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Three-Dimensional Weaving Tension Controel Method Based on.Machine Vision
Du Wudi, Liu Feng, Shan Zhongde, Wu Xiaochuan, Chen Zhe
(State Key Laboratory of Advanced Forming Technology and-Equipment;-China Academy of Machinery Science and Technology Group Co. Ltd.,
Beijing 100083, China)

Abstract : In order to realize the'high quality forming-of three-dimensional structure composites, the tension control method
and experimental device based on machine vision technology were studied, which were used for forming of the three-dimensional
composite preform. The fiber weaving angle was recognized by the machine vision technology. The rotation of tension motor was
automatically controlled according to the fiber weaving angle. Then the tension bar was controlled by the tension motor to realize
the control of weaving tension. The weaving tension calibration test was carried out, and the tension control target was calibrated
between 16.75 cN and 18.15 cN. The control test of weaving tension was carried out by using the method of 3D weaving tension
control based on machine vision. The test results showed that the weaving tension was controlled between 16.40 cN and 18.15 cN,
and the maximum relative error between fiber weaving tension and calibrated tension was 6.42% and the maximum fluctuation of
weaving tension was 10%. The control test of weaving tension based on the forming machine was carried out. During the weaving
process there is no entanglement between fiber bundles and no interference with the side bar. The weaving angle is controlled
between —4° and 4°. The tension control method based on the machine vision technology can realize the fiber tension control during
the composite preform three-dimensional weaving process.

Keywords : 3D weaving ; tension control ; composite ; machine vision

20 ted 70 AR LUK, R4S R E A6 R EIRFE T AU R R RAL BT
EHAXS T E A0k, b T B R R tE SRESI I EHRHE 1)U RBME 45152 204k
BB TR Y, BEC AN T LEAP &3 BAREELR. BURIAAE e A bHRHARE A SC
HURUE I A PR R AT B4 R B A RO XU T S S s R T R R R

EEWA: BEAAREELTH (51675213)

BIRAEE : X8 1, P50 01, B A 0, SRSy 1) g et B HOR K4 E-mail: liufengcam@126.com

Wiz#m B # : 2020-05-14

S AR kb, N, U, 45 | LT LI =R K Rk 0], TSR T, 2020, 48(8):61-65, 70.
Du Wudi, Liu Feng, Shan Zhongde, et al. Three-dimensional weaving tension control method based on machine vision[J]. Engineering
Plastics Application,2020,48(8):61-65, 70.


杨超


62 AR

2020 4F, %5 48 % 455 8

G ORE =2 T Ty 1k A = 4EAL
R =R BER BT T ) = 4E LS
ARAE BT ply T R e AR G 2T A SR T TR (A
B 5 A A RS, S ot R P AR 4R 5K ) 0
S fili A 2 T i o s i 1, DR L R e A e Gk
PR TAL LA G, g I ST = e Mk
PLAUER 7 T WL R rh AN T4 ik

SN R AR, B AT PSSR PID SRR 4T AL
Uik T PE . MR g O ad xh 2 2 3 s 4 %
il SRS R TR, S0 T 2 2b K o Al SR
JEWT A OO HESY T = 2RGS0 e T bR ik
X g2k T SE M BRI, 25 1 T A A TR
LR PR X ], Zhang Y J 45 T R = 4ifg i) [
ETEE T o N TR A U S TE T AR Wl b = Ea S
JEEAEE RN TR T B R AR A AR R AR S ST 4 G
LU N R G B A R T AR B P 2 e T il ¢4
o ERGE M T RIS T2 ek AR Y IR
KT IR LDEE 1 A TR D R T TR, 45
H T SR TR . Xu Q %5 MLl R
LYW B Y LSRR, Bk SR E S
BEPIE R, L T IRl Y 25 2 2b 2k 5k Tk
0,0 Tk SR Yy 2 AR U B Xt AR
O M A A K T, A TSR BR ) SR N SiE
1o A X 2T A R B S 2 T AR SRR
PAFE A5 B TH]

TERCF AL M ) U B AR = 25
BUE LR LS [ FEG h 1 a5, [P 2 R4 4o
H ZUEE 5 AR LE S 10 BRSNS, Al iR — 22K
Je AT R SEEUCRAL, AE HEA TRTR ANE S, S 2B L
O I = G ZE TR R U, e R R R v R X
Z AT A [l ATk B IR HOR RO B AR
SR B AR SE T 28 BRI A T R0 S 1] B 51 1Y)
AT U T BRI AR R T R A R
TR ZE M e ) =4 25T SUh R A TR Ty e
s A R L
1 AR FIEIT
1.1 ¥ &Rt

