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#1

« Based on the given material properties and inserted into the Excel sheet properly, the rest of the material properties were changed accordingly

and properly by checking their equations of the excel sheet

* Material properties are:

D14 v fx
A B C D

1 [E11 E22 vl2 G12

p. 1.20E+07 1.00E+06 0.3 7.50E+05
3

4 Q11 Q22 Q12 Q66

5 1.21E+07 1.01E+06 3.02E+05 7.50E+05
6

7/ Ul U2 U3 U4

8 5.36E+06 5.54E+06 1.19E+06 1.49E+06
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#1

« Constraints
o Maximum fiber strain should not exceed 1%
o Material properties given should be used
« Assumptions
o Presume a finite element model and requested section forces from Abaqus extracted the stress and bending resultants N & M

* Problem Statement: Come up with several combinations of N & M to come up with stacking sequences with the excel document

With no changes to the excel sheet except the material properties, we see with default N & M:

Shell Section Loads Loc Midplane ACTIVE  Constraint Theta Failure Criteria
NXxx 247.00 1 1 0.00 MaxStrain Using 4 active plies from the
Nyy -3130.00 2 1 0  75.00 ;'ggi;ggii midplane, meaning there is a
Nxy 130.00 3 1 0 7500  ccoagess total 8 plies, we can for the
M xx 31.00 4 1 0 90.00 1.194570289 default N & M’ we see:
Myy 6.00 5 0 1 75.00 0
Mxy -.00 » 2 plies that are under the 1%
* The two plies that fail the max strain max strain
(1%) are the plies closest and farthest e 2 plies that are over the 1%
from the Loc Midplane max strain
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#1 First Combination of N & M

e Changing the values for N & M, it showed that changing the values for Nxx and Nyy solved our
problem of max strain for those 2 plies as shown:
Failure Criteria

Shell Section Loads Loc Midplane ACTIVE  Constraint Theta Max Strain

N 100.00 1 1 0.00 0.900995296 Combination #1
Nyy -2000.00 2 1 0 75.00 0.513487588

Nxy 130.00 3 1 0  -75.00 0.417651746

MIxx 31.00 4 1 0 90.00 0.820413955

Myy 6.00 5 0 1 75.00 0

Mxy -5.00

* It seems as if having a smaller negative N in the yy direction and a smaller positive N in the xx direction
solved our problem of having too much strain in the closest and farthest plies from the midplane location

* From multiple iterations it was found that increasing the Nyy to have a larger, negative value would introduce
more strain towards all three plies farthest from the Loc Midplane (2, 3, 4)

USC Viterbi

School of Engineering Univ it WV« »f Southern California




#1 Second Combination of N & M

e Building off Combination #1, and not changing the value of Nxx and Nyy, we can see the effect on
strain the other resultant forces and moments have on it:

Shell Section Loads Failure Criteria

Nxx 100.00 Loc Midplane ACTIVE Constraint Theta Max Strain Combination #2
Nyy -2000.00 1 1 0.00 0.900995296

NXy 500.00 2 1 0 75.00 0.268001973

X 31.00 3 1 0 -75.00 0.663137361

Myy 6.00 i 1 0 90.00 0.820413955

Mxy 500 5 0 1 75.00 0

* From only changing the resultant force Nxy, we can see only the 2 middle plies (2, 3) between the closest and
farthest plane from Loc Midplane (1, 4) were affected

o A greater, positive Nxy value decreased the strain on plies 2 and 3 significantly
= This may be due to the +75, - 75 plies, their orientation, that is better at absorbing shear, and since the
laminate is symmetric, no coupling between bending and extension exists
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#1 Third Combination of N & M

* Building off Combination #3, and not changing the value of Nxx, Nyy, Nxy, we can see the effect on
strain the other resultant moment (Mxy) have on it:

Shell Section Loads _ _ Failure Criteria o

Nxx 100.00 Loc Midplane ACTIVE Constraint Theta Max Strain Combination #3
Nyy -2000.00 1 1 0.00 0.889855075

Nxy 500.00 2 1 0 75.00 0.525331052

Mxx 31.00 3 1 0 -75.00 0.347306309

Myy 6.00 4 1 0 90.00 0.899632327

Mxy -15.00 2 0 1 75.00 0

* From only changing the resultant moment Mxy, we can see all the strains for each ply were altered
o The closest ply to the midplane location (1) being the least affected by the change in Mxy
o However, plies (2, 3, 4) showed massive changes in their strain but still within the maximum strain of 1%
e This behavior is to be expected as applying a more negative Mxy WILL show higher strain at the outermost plies
because:
o The bending moments like Mxy create curvatures, and curvature-induced strain incrase with distance from
the midplane
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#1 Fourth Combinationof N & M

e Building off Combination #4, and not changing the value of Nxx, Nyy, Nxy, and Mxy we can see the
effect on strain the other resultant moments (Mxx & Myy) have on it:

Shell Section Loads Failure Criteria

Nxx 100.00 Loc Midplane ACTIVE Constraint Theta Max Strain Combination #4
Nyy -2000.00 1 1 0.00 0.612177029

