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F1 BEREEAIKRETERREER
Table 1 Disc grinding test scheme and test results
it i ot S e
80 3 10 10000
80 5 10 10000
80 10 10 10000
80 15 10 10000
80 20 10 10000
80 10 5 10000
80 10 10 10000
80 10 15 10000
80 10 20 10000
80 10 25 10000
80 10 10 10000
80 10 10 9000
80 10 10 8000
80 10 10 7000
80 10 10 10000
120 10 10 10000
180 10 10 10000
240 10 10 10000
320 10 10 10000

RERIEEE H
RIE /um

2.4
5.1
8.3
16.8
17.4

8.3
3.8
3.5
2.8
8.3
7.5
6.1
1.9
83
9.2
8.2
5.8
4.6

FTHE By > b 25 3l T > JE R >
THEH, 55 HER—5

VR BREREE A [ ) A Ay 1)
N

H=cv/'vPF M4 (8)
Kb, ek, 1, p, g HIAATEE REL

W08 W [m] s B i «

InH =Inc+kInF + flnv; +
(9)

4 InH=y, Inc=b,, InF =x,,
Inv,=x,, Inv,=x;, InM=x,, k=b,,
t=b,, p=by, q="b,, WX 1) £ 1 [n]
AN TR N «

Y =by+bx; +byxy +byx5 +byxy

(10)

L, y AR x o6 x5 x h
IENEES S

FOA 19 IR0 KHE T a7 et
MUEpEEyNE

N =by +byxyy +byxyy +byxys +byxyy

plny, + glnM

V2 = by +byxyy +byXyy +byxy3 +byxyy

Vg =by +bx191 +byx197 +byXy93 +byXp94

(11)
20214655648 5520 10] « Bt BlEHEA 17



L Hi

FEATURE

JERE RN R R

Y=Xb+¢ (12)
A, e AR Yo 19 41450
Jri 2 B R B AR 2 R BB A, T
TN

N 2.4
=2 |=>
Yio 4.6
Loxy x, X130 Xig
X< 1 x.21 x?z x?3 x%4
I xgr X0 Xio3  Xig4
5]
by
b=|b, |;
b,
_b4_
g |
&
=g |,
&3
[ €4 ]
Hf /N A TG
[-15.232]
0.936
b=(X"X)"'X"yY =| -0.644
0.012
| —0.082 |
(13)

B ZOR A 2 [T S 2 A

H= 6_15‘232F0'936Vf_0'644\750'012M_O'ng
(14)

2 BEMRE ST

FTRAER(14) EBRIEEHCEF
Y F) o A PR AT SEE 52 ] SPSS
B i AR A SRR M T
JE ) F S R vy TR v, iE
1T B AT, I IEZs S an sk 2 fin 3
FiR o

ME2AUB T4 FET
SR BT E AR AR ) 5 i (B
92.8%>70%, Rl B BPALFE T 5 1% 7
PR EE A T B 4 A T2 280E

18 Wizt hEE A - 20214F 55 642 55 2010]

B B S e BRI BE AR, 15 T2
SH T E, fEE — IRFR(DW)
72009 (1.98<DW<2.02 ), ] 2= 64 9% i
[l R R T SR Y, R 3]
PEH, & T ESHM R EE P=0
5% 0.001<0.05, # T-AF £ BRIRE ]
HCA AR R R ER, £ 12
SO T A2 BR IR 52 i A2 AR UK
g, FTVE R F1([¢1=6.097 ) > 125 1 i
(111=5.396 ) > Ji& $} ki FE( [¢]=3.769 )>
T HEEH(|1=2.737 ), BUE B R F
g I 5 5 LA 25 R — 3.

