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Abstract

Robot grinding has the advantages of good flexibility and high efficiency, but the consistency of the
machined surface is easy to be affected by the end force control and process parameters. In this
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paper, the impedance control model and simulation of robot grinding are used to adjust the pa-
rameters, improve the response speed and reduce the force stability time. Then, the influence of
process parameters on surface roughness was analyzed by single factor and orthogonal experi-
ment, the prediction model of surface roughness was established, and the process parameters fa-
vorable to surface quality were obtained. Finally, impedance control and process parameter opti-
mization are combined to improve the grinding quality. The results show that the robot grinding
based on impedance control and process parameter optimization can effectively reduce the work-
piece surface roughness and improve the surface integrity.
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2. Kig HEMEHRESHE
2.1. TR EIRID

REL A28 ) A R g AT #8 5 RS 1R A FH O R0 XOR & - B - MIFERE AL, {38 FH FHBUAE AL ) AR
AR UPAT B G 2 [ MBS KR R, EEfE R, @iy HHsE A s 25, ol PLECE L
Wt R A it 5 R IR B () SIS &, HETOKG 23RO B A N IR — 3 iR R b BE BT i) i 2 A R 2
w1 Frs:

b T
Figure 1. Impedance control principle
1. PEHEHEARRE
BELHUAR Y 5 FH F) = T 508 -
F, =M X +B X +K, (X -X,)
Fo=MX+B, (X=X, )+K, (X =X,) (2-1)
Fo=My (X=X, )+B, (X=X, )+K,4 (X =X,)
A, My By K ABFREBIBE. BB, BIEREG Xo Xo X RAImHIAT FAE =417 8] rhr s bl
JEL P MBIAE: X X X RAREHAT AR IR A ARSI R F R AR T A S R
) SEBREefi 7)o N T SEBURSHER JJ RS, BIN—IE F, ) B nr ARy
F.-F =M X +B,X+K,(X-X,)
F.—F =M X+B, (X -X,)+Ks(X=X,) (2-2)
F.—F =M (X=X, )+B, (X=X, )+ K, (X =-X,)

FEEPUERh, SNMEF =F -F, fERE X, =X-X,, 18 X AETHEH WX=X=0,

A
F,=M,X, +B, X, +K,X, (2-3)
LU SEET R Bt G
X (s) 1
H(s)= = 2-4
(s) F.(s) Mys®+Bs+K, @4

2.2. AKimEih PR HIEHHRE

AR A BH T 4% ) B M R v A AT s R, s 2 s . MRAEIERIE A, AR
MATLAB/Simulink #4742 I8 KBS 07 3, H AT HAEEE 3 Jrs, SR PD 214 8 it RS
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Figure 2. Impedance control model
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Figure 3. Impedance control simulation block diagram
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2.3.1. RSB RGIZHAMEH R

REFBEJEZ b, =500, WIFEZ ¥k, =40 FEMEAE, SRS HIE > 8 my =1, my =10,
m, =20, m, =50, SRR MESHO 1R Z R LA 4 Fros: B SEEE X R B F IR ZE
ANy BEEES BRI, R GE N TR AR AR (A AR S, HER RS, A RIS
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Figure 4. Influence curve of inertia parameters on force error
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Figure 5. Influence curve of damping parameters on force error
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RIFIJEZS I m, =1, WIEE 24 b, =500 ME AL, S e 28 m1E 7 38 k, = 40, k, = 200,
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Figure 6. Influence curve of stiffness parameters on force error
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BT BRSO T, A AR S BB E S Hom, =1, FHES%b, =500, NS4
ky =40 RIS HAL &, DLSCHLBR i N, PR, IR TREM H 1 N rit—D
PETHE R, FERH ST AR S HORE AR L, R I DA S B RIS AT T 234

3. TZSHREEREEF M RN
31 MB/AITELZIRTA

N TRR TES O RIRBE R, A SCRABR & PR AT B T2, Rh 120
mm*120 mm*10 mm [ AR G EHEEATE E, S8 T 2235 h Kistler I BCRAEST BEIN TAF52 21057
BE T3, ARAEI BRI 45 7 I AERA T . RIS, KUKA BL#S ARG 2238 Sl B T2, AT se B T
T BE I . LS N BE AR o TAFBEAT RE AL, FF R R A AR AR R0 R B A2 EAT MR, SCBLPE Pt 2
THEEILIR FEIMEE , SRS BR AR LRI RS Bt v sE . BEPRSEOG . MRS - B AR S-128 MKESE
PO TAFHEATAT I, 2 RS LA PR RES 2 1 o

