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Autoclave equipment entity
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Autoclave process diagram Fan

Fixture Vacuum bag Mold —%—B

Prepreg production

= Supporting
structure
‘ Support ‘
Prepreg overlay - Curing

* Control volume of resin and fiber

* Control the ambient
temperature and humidity

» Control fiber direction

¢ Control the layering sequence
and stitching method

« Resin bonded to fiber

* Low molecule to high
molecule

B 1 ZakeE .
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miaterial 'E =K, +x?u-]-[1—¢']{a—a]
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K= Agxp(-E/RT)j=1.23)
Gaometric :'-1c;cl:E Rule model

————————— e ey

Carbon fibar resin matrix

L Glass fiber resin matrix i
. i

_Ceramic fiber resin matrix

Variable composite DT virtual model

Static autoclave OT virtual model
Real-tirme

sta-ta DT data from autoclave ‘

‘ DT data from composite material

Unification of geometric data

Physical data coupling

Behavioral data merging

Rule data completion

Model coupling based on multidimensional DT data fusion

Data input:
Unified timeline
Controls parameter
Material parameater

Curing process DT model construction

Curing
result

Features under ideal condition ‘

‘ Data generating

Quality prediction based on ELM with sufficient data

Extended feature space

Optimize learning speed and accuracy
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EMEVERIFMHEAER, @37 =2 AR,

JURTRE RS e g EEOE B A M EHTEAR. KA. =
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Layer Name Size and shape

Material Young's modulus

4.00 m x 1.50 m x 0.05 m cuboid
4.00 m % 1.50 m x 0.10 m cuboid

Upper/lower resin matrix

Carbon fiber reinforced tape

Filled epoxy resin (X238) {2E10, 2E9, 2E9}

Carbon fiber/epoxy {2E11, 2E10, 2E10}

O Geometric model

v

Composite material

7/ \\

aT. oT_ T

p.Co+pCV, 2 =Kiz—,* Q (i=x,y,2)

‘ot ‘ot oxi

oy da
Q=p,VH; o

@ Rule model

Size: 4.00 mx 1.50 mx 0.05 m filled epoxy resin (X238)
4.00 mx1.50 mx0.10 m carbon fiber/epoxy
Shape: cuboid

Assembly direction/sequence

» Basic properties of matrix and fiber materials

« Heat transfer: heat conduction (physical), heat
release from matrix (chemical)

« Curing: internal stress, internal strain (dynamics)

@ Physical model

(3 Behavior model

* Temperature behavior

« Shape change behavior

99 (k, + k,a)(1-a)(@-a)
d9= (1-a)

K=Aexp(—E/RT)(j=1,2,3)

* Heat transfer rule

» Dynamical rule

B 3. ZabeH R,
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SRR E R R R EXRRARERETS-FE-E
Gk NARRE GO R IR E S R AR A

BT A BA% RN 4 s B R RGO R i 4 201 BT
42 112 7 R A2 fios, R R A 03 20187
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Composite size: 4.00 mx 1.50 m x 0.05 m filled epoxy resin (X238
4.00 mx1.50 mx 0.10 m carbon fiber/epo6

10.00
Length (m)

by, EEEE T B o B A RS HINAR
%ﬁ%*,%W%ﬂﬁﬁmﬁA
or or o'T
Caf+ p.Cv Vigs = k’@x +0(i=x,y,z) "
do
O=pv.H, 5
(31(;( (ki +k,a)(1-a)(a—a)
do
aa _ 2
i =k(1-a) (2)
k=4, exp (- E/RT)(j=1,2.3)
u=pu,exp (URT+Ka) (3)
i, pRRHERE; CRARIIES: vRRWIRRAE I E

By kFIKHEOR SHEE XM QR TFHNE, TH
TRHIVERIE; (R o FoRE A R
Hy U. REFBEHIEIEH: oflc o BRZH AR
e av ko A EFORT R ET R

4.2.3. HIAT B

BT NEAE B R UL =B HeIA G IR
TN IEREMAT AERETHE. R THERMRE. E4&
PRHNEAT N ERETHE . RIRFIE AL . R AT AT
B R, BAMTNEEL. HikE S IR ERE
g —miEE, AR 2] RS TR A S A
—MNREY . BJERESIEEIT N, BHERIT ARG —
WFE R EE T E S MEHENAT N, AT iR S
AR SJ 3 AR RAE . & IFAT AEAR G I 5 G PR 25
R s proR.