A MR AR M e 2 A =i s K )
il 5 AR ] 1k R T e T T, kAT
A o — i 5 UG FT AT [, O — v 5 2 2Lk Pl
PRAHIE , 5K S AR £F 4 ol L, 52 35k J1 it
RSN A kA AR A, AT S S AT 4 o
R IEN R R T . FESUE A R T S

D 0 R I, B Hs B 22 61 A TR 1 PN 21 e i) |
JRIT, S A R SN, BT A R ) 5 TR S )
Wi 72 M A, TR U i A 42 ) F ARl 0°
B £ HE AR A, 4T G R AU K T — e R T
20 N, EABRITIRN AL T 0 24 =4
kA & T E AR HURAS AN f] RGP
o3, W 2 s o e HUBRES R T SR A i
BB T YERR P RIPLA . 1 R SR A
PBORAER R L IR Kk ) A R S
PATIRBIREREE

I
BUBILE,
BERN |

\ Ykl

R SKITEINE: okt
KAt

W IS S

.

\
AL
SR Ve

R SN RSt

2 BUEKATHIRR G
1.2 Mk Mk it

AL A3 3 S AILAG (] 22 AT AR 2H DR AU 2 1
FEAKERS B ANE B A 5o sk i I an &l 3 s,
KA AL & & S840 SE Ik T AE 58, AT

§ s |
b
| B : _ i g

3 Slssk iR 6 MRS S A


杨超


FhAf I, 2 LT LA L E Y = eS0Tk Pl vk 63

W B TR T NSk, T ik e B ST
LU e F NS 5K T BRI o BT o — iy [ R 1
B EHIAL b, — [ 2 AR - ORI
T RN T P 2 R AT R R
1.3 ¥4 A%kt

2 i R G R PSR R A HLX 2
bR SRS 5K T AL AR AT I SR, SR D £ 8
it MTOVO034 & jgk g%, #5 it F2.0-3.6 mm JC B 4% 53
Sk SRR R . 5K RN R > Schmidt
(1) TS-100-CE2 #l5K J7 1 8 Xof Wi AUl £F 4k 22 [m] Fsf
HEATIN AL, 6 ] YAV UMS 8AD PLUS % %% F
X5k ) AR s & 0 R A B T R OF B AR 4
AL, LRI SR H STM32H7 5 #L
AT ¥, R TB6600 4K o) S B HLUK Bl 45
il RGHESL AN E] 4 s .

Tk IE

A

PRI STM32H7 .
sl o AL .

e s o)

Sk B\ i
i e || e ) Vizg
3K zh L5

4 sk R G HESL R

K ] OpenMV IDE # AT $l 2 P L. B
SN A AR RS 57 BRI IR A e SR K R
o R I AR B AGIN (8] R B 2b 2 ff . DSt G
MR ANE 5 Pron . 202 1 -5 108 (8 LR, AR
PR 2R H FL B0 P Fs i S s ok e ML £ 30k 38
FIERE Ty ] R, BRI Rk Fy i 7 B, St
TR A, AR A 6 PR

@ (b) ©
a—JF A s b— AR ; c—FE F ARG I Y 2
15 BT 2 o i £ R RS
2 H#ER5iTie
fif S kg il ge & AT, R P %
TRJE N 20 ~ 25°C, 1 JE Ky 30% ~ 70%., 7K J7ih e
FHHEA N 3 mm ) 304 ANEFEMIREE, Fidh 20.5 g.

iR GG

v
MR CR RS

V
BRIBE 5 8

2 >0

V
HILIER:

PI i s

|
v

e i

6 ZlEskEhR R

{d I PR K 3 29310 mm. 1Y T300-3K ik £F 4k o i
IR 4, 2L RS2 Shal FE 20 mm /s, 21
B 75 mm,

PEATIC I 10 A7 s o 11 2 K g i s ik
YA R X AR B, 7E 2 AR v, bk o R it
31.2 g WyfEE SR AT , SR 5K Sy il 56 5 R4 7
P 2 AR A A5 F T IR S, IRAS R TR L
BRb LTSRS i f AN kT S5 R LR 7

N
w
w1

UG e ik Jy / oN

1
0 50 100 150 200
UG E / mm

@

Lo / (°)

