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ILX-34 AIRCRAFT- GENERAL OVERVIEW
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ILX 34 - CS23 class 9-seater multipurpose single turboprop aircraft =« Nore interior space
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Key features
*Better comfort
Shorter trip time )

Lower fuel consumption
*Lower operating costs
*Greater airport accessibility

sLonger flying range

 More luggage capacity

« Better performance

\
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Composite components:

« Center wing and outer wings with control surfaces —

* Vertical stabilizer and rudder

 Horizontal stabilizer and elevators

« Aft pressure bulkhead
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13 % Airfoil

Wing span 20 m (65,6 ft.) 2,1 m (6,9 ft.)

- - — - (]

T — C Wingbox | e
| Wingbox .
T § N - Outer Wings
U 2l 2

- 7

Center Wing

/ Span 12 m (39,4 ft.)
Center Wingbox

Access holes /

Wingbox Demonstrator
3,5m (11,5 ft.)

(4) Wing - Fuselage
attachment points

Research object
Center Wingbox
Middle section

0,7 m (2,3 ft)
1,4 m (4,6 ft.)

|  ILX-34 Aircraft

Wingbox Demonstrator = proof of design, selected materials and manufacturing technologies.
Main features: Access covers on top of the wing; Sandwich wing covers structure.
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DESIGN & TECHNOLOGIES
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Assembly overview

Upper Wing Cover ) )
Mat: CERP + Nomex Typical Cross Section

Access hole frames
Mat: Aluminium

Thermoplastic Rib

Mat: CFRP ™~~~ !
L)}
' .
Fitting — fixing points

Lugs with spherical bearings
Equivalent of Fusalage attachments
Mat: Steel

HL11-8
Main Ribs

Mat: Aluminium  sypports

Anti-buckling features
Mat: Aluminium

Rear C-Spar

\ _=—"" MatCFRP
<

Front C-Spar
Mat: CFRP

L a
\ Fittings — force introduction points

Lower Wing Cover Mat: Steel

Mat: CFRP + Nomex

Main structure made of Composites. Bolted joint connections for safety and reliability .
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Wing Covers

AFP and Hand layup of carbon prepreg combined with 2-Stage
out-of-autoclave curing proces results in acceptable ratio between
strength and production cost for highly loaded components

Honeycomb Core 1/8” - 8 PCF
) Mat: Nomex
1st stage — Outer skin
AFP + Hand layup

4 2nd stage — Core + Inner skin
Hand layup

. INNOWACYJNY WIELOZADANIOWY l l 3 4;
SAMOLOT TURBOSMIGLOWY NOWEJ GENERAC/!
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C-Spars

Hand layup of carbon prepreg combined with out-of-autoclave
curing process results in acceptable ratio between strength
and production cost for complex shape parts.
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Thermoplastic Ribs

2.
. gjlicone stamp

e T

"

Key features:

« PEEK Thermoplastic prepreg cost similar to thermoset prepreg
« Part forming takes minutes vs. hours of oven curing

« Superior durability and chemical resistance oot An
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MATERIAL TESTING &
DESIGN VALUES DEVELOPMENT
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Materials Tested

Park AFP UD tape E-752LT

Park PW E-752

Tencate PEEK TC1200

(only RTA)

