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ABSTRACT

In this paper, we develop an automated software for in-plane structural analysis of
composite laminated structures. The developed software supports various failure criteria and
reports the analysis results considering user's convenience. It also provides batch job
analysis function based on parallel processing technique. To verify the performance of the
software, we compared margin of safety(MS) calculated in the software to those obtained
from in—house method and the specimen experiment. As a result of comparisons, there was
an error of less than 0.01 in the in—house method and it is within about *10% with the
specimen experiment. In addition, we confirmed the improvement of execution speed of
batch job analysis based on parallel processing technique.
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Fig. 2. Applied loads on a in-plane
structure of composite plate
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Table 1. Software development environment
Programming Language C++
cross—platform SDK Qt
DBMS SQLite
Parallel programming API OpenMP
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Subcase Ply Angle Failure Criteria MS.
1 fsubcase 1 45 Yamada-Sun 232908
2 ‘sub(ase Z -45 ‘¥amada-sun 0.34586
3 subcase 8 o ¥Yamada-sun 345555
4 subcase 4 o Yamada-Sun 570227
5 subcase 5 s ¥amada-Sun 3.46852
6 subcase 6 a0 ¥amada-Sun 878126
7 subcase 7 o ¥amada-Sun 5.24B34
8 subcase 8 o Yamada-Sun 3.24185
g subcase 9 -45 Yamada-Sun 1.91178
10 subcase o 45 ‘¥amada-sun 186878

L 1 T L 1

(a) Plot of analysis result

Subcase Load Case :Element ID :Ply Angle Failure Criteria (MS Cen Chvalue F2 F12

subcasel {lcTestt geoTest] 1 45 Yamada-Sun 4.32906; 09 08 -483447 -13.5798
subcasel [lcTest! geoTest] 2 -45Yamada-Sun 0.34581; 09 08 -865576; 12.4748)
subcase! {lcTest1 geoTest] 3 0:Yamada-Sun 345443 0.9 08 -243336. 16.8756)
subcasel ([cTest! geoTest] 4 0:Yamada-Sun 5.70047. 0.9 08! -16.9400! 11,1245
subcasel (IcTestl geolest] 5! 90:Yamada-Sun 34687 09 08 249207; -537343)
subcasel [lcTest! geoTest] 6 90iYamada-Sun 877425 09 08 843213, 037761
subcase! {lcTest1 geoTest] 7 0:Yamada-Sun 5.24585. 0.9 08 5.23697. -6.1286)
subcasel ([cTest! geoTest] 8 0:Yamada-Sun 3241210 0.9 08! 12,6296 -11.8797]
subcase (IcTestl geolest] 9 -45:Yamada-Sun 191172 09 08 11,5494 473949
subcase |lcTest1 geoTest] 10 45 Yamada-Sun 18.6407; 09 08 451714 -3.63445

(b) Report file of analysis result

Fig. 7. Analysis result with the proposed
software
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(a) Excel based implementation example of Fig.3

e v L1 o |["APPLIED LOADS & STRAINS
2 1 45 0.1840 Nx = 120| Nimm
a 1 0 0.1840 -
i 7 0 5840 by = -70| Nimm
5 1 90 01840 Nxy = 20| Nimm
[ 1 90 0.1840 =
= = 0 51840 Mx = 120| mm-N/mm
B 1 -405_ 01840 My= 90| mm-N/mm
a 1 01840
T 1 45 01840 My = -100] mm-N/mm

(b) Experimental conditions

Fiber Failure
M3 Failure Criteria
433 Yamada-Sun, Tension
0.35 Yamada-Sun, Compression
346 Yamada-Sun, Compression
570 Yamada-Sun, Tension
347 Yamada-Sun, Compression
8.78 Yamada-Sun, Compression
5.25 Yamada-Sun, Tensian
3.24 Yamada-2un, Tensicn
1.91 Yamada-Sun, Tension
18.70 Yamada-Sun, Compression