Table 1. Performance parameters of Taylor-Hopson roughness meter
=1 RE - ETHEEEMMESK

PERE AR MRS H
=% 100 pm
M 7 IS 100 nm
PR 5mm
T3 1 mm/s
HER 0.5%

m
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3.2. BT ZSYxREAEER WS

N BT TESHOT B 05T RS A, R PR R 3R SRS S B T S A0 AT )
Br, b QR Rl BRI . RS RPACKLIE . TR o B0 rh b AREE KL A 2 AT
ZRIRE, A EERO LN [R] Y TR R R PEMIR AR B R A, PUE TR A BE TR,
BRSNS R Ak A AR YRR s R4S T R U B TR AE TR S B A IR, 3 R kL
PEAR IR 18] RO ARORE P P e SR T AR A B PR AR, T i et 5 v BB S B B A PR T AR
3.2.1. EHFEMN T HREHERE R

Szgs R, 43 9IS 32 B Sy 1000 r/min, 2000 r/min, 3000 r/min, 4000 r/min, 5000 r/min, 6000 r/min
HEAT SN, HSLmSE g 2 fiR.

Table 2. Single factor experimental parameters of spindle speed
2 THEREEARIWBHER

TZ23H SHUE
= 5l 358 (r/min) 1000, 2000, 3000, 4000, 5000, 6000
HEZETEFE (m/s) 0.01
ALK (#) 600
B4R & (mm) 0.6
0. 35 u0. 35
0.30 4 0. 3

«
\ K.o. 2

0. 20 0.

RIFREEZ (nm)

0 ' 2000 I 4000 I 6000
FHEHE (r/min)

Figure 7. Experimental results influenced by single factor of spindle speed
B 7. R P E RN ER

HIZE R 7 WAL, AR RS P B A b e O S N S N JE i, 4 R R E AL T 3000 r/min
TR, REBER AL R MR RR, S 5EIREREOE 2, PORFRBRE IR, TR
REPRERRAIG: Rl gk SRS, TR B, BERLAE AR R 5 R AL B, X AR iy RO i, e
DIRPRLEBRA, iR RS FZ 3 K
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3.2.2. HAREXN T HREHERENTI
SEEG R, A3 RIS 3RS 3 N 0.005 m/s, 0.007 m/s, 0.009 m/s, 0.011 m/s, 0.013 m/s, 0.015 m/s.
HSI S H N4 3 s

Table 3. Single factor experimental parameters of feed speed
=3 HAREREERRIWBHR

T8 SHIE
E %L TE (r/min) 4000
HEEE TR (m/s) 0.005, 0.007, 0.009, 0.011, 0.013, 0.015
TP ACHKLE (#) 600
JE IR EE (mm) 0.6
0.4
m0. 35
0.3 /
=3,
= m0. 28
%( IO{
=
E 0.2 u(). 2
-0{
i
0.1 T T T

0. 005 0.010 0.015
WEEHE (n/s)
Figure 8. Experimental results influenced by single factor of feed speed
[E 8. HB/REBERZFMLILER
HSea gt K] 8 I, AR AR THCHURS B2 A pE4n e S i oK. gl B K, SR AR R
YRR Teg )y, 3 DA AR A R B H, BRI RE L BR AR, AR i B 2 BRI
3.2.3. 4RI RE > T - 5= EHEHE B OS2
LA, A BIERFRPACKLE A: 300#, 400#, 500#, 600#, 700#, 800#. FLsiibZ¥und 4 Fix.

Table 4. Single factor test parameters of sandpaper grain size

T4 WRKNERREIWSHR

TZEBH ZHE
F L 5 (r/min) 4000
2533 (m/s) 0.01
WAL (#) 300, 400, 500, 600, 700, 800
BB IR BE (mm) 0.6
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Table 9. Single factor test parameters of sandpaper grain size
B 9. AbYURIE B EREFMLILER
HSRER S5 RIS 9 AIn, BEAE AU ERIG R, TR IR LR . BEAE R AR O R, Rb4R A
ALTAR A R RO K, 5 A AR R T ARG R, W R A R BE I, B DL AR R TR DR 2 B 2 e
ik, HWPACKLEZAREG K, B AN ERSEL L, FHHBRAE, BIURAEWIERE, MBS
TAFR B, TR AR B HIVERE, M SRIG 45 R M AR R MG ), B WD AORLEE (1 4k 2208 K,
REHE 2 ek /N O R B2 AR 1B A0 T %
3.2.4. BEHhREE N TR KR
SEIerR, J> B BEEE N : 0.3 mm, 0.4 mm, 0.5mm, 0.6 mm, 0.7mm, 0.8mm. HSIS%
Nz 5 fis.