Nxy 500.00 2 1 0 75.00 0.441235465

Mxx 20.00 3 1 0 -75.00 0.216120574

Myy 20.00 4 1 0 90.00 0.5564989

Mxy -15.00 > 0 1 75.00 0

* From changing the resultant moments Mxx and Myy, we can see all the strains for each ply were altered to having
the same positive moment:

o Although still within the constaint of having a maximum strain of 1%, all the plies were affected by the
changes as plies (1 and 4) showed a decrease in strain but plies (2 and 3) showed an increase in strain which is
be expected from + 75 plies as they can handle more strain to relieve the other plies from too much strain
referring to some load distribution happening
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#1 Fourth Combinationof N & M

e Building off Combination #4 more, and making more plies active with their corresponding ply angles

(theta) we can see from the 12 plies: Failure Criteria
Shell Section Loads Loc Midplane ACTIVE  Constraint Theta Max Strain « From this change, as we
1 1 0.00 0.155319699 ‘
Nxx 100.00 2 1 0 7500 0.25411732 expected:
Nyy -2000.00 3 1 0 7500 0300126381 o There would smaller strains
Nxy 500.00 4 1 0 90.00  0.31299459 at the original 4 plies from
Mxx 20.00 5 1 0  75.00 0.257324768 the midplane location as
Myy 20.00 6 1 0  -75.00 0.288323737 there are more plies for
Mxy -15.00 7 1 0 8859 0.312562541 load distribution
8 1 0 -88.59 0.315151644
9 1 0 0.00 0.370269439 o Therefore, sharing the
10 1 0 75.00 0.262670515 strain and bending from the
11 1 0 7500 0.268652662 resultant forces and
12 1 0 90.00 0.316144215 moments across all 24 plies
13 0 1 75.00 0
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#2

* My results will look different than video but, numerical
data should remain the same
» Using 22 plies for model 2
» Using thickness of 0.009

USC Viterbi

School of Engineering

Module 5 Abaqus

Laminate stacking sequence [0/(+45/-45) , /90/(+30/-30),/0], ; cured ply thickness is 0.009 inch

Material Name E11 E22 E33 vl2 vlid3 v23 G12 G13 G23
AS4/8552 [ 0‘ ‘ [ [ [ ' ‘ ]
Unidirectional | 19,090,000 1,340,000 500,000 | 030 | 0.40 |0.40| 700,000 | 420,000 | 420,000 |
psi psi psi psi psi psi
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#2 Module 5 Abaqus

* Model 1
* Used 11 plies, with 0.009” thickness
»  Setup is shown below

4 Edit Composite Layup x 4
® Fle Model Viewport View Material Section Profile Composite Assign Special Featwe Tools Plug-ins Help X -
Name: Compositel ayup-1 ISEAme g e« LBNEA M CYimic T 890 0 0o 2.2
Element type: Solid Description: : ® Property defautts M - Bn I
- - - Model Results Matenal Libra Modute: [SProperty 3 Model:[FModel-1 M Part[EModel-1 ¥
Layup Orientation Stacking Direction £ Model Datab™| ~ ¥ |
Definition:| Coordinate system V- O Element direction 1 isf” -
None) By A O Element direction 2 ::““{’“‘“’* X B
>
@ Element direction 3 s e et B,
Rotation axis: O Axis 1 O Aais 2 ® Axis 3 Faliriar e
Depth: 0.4 ’
Additional rotation: ® Mone O Angle: |0 ) Distribution: & o )
i
Section; =.
Plies  Display - &
[ Regenerate on OK P
[ Make calculated sections symmetric = A= =l = C=RN W4 =~ |
Element . . & Engineering Features R
Ply Name Region Material Relative CSYS Rotation nteg.ratlor 8= Mesh (Empty) o by
Thickness Angle Points i Materials (1) d
# Calibrations Ll
1 Py (Picked)  Material-1 0,009 <Layup> 0 } Sections (1) =
2 v Ply-2 (Picked)  Material-1 0.009 <Layup> 45 3 ;2”-""”;
3 v Ply-3 (Picked)  Material-1 0.009 <Layup> -45 3 Ls:;;:z;
4 v Ply-4 (Picked) Material-1 0.009 <Layup> 45 3 + Field Output Requests (1)
5 ¢ Ply-5 (Picked)  Material-1 0.009 <Layup > -45 3 ! History Output Requests (1)
6 v Plyb (Picked)  Material-1 0.009 <Layup> a0 3 :m‘;‘:"““’ ———
» japtive esh Constral
7 ¥ Phy7 (Picked)  Material-1 0,009 <Layup> 30 3 ,"m,mzme
8 v Ply-8 (Picked)  Material-1 0.009 <Layup > -30 3 L Interaction Properties
9 v Ply-9 (Picked)  Material-1 0.009 <Layup> 30 3 Contact Controls
10 ¢ Ply-10 (Picked)  Material-1 0.009 <Layup> -30 3 ;f"":”‘t‘““‘”‘“"m
Contact Stabilizatons
1 v Ply-11 (Picked)  Material-1 0.009 <Layup > 0 3 B Constraints
§ Connector Sections
7 Fields
7 Amplitudes
s Loads
» BCs(4)
» Predefined Fields N
oK Cancel
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#2 Module 5 Abaqus