(c) Analysis result

Fig. 8. Analysis result with excel program

S A 2ol ge dHIrh
Table 391+ FEM A QA 7F ESHE X gkon
ﬁﬂ7}g] A]g]/d 1 Al

o7 A3 ANHES HF Aoltl Table 3914
Serial > ®#E A 7] A&

parallel > 47 & ]34 OpenMP 7]H 2
2 WEaArt FdE A5E JepdTh 3%l A
Ak vpe} o] WHAE 7S CalFol v A
E 5 9th Speed-Up A EE &&3to] BE A%
= YEWE o 1,000709 A el A= oF 3.14
;10,0007 A= 2.328) L8] 3 20,0007 ol A &=
oF 1.88x9] IS & 4 Avt. 1Ela 20,00070
o] =gl dojA HA Aa Alzro] °F 054
GS5ES & 5 Ark 28y Table 32 AA A
& Alztel QoA Ad Hr7b A A K
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Table 2. Test environments Table 5. Material properties
0s Windows 10(64 bit) Properties craser USN150B
Intel core(TM) i5-7400 KFR-120V
cPU cPU Young's Modulus Ey (GPa) 543 137
Young’'s Modulus Ex=Ess (GPa) 543 7.4
@ 3.00GHz 3.00GHz Shear Modulus Gp=Grs (GPa) 207 37
RAM 16GB Poisson’s Ratio viz=vi3 0.05 0.34
Longitudinal Tensile Strength 546 1968
Table 3. Performance comparison for Batch-run Xt (MPa)
Transverse Tensile Strength Yt
1,000 10,000 20,000 546 57
(MPa)
serial 3672 44930 85.307 Shear Strength S1»=Si3 (MPa) 44 91
(msec) ’ ’ ’
ca varallel i 00is 45 a1o e Max. Stress Failure Criterion : 7]* A&
mseo) | | | o &% AA Laminated] 0.2 37hsn
Speed-Up 314 232 188 2 g B4l AAV =EE. (DJ, Fabric
: 29 AL UD AA = o >3 o]:
serial 33266 | 366,180 587,089 el fops e 4 714
Input (msec) Weo 2 AfTE v Eo] gl ‘:'f'n *‘ AA Al E
DB ‘(’ara”e)' 30765 | 340993 551,437 Aol FAS S|4 At =mEH)
msec . . -
+cal ——y - py - * Tsai-Wu Failure Criterion : ¢J2] %3k
L ' ' dECaf, V1A wFew AAAE A%, ¢

S HAFEu. ol#H3 dAS InputF
DB 7F ¥ Esl =HA X3k Aol 4 Hlojt)

S

ASTM(American Society for Testing and
Materials) D 3039 &l g} WY 3}& =
of UE AWBAE FAsAOm, AW Setup
2 e-¥e FAL Fig. 99+ 2ul Fig. 102
S3ol we sé Ay 2Zed sgde A
d 7 A3 grolw yw A= Max. Stress,
Tsai-Wu, Yamada-Sun ©]| &% o] &3}o] AZE
dofoll A dojxl A3t grolth, & AldS F3l
e 2 AMEE o

Table 4. Test specimens

Spel%men Material Stacking Sequence No.

PS-FB-A | cFazo7 + [45°/45°/0°/0°/45°/0°/45°/0°]s 8

Ps-FB-B | KFR120V | [450/0°/45°/0°/45°/0°/45°/45%), | 8

PS-UD-A [45°/90°/-45°/0°/45°/90°/-45°/0°]s | 8
USN150B

PS-UD-B [45°/0°/0°/90°/0°/0°/0°/-45°]s 8

o Hy 1o

Ae 3= 5)o thak A3 28 (Interaction)
THEE o] Ax Bl MAI} BEE
+ Yamada-Sun Failure Criterion : 7]# &
of ek &2 aElelA fom Rt A&
A(UD or Fabric)ell sl A<t 7Fd 43
A AdsE =&
oj9} e AXNE wigom AA NS
AREAE O FRES] F8Ed
’d(Conservatism)S WHd& 4 Qlry. 18|31 i
TR Faro| wet Aist
5

Initial Crack

e

Maximum
Failure Load

2
Displacement (mm)

Fig. 9. Load-displacement curve

% 90000 Min. Dey.
< =-0.48%
u

@

5

g 60000 ¥in. D

2 : in. Dev.

F i i, De. = 7.14%

=-144%
- I I I I I I
0 I‘
PS-FB-A PS-FBB PS-UD-A PS-UD-B

ETest ®Max Stress ®Tsai-Wu ®Yamada-Sun

Fig. 10. Analysis results with various criteria
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