Table 5. Single factor experimental parameters of grinding depth
=5 BARERERRIESHER

TE3H SHUE
T Bl A 3 (r/min) 4000
L5 T (m/s) 0.01
AL S (#) 600
FEHIIR E (mm) 0.3,0.4,05,0.6,0.7,0.8

0.30 u). 3
\ "0, 29
\
2 \ ///
z \
0.25 \ _m0. 25
g w0, 24
;-g \ /,' 23
E \\ //
® .20 \ /
\ /
/
\-6. 17
0.15 T T T
0.2 0.4 0.6 0.8
RT3

Figure 10. Single factor influencing the experimental results of grinding depth
B 10. BEiRE 2 ERF MR
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HISIR A IR 1] 10 WA, TAFR RS 2 BE A B0 IR P RSN SE I Gt K o 24 P IR 1 R,
KA DA TAFREAT A A &, SR SRR, Al AT 7E 0 RO, AR B R R, TARR R
uf; WA R LI ARSI R, VNIRRT 1A B ARSI K, BRI 2 BB R BRI 2B, ATt SRR Y

PG, MHLEASE R E: SIFEN, BREREL R, PERYIEA S H,

HIRAERD AR T

P 18], BTN RS AT SRR AR I AR, & B RFE BRI, AR T RS FE 4 K

3.3. IE3ZNNE 5 AR ARG A T i A

TEAZ SRI0E A — Pl Iz N A R 2 IR R 2 AP v, BRI IEAS SRR BTt AR
FA VU PR 28 = 7K ~F 1F 22 S 06 R 2 N7 3% THDREDRS P52 T ASE Y o AR 4T B8 Tl 25 AR e ARSI i % T 205 R
BB . BE4A 8% v: 0.3 m/min~0.9 m/min, F#h##: 2000~6000 r/min, BE#IIRE: 0.4~0.8 mm,
WhARKLE . 400~800#, # 6 AL Z /K T3, FFA5 3 B 2 iR RS B2 45 A& 7 Fom o

Table 6. Level table of grinding and polishing experiment factors

6. BinLmERKFR

2SN
K B TH Etiikzvy PR B RO AN
(m/s) (r/min) (mm) #)
0.3 2000 0.4 400
2 0.6 4000 0.6 600
3 0.9 6000 0.8 800
Table 7. Grinding and polishing test results
7. BHLIGER
Yo T T PR B WKL =21 itk i3
(r/min) (m/min) (mm) #) N pum
1 2000 0.3 0.4 400 47.6 0.35
2 2000 0.6 0.6 600 50.4 0.25
3 2000 0.9 0.8 800 51.8 0.26
4 4000 0.3 0.6 800 44.8 0.18
5 4000 0.6 0.8 400 52 0.36
6 4000 0.9 0.4 600 46.5 0.23
7 6000 0.3 0.8 600 49.4 0.15
8 6000 0.6 0.4 800 44.8 0.17
9 6000 0.9 0.6 400 48 0.20

NI T EZHO R AR RS &5

M, R AT @ R12]:

Ra =V/™V™S™N™

M AR, AR DU A T2 230 T A 2R AL A P ) 0 Ao

@1

JOR, OV, NEEERE, VN RESE, S NESIMIRRE, NOARPACRIEE, m,m,,m,m, NFEE AR
e, W rAPR, K ERIEE A, wRIG TR
IgRa=m, lgV; +m,lgV, +m;IgS+m,IgN

(3-2)
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¥ R A R N B, @i 2 ookl 5443 m =-042675 . m, =0.08873 . m, =-0.01112 .
m, =-0.5759 , U kA
lgRa = —0.42675IgV, +0.088731gV, —0.011121gS —0.5759Ig N (3-3)

i BT E
Ra =/ 042675\ 008673 001112 \| 0575 (3-2)
M E A R R BRI R A ROR AT, BB R SR R LR = 0.957668 , 457 &%

KFa=005, LESHANMm=4, REQAHN 9, LERWHMEMRZBMIEIER,, =0.930,
R>R,, M HR?=091712 35T 1, FrAARERZE.