Lamina & Laminate testing

Test

Tensile 0°

Tensile 90°
Laminate tensile, QI
Compression 0°

Compression 90°

Laminate compression QI

In-plane shear
Open hole tension
Open hole compression

Short beam shear

DMA

Lay-up Test Method

[0l
[90]16
[45/0/-45/90] 5
[0l
[90]16

[45/0/-45/90] 6
[45/-45] ¢
[45/0/-45/90] 6
[45/0/-45/90] 5
[0] 16

[0]16

ASTM D3039

ASTM D3039

ASTM D3039

ASTM D6641

ASTM D6641

ASTM D6641

ASTM D3518

ASTM D5766

ASTM D6484

ASTM D2344

ASTM D7028

-65D

3

Total coupons tested: 380

Conditions

RTD 180D 180W
6 3 6
6 3 6
6 3 6
6 3 6
6 3 6
6 3 6
6 3 6
6 3 6
6 3 6
6 3 3
3

RTW

LUKASIEWICZ

Properties
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Test Results

Temperature & humidity effect on strength

F/F F/F
/Fan Park AFP UD Tape E752LT / i Park PW E752
1.4 .
1.2 1.2
OHC
strength drop
1.0 1.0
-54°C
0.8 Ambient 0.8
82°C
0.6 Ambient 06
I 82°C Wet
0.4 0.4
====RT Ambient
0.2 0.2
0.0 0.0
& & & & | e , &
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Lamina level Laminate level, QI Lamina level Laminate level, QI

Environmental overload factor 1,25 determined based on OHC strength drop.
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-54°C
Ambient
82°C
Ambient
m 32°C Wet

=== RT Ambient
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B LI COMPUTE BASIS VALUES

SELECT OPTIONS

1. Mean strength values determined on lamina level testing

CLEAR INPUT DATA @ level for Batch equivalence] 0.025 (CMH17 rec)
2. B-Basis material allowables generated using CMH-17 e
- MATERIAL|<some materi ial> PRINT RESULTS
STATS Software for RTA and 82°C/Wet data points
B-Basis - 90% of the population of material strength values is expected to equal or exceed that hmfm ' . -
strength value with 95% confidence A ™| otk rom ourues b se a esrconpmon -

3. BVID factors (~0,5) determined based on QI OHC/OHT coupons
testing (6,35 mm hole diameter)

Open hole strength

A
OH ™ pristine laminate strength

4. E1 and E2 determined as the mean values from tensile and
compression testing in RTA

5. Design values validated on component (wing demonstrator) test
level
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Park AFP UD Tape E752LT Park PW E752
0° compressive strength Warp (0°) compressive strength
Stress [MPa] Stress [MPa]
1600 900
MEAN STRENGTH 800

1400

MEAN STRENGTH

700
1200

600
1000

500
800
400

600
300

400

200

200 100

0 0
0 2000 4000 6000 8000 10000 12000 0 2000 4000 6000 8000 10000 12000 14000
Strain [pe] Strain [pe]

Significant strain values reduction required for safe design.
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Damage resistance tests on wing cover

Center Wing Box
Middle section
1,4m (4,6 ft)

07 m (2.3 f) Zone | Laminate thickness

A 7,9 mm (0.31in)
6,8 mm (0.27in)
5,4 mm (0.21in)
Ply drop area
8,5 mm (0.33in)

2

@

Selected element for testing:
Upper wing cover test element 1,1 m (3.6 ft)

m O
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Severity assessment of 135 J (100 ft-Ib) energy cutoff

Delamination ( based on C-scan)

Laminate thickness: 7.9mm (0.31in)
Tip diameter: 25,4 mm (1in)
Energy level: 135 J

Dent depth: 0,37 mm (0.015in)
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STRESS ANALYSIS
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Main Goals:

« Simple and fast methods to size the structure of the Demonstrator for Margin of Safety =0

« Verify methods at component level test
* Match strains
* Predict failure modes
* Predict failure load

Approach:

« Linear FEM model that reflect test article stiffness, predict load path, composite parts ply by ply
strains, metallic parts stress and fastener forces

« Size composite parts using First Ply Failure and Max Strain Criterion
« Size metallic parts using von Mises criterion

« Size fastener connections, lugs and pins using hand calculations and forces extracted from FEM
model
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FEM Model of the test article
« Model prepared in HyperWorks environment (452 000 nodes, 317 elements)

« Linear analysis performed using Nastran 2016 solver (static and buckling analysis)
« calculation time = 5 min for static and = 15 min for buckling

« Two critical load cases taken into account - Bend Up and Bend Down (@Ultimate Load)
« Both load cases include Environmental Overload Factor equal 1.25 (based on OHC RTD/ETW for QI layup)
» Overdesigned metallic parts (ribs, fittings, fasteners)
» Overdesigned structure stiffness (buckling)
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Composite Parts FEM models:

« Composite parts meshed on the tool surfaces using plane elements

« Honeycomb core modeld using 3D elements (1 element per thickness)