0F o —
2+ ) ) ) ) )
0 50 100 150 200
ZUE R/ mm
(b)
a—4 5Kk 7 s b—ZUd R £y
7 ol fd 2L ok K 20 i £ 224k



杨超


64 TR

2020 4F, 45 48 ¥ 55 8

Hi & 7 W Y Bl s e R R T, Sl R )
i 23.01 cN Z i/ & 21.11 cN, ik F1 3% Zh e (i
1.9 cN, 2t 6.87° B/ NE —0.45°,

TE AT 213 5K PR P 08 1, S R AT 4T gk
JI0IARE RIS, B e ARAR AN [ 43k 67 EA 2 i i )
R 0° B A LU K Ty, WA 8 TR . 44U i A
0° I, 25 3K J11E 16.80 ~ 18.10 cN, FIgik ik /;
17.54 cN, 3k J3 9% SR fE 1.3 N, 2Lk 5k 1 i Kk
A 7.4%, FIT LA AT DR 428 il 20 et 1 B9 7 920k
FEHZUEK ST .

19 -

18 - %\§
%/ \%
17+ \%
16 ‘ ‘ ‘ ‘
0 50 100 150 200
ZURE(E / mm

BUELT LK) / oN

K8 Sl 0° ML sk
(IR 5k Pl ik 6 15 U Sl 7, DAY
AR 0° Sl H b, M HBIL S e sk it
MR ZUE K ) o REDEH IR BAIZUE IR
{8, AR EU i e rp Ui 5K 0 ML fi A 190 42 )
RHOR 0K 9 Fios .

18.15¢cN

16.5 ¢ 16.40cN

R4 sk J) / eN

0 50 100 150 200
FHREIN S5 / mm
@

0/

SR b

1 1 1
100 150 200

0 50
A/ mm
©
a— UK Sy s b S i
O Sl PO S B

FEAS DL 21 5 3o A& o 0 B £F 4k AT 5 T AL
L 1 5k 4, 258 gk ) SEBR AR I AE 16.40 ~
18.15 cN, £F 4L 2k vk 5 bro 5l 5K 77 1 i KA
XFIR2EH 6.42%, 5K J1 % iRAE 1.75 cN, 381
K1k 17.23 N, BUE K ST KK S 10%., 2liE
T B KR 25 R —5°, B3k A A1 i1k 51y 6°, P34 1 i
fi o -1.51°, ENFEZIE R b, 5K ) I BR AR R E T
A s B DL AR Al 1.51°, BEAS 235200 T A s 2T
HeZ WA EEEhBERETW.

BT LU sk w56 & MR8 45 R o
Mr, 7 3DCFW—240M U5 45 b4 Al 3 il {4 — 4 21 15
AR £ b d Ok R LA, I SR AT 5K )
R, =4I AR A58 101 3 310 mm KAy
T300-3K fir 2F- 2k o [w] 4l i -5 1] B4 51 ), 2 1
FE 75 mm, 5K I3 EAE8 3 mm (1) 304 AN
AEIRE , Fihik 20579,

TERIEATIR SR, 101 S 415k 47 4k Bl 41 3
RALIE ), I ANLLREREGN Z R, TR 2048 & A MR L 45
SEEING T RINOREA TR, s 2 R, &
10 o

K10 Tkl i AUE i T T A AE AT A B AR
R A IR IR OO, 5 R T 3k T e A T4
LT YEFCRE I, 5k i HoA —E A, SUE LR 4ER
SEORAHELGRZ,  (H B AE e 1] M5 10 2, AT 11 e
NS i W 0K A prak )iy | B Sk ot /PN N i ) Sy
17 HEAUR, S BT TR 5 1] M5 PN 300 o A 2
T,

P11 AN i iR i R rh T A S e T


杨超


FhAf I, 2 LT HLE L E Y = RS0 7Ky Pl vk 65

1£ 3DCFW-240M AUSZ & kLAl & = 4E 211
PRI £ b AT HE sk A LR I it sk 7 98
5, SUnE A R PR AR A 12 . WAL sk
R CRRR B, R 4y ok 1 B S0 HEA , A LB
L, i Tk O B R (A5 S R R
— EHRRR D SUE LR R o R T4l e 3
T B45 371 PRI B9 IR

P12 TS = el
23 Ot A R R 8 RN AT A3 o o el 13 T
A FEE A S BRI IAR — 4R 2 L 75 oF
AU, M T 5K T 45 ) 26 S AT 2R i 119 42 )
REAS A R0 il Bk 2T 4k R B9 UG A L U AR Hh 2
T R A TE —4° ~ 4° P8l S I A4 il i, Ui
FEPR R AL HERITAE F R, S il R