* Model 1 - Results (511)
* Ply-1=-5.556E05 (Matches online data)
* Ply-2 = 6.78E05 (Matches online data)
 Ply-3and 5= Same
« Ply-6 (90°) = 1.911E06 (Matches online data)

B Ele Mos Views o W £ x| g Mode Viewport Yew Besut Biot snmate Report Cotoes [ook Pugeins Help % | B oo s e R b R |
5 LLE D 73 visssiancn cetauts < 0+ we @ 1o TR+ <SR EA RN i 0 rueK oI B Viuslasson eiosts M@ e @ om Ewmad : 1 0 rroK =
£ s ey
(o, E— waebw y@O e b s ecumomes magicver Dekico AMEARh Jico-1 o DRI 1) T . e et e Deop DS

11
-1 (middle)
1 75%)
-5.556e+05
-5.556e+05
-5.556e+05
-5.556e+05
cEc_ L o

78e+05
A > 78e+05
+1.911e+06
+1.911e+06
+1.911e+06
+1.911e+06
+1.911e+06
+1.911e+06
+1.911e+06
+1.911e+06
+1.911e+06
- +1.911e+06

Categories ® Pies

oK Apply Defadts

Tue Apr 08 18:54:07 Pacific Daylight Time 2025 Tue Apr 08 18:54:07 Pacific Daylight Time 2025

ODB: Job-1.0db Abaqus/Standard 2023  Tue Apr 08 18:54:07 Pacific Daylight Time 2025

o Aoply Oefaults | | Field Ouaput

& sieavin & simuuin

ox Apply ]| Defauts  Field Output Canvcel
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#2

* Model 1 - Results (522)
» S22 data also matches up with online results
« Ply-1=1.212E04 (Matches online data)
* Ply-4 =6.097E05 (Matches online data)

[ Ele Model Viewport Yiew Resut Piot Anmate Report Qoticns Toeols Plug:

TEmAE +C < LBUEA RN

Help W

zation defaults ~ @ - We 4 b i

wanw @O

S, S22

PLY-1 (middle)

(Avg: 75%)

— +1.212e+05
+1.212e+05
+1.212e+05
+1.212e+05

- +1.212e+05
- +1.212e+05
+1.212e+05
+1.212e+05
+1.212e+05
+1.212e+05
+1.212e+05
+1.212e+05
+1.212e+05

Plies

Name Filter

PLY-3-COPY1
PLY-4
PLY-4-COPYI v

Abagus/Standard 2023~ Tue Apr 08 18:54:07 Pacific Daylight Time 2025

Ply result location:

Fietd Output. Cancel

SC Viterbi
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Module 5 Abaqus

~

¥ fle Model Viewort View Besut Piot Animate Report Qptions Tools Plugeins Help A

NSEwd g+ BiLBEA Ra Tl g

Model Results e f o Model: [+ //vsan-fsabusc. PRIG_ LN =1 o)

S, S22
PLY-4 (middle)
(Avg: 75%)
+6.097e+04
+6.097e+04
+6.097e+04
+6.097e+04
- +6.097e+04
+6.097e+04
+6.097e+04
- +6.097e+04
+6.097e+04
+6.097e+04
+6.097e+04
—+— +6.097e+04
+6.097e+04

Selection methodt O Categories ® Plies
Plies
Name Filter

PLY-1 A

ob-1.odb Abaqus/Standard 2023 Tue Apr 08 18:54:07 Pacific Daylight Time 2025

/Single section point

st

Topmost and bottommost

Apply Defaslts | | Field Outout. Cancel




#2 Module 5 Abaqus

* Model 1 — Results (E11)
« E11 data also matches up with online results R e T o S T BT ¥ e [ B wS™ o
« Ply-2 = 3.435E02 (Matches online data) N

Model Results Modu\e:lﬁv:;uahzat«on M Mode\:|¢//vsanrfs‘vlab‘usc‘edu/homeS/haglover/Desktop/AMEAEG_PRJ&_#S\/M/Jobr1.odb M

-,
>
=

Session Data M2 kel

& Output Databases (1) %

® & Model Database (1) E’ El 1 )

@ 0 Spectrums (7) PLY-2 (middle)
B XYPlots - (Avg: 75%)
o0 : +3.453e-02
I peths > +3.453e-02

%4 Display Groups (1) 1 +3.453e-02
& Free Body Cuts = +3.453e-02
o Sveas : +3.453e-02
I vovies ' +3.453e-02
W Images +3.453e-02

+3.453e-02
+3.453e-02
+3.453e-02
+3.453e-02
+3.453e-02
+3.453e-02

¥ Section Points

Selection method: O Categories ® Plies
Plies
Name Filter
PLY-1 A
PLY-1-COPY1
PLY-2
PLY-2-COPY1
PLY-3
PLY-3-COPY1
PLY-4
PLY-4-COPY1 v

Job-1.0db  Abaqus/Standard 2023 Tue Apr 08 18:54:07 Pacific Daylight Time 2025
Ply resultlocation: O Bottommost

® Middle/Single section point Step-1
O Topmost

O Topmost and bottommost

oK Apply Defaults | | Field Output.. Cancel

2 simuia
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#2 Module 5 Abaqus

* Model 1 — Results (E22)
» E22 data also matches up with online results
* Ply-1and Ply-11 = 3.435E02 (Matches online data)
» Makes sense both 0 degrees

