%worx CAEDA

RTM-Worx

PSR T A28 21T FLAR T+
FRAR =)

F IR

maoyuanli@vip.sina.com.cn



! N RS CAEDA
ﬂ%
o & BT H R
«» RTM L ZH A - PRI G T
« RTM L 24 5 - 4 B 76 WA 43
« RTM-Worx k& J& 1 F& - ZHE
+ RTM-worx)w F SZ 4 - PR
. -+
& KA e 28 =
- R  YUINE
- RTM-Worx$r /i
& KA H A4

- S THARE, #Edlab

2008-5-14 RTM-Worx Seminar 2



CAEDA

RINILZIN T .
> 1R F L B $R 1
> 5
>[E b
>R 1R

2008-5-14 RTM-Worx Seminar 3



BENB —RIMEARE CAEDA

VARTM, BS54 e 151630 2

VARIM, 7254 A a4 a3 28
RTM SCRIMP, P4 & 23 ] i Jla i 2875
RIM CIRTM, HJEHRTM

HAERTM, 56335 B2 0 s R 4

UVRTM, L4k ([E4L) RTM

2008-5-14 RTM-Worx Seminar 4



RTM L 2 Tl 38 15 45 A0 B2 2% IR 1 A B A R 1Y

AR A i T A EE AR K

BRGNS i LT D VAN 5 SR

BT AL R IAE, ADGE URAIE N, 36 SE R AL T Y

% B RNE—RIMT 8 A CAEDA
|
o R Y R L E AR P A R i R AL

2008-5-14 RTM-Worx Seminar 5



B2 — &N ER A CAEDA

i

ITEIGERAR S

- BEIZHA ERERRITERIR)

- RO TEMARE CHERLIFERTR)

- REUSHYMEZNTESN (RETEHESHEM)

 AEEFEY (KEHGFTRFEGER)

2008-5-14 RTM-Worx Seminar 6



G=

RTM-worx
IESBEI AT RTM L 26 A AU B 1) 75 S i it A= 1

= CFD-Woik - C:APalyw sixi m-wx-deso b workVhandsm3f 1 |Lwix
Proect  Misw  Simelstion  Hender  Tool  Help
[herctz=311] D | >0 sa=zFnerqoca e

2008-5-14

R

20— RTM T & & AR a4

WOrX

Haom-mothemal e Cumne
Curve edior

Cuives
136273 =

%Ele&c ¥4 doin
& Snlt |4 Add
Eappoints:
63,76 E
Propetie:
|-:nr.rr.:- B

24 Frd |V 0

o

RTM-Worx Seminar

CAEDA



http://www.polyworx.com/

RTM-worx & fif == Polyworx 2 & Ji T A A& 1B 898 T 20 B A
M T L1 4T &, SR TREFNHE R ;
BRI URA 4 Ry n 7
H A H) R i AS Y RTM-Worx2.8;
RTM-Worx N A )2, TNV TR i, W)k, 45
N3,/ AN S N & ST A RN AT B SR w7 b Sy AL bR

= {ERTMAERIATIRRTM —Worx i3 5 15 565 % L L.

% B =2 — RTM-Worx R & i 2 CAEDA
|

2008-5-14 RTM-Worx Seminar 8



! B 5 A4 — RTM-worx i S/ CAEDA
ﬂ%

RTM-Worx [ F SE 41
& NH-90 5% (Dutch Aerospace Laboratories - NLR)
& #:5) Fr(Umoe Mandal)
o Uik AR (British Aerospace Airbus Ltd.)
¢ =1l (Ubbink / Kok & van Engelen)
& R (Kok & van Engelen)
& MWLM ( LM 54 meter windturbine rotorblade )
o FVARIHHL ( Conyplex - Contest 55 )
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Right: Melting tin-zinc
alloy with bonded
composite prepreg
tubes as core.

Drawing by SP aerospace and
wehicle systems

Bronze bushing

Fabric pre-form
for the lugs

Steel wheel axle’

RTM-Worx Flow Simulation.
Two injection points at the end
of the trailing arm, four
vents in the lugs.

Right: braiding at
Eurocarbon.

Left below: alumium oil heated RTM mould.
Right below: Cured part after machining.

2008-5-14 RTM-Worx Seminar 10
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Laminate thickness about 3 mm, three core inserts
and three metallic inserts (see cross-section above)

RTM-Worx accurately predicts the filling pattern and
the location of the air-traps - visible as light areas on
the photograph below.