8tk

ES
T

o
T

LUk R0 / (%)
IS

|
(e}
T

0 E;O 160 1‘50 260

BUEALE / mm

413 SEBREUE SR P ACH

3 it

BT A POR IR AR S ) 2 B = e
BT 3 T — M AL L A A UR ST
PERIBOR B 5K =I5k, SO IF 1 sk
50 7, RS S BT =4k 2241 SUk 5K #1916
Bl SR THLEAL A BOR BEA TP L5k T4
7 it T T AUE LT AEak e iilinys . 2l Mlar il

gt oAl G BN ES R3S ) QRS AV skl Iy DAL U3 PN

HHXRZE N 6.42% , 4Lt K 1 e KEsh 10%, SE 3 1

A MPRH AR = 4E SN R P O 2R Rk 4

il o 1 3SDCFW-240M ZUE & AT 3L T HL ae il

R AR 8 3K T R4 RN 2T A o A 2 1 L S R R 2T

e RS HR TR 088 b S 4 () o4 45

HISCR BRI, BB =2 B AR m B L ok

IR AR S

& % Lk

[11 g/, kb3 S0 kA Ta) L A AR R (M. JEs - A2 b
JiftAt:, 2009.

Yi Xiaosu, Du Shanyi, Zhang Litong. Composite materials
manual[M]. Beijing:Chemical Industry Press,2009.

[2] SCERHE, ZEmaak, SR A LS RS HLE S AR R 3D HL
LHIADITT HERE [1]. 24 ARk, 2018, 35(4):748-759.

Guan Liuxiang, Li Jialu,Jiao Yanan, et al. Review of 3D woven
preforms for.the’composite blades of aero engine[J]. Acta Materiae
Composite Sinica,2018,35(4):748-759.

[8] ~ Gardiner G. First.3D woven composite for NASA thermal
protection systems[EB / OL].https: /  / www.compositesworld.
com+/ blog / post / first-3 d-woven-composite-for-nasa-thermal-
protection-systems,2016-3-3.

[4] ZRU s, AL, A . WRAT dk 22 SO B R i [3]. MOk
T, 2017,45(7):84-90.

Li Tan, Gu Yizhuo, Wang Shaokai, et al. Measuring method for
fuzz mass of carbon fiber tow[J]. Journal of Materials Engineering,
2017,45(7):84-90.

[5] Unal P G. 3D woven fabricsiM]. London: InTech Open Access
Publisher,2012.

[6] Sontag T, Yang H, Gries T, et al. Advances in 3D Textiles[M].
London: Elsevier,2015.

[7] Shan Zhongde, Liu Feng, Dong Xiaoli, et al. Three-dimensional
weave-forming method for composites:US, 8600541B2[P]. 2013-
12-03.

[8] 5S4 . BREF A AREINLZ 2 S 205Kk WY [D]. K 1 KT
MR, 2018,

Lu Xufeng. Research on multilayer warp tension of carbon fiber
three-dimensional loom[D]. Tianjin:Tiangong University,2018.

[9]1 MAmZE. BRETHUEZ A MRS 2 4k 24 R 50 CHEBORBESY [D].
L T RHEE A, 2015,

Chen Yunjun. Research on the key technologies in the multi-layer-
angle-interlock carbon-fiber weaving machine multi-shaft warp
system[D]. Tianjin:Tiangong University,2015.

(THET0R)


杨超


70

TSR

2020 4F, 45 48 ¥ 45 8

(8]

[]

[10]

[11]

[12]

[13]

