Intelligent Robot %ﬁﬁﬂ%ﬁk

FIX AR : A A, A, IR, F . AT LT RMEAMGKFHE ERBRERFL [J] i #iEHZ AR, 2022, 65(13): 63-69.
LIU Chunmei, ZHENG Shuo, GUO Wenfeng, et al. Research on digital tube bending technology based on industrial robot[J].
Aeronautical Manufacturing Technology, 2022, 65(13): 63—69.

EFTUNBANMPUEERHHEATG

X| &, B A, EBCR, EHER, AhRE , EBI)I R
(B FMEMREKRF, &7 210016)

[(HE] RFULTERBEAMEA-—FHALAHTA M IHEA AT RATRTH T LEAF S, AT B K5
REFIAT LT MG ERRT .. ATHRFUTERBHEARARE, 3T TENEARY L LT RIEFH L
PN ik, BT A B AT ERAG T HRREE AT ENBATALZAEMGHFTHTE L. RAARAHEN
LR IARLs a0 7 ik, AR T B AFEME AT W R YA b 5 ) 89 TACHAE, 6 T LS AR Sh R AN AL,
M T ZA R T T IR R EN 0. EREN, BENT EINEART RETF &AM 7 & TALILE
& GE WA, BRI B R RS A K EE D . MBAZSHRBAMMER THRKET TR BERFAL.
12 B B AN 5 5308 A5 i AMIAT AR A AR, K 8 ) LA S B RRWATA AR, EAEFRAT

R TEW IR AIZ T T Wik EFRAH R R .
KR TEMBEA; RN LT wMt; ARTEN; RYRE
DOI: 10.16080/j.issn1671-833x.2022.13.063

X EiE
R, IZEL, \ARAEAER
E B R RN &,

Wit A s AR R PR A R
P =S o X A e SR R S B

B MO AR i A Y
ok H 54 2, X se iy fF EE AT
WO R PR e R ST, TEA
Z3 i B H R A SRS Y
‘g L mE TR, s
USRS A0 Bk
AL SRR A, BT — A
JUL 2 A I 14 e Ak BE 2 A 1 2
BATZ 8 Az /NSl 2
AR AR AR B A
EIRPEAE A PR ROE (L GEROR Y
A R 5 5 BB A T TG
TE— YR , AR S0 B
IR S R 5, N T T2
FE AR R G A, B AR T AR
it P, SR —UE S
BT A2 2 A PR R PR O
PETH AR AS f 3 0 A 7 R

A 7= A S e A e e XK, VT
BEWFSR 25 DR 1 T 58 5 il 38 54
R E A M SIEH AR
AR, Tl HLES N2 E PR oE
IR AR A P LA B e 2™
RGN RE S Rk A B A
PR —IE SRR . HET
XPIZoR A M 4 i BB HR 544,
Wafios /A Fl i1t T — i BHLES A
WY 255, LA A SEIE 1Y
A5 5 4 EARAE A AN i
UM R SE A A8 A S i OB (5
A WAURI T HLas A L)
fE I REA RO FFENLAR A5 H B
Lo B XF T, AH b T Wafios
v H), HAS Opton A wR LA A
& BUEIE—R 1k, TSN
MR E, B LA A 725 h s

* BEE : U mBIEARHINE 55 2% (NS2021046 ) ; [EIFR FIARBIERA T AFRIEFE S (52105362 ) 5 VLI FIORBR A4 4P 4:( BK20210310 ),

2022455565 551310 - MR HIEEIAR 63



- . .
—— Ix e

Bl , —E P AR A RES R
IR INE )7 28 Yy & W (ERES L O
FIRFARWATFRIHHANE & B B, ol
FARMANIF.

FI AT, [ AR T 5 134
A AN E T4 A sh i T AR,
IRIFSE , T ALES AN R A% T b
ERRSEEA . XML A
BRI H AL D, HE—L6h)]
IRABHE A RIES TR A ) 243
PEWFSE . R S PR T —FhaL
TN Y T 2 i S B 2
BT L8 BUE SR R WA
PRFEAT T 20T RRLES N TR 2L,
PEAE ML NS I TR . XI&
H O FOARAT 7 A T — R x4
N R RE I Ty 2 B
B IR T S LA ANFIE
Mr, B RUES T 3 SUE 25 i B 5
FEA T AR SR AR S ) AR T
RS B B R

e A i iR e HLEE A
5 iy B AR BAT MR AR A
% 2 s TR DR S T 45 2 ARG
B, HALER N e 45 A iR L
REHR 5 HN, B E R A A AT
Jry R VR BEAL I, AR T AR,
Uok B LA AL A R AR 1, S
B — AR S #1052 275 i 45 1
FRPRE B PR Y | 3 RS M A s
i B B AT L

ARICK L FAR 575 A R R
ERHLES ANARSS &, FEMLAR A ik =2
o AT AR, AnE 2 PR,

64 s RIS EA - 20224 65 % 1314

1

MERNNBIER TG

Fig.1 Pipeline system of aero-engine
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Fig.4 Schematic diagram of motion control of robot bending process
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Fig.6 Design composition of end bending actuator
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Research on Digital Tube Bending Technology Based on Industrial Robot

LIU Chunmei, ZHENG Shuo, GUO Wenfeng, HUANG Zushu, SUN Zhenbiao, GUO Xunzhong
(Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

[ABSTRACT]

As a new type of fully automatic tube processing technology, the digital bending forming technology is based

on the current popular industrial robot platform and combined with the bending end device to realize the continuous forming
of complex bending components. In this paper, according to the forming principle of digital bending technology, the parsing
algorithm of forming process trajectory and motion of the tube bending robot was established, and a matching bending end device
was designed and built, so that the bending robot can realize the digital bending process of tube. The method of combining finite
element simulation and experiment is used to study the stress changes of the tube during the robot bending process, discuss the
feeding function provided by the robot motion, and analyze the effect of this function on the forming quality of the bent tube. The
results show that the built tube bending robot platform and the forming trajectory can realize continuous bending of tube. The
increase of the maximum stress of bent tube is small. The active feeding of robot can effectively ameliorate the wall thickness
reduction of bent tube. However, the active feeding also leads to the accumulation of material on the inner side of bent tube,
making it more likely that wrinkle will occur during the experiment. Therefore, in the next research work, it is necessary to focus
on the optimization of robot motion, bending speed and other bending parameters to reduce wrinkle defects.
Keywords: Tube bending robot; Flexible forming; Complex bending component; Finite element simulation; Forming quality
(Uit * %)
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