R T A T IR R A R A
P AT S — IR RE , S

P00 A 5 3 0 (E 1R 25 43 b,
BURZE /NS5 2 I T 2S5
WA WYCKIEE A 80, 4TEE 71 5N,
T HHE3 10000r/min, T HiF 25 4 )&
10mm/s, VE4F 7 YRATBE I TR
FTBE T 43 00 FETU )25 00 JE=4 S
AR 10 NS5 R BEREAS 1 R
FEAE, il 7 Ca) FI(b) Fros, B A
TR 10 AFEAS SSF T BE I (1)) B 22
FEBCFSAE, WA 2 — AT B
M RBREEEPIE, e R 7 UGk
AR5 5 TR 7 412 R BRI
FEME . REMLEECH p— a5, F 7
(c) M) 73R AT S S AN T BT

LAERINGG 4 Fos , BE-SIAIAE e xr Ee BT B 3T A S S AEAS SRR
REAE £7% VAN, B TiZBCeei JBERIC R a2 6 6, 18 8 Xt
TYRAT R I 6 BRI AL

3 REMXWIIE
HRAYE R 4 L BRTREE o] U B At

HTRZE AR T AR, 28 7 IR
HTESHEEITE LR LR

x2 EEBEESNE
Table 2 Model summary analysis table

FEAY HRREL R HERB R BT — IR AR
1 0.963 0.928 2.009
x3 MAEARESTR
Table 3 Regression coefficient analysis table
Ak FEILZR L B MR ES 3¢t o410 BFEMEP
JERPRLE M -0.082 -3.769 0.001
I F 0.936 6.097 0
PEERIEL v, ~0.644 -5.396 0
TEIEH v, 0.012 2.737 0.001
F4 WIEKWIREBSLE
Table 4 Verification test error percentage
IR | BRI | ATEEE ) | BEATEIE vy | THEERHE v/ | RIGME /| BRI | $R2E/
ETR=2 M F/N (mm-s') | (r-min") pum {E /um %
1 80 10 5 10000 18.5 18.9 2.16
2 80 5 10 10000 5.1 5.0 1.96
3 80 5 10 9000 43 4.6 6.97
4 120 15 5 10000 21.1 20.6 —2.37
5 180 20 20 10000 7.3 6.9 —5.79



L Hi

FEATURE

x5 ZRRBEBRREFHENLE
Table 5 Removal depth average change
of multiple tests um
I UCEL KRR H(E
1 5.0
2 5.1
3 49
4 52
5 5.0
(a) 10HEAR R
6 52
7 5.1

R 6 BRITERIRREBELL

Table 6 Comparison of coating thickness

TREE AR (R (B AE 4.9~5.2pm Z [,
TERRFT SRS, AT F i U2 5
JE S 56.3um [ % 51.2um,
ZHWILE 10.1 BEZE 6.0, 7 2 Wit
12.12 [ 2 5.31, 1 2 0l — Sk 42
L I R E BRI R nr s, /)
FTIE I 22T o o AT AL A A 3
FIBE HZEAT,

it
(1) 38 3 g 57 PR E R IR U )2 1)
LR 32 ] Deform FAF AN
TR, X A R AT AT, 45
A TS HO R BRIR B 1 52 ) 4
PR IBRITES T8 S5 B it
TR ELA

before and after single grinding pm (2 ) TZTT P%% /% ?fﬁiﬁ%’{ ﬁgﬁj% , SE
] SN
&yl | 2] R%ER
Wikt | | e | e ORI G5B TSR
ie . ) HiY, 0f B2 LR EE W R
]. 5 . 5 ]. 5 N 4 1= —]
U, BEEARAT K 4T nY % 11 i i, [ B
2 56.7 50.4 6.3 et TG T 7 T ARG .
(b) RN 3 537 482 55 (3) 3 i 2 A s 0 2 1 FT 8
, o 453 is IS, RAHATEE T 2817, &0
' ' ' B, X T RHLSE R HLA R 2 ARG
> 2R . S R BRIR Z PR TS I T a5
6 56.9 51.6 5.1 HA—EMSHZME.
7 59.9 53.6 6.3
5 % X #k
’ 615 | 43 72 (] oA, MR . PR L
9 547 50.8 3.9 SIRFE N T T A% ). FEEHGE .,
2016(11): 46-47.
() FTEE R 10 8.1 537 44 XU Zhicai, HAO Xinchao. Comparison of
60
A
SO‘W
g 40
2 —A— TSR
m 30F e AT
% 2] —a— IRV
10 b
2 A—A— 2 A A A, A A
(d) FTHERT ST LG 01 2 3 4 6 7 8 9 10
BURE st

7 RERERERAFITERE
Fig.7 Grinding test of epoxy resin coating
specimen

8 BRATEmIESREEEXLE

Fig.8 Comparison of coating thickness before and after single grinding

20214E 564 55 2000) - st G EER 19



L Hi

FEATURE

two kinds of civil aircraft metal skin processing
technology[J]. China Science and Technology
Information, 2016(11): 46—47.