34. ZTZSYAREARERETMAE

N T M TESHO I SRS S R, MRS, R P T Z SR ACHE R A
ERAK, USRS T ESHOVERIFAE R G A HUE, 7153 T 22400 Rk RE AR & 52

.
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E ﬁ R
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3.5 5.
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- 700 W ey 1 500 :
800 ROURR g 400 AR
(a) V¢ =4000 r/min, Vo = 0.6 m/min (b) V¢ = 4000 r/min, S =0.6 mm
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o 10~ 75
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%7 65
- 1105 £ ¢
m 6
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= 95 Ny ’
JE= 3 5
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(c) V¢ = 4000 r/min, N = 600# (d) Vo= 0.6 m/min, S=0.6 mm

DOI: 10.12677/m0s.2023.123293 3190 A ()


https://doi.org/10.12677/mos.2023.123293

HKER K 45

x1074 <10 =104
x107 10 95
6
6.5 9 9
6 . 85
5.5 “ | '5'@ 8
Fe T = 8
= s . =
= . = 7 75
E4 5 N 50 R
4 6 7
3.5
0.8 /\ f 6.5
0
0.7 o L 600 0.8 ) 6
: 0.5 4000 4 0.6 5000 6000
V. 3000 . HELA T iE 04 2000 3000 4000
BRI )L 0.4 2000 F i it il ik
(e) Vo = 0.6 m/min, N = 600# (f) S=0.6 mm, N = 600#

Figure 11. Influence law of process parameters on polishing force

11. TZ2 BN mMAE

HIEl 11(a) K& 11(c) w0, BEPOIREE S MY RAIRPARRIEE N ORI, BEIH ) B3GR, APRHLBRE Y
Ko RIHKEEERCN ;s ZEIOIRE S BRI, FEE R RN N, 5T EEE- bz 8Ok, Bk
5 TAFEA ARG K, AORLE BRI, RIS FZ it — P

HIP 11(b)s &1 11(e) AT %, 2443 BT Vo I/ D ANRD ARREFE N HE ORI, R TIRLRE B2 A, b4y
PN, BERLAE TR RIS B (R, W] DU AT R H s R ARRIREIE R, AR R 2, /R
THARSE K, R TR P — D B

H I 10(d)s B 1) PR, R VAR NSRS, SRIARURE BEUR /N s 2 R b K
2hA BRI RIS 0 IR R, 5 AR O D BE 2 B8R, BRI 2, SRR R, MRk
BRAIER, RMHIKEEE I -

EREPNIR, fEGERPAORI RSO, LI PR R A P P R AR R R O, DARESR i
TR BT AR A AT 2 51 R 58 I 8 B PR 38 K B )s - 32 TS B 30 K0 K, 3 i A
LB, SR RCRIRTS A S I ER. Rk, SR T ESHE TR A
Tiid, W UAHE— B AP AR, SR R AR T

4. EFHEHIEHFI T ZRABE RN RN SLE

N T AR B0 TS H0S iR S & L as N7 QA Rk, R L i ik et 7 6 o0 1
PREAT RS g, RS E RSH, e L2280, U LESHAE, Wk 8 fin.

Table 8. Process parameters of workpiece polishing experiment
#8 IHENIBTZSH

Bl ZH
A5 e
TAF RS 150 mm*150 mm*10 mm
HETA SBNHT B A
WYL 800#
RS 4000 r/min
HHeh R 0.3 m/min
BEYIIRE 0.4 mm
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ERETESHAET, Suikm B F=42N, SRR HIT#E 0L B SLR-F & kT a
B4R ) S2 56 ] 12(a) FTE PP HI S8 ] 12(b), b4t bl, HEMLRN D F, 4R 12 fis.
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so R FZIN]

o A AR AR

30

s
G
=

20

10

%o 11 12 13 14 15 R 1
B[R] [s]
(@)
I
ER ML Fz|N|

56

4

)

MWWWWMWMWWWWW

28

R lelfs] g 1
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Figure 12. Comparison of polishing force results with or without impedance control. (a) Grinding force and workpiece sur-
face roughness under impedance control; (b) Polishing force and workpiece surface roughness without impedance control

12. BEEMIEH THERDERIEE. () BEMIEHTHER DR THEREHEREE; (b) ZTREHTHE
1R T4 3R EAERE RS

X F 2 BT AT, Q)EFTR, (ERRGUEESI R, B A R e AT, 7 BEERE i
TR E A, e E e, O)EFTR, ELMPEE T, B e, KElkE, &
T St T P M T S R BB, B TR R . BT DAAEAE PRI, 4 A R
RS FE B T S ORI J7 T LS BB I ) fro R b, o 3R AL Tt L AR A
5. 58

AR Sl I R R G I BB R GRS 5 B L2 SO R TR R S8 5 AR Ak R AR AL
FC, UEWY T A ) BRPTE  DLE TS HO R R A A, i b e S IR R T 235
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