*  Ply-2 = 3.453E-02
«  Ply-6 = -3.095E-02
S-LLE I X -1} O & ! 0 @we K m 'rm:u ndetaults “ @+ e @ pow ‘ ¥ fle Model Viewport View Sesdt [

Taman &

codetats @ wea »ow

P Visushzation cefoults < @~ e @ B

wavw @O |

wanw r@O |

-+
-+
-+
+
+
+
+
+
o

@ Pies Categenes # Pies

ob-1.0db  Abaqus/Standard 2025+ Tue Apr 08 18:54:07 Pacific Daylight Time 2025

lob-1.0db  Abaqus/Standard 2023~ Tue Apr 08 18:54:07 Pacific Daylight Time 2025 lob-1.0db  Abaqus/Standard 2023 :54:07 Pacific Daylight Time 2025

Topmast and Bottcemost

tandbotommost

o

o Detas | (FedOat. || Canee

Fied Cutout. | Cancel ~ | oo & [amr vtk | FudOupa. | Ganc
sionviia

Detauts
& siwavuin)

Viterbi
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#2 Module 5 Abaqus

*  Model 2 — Setup
» 22 plies are cut using datum planes

e usc edUOmER NI OvenDesIOp\AMEABS PR, 16 #8cae [Mewport - 0 x|
Othes Tocks Plugeins Help N GG

AR S ) 99O 0 pwoK R B 9

D ey doouts -] B 5 ‘
Mocel | Ress Matenal Loy e
oo Dot
s o B Model Datsbsse

extrude-1
Daturm csys-t

Datum plane-1

Daturn
Daty
Name.

Datum plane-22
Parttion cell-4
Partition cell-5

Partition cell-6

Parttion cei-t

Partiton cell-10

7 - Parttion cal-21

Parbtion cei-7
3 | B Orag the mouse ina viewpcet 1o pan the iew

o8
9
110

&5 swavuia
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Model 2 — Results
Ply-2 = 6.78E05 (Matches model 1 data)
Ply-1 = -5.556E05 (Matches model 1 data)

B Abaqus/CAE 2023 - Model Database: \\vsan-fs iab.usc.edulhomegihaglover\Desktop\AME486_PRIG_#BVM\PRIS_#8 cae [Viewport 1]
5 fle Model Viewport Vi Plot Animate Report Options I

LOE®A s +e<LR

ols Plug-ins Help %
A LAl 2 ) D

0 @«

B primary

2 Visualization defaults ¥ [~ e 4 1> W

Ms11 Vi

Model Results Module: [SVisualization | Model: [ /fvsan-fsab.usc.ecu/momeS/aglover/Desktop/AME486_PRIG_#8YM/Job-1.0db ]
Session Data M-S "4

& Output Databases (1)

& & Model Database (1)
p e
# 0 Spectrums (7) ad
B XvPlots a\e| %
B XvData 6.857e+0
[ Paths 6.839%e+0
& %a Display Groups (1) =i e+0 | Nk
" 2 (8 & -
B¢ Free Body Cuts 6.8 0 =
& Streams 6 0
K Movies 6 0 4
& Images Am — 6 0
= i 6 0
= 0 e+0
), A 3
2 6 e+0 =
o 6.657e+0
— 6.63%e+0
K@ i
T
F B
Selection method: O g =
Ples i) B
Name Filter I
3
J
7
i =1
= ] U i ——

PLY-8 v

Abaqg andard 20 e Apr 08 20 6:01 Pa Br

Bottommost
® Middle/Single section point

Topmost

Topmost and bottommost

oK Apply Defauits || Field Output Cancel
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Module 5 Abaqus

=4
- o X @ Fle Model Viewport View Result Plot Animate Report QOptions Iools Plugeins Help 2
S LEEmE g & B2 Al ) @ 0 e K-
S primary

Model Results
Wada D 5P

Session Data g~ ¢

+ &3 Output Databases (1)
& &5 Model Database (1)
= XYPlots

# s Display Groups (1)
# Free Body Cuts

odel; |3 //vsan-fs.vlab.usc.edu/nomeS/haglover/Desktop/AME486_PRI6_#8VM/Job-1.0d0

& Streams

B Movies

& Images

81e
90e
600e
609e - -
Qe
& Section Points X T
Selection method: O Categories ® Plies
Plies i
Name Filter I
PLY-1 A i
PLY-2 7
PLY-3 F e =
L
lob-1.0db Abaqg andard e
q e 20 Ply resultlocation: O Bottommost
@ Middle/Single section point B

Topmost
Topmost and bottommost

& e (Rt G

T U TG I VW W T e VW Rotation center: | Select.  Use Default

2 Visualization defaults @~ a4 1 M

Ka b TR0

2
25 simuLIA




Module 5 Abaqus

*  Model 3 —setup
* Conventional shell setup
« 11 total ply’s - made symmetric

=

Iy

3 Y

B fie Model Viewport View Materisl Section Profie Composite Assign Special Featwe Iools Plugein Help & - & x
iLSEmd g e LB EA s GBI S0 0 e oD BRI Popeny detsus VMl - : B (B