Heat source

. Platform 6.00 mx2.00 mx0.10 m
15.00

Contact surface

Autoclave 20.00 m x5.00 m

B 4. 4t — L E sk
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B 5. SIHT BRI E S EIEAG R, (@ FRIRES M (b) )51 5i.
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FERIAE 77 5, KL DI R ES K. 10 7E [ 1L R U 7Y
TG EDE, ROX S HEAT AR R\ R I
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WL FE 2 R 7 58, G P9 2 I AR P s KL P 3 55

Hx B R AT i BL. SERREIE R, fE
IR RIRHLIIE TS, BN 2 IR EZ T BT 244 2]
oA REMRHME il = e (AT T IR T e R EAT Huf%e
B SRS, URERME T BIRSRIHTA .

x10°

I
= NWpHOO N

(b)

UeAh, BEMEHBF AT RN, IR G BRI O
BB e R AR T, ARSI, Rk
B [ A REREAT P BOMI R AR S Sl A 2, Tt e 2
MIPAIKERE SRR . ARG ST, 753
KRR R P REA R AR ERIRES .

wJa R B R AT R B B SEPRELL R, R
BT, R ) B a RN 2tk Re . TAE R L
REAOBERL b, X SRR 1 (A A, TH AR
T35 o KM AW =, B AR A WY
KEZEWR, ERAERES, BRREGHEIRE DY
821 HlE o R A A I R R A A U ] 6 s

ST EE T AR RAREAT, Bt T AR
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PRV T T S5A5 B A BY A Kot 5 SR RN
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MR T ) 015 BB AT 2 0 S B 8 A I A v A PN RS

(heat conduction, heat
radiations, and heat convection)

Before curing # During curing # After curing
| I
) 2l : 4 | Apply normal
Laminar | ;L?;ﬂ:;: Ta :;ﬁgsr:::; I external load
flow
velocity : transfer transfer : .
Visual Effects of
I T coupling fields au |l Surface
| Input curve I | | r—— shear stress
i
: Turbulence | T, M Thermal |
Coordinates | model expansien : ’
Ax, Ay, Az | I
(=0 1 I 4
| Autoclave . | feompeton
= Chemical
| Position | I| " temperature RS |
I| distribution (exothermic | | Nondestruc-
C(;ntrol | | condition of | | s tive testing
‘ scheme || ’ ; ested by Mechanical
Physical Power of I | O : means of property
fan :
| | SPEITICS Destructive
: : Heat transfer | testing
= |
| |
I I

El 6. [ s AR
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K 2R A OB AN 5 il FE S0 S AR [ AL AR AT
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5.1 % bR Bk

Xf BB R AR Rl S5 M AT RL I A4 k), F N 4%
IS, IR, K. B SRS M. HmEm T
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5.2. SEEG SRS H
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R2 ORI R i S 5
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5.3, SEEGSE A

S Z U KIL, WA E A MBI 50
TEFHR VG B A BN BRI 5. RNELILR .
OGRS IR, B9 LR T R B AN,
G N SEAEY NS A MR )t e S

Material Thermal power (W) Fan speed (m-s™") Soaking time (s)
Filled epoxy resin(X238) and carbon fiber/epoxy 5000 1.2 1200
g x103
2 "0//, s,
0 'y 2 o 6
-2 0 (’77/
2 E = K E
£ TE
- 0E f4
=5 = . g
20 e 1°
15 15 2
10 10
5 Length (m) 5 Length (m) 1
z z
i R
(@) (b)
B 7. xtege R AT (@) BESIEM RS AT (b) BRI SIS A0 .

