manual guid-
PEAME SR IE T E by 3 J5 , TR B EI & h 10. 67 g ance for industrial robot programming [ J]. Industrial Ro-
PERIE) 11,02 o BENERRAEBSHIRE 11,3 ¢, B0 HE L1 bot 2015 42(5) 1457-465.
LR ST [T I RN 0 B RSB A
BORBEFELT]. 5% ,2010(7) :68-70.
4 LEfE (121 M PE MR TE, 2ot ih. I35 B S A OE D45 13 45
K TZAS[ )] BB EAR R 240E,2015,3(9) :50-56.
EEXHE Tl LS ARSI 22 P i T e vh ,@% [13] LINY, CHEN T, FU G, et al. Relative pose estimation
%*ﬁ%ﬁ%ﬁﬂ’ﬂl%l‘%ﬁ%fﬂ@,Zliii(ﬂ‘ﬁ?%ﬁ#@iiﬁ;q: from points by Kalman filters [ C]. IEEE International
AT B A M SR W4T T 8 556, Conference on Robotics and Biomimetics, New York:
SHR S04 A R TR BN e e IEEE, 2016 o
TSR O R A R ety e e (M) VR DARLE NIRRT CR IR
U8 45 S W L T %%%ﬁ%wlﬁMﬁwﬁ%mWI&&Eﬂ%%
Bt ,2016.
SE LR ( References) : [15] SONG Y, LIANG W, YANG Y. A method for grinding re-

(1] X1 5E. TolbBlas A A S R G0 [T]. Al 2010,
(4):39-41.

AR5 AR

moval control of a robot belt grinding system [ J]. Journal
of Intelligent Manufacturing, 2012 ,23(5) :1903-1913.

[ w35 ]

JRAERE T WS E S Rl SR PN T AT b B UM SRS AT ST [ D] HLAL T, 2019,36 (1) 118 - 22.
CHENG Chu-chu, FU Gao-sheng, CHENG Hong-ling, et al. Wear compensation strategy of sand belt in grinding flexible manufacturing unit[ J]. Journal of Me-

chanical & Electrical Engineering, 2019,36(1) .18 -22.

<<HLEE.:|:5FE>>%/%:\;http://www. meem. com. cn