Model | Results Material Library Modue:[SProperty M Model:[FModel-z M part[Tratt

& Model Database ¥ s ia

= 48 Models (2) . B

¥ Model-1 o
¢J =

3 Edit Composite Layup

Name: CompositeLayup-1

Element type: Conventional Shell Description:
Layup Orientation

Definition: Part global M

Part coordinate system

Nomal direction: O Axis 1 O Axis 2 @ Axis 3

Section integration: ® During analysis C) Before analysis

Thickness integration rule: ® Simpsor Gauss
Plies Offset Shell Parameters Display

Make calculated sections symmetric Bo oy B (Gl (B =) |

PlyName Reglon  Material Thickness  csys  Rotation ntegratior
Angle  Points
1V Pyl Picked)  Matenall 0009 <lawps a 3
2 v P2 Picked)  Material-1 0009 <Layup> a5 3
3V Py3 Qiced)  Mawia-l 0009 <laups 45 3
4 v Plya (Picked)  Material-1 0009 <Layup> a5 3
5 ¢ PlyS (Picked) Material-1 0009 clayups a5 Fl
§ v Pyb  Gicked) Mawia-l 0008 <laups 90 3
7 v Ply-T (Picked)  Matenal-1 0,009 <Layup> El 3
8 v PyB  (Picked) Matenal-l 0000 <laupr 30 3
9 v Pyd  (icked) Maweia-i 0008 <imupr 30 3
10 v Ply-10 (Picked)  Material-1 0,009 <Layup> -30 3
MV Pyl Picked) Matenal-l 0000 clawp> 3
oK Cancel
< » % X Fillin the composite layup editor dislag
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Module 5 Abaqus

*  Model 3-(S11)
* Ply-1=-5.561E05 (Matches online data and other models)
* Ply-8 = 6.101E04 (Matches other models)

I
-4
I
B file Model Viewport View Result Plot Animate Rgport QOptions Tools Plug-ins Help X - ax B
= — —— Ble Model Viewport View Besult Plot Animste Report Options Tools Pugins Help W
TEmgs ¢ SANE A Al 0 ®woe X o B2 9B Visualization defaults M @9~ e 4 1 W SHad A THe o o : oy PR
B pimary  Ms “is11 MR~ o~ s
E g ; T 6 B°| 2 3 N
Model Results Module; [¥ Visualization ™ Model: |5 //vsan-fsviab.usc.edu/home$/aglover/Desktop/AME486_PRI6_#8VM/Job-1.0db ™ da | EED fcaa rewis Model: B wa W EEO
Session Data B ¥ b
#& Output Databases (1)
#&8 Model Database (2) = “ d
#@ Spectrums (7) ddle j
B8 XYPlots Avg % 6 04
B X¥Data 04e+0 6 0
[ Paths e+0 6 04
#124 Display Groups L] e+0 3 : 4
¥ Free Body Cuts e+0 : 04 :
& Sweams 42e+0 B i i
I Movies e+0 — 6 04 i
& Images | 61e+0 8 04
] S g o
e+04
81e+0 . 6140104
= 90e+0 e+04
600e+0
9e
= 009 : & Sectionfoints X
619e
Km Selection methoct O Categories ® Pies
m Ples
% Section Points X Name Filter
Selection method: O Categories ® Plies A
Plies
Name Filter 7
ob-1.0db Abagq andard 20 e Apr 08 07:26 Pa Daylig e 20
Py resultloc Bottorfimiost
# Midde/Single section point

Topmost

Topmost and bottommost

lob-1.0db Ab andard 20 e Apr 08 0 6 Pa Daylig e 20 oK Defaults | Field Outpar. Cancel
Py resultlocation: O Bottommost T ey wre o e e e VeV & simuuin
® Migdle/Single section point Ste S
Topmost ent y 3 %
O Topmost and bottommeost ¢ Var: € ¢ O =

OK Apply Defaults Field Qutput.. Cancel f 31 5

P TTOg TR pOT W P View 25 simuLin
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#2

Model 3 — (E22)
Ply-1 and 11 = 1.003E-01
Ply-8 = 6.722E-03

Module 5 Abaqus

 slightly higher than expected, but matches regardless

-
-
ol

| File Model Viewport View Result Plot Animate Report Options Tools Plug-ins Help A
JTEemS g ke «SENEA LA IR &

Model Results

Session Data -

&

©& Output Databases (1)
4§85 Model Database (2)

E, E22

5 Spectrums (1) bl | PLY-11 (middle)
# X¥Plots ul (Avg: 75%)
B X¥Data Tv. ! +1.003e-01
I Paths », +1.003e-01
5

% Display Groups (1)
I Free Body Cuts
& Strea
X Movies

& Images

+1.002e-01
+1.002e-01
+1.001e-01
+1.001e-01
+1.000e-01

£ Section Points
Selection method: ) Categories ® Plies
Plies
Name Filter
PLY-7 ~
PLY-8
PLY-9
PLY-10