x 108

7.0

6.5

6.0

5.5

5.0

4.5

4.0

35

3.0

(@)
B 8. X HSLI IR I A . () REEIHIERI R BRI 040 (b) BRARIREIA IR RN )73 e

(b)
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Actual value  Coupled field Ideal field

Shearing strength kpa 2864.3 2915.9 2931.2
Deviation - 1.8% 2.4%

PR T i B B I 3 93 A1 A2 38 1l A7 3045 3 22 St 1) i A
Z—

ke 9 (b) FILE R, MamiE TIN5
A AR AER A T KIS A A AE AR 258
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RIS FEE SR A BT . XA E AT
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GBI R R R A . FEBARIR T, AR
AR L7 34 J R T A5 AR KM B

6. EFIREFIVNNE S FETNRE
iafEd

I AT A AORHE A i R AR AR AR AT A AN ]
R T HEERAEA . ZEERAE ARG L T 23R 5 S K

DT model with —, 6
coupled field ‘
4
3
Ideal
stress
distribution ‘

9
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Parameter symbol Parameter meaning

Parameter symbol Parameter meaning

T, Average temperature of the above surface Tin
T Average temperature of the lower surface T
T, Average temperature of the above contact surface | P

T Average temperature of the lower contact surface | C,,
T Maximum surface temperature Cyy
T i Minimum surface temperature S,

Average temperature of longitudinal section (close to heat source)
Average temperature of longitudinal section (far from heat source)
Average pressure of the surface

Relative coordinates of the heat source distance

Relative coordinates of the wall distance

Shearing strength
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o ASCEBEMERE EN REGEE N 20~50, R&HES
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Parameter Data number
10 60 100 160

T, 335.20 338.60 348.30 344.00 342.40
T, 317.75 323.50 315.75 322.00 321.50
T, 286.2 292.1 288.4 290 286.2
Ty 271.9 275 272.9 272.3 274.6
T x 344.5 354.1 349.6 353.7 349.3
T oin 262.3 261.7 274.6 272.2 272.5
T 336.1 342.6 347.8 350.5 344.1
T 287.3 291.7 287.7 289.0 289.0
P 1059.0 1063.1 1060.6 1062.7 1059.4
Cy 7.6 5.0 5.4 4.1 6.8
C,, 4.9 2.8 3.5 3.7 3.8
S 293425 297825  2859.75  2877.00  2857.25

Note: The unit of the temperature-related parameters is Kelvin degree K, the
unit of the pressure parameters and shear strength is kPa, and the unit of the
relative coordinates is meter.

R6  BAITINRZE
. With generat- Without gen-
Error analysis index
ed data erated data

Mean square error (MSE) 1456.4906 7084.1313
Root mean square error (RMSE) 38.1640 225.4842
Mean absolute percentage error (MAPE)  9.5804% 17.4503%
Correlation coefficient R 0.75513 -0.1879

AT LR AA B ) 32 2L H R M5 VR TE IR P B
UEASCHE Y (R A - M0 i 15 SR B 5 V2 T AT AT o TIIASE

3600 —e— Acutal value .
—e— Predicted value with generated data

3400 + Predicted value without generated data
©
9\‘; 3200
£
g A
% 2800 | e
g v
© 2600
o
7

2400

2200 k L L

0 5 10 15

Testing number

(a)

20

Error value (kPa)
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(3) (I BARIKEN T, A RORAS TR SR = fi 22y
MEM BN SRR — BRI, $ETT 1 BHERA L .

SRT, W ARV IRAFAE — LRk, 75 BNl RR TR
BBl R ESE, ASCEFNE G PR K R
Py BRPSRALT 0 =R . T HT R AT R S AR
KERDNZMEL ZIRIREEMEL . a8 ZE X = ok
LRI A MR AT BT 2R R PR R (IR AT AT
Hxk, NTOIARTARRPGE AT, Ao Z ik
RIMAISURBEAT 1 a4, XRS5 LA — e FE L LRy

600

Y —e— Predicted error with generated data
—e— Predicted error without generated data
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