ICCM 23

INTERNATIONAL CONFERENCE ON
COMPOSITE MATERIALS

BELFAST 2023
30 JULY - 4 AUGUST

- - - — - - -

MULTI-O

The

".ij Q”L\‘

|CC, Belfast

Northern lIreland
30* July - 4* August 2023

AND DAMPING OF VERTICAL STABILIZE

O Multi-objective
optimization model

Numerical optimization process

Generate initial parent angle
population £, generation gen =1

>

Variation |«

No
Rmianm?
Yes

Crossover angle between layers,
and then generate offspring C.,

—

| I
I |
| I
I |
| I
I |
| I
| | I | No Modify 7; and 77 exceeding border limits
| No
| I I
| I | I Ruin= Rn?
| | | | Yes gen=ien+1
| 1 | P»| Call the Python program to
I I | PYTHON modilef ths apgleldalta In Ip%file
I I ] . I — — | ABAQUS noGUI | — — 1 and submit calculation jo
| ; | : {maXImum f(x) _ [fl (x)' fZ (x)] I :_ Get angle data of Py, o1 ( | j oo
i N = = Extract w; and calculate SDC No
1 . | . IR Iy xeX ! | v |
| Fiber trajectory of VAT Schematic of variable-angle ply and T , | COmp”fEO%?F§‘fi$§§Eglea“d : e C‘l' pr——
: vertical stabilizer skin spatial coordinate system of vertical : I : : __ 1*1 - | based on SDEMO algorithm ( ger>2)
: structure stabilizer skin structure | : f1(x) = wyq : | o + R [
e e e e — e — s _ | . |
| fz (x) = @1 | | Read the result file |
————————————————————————————————— | | + SEM Yes
1 | —

I - - | : Output the combination of
| O Damping modelling ! L[ e e
| n 3 3 I : I | volume WV of each element Jl

BB ! & ~&] 3, _ 49 , T~
| _ Ell PR - x® =1 TP k=13 G
: U AU = Zjll)l]aueudl/;l :I o 11 :
| =11=1j=1 . . ]
I P = U qn 3 g 3 l : : Process chart of calculation and iteration of the

| 1 | I z s -
I L q 4 : | optimization

U = = f g;:&.dV, I

| 2 Lj-ij-q I |
| q=11i=1 j=1 :| |
L e e e e e e = = P I

Optimization results

e = e

" R=480mm

SKIN

STRUCTURE PLACED WITH VARIABLE-ANGLE TOWS

Xilanzhao Xia, Lel Zu*,Qlan Zhang, Guiming Zhang
Hefei University of Technology, China
*Corresponding author: zulei@hfut.edu.cn

Theoretical development of optimization model

O Turning radius test of prepregs
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Placement quality of prepregs under
different turning radii.

The smaller prepreg turning radius the larger the placement defects

Corresponding to any point of the reference points C1 to C6 in Figure on the right,

select any two points (optimization points) on the Pareto Frontier of vaT-L

for comparison; any of the two parameters (fundamental frequen

SDC) of both the reference point and the two corresponding optimization points is

kept the same, and the other parameter is compared.
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Layup and vibration properties of VSC and VAT laminates of Pareto Fronts
Laminate Boundary Ply Frequency SDC (%) | Gain (%)
condition (Hz)
C1 [+45° 1. 9.05 1.83
V1 [+(55.39° ,38.61° ), £(52.18° ,42.60° )]. 9.05 2.16 17.80 .
V2 CEFF [+(50.36° ,34.69° ), £(52.67° ,43.12° )]. | 10.02 1.84 10.76 I soc
C2 [+30° ].. 12.41 1.16 20} B Frequency
V3 [+(39.39° ,26.65° ), £(32.87° ,32.74° )]. | 12.42 1.31 12.70
V4 [+(35.14° ,22.39° ), £(32.18° ,21.33° )]. | 13.37 1.17 7.66 <
C3 [+45° ], 46.15 1.70 =
V5 [+(35.55° ,52.84° ), £(42.06° ,46.92° )]. | 46.17 1.85 9.12 S
V6 CFCF [+(34.83° ,48.50° ), £(42.43° ,52.33° )]. | 48.77 1.70 5.66
C4 [+30° ], 62.13 1.14
V7 [+(26.41° ,36.41° ), £(25.34° ,25.17° )]. | 62.13 1.22 6.82 e ThCr e
C5 [i45° -|7q 158.11 1.00 Boundary Conditions of VAT-L
V9 [+(38.00° ,27.84° ), £(38.79° ,27.65° )]. | 158.20 1.07 7.17
V10 ceee [+(59.97° ,47.19° ), £(54.21° ,54.82° )]. | 164.80 1.00 4.23 _ _ _
C6 [+30° 1,. 150.01 1.11 Gains achieved by different Pareto Fronts
V11 [+(29.10° ,19.47° ), £(22.65° ,14.56° )]. | 150.02 1.18 6.29
V12 [+(35.66° ,22.46° ), £(29.19° ,19.24° )]. | 155.26 1.11 3.51

Experimental validation
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Pareto Fronts of different boundary conditions, obtained from multi-objective
optimizations to maximize fundamental frequency and SDC of the first vibration mode

The modal SDC and fundamental frequency can be greatly improved

by optimizing the fiber trajectory

Improvement degree: modal SDC > fundamental

frequency

improvement degree : CFFF>CFCF>CCCC

The damping in the direction 1 2, ll]lz, is generally the main

one to be improved when regarding improving the damping of a
structure by optimizing the fiber trajectory.
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Vibration properties of 6 conventional constant stiffness laminates and th

optimally damped Pareto Fronts under three kinds boundary conditions

eir 6

hammer-hitting method

Placement'

,:"/,‘
3 9"

AN @R
b \ X \:\ A
(s & ;
. Heatingbed p/ <

Machining process

S

e A

Curing == .__,f T
RN

SN %

1S

Production process of test laminates.

0
Acceptance

point

Modal test by |
hammer-hitting method

Fixed support

Hammer-hitting method for
modal test and their test points

Comparison of test and calculation results

Fundamental frequency

Damping (%)

_ Laminate Cr?lgiljlza;uo Test (Hz)  Error (%) Calt;ulatlo Test Error
Prepreg curve-steered AFP machine c1 0,05 0.64 652 183 163 10.93
V2 10.02 10.89 8.69 1.84 1.68 8.69