PLY-12
PLY-13
PLY-14 v

Ply result location: O Bottommost
® Middle/Single section point
O Topmost

O Topmost and bottommast

Apply

Defaults Field Output. Cancel

tep: Step-1

# [X| Drag the mouse in a viewport to pan the view

neering

vsan-fsvad.usc edu/homes/haglover/Desktop/AME486_PRIG_#8VM,

file Model Viewport View Result Plot Animate Report QOptions Tools Plug-ins Help A?
O ®w oKD R " visvaiizaton defauits M- e a4 1w LEESS & b «LHUEA M R Q@0 0O ®w oK A, % vsulizstondefauts M0 e 4@ b
Bpimary  ME ¥E22 N> Spprimary e “lE22 &
Wa b BP0 Model Results Module: [ Visualization ¥ Model: |3 /fvsan-fs.viab.usc edushome§/haglover/Desktop/AMEA486_PRI6_#8VM/Job-1.0db M a PP FREAD
% &5 Model Database (2) 2
3 0 Spectrums (7) O daie
& XWPlots Avg %
§ X¥Data e-0
6.766e-0
Groups {1) 9e-0
I Free Body Cuts 6 )
& Streams 6.744e-0
I Movies 0
& images L] 0
B 6 0 i |
6 0
0
o | 0
| nigm g 0
% Section Points x
Selection method: O Categories ® Plies
Plies - 1
Name Filter +—
PLY-T ~
Ply resuit location: () Bottommost
# Middle/Single section point ob od Abaq andard 20 e Apr 08 0 6 Pa Daylig e 20
o s " O Topmost
-1l.odb Abaqus/Standard 2023 Tue Apr 08 21:07:26 Pacific Daylight Time 2025 O Topmostand botsommost ep
el » = 000
oK Apply Defauits Field Output.. Cancel S
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#2 Module 5 Abaqus

* Conclusion
« All three Models (1,2,3) match up with each other
« Shown below in three images
* Means that all three methods are accurate ways to model a composite layup
* (S11) Ply-1 = -5.556E05

Ol Job-1.0db Abaqus/Standard 2023 Tue Apr 08 18:54:07 Pacific Daylight Time 2025 I.. lo
A ——————] Rotaton center: | Select.  Use Detault 2 simuuin o . - J‘M —
One Element though thickness — Model 1 Stacking sequence method— Model 2 Shell method — Model 3

USC Viterbi

School of Engineering Universit Y C »f Southern California




#2 Module 6 Abaqus

» Track reference midplane

Module: [ Interaction | Model: |2 Model-1 Step:

Model  Results
gm ¢
4 M )
Model-1 »
o Parts (1)

# Bz Materials
& Calibratio
& Sections

# Profiles
# 4 Assembiy
ot Steps 2)

B Predefines
B Remeshin:
& Optinvzat

B Optimization

[SORTF TSP SR SRy S PRSP o | o | 2

< > & s

USC Viterbi

hool of Engineerin _Universi VO - Southern Califc




#2 Module 6 Abaqus

* Bottom is constrained
» -45and 40 applied load at the top of figure
*  Where purple arrows are
* Applied mesh

USC Viterbi

School of Engineering University of Southern California



#2 Module 6 Abaqus

*  SM results

SM, SM2
(Avg: 75%)
— +1.172e+03
+1.074e+03
- +9.767e+02
+8.793e+02
+7.818e+02
+6.843e+02
+5.869e+02
+4.894e+02
+3.919e+02
- +2.945e+02
- +1.970e+02
- +9.951e+01
+2.039e+00

ODB: Job-1.odb Abaqus/Standard 2023 Tue Apr 08 22:01:28 Pacific Daylight Time 2025
Step: St
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#2 Module 6 Abaqus

» Comparing Nodal values to excel spreadsheet like in the video
* The results are almost exact/comparable
» Excel sheet does a good job

#& Output Data
SF, SF2 =R SM, SM2
(Avg: 75%) : (Avg: 75%)

=7 +1.174e+02
- +1.066e+02

— +1.172e+03
+1.107e+03

_ +9.588e+01 “, § +1.043e+03
+8.514e+01 Groups 1 3 “} +9.784e+02
+7.43%e+01 y Cuts | +9.13%e+02
+6.365e+01 +8.495e+02
+5.291e+01 - +7.851e+02
+4.216e+01 @ Images +7.206e+02

+3.142e+01
+2.067e+01
+9.929e+00
L -8.147e-01
-1.156e+01

+6.562e+02
+5.917e+02
+5.273e+02
+ +4.629%e+02
+3.984e+02

H &

Fietd Output
3 Step: 1, Step-1

2 Fieid cutout vanabie for Probe: SM, SM2 (Avg: 75%)

Frame: 1

Probe Values

o viewport O Key-in label O Select a display group

Components: Selected

Value for Attached elements
T Partinstance NodelD Orig.Coords Def.Coords Attached elements SF, SF2

[Value for Attached elements:

[ Partinstance NodelD Orig.Coords Def.Coords Attached elements SM, SM2
[ PART-1-1 445

0599991, 20.0 2396, 2997 45

PART-1-1 441 09,10,0 839986, 10.0 2009, 2010, 3001, 3002 399.75

51 08 22:04:36 Pacific Daylight Time 2025

Note: Click on respective check b

annotate values in viewer
Actv

Wnte to File.