Result of simulation at 100% fill shown above. Colors
indicate filling time: blue area’s filled first, followed by green
and red areafilled last. Air-traps can be recognized as
islands (actual color depends on time that it occurs).

2008-5-14 RTM-Worx Seminar 11
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This part was produced by Bae Airbus Ltd. and used to
validate the RTM simulation in the Brite Euram project
“Simulation of the Resin Transfer Moulding Process for
Efficient Design of Composite Components (SimRTM)”

Three foam cores were used in this
product, resulting in internal stiffener ribs.

Only half of the panel was modelled
because of symmetry. Results from the
simulation are shown here in exploded
view, the top and bottom shell are actually
connected. Injection is along the ribs, blue
parts were filled first, red parts last.

2008-5-14 RTM-Worx Seminar 12
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Design by TNO, Eindhoven, The Netherlands;

Engineering and RTM-Worx simulations carried out by
Kok & van Engelen, Rijswijk, The Netherlands;

Manufacturer: Sotira, France.

2008-5-14 RTM-Worx Seminar 13
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Bus-seat for M1 vehicles, with integrated safety belt (foam core with glass fiber
reinforced laminate, inserts made of aluminium and reinforced plastic). Engineered by
Kok & van Engelen Composietconstructies, Rijswijk, the Netherlands.

2008-5-14 RTM-Worx Seminar 14
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« Case example: LM 54 meter windturbine rotorblade:
¢ 18500 elements, 2000 kg resin, 170 m2

2008-5-14 RTM-Worx Seminar 15
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= SEf]: LM 54 meter windturbine rotorblade:
¢ 18500 elements, 2000 kg resin, 170 m2
¢ Import Layup file: 60 hours of time saved!

2008-5-14

RTM-Worx Seminar

CAEDA

28



% PERIEE ST — B\ GRS B CAEDA
S

PN )5

o VERF L BERIOBE (R
o WRRFERE (R

o MANBIERE (FE)

N

> WE 7V R B AR A

-

= 5 AMSC Laminate Modeller 3 1} J5
}-&ﬁﬁ%ﬁﬁ%@ﬁ

— FH%iEXdata X% E

o JES D, wR A BE (D)
& MBlERE (FE)
o BRI E (GRRED

2008-5-14

RTM-Worx Seminar 29



A PR 7T P #% %) 43+ CAEDA

A 2% 53 A PR IC kA
3 A PR T I ASAS = #A Je AN I 2 ROST 3 3 J LR RS 48 7
FBLIOHE RO AR A A
HMEE R Iu Tim, n] LLYUE WA 15 7 22 -4 47
PR A B BE D, B R] AR BGE I 20001 = At
IR DRAE 1 A% 2 T B
& Coarse mesh. Mg PIt&, ARJSAIRe D MEEH, FEH TS
& Uniform mesh. &5 K/NHS, AR A PIAS R RS T LI AR S5
& 10% of model. 5 K Mg R oA A0 22 BEAS JLAT A5 28 [5] Bk 12 442 11 10%
& Double minimum size. ¥ # /N0 R SFHEIn-— 1%
¢ Halve maximum size. 35 K ¥ 70 K] 4a/h—15%

-

2008-5-14 RTM-Worx Seminar 30



A FR 7T PR RI 45 CAEDA

& ATHM-Worx - C:Acwdemohworshligger wrx
Project  Yiew  Simulation  Hender Tool Help

D By o2& 8x2lx Qo

|Iigger

| Mesh generator Current time = 15.9s
a’;ﬂ Q Dnﬂglg 2 Element quality

e 0572 m

S 0146 m

| 57 &pply |

Element zize

Min 0012 m
hd & 0012 'm

A |00 =

voE o
Smoothing
Iter 502
Tol 01
Modes 2230
Edges AES
Triangles 2130

O VA ]
"
0.107 m

| Opened file C:ATEMPYliggerprojectd. v s

2008-5-14 RTM-Worx Seminar 31



SR E CAEDA

-

P AR T 2L N S

& PMERGWIR U RS, TS E L R A E

o WIRRTRE, MR (R, (H AT A3 Ry EAf R 5D

& TG BB IER

s AU RST EOAE S e M A il R T e il
o ZPYERNSEGE I e SO I TR SE R

= PIRAGRE. 8 BEAERCRU v 4 i i A rp SN B ]

2008-5-14 RTM-Worx Seminar 32



Lol CAEDA

Current time = 12.3 min (74.7% filled) &%

Filling Time [rmin]

123

¥ L
Filling Tirne [rmin]

.
o ee———— RN [T [ITL]
lem . elta=0. .