« Offsets defined to maintain continuity of composite plies across sections

Section A-A
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Composite Parts sizing: T
«  Fulffill strength and stiffness requirements for Ultimate Load R
« Strength requirement — positive MoS based on First Ply : H;‘i e
Failure and Max Strain criterion £
« Stiffness requirement — no buckling allowed Lu ]
: . Z b
. Ply stiffnesses (E1, E2, G12) — Pristine, Mean & RTA % = | 2| = T
| | | = B
. Design Values used for far field strain areas (grey zone): W Hfee o S
. Category 1 Damage knockdown based on 0,25 in Open Hole % : n
. Material variability knockdown based on B-Basis requirement 2
. No Environmental Knockdown — already included in Overload Factor = M
- Design Values used for strain gradient areas (yellow zone): SRR SRR
«  Pristine conditions SR
. Material variability knockdown based on B-Basis requirement ]
. No Environmental Knockdown — already included in Overload Factor S =
. In order to eliminate matrix related failure modes Design Values Polymer Matrix

Composites: Materials
Usage, Design,

were modified based on progressive failure analysis (Last Ply
Failure) of characteristic layups tested for tension at coupon level ant Analygis
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Metallic Parts FEM models:

« All fitings modeled using 3D elements

Instituteofaviation Stress Analysis
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All ribs and frames modeled using plane elements

RBE3 — CBUSH — RBE3

o
5

RBE3
Metallic Parts sizing:

» Parts sized according to von Mises criterion

» Details like lugs or pins sized using hand calculations -

| avaLysis & pEsion
| of b= -
~ FLIGHT VEHICLE NERy Ry N
SECOND EDITION MICHAEL C. Y. NIU STRUCTURES || SEE| Buawasu. RESEEL maeAmL QuN
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Connection FEM models:
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Stress Analysis

Efficient and accurate method needed to model 1500 fasteners

CFAST elements — extremely efficient method for modeling
flexible, user-defined connection between two shell elements
(with user-defined longitudinal and rotational stiffness

calculated according to e.g. Huth formula)

HyperMesh Connectors tool used for modeling

Connection sizinQg:

Sized using fastener forces obtained from FEM Model for:

Composite bearing
Composite pull through

Fastener shear and tension

Metallic parts bearing

SIEC BADAWCZA s
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s CFAST element definition

—>
Kirchhoff conditions e //'
f(u. v, w. 8x By, 82) —
& )
cHE2 i}/ CWELD(A stubby EEAM)/CFAST(A BUSH)
21
e e ~
> - P -
® GA znd GB are ausiliary point uu e W e
GA and GS but they dnnu nts_~" 7 ——
(Fiewara they may r GH : i GHAz 7//
Large gnd ID if user supplied GS on! -
GA 7
il -
e ot
e o displacement outout in LINEAR analy

Fastener Stiffness Huth Formula

t+6\"b [ 1 1 1 1
f a ( 2d ) n (tlEl + Tlthg + 2t1EJr + 2?’lt2Ej')

where a, b and n arc parameters defining the joint type as seen in Table 2.1.

Single shear n=1
Double shear n=2
Bolted metallic joints a=2/3,b=30
Riveted metallic joints a=2/5b=22
Bolted graphite/epoxy joints a=2/3, b=4.2
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FEM model predictions:

« Critical part of the test article — upper skin panel
« Critical failure mode — upper skin panel buckling
« Margin of Safety for critical failure mode = +10%

| I 1] . -
Contour Plot T I T[] . . . Mode#1,Eigenvalue= 1.108e+000
Compeste SranGoc Laminate Strength 8 Laminate Stiffness (buckllngc)
I
Multiplier = 1.00000E+06 B Jr =5 I
714 | guEEEENy N r
[D - — ¢ gus Ny &; Micro Strain 1 =-5090[
‘MICI’D Strain 1 =-5032
714 A /8 I I
—-1429 e b sy
—-2143 y !
— -2857 T e 5
3571 SAd N
-4286 /Micro Strain 1= -6365\"
-5000 R N NN
-6423
[Micro Strain 1 = -6314] \
Max = -565 | II
Shell 1128987 | EENE
Min = -6423 [Micro Strain 1 = -6383] M.S. (BVID) = Mode#1,Eigenvalue= 1.108e+000
Shell 1103366 -
: =0.14 -
N T MicroStrain1=-6387‘ 1 HII I‘
M.S. (Pristine) = mmEm
I