‘Active nodes
Ply stack plot

558

USC Viterbi
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»  Comparing more nodal values to excel sheet

USC Viterbi

onmethodt O Categories # Ples

Name filter

Py st tcenmost

s ingle secson point
field Output

& Step: 1, Step-1 Frame:

® Field

utverable for robe: € E11 (Avg: 75%)

Prove

® Select from viewport OKeyeinlabel O Select s display group

Probe: Nodes Components: Sefected

Vatue for Attached dlements

[ Partinstance NodelD Orig.Coords Def.Coords Attached elements E E11

PART-1-1 a0 08,100

Note: Click on respective check button 1o annotate values 1n viewer
‘Wirite 10 Fle.
“Actve nodes

Py stack plot

School of Engineering

03 000463547

Module 6 Abaqus

23 Tue Apr 08 22:04:36 Pacific Daylight Time 2025

K

Setection method:
Plies

Name Filter

Piy resut locabion @ Bottom

Middle/Single section point
Topmost

Topmost and bottommest
oK Aoply Defaults || Field Output. Concet
 FiEld GutpUt ven sble for Probe: E EYT (Avg: 75%)

Prooe Values

® e

ctfrom viewport O Key-in label O Selecta d

splay group
Prooe: Nodes Components: Selected
Vaiue for Attached elements

T Partinstance NodelD Orig.Coords Def.Coords Attached lements E E11

PART-1-1 " 15,10,0 149398, 10.00 5, 6, 1401, 1501 00484

08 22:04:36 Pacific Daylight Time 2025

Note: Click on resp

heck button to annotate values in viewer
Write to File. Cancel

Active nodes

Selection

Plies

nmost

fSingle section point

Topmost anx

ottommost

ox Detais || Fid Gupi || Cance
= Field cutput variable for Probe: € E22 (Avg: 75%)
# Select trom viewport O Key-in label O Select & display group

Probe: Nodes Components: Selected

Attached elements

I Partinstance NodeID Orig.Coords Det.Coords Attached clements E E22

O PART-11 10 11,10,0 109998, 10.00 1, 2, 1001, 1101 0013

Note: Click o respective check button to annotate values In viewer

Wite to File.

Univers it}-' of Southern C:




#2 Module 6 Abaqus

* Added in the ABD matrix for second model
« Calculated in excel and inputted values to see how values compare to Abaqus

< Edit General Stiffness Section
Name: Section-1

Type: General Shell Stiffness

Stiffness Dependencies Advanced
Stiffness Matrix

1”19887176196 61405214339 ; 7275;5&11 2.569:2&11 —1.364524&12

1983776.196] 614051.4339 0 o R o0t e o e i et

614051.4339! 1019182.429! 2.$8279E-11 b T [ e

ABD Matrix: 0 2.18279E-111]672549.3938 £ J . il i

6158.770942 2067.891607 308.1213582
2067.891607 3528.32374 243.9119075
308.1213582 243.9119075 2259.004442

Cancel

USC Viterbi
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#2 Module 6 Abaqus

*  On the left of the viewport, is the hand calculated ABD matrix
* On the right of the viewport is the Abaqus calculated values based on engineering constants
* We can see the results are almost exactly the same

3] Viewport: | ODB: U/Desktop/Ae4B5PRIS/ ot 1.6db Viewport 2 ODB: UyDeskiop/AmedB5PRIINGABD o

1 Viewport | ODB: Uy/Deskiop/AmedB5PRI/job-1 b IE3 | 3 Viewport: 2 008 L/Desktop/Ame4BSPRIG/NOABD ock & Viewport: 1 ODB; U/Desktop/AmeddseRI/Job-1.00b 1573 | 31 Viewport 2 ODB: UjDesktop/Amed8EPRIS/NOABD oo (Sl

U, U2
+1.066e-03 i +1.067e-03
+9.771e-04 - +9.778e-04

U, Ul
+0.000e+00 +0.000e+00

U, U3 ; U, U3
+7.905e-04 +3.095e-03
-3.086e+00 -3.103e+00

+8.883e-04
+7.995e-04
+7.106e-04
+6.218e-04
+5.330e-04
+4.442e-04
+3.553e-04
+2.665e-04
+1.777e-04

+ +8.883e-05

+0.000e+00

9e-04
00e-04
.111e-04
22e-04
+5.333e-04
+4.445e-04
+3.556e-04
+2.667e-04
+1.778e-04
+8.889e-05
+0.000e+00

-6.173e+00
-9.259e+00
E Se+01
-1.543e+01

852e+01

.08
-3.395e+01

3.704e+01

- -6.210e+00
-9.316e+00
-1.242e+01
-1.553e+01

- -2.795e+01
-3.106e+01
-3.417e+01

% y ODB RS andard 2023 Tue Ap
i"

hool of En

USC Viterbi

ineering

Step: Step-1':.!
5 i

..Ut]‘w.l'rl l._




#2 Module 3 Abaqus

* Model 1
» Using the effective properties from Chou’s theory and using one element through the thickness
* This is the model setup with constraints shown below

USC Viterbi

School of Engineering U 1'1‘;'CI‘:1-'itv\' of Southern California




#2 Module 3 Abaqus

* Model 1 —reference point 1 load
* Matches the online video

¢ Edit X Data X

Mame: _temp_T

X Y
0 -0
1 163002

O~ W B W g =

—
L=

Quantity Types

X Time ~ Y Force M

] 4 Cancel

USC Viterbi
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#2 Module 3 Abaqus