291 0. del 0.39 123

2008-5-14 RTM-Worx Seminar 33



R CAEDA

-

= A EERIEYE
& RTM—Worx H iy it 55 a5 nl LLORUE 45 S 1) n] 52
& SLTHRE BIFEM/CV 7 ¥ 5 U 2 Hi B UEA T VA B 157
= RIGHTEE DT A
& "{EEENRSH, HoIEFEAE— R B R E s
& UMK I AR I 0 IV RIS 45 5%, FG 40 10 X A% 1) 43 SR ARG 1 T
= TR = BT 5
o RIERT R4 AN 21000 BTt BE S 2 = T A ] GR
Ze—MRAEL%LLY)
& IXFE RS B O AR A ) D1 S AE AN 21— 43 Bl i) s 1] B gl T DA 56 o

2008-5-14 RTM-Worx Seminar 34



CAEDA

=
T
3
=
=
%

=
=
E
o
=]
=
-
=
=
=]
I
-
=]
=
]
=
E
o
-
o
'
=
=
3
-3
—
==

o

o
T

Tool

Render

YWiew  Simulation

Froject

|Iigger

Simulator

Restart

‘0

Standard

Filling mould

Parameters

Inc

[terations: BF

01 &

Taol

Yolume filled

Wizoogity

02 Pas

1

®[x —|@[x

b ISR

| Opened file C:ATEMPYiggerprojectd.wei

35

RTM-Worx Seminar

2008-5-14



25 AT CAEDA

-

TERT I
o Pt K. Fabel. RERRKEGER
& SO S P o (B )
o AR ERF IR EFFRE SN E

= RAF

& ARt gwrx, arx 3CPF, A G AE A TR) 2D
& ARG R RIS,/ B R = A S

2008-5-14 RTM-Worx Seminar 36



RN — & B FE CAEDA

& BTM-Worx - C:\cwdemo\worx\ligger. wrx

Froject  Wiew  Simulation  Hender Tool Help

O = ¥ 0= & =5 E

Sl @

|Iigger
| Flot selector Current time =159 5 -
- AT =t
Time step B Filling time [s] ?E Jj:% "+ ] /v JA /j<
e PR AL L CAE B 25
LRI B S

Labo ’ L = K]

| < FI0RE: j

Shaded contours

Contour lines

| <Rones: J
Az mEE

Wector plot

| <naner j
Scale K] 3: i
Lirnit EEli

0.107 m

R E I EEA R = R

| Opened file C:ATEMPYiggerprojectd.wei o

2008-5-14 RTM-Worx Seminar 37



CAEDA

ez, FRfEEMRERE

117 s [53.2% filled)

Fiberfvolume fraction [x 0.1]

Current time

SNBSS R B S B

Velocity

e

1.83ed3 m's

Filling time [s]

ANENNENEERRERENNNNEEEEEEEEEEE

>

117

= 4.0)

(delta

0.0865 m

38

RTM-Worx Seminar

2008-5-14



75 B — 5 2B 4R B CAEDA
T i A S R IR

Current time = 560 s (95.1% filled)
Filling time [s]

560

504
448
392
336
280
224
166
12

56
’ % 5 BRI B R B
Q" s . ]Filllinlg t!ime [sl |

153 mm 1] (delta = 28.0) 560

2008-5-14 RTM-Worx Seminar 39



zh B 1T — 4 BB B CAEDA

Current time = 744 s (91.1% filled)

Thickness & diameter [mm]

5.00
4.50 "
4.00

3.50

3.00

250

2.00

1.50

1.00

0.50

0.00

Filling time [s]

{ﬂ'“ et o LLIITTTTTTTTT T 11T
112 mm 0 (delta = 37.2) 744

2008-5-14 RTM-Worx Seminar 40



4 RARAT CAEDA
&

o AFfiE Awrx. arx A
& RTM—Worx H R AFEIA]

o AJREHR O B, TR = AR SR
¢ Thumbsplus (www.cerious.com)

= |deal for archiving pictures, pasting snapshots from the clipboard
= You can download a 30 days evaluation version.

¢ Snaglt!

= Good alternative for Alt+PrintScrn, especially if you want to capture images to
produce an AVI animation.

& Fast Movie Processor

- Cheap and easy to use program to convert a sequence of images into an AVI
movie.
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