2007(10):937-944.
Lyu Ang, Zhang Lina. Adcance in solvents of cellulose[J]. Acta
Polymerica Sinica, 2007(10):937-944.
TAGE BRI T, 2% 45 L LT HE R IR B il 45 SN AT S
EE [J]. T, 2020, 48(2):1-10.
Wen Jingyun, Qiu Xiaoyu, Li Mingfei, et al. Research progress in
preparation and application of hemicellulose-based hydrogens[J].
Journal of Materials Engineering, 2020, 48(2):1-10.
VERLSE, 5EF5HE . 3D T ENHOAR A B B A K SOk FE 52 5 B I S
U0 [3]. AP A - I AABLEAAR, 2014, 40(6):718-722.
Xu Duliang, Mo Xiumei. Scaffolds made of composite gels based
on gelatin nanoparticles by 3D printing technology[J]. Journal of
Donghua University:Natural Science,2014,40(6):718-722.
Qin X, Lu A, Zhang L. Gelation behavior of cellulose in NaOH
/ urea aqueous system via cross-linking[J]. Cellulose, 2013,
20(4):1669-1677.
Jin H, Zha C, Gu L. Direct dissolution of cellulose in NaOH /
thiourea / urea aqueous solution[J]. Carbohydrate Research, 2007,
342(6):851-858.
Cai J, Zhang L. Unique gelation behavior of cellulose in NaOH
/ urea aqueous solution[J]. Biomacromolecules;2006,7(1):183-
189.
BEOKH, IR VPR . 3D FTEN PLA/ RS S MR )2
PERBIRAL [3]. TRRMELN T, 2017,45(4):24-28.
Bi Yongbao, Yang Zhaozhe, Xu Min. Optimization for mechanical

properties of PLA / wheat straw flour composites applied in 3D

(E#FE65)

[10]

[11]

[12]

JEWT I, 5k B, e, 55 . g BE TR A TR X 2P sk O A
AR B2 [J]. 25412441, 2017, 38(6):111-117.

Hu Xintong, Zhang Yujing, Meng Chuo, et al. Modeling and
influence about speed of released-yarn in braiding spindles on yarn
tension[J]. Journal of Textile Research,2017,38(6):111-117.
Zhang Y J, Meng Z, Hu X, et al. Modeling and analysis of friction
in end-face / inner-face circular braiding processes[J]. Journal of
the Textile Institute,2018:1-9.

T, PR LA A L BRET AR SR ELIE LD b T R S R ab Ak
k15347 [3]. ELiFHE 2017, 45(12):61-65.

Wang Han, Meng Chuo, Sun Yize, etal. Analysis of yarn tension
in the braiding process of yarn carrier of carbon fiber braiding

machine[J]. Wool Textile Journal ,2017,45(12):61-65.

[14]

[15]

[16]

[17]

[18]

[13]

[14]

[15]

printing[J]. Engineering Plastics Application, 2017 ,45(4):24-28.
X, JARTT kY 5 R 3D FTENEA N
SRR [3]. TR , 2017 ,45(3):130-133.

Liu Yangzijian, Xia Chunlei, Zhang Jun, et al. Application
progress and prospect of fused deposition molding 3D-printing [J].
Engineering Plastics Application,2017,45(3):130-133.

T MRAE 6, R AF OB BT 4E R Ry 3D ATENBIFSE [3].
L ER2E SHA 2020, 28(1):42-47.

Feng Tao, Chen Jifei, Wang Chao, et al. 3D printing study of
laser-cured cellulose gel[J]. Journal of Cellulose Science and
Technology, 2020, 28(1):42-47.

XNBEZE, W9 &, 75 5%, A5 . BERRZT 23R 10RF 3D FTE R Ak
3T [9]. #k}, 2017, 46(5):62-65.

Liu Xiaojun, Miao Jianfei, Xiang Shengyi, et al. Performance
analysis of cellulose acetate samples formed by 3D printing[J].
Plastics, 2017, 46(5):62-65.

Z5ES . Yoann De Rancourt De Mim, 253% . %W B4k} 3D 4TEp
AR B 7 FH i [9). %848+, 2019, 48(5):101-106.

Li Kun, Yoann De Rancourt De Mim, Guo Jia. 3D printing
technology and application progress of soft material[J]. Plastics,
2019,48(5):101-106.

A3, B SC L, A #% . 3D ATEN ISR & W Bt i [3]. 22K,
2019,48(4):127-131.

Deng Bin, Huang Wenyi, Deng Xin. Research progress of
polymer materials for 3D printing[J]. Plastics,2019,48(4):127—
131.

Xu Q, Mei S Q, Zhang Z M. Measurement method of yarn tension
based on CCD technology[J]. Advanced Materials Research,
2011,230-232:89-93.

WRIEEIE . 2GR S = 2 2 U L% 22 RGEATSE [D].
Jemt: HUBRRADTE A, 2013,

Chen Haibo. Research on fibers feeder system for 3D flexible
oriented composite forming machine[D]. Beijing:China Academy
of Machinery Science and Technology Group Co. Ltd.,2013.
AR XSRS AR R AR = RS R M. bt
BB Tl H Rt 2019.

Shan Zhongde, Liu Feng. Composites preforms digital
3-dimensional woven forming[M]. Beijing:china Machine Press,

2019.


杨超