*  Model 1- reference 2 load
* Matches online video

¢ Edit X Data X

Mame: _temp_¢

X Y
1 0 -0
2 1 837504
3
4
5
6
7
8
9
10
Quantity Types
K Time ~| Y |Force i
Ok Cancel

USC Viterbi

School of Engineering University of Southern California




#2 Module 3 Abaqus

* Model 2 — Abaqus calculated effective properties

» Solid section where the stack direction = 3

* Results for reference point 2 shown to the right (Y-direction) 2o

+  Matches data from model 1 W EditXY Data X

SMY T v
13 Models (2)
@ Model-1

Model2

Mame: _temp_2

X Y
a -0
1 81518.3

Stacking Direction
O Element direction 1
O Element direction 2
® Element direction 3

Rotation axis: O Axis 1 O Axis 2 ® Axs 3

W o)~ 3 W B W) Py -

Additional rotation: ® None O Angle: |0 O Distribution: &

Plies Display
12 Make calculated sections symmetric (=3 e s ESll 3 g

Element

PlyName Region  Material Relative  CSYS ~ howtion ntegratior
. Angle  Points

Thickness
1 v Pyt ) Material-1 1 1
2 v Py icked)  Material-1 1 1 1 u
L 2 Ply- Matenal-1 1 1
4 v Ply-4 ) Material-1 1 1
5. Ply-5 Material-1 1 2
v ope w , Quantity Types
7v Ply-7 1 1
8 v Ply-8 U 1 1
9 v P9 Material-1 1 1 .
10V P10 Picked) Materiah 1 1 ¥ Time ~| Y Force |
11 v Ply-11 (Picked)  Material-1 1 1

Ok Cancel

oK Cancel

USC Viterbi
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#2 Module 3 Abaqus

*  Model 2 — reference 2

+ 41882.7 matches closely with online data e
57 Edit XY Data d

Mame: _temp_1

X Y
0 -0
1 41882.7

O 03 =] O U B W Py -

—
L=

Y ODB: Model2Task2.odb Abaqus/Standard 2023  Tue Apr 08 22:54:13 Pacific Daylight Time 2025 Quanti tj,-' Types

# Time ~ Y Force e

Ok Cancel

USC Viterbi

School of Engineering University of Southern California




Module 3 Abaqus

#2

Model 3 — Results shown
Every ply was modeled in the part
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#2 Module 3 Abaqus

* Model 4 — shell element
* Results shown to the right

* Matches online video S BEdit XY Data

Mame: _temp_¢

ry

i

B File Model Viewport View Matgrial Section Profile Compesite Assign Special Feawre Tools Plug-ins Help % =18 ix, x ?
DS EmA g e «LBUEAl M w |Gy L HOD OFO 0 @ oK) 5B B Poperydetsus M@ - L@

Model | Results Material Library. WMocule: [ Property H Modet:[Fmodel-z o parcfratt M

0 0
1 161381

& Model Datsbase THEER
= 48 Models (2)
& Model-1
% Edit Composite Layup
Name: Compositel ayup-1
Element type: Conventional Shell Description:
Layup Orientation
Definition: | Part global qa

Part coordinate system

Nomal direction; O Axis 1 O Axis 2 ® Ais 3

Section integration: # During analysis O Before analysis

Thickness integration rule; ® Simpson O Gauss

Plies Offset Shell Farameters  Display

[AMake calcutated sections symmetic] Bs oy WSS | e |

O~ W B W g =

PlyName Region  Material Thickness  csys  owtien ntegratior
Angle  Points

1 ¢ Py (Picked)  Material-1 0,009 <Layup> 0 3 1 n
2v  Py2 {Picked)  Matenal-1 0.009 <Layup> 45 3
3 v Ply-3 (Picked)  Material-1 0,009 <Layup> a5 3
4 v Pya (Picked)  Materisl-1 0009 <Layup> 45 3
5 ¢ Fly-5 (Picked) Matenal-1 0.009 <Layup> -5 3
6 v Plyb (Picked)  Matenial-1 0009 <Layup> 90 3
T v Pyl (Picked)  Matenial-1 0.009 <Layup> 30 E]
8 v Ply-8 (Picked)  Matenal-1 0,009 <Layup> =30 3
9 v Plys (Ficked)  Matenial-1 0009 <Layup> 30 3
10V Piy-10 (Picked)  Material-1 0009 <Layup> -30 3
"y Pyl (Picked)  Material-1 0.009 <Layup> 3
oK Cancel
¥ Time ~ Y Force et
< » | & X Fillin the composite |ayup editor dislog

Ik Cancel

USC Viterbi

School of Engineering

o Edit XY Data

Mame: _temp_1

X Y
0 0
1 82911.1

O =~ g Wi R W g =

—
=]

Quantity Types

#Time | Y Force ™1

0] 4 Cancel
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#2 Module 3 Abaqus

» Conclusion For Module 3, 5, and 6
* All approaches work when characterizing a part
» That being said, Model 1 - where effective properties are input and a single element is used through the entire thickness - is
less accurate compared to a more detailed model
* Modeling each ply individually using datum planes and explicitly cutting out each layer provides greater accuracy of composite
behavior
» The ply-level approach can capture the true stress distribution
» Using shell elements can also characterize the mid plane stress fairly accurately and can save time
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