(2] MG, R, A . RIS
B R BIN AL D IETSY (0], SRIHR |
2013, 42(3): 91-93.

HAO Peng, LU Xiang, DU Jianxun. Study
on quantitative method of civil aircraft aluminum
skin surface treatment evaluation[J]. Surface
Technology, 2013, 42(3): 91-93.

[3] B, TR, FIER 5. R
23 g P 52 B VR BHI SR AR Rl iR (0],
AT, 2014, 44(8): 69-74.

ZHAO Xin, YU Xinhua, SU Zhengliang,
et al. Verification technology and airworthiness
requirements of skin coatings for civil aircraft[J].
Coating Industry, 2014, 44(8): 69-74.

[4] BUES, K, sk, S5 EATELALR
FHSpE S CALSE B B b A R (0], 4TI 4
i, 2014, 28(1): 2224, 54.

ZHAO Xin, XIE Fei, ZHANG Fan, et al.

Analysis on anti-corrosion system of modern civil
aviation aircraft skin[J]. Total Corrosion Control,
2014, 28(1): 2224, 54.

[5] 247 fkafh, XL« FRER

B RS AR R T2 et (00, & w1 (%
JInT), 2015(1): 48-50.

LI Dehong, YANG Gangwei, LIU Longfei.
Numerical control technology improvement
of epoxy resin material base plate[J]. Metal
Working (Cold Working), 2015(1): 48-50.

[6] IR . UL g BN T AP g
Fe 161 BUE S B ST [D]. JHE: WA Tk
2 2014,

SHI Chen. Research on grinding force and
surface forming process in grinding of wind
turbine blade[D]. Tianjin: Hebei University of
Technology, 2014.

[71 LIRS #oEAr . By WL
FIEE B BB 5 04 (0], BUMBCTH S5 A5
2018, 34(6): 115-118.

ZHU Shixing, CAI Gaocun. Design and

analysis of adaptive aircraft large wing grinding
equipment[J]. Machine Design and Research,
2018, 34(6): 115-118.

[8] HzMy. RGBS TR
IFEHUAGRIBERFSE [D]. R P EEATRY:
2019.

LI Yunpeng. Research on stiffness of
parallel mechanism for aircraft composite skin
grinding[D]. Tianjin: Civil Aviation University
of China, 2019.

[91 &M . ZAhmdlas A [ Sl
TZWE D] A - EBHFL TR, 2019.

AN Hongwei. Research on automatic
grinding technology of complex curved surface
robot[D]. Shenyang: Shenyang University of
Technology, 2019.

[10] fATIGEdE , X0 SCH . 1 105 43 By
[M]. dExt : A E N RRAA AL |, 2015,

HE Xiaoqun, LIU Wenqing. Applied
regression analysis[M]. Beijing: Renmin

University of China Press, 2015.

Research on Technology of Robot Grinding on Epoxy Coating for

Aircraft Skin

TIAN Fengjie', DENG Cong', HAN Xiao', LI Lun’
(1. Shenyang Ligong University, Shenyang 110159, China;

2. Shenyang Institute of Automation, Chinese Academy of Sciences, Shenyang 110016, China)

[ABSTRACT]

In order to research the effect of process parameters on removal depth in the process of robot grinding

epoxy coating on aircraft skin, a robot automatic grinding platform was built. According to Preston equation, the
removal model of epoxy coating was established. The workpiece grinding process was simulated by Deform software
and the influence of process parameters on removal depth under the single factor condition was studied. The regression
mathematical model of removal depth and workpiece grinding test are established for theoretical analysis and verification.
The results show that the removal depth is directly proportional to the grinding pressure and tool rotation speed, inversely
proportional to the tool feed speed and abrasive particle size. Grinding pressure has great influence on removal depth, while
tool rotation speed has relatively little influence on removal depth. During the grinding process, the uniform removal is
realized by controlling the constant contact force and good surface quality is obtained.

Keywords: Robot grinding; Epoxy coating; Process parameters; Removal depth; Regression mathematical model
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