=0.77 S &

Oo ey ke Txd
iz
l Micro Strain 1 = -5036

v 1

CITT
L1 1]

Micro Strain 1 = -5130
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MANUFACTURING
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Automated Fiber Placement

Parameters optimization:

Layup speed

Compaction force

Heating power

Head movements

Gaps b/w tapes correction
More than 40 Trial panels
produced

Area of non conormance
56% = 0,4%

1st Trial Optimized process
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Spring-in effect

Trade study performed to minimize/eliminate shim usage -
series of master models, mold tools and parts with
different nominal angle between flanges produced.

3D scanning used to obtain angle values.

SIEC BADAWCZA s

LUKASIEWICZ

C-spar

produced in
nominal Nominal

geometry geometry
mould tool gauge

—) —
Spring in
angle
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Drilling and fastener installation

Hi-Lok, Blind Bolts

Optimized multi-stage drilling process - Drilling spec.
Tools adaptation for Hi-lok installation
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Thermoplastic rib trials

R

Press parameters optimization

Springs adjustment (stiffness, locations)
Spring-in effect correction

Tooling thermal expansion correction
Wrinkles elimination
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FINAL ASSEMBLY
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Rotating & mobile assembly tool designed to allow
access at every stage of assembly

Critical position of interfaces

Multi-stage drilling to ensure sufficient hole quality
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warsaw, since 1926
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QUALITY CONTROL
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Material Quality Control
Integrated Quality Control Plan for each part family
Composite parts manufacturing process records

Process control of assembly

LUKASIEWICZ

@ckT

BgS
BB
Bl B

T | inspection for adhesive film
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Material storage

SIEC BADAWCZA s
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Example of storage requirements for UD slit tape (AFP)

Storage temperature

-18°C

Storage requirements

Tightness of the material bag

Storage life in the freezer

12 months

Out time at 19+24°C temperature |440 hours
and max. humidity 55%
- Out-Time >
Handling Life* Staging Life**
l@«—— (functionof ____ 1, (functionof ___
factory factory
A environment) environment)
' stm Life '
(h::cﬂon of % .I
: temperature) E
H :
Date of Out of End of Prepreg Laid- Part
Shipment Storage Storage up on a Tool Cure
Life or Mold

*a.k.a. application, assembly, or ambient work life

**a.k.a. mechanical or tool life
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Material visual inspection

Visual inspection ensures that the material meets the quality requirements.

Inspection of the material is performed in two stages:
1. During cutting material
2. During laying the material

Type of defect Acceptance criteria
Uneven tension fibers Less than 6 mm for distance 300 mm
Interruption of fibers Less than 1 tow per 0.1 m?

Presence of foreign object Not allowed

fuzzball thickness less than 50 % of
Fuzzball :

prepreg thickness
Wrinkles No allowed

Lack of resin No allowed

SIEC BADAWCZA s
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Fuzzball |
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Physicochemical properties of prepreg

The matrix was developed on the basis of documents: DOT / FAA / AR-00/47

The number Acceptance

Test Method Sampling frequency of samples criteria

The content of volatile ASTM D3530 The first and last roll 3y 2 Max 2%
components in the prepreg from each batch

Resin content ASTM D3529 | 'hefirstand last roll 3 x 2 32:40%
from each batch

Amount of resin outflow ASTM D3531 The first and last roll 3X2 15 max
from each batch

Tack & drape ILOT spec. Each rolls 3 At least medium

Gel time ASTM D3532 Optional 3

Area weight ASTM D3776 Each rolls 3 +/- 8 g/m2
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Mechanical properties of material

Acceptance criteria for a new batch of material:

Test Method Number of samples Accepta.nce crlterla.for
mechanical properties
. Value calculated based on
0 Tensile Strength ASTM D3039 6 NCAMP HYTEQ
: Value calculated based on
Compression Strength [ASTM D6641 6 NCAMP HYTEQ
Value calculated based on
Short beam shear ASTM D2344 6 NCAMP HYTEQ
DMA ASTM D7028 3 +/- 3 sigma
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Quality control plan is defined for ’ | Y - : -

each part family:

« Sandwich panels (wing covers)
« Solid laminate parts (C — Spars)
« Thermoplastic ribs

« Metallic parts

« Assembly

Quality control plan defines:

« All quality checks operations

* Process control specimens

« Method of control

« Defect types

« Acceptance criteria

Non conformances require engineering disposition.

Defined quality checks operations are considered in Production Process Record
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QC for solid laminate parts
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Operations Control Type of nonconformit Acceptance criteria
controlled method yp y P
: . : Material type in accordance with the process specification and drawings,
Prepreg inspection Visual . ; : e .
acceptance check of material according to material specification
Layup Inspection Visual Number of layers and direction of fibers according to engineering drawing
: . : Control of parts and tool numbers. Control of the application of the mold release
Tooling Inspection Visual .
agents, the tool tightness check.
| tion duri Gaps Gaps< 1 mm
r;spgc 'on . urlr:g Visual Fiber orientation Orientation deviation < 5°
aying materia Dry fibers Not more than one tow with a maximum length of 200 mm per 1 m2 of layer
Control of the Bocument | -3¥ing / curing parameters According with the process specification
produgtion Process control |Preparation of the oven curing Checking the correct positioning of the product in the oven, connection of the
recording element control and recording thermocouples, starting the recording of the curing cycle.
Visual inspection of : : Length <20 mm, The minimum distance between two defects 180 mm
Visual Wrinkles
the cured element
, POrosi Max. 2% by volume
NDT testing of the Ultrasonic _ _OOSW _ d . p
laminate after curing Delamlnat!on, VO.IdS, Foreign |Surface of a single defect <150 mm2.
object, Blister
Verification of edge | Ultrasonic Delamination Not allowed
trimming quality Visual Fraying Up to 5 mm for a single outer layer, Minimum distance between defects 100 mm
i oat £ th Ultrasonic Delamination around holes Not allowed
Verl .|cat|on orthe _ _ ) _ Maximum allowable depth of 0,2 mm, maximum 20% of the bore or countersink
quality of holes Visual Chip-out or composite material
surface
Geometry 3D scan Dimensional deviations Acording to the engineering drawing

verification
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QC for honeycomb, film adhesive
and Cured Sk|n Surface preparatlon SIEC BADAWCZA
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Operations
controlled

Control method

Type of
nonconformity

Acceptance criteria

Material type inspection in accordance with engineering drawing and material

specification
: Damage to the cells [Not allowed
Visual — . —
Unacceptable, control of the core milling process in terms of the possibility of
: Dirty, greasy contamination (glove transfer, cleanness of cutting tools, lack of oils and lubricants in
Core Inspection .
the vicinity of the process)
Di ional . : : :
Measurement |me_ns_|ona According to engineering drawing
deviations
Visual Moisture Not allowed; (Verification of the production process record of the core, core should be
dried at 80 °C for 2 hours and hermetically packed, check the bag tightness visually)
Visual Moisture Not allowed; (Verification of the production process record, the laminate should be dried
at 80 ° C for 2 hours after NDT testing.
Cured skin Not allowed. Remove the peel ply in the clean room immediately before applying the
surface film adhesive. In the case of removal of the delamination outside the clean room or
preparation Visual Dirty, greasy deviations from the requirements, the surfaces of the laminate should be wiped with
abrasive paper of 320-400 grid, vacuum the dust, then degrease the surfaces with
acetone
Adhesive film Visual Material inspection Material type control (including thickness) according engineering drawing. Checking the

Inspection

expiration date and out time. Material acceptance according material specification
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Manufacturing process record contains all critical production stages of composite elements.

Controller checks critical operations during the production process.

Recording of the production process includes: lotnictwa | [ | P «cKT

CHANGE NOTE | YN

° I n S pe Cti O n fo r CO m p I ete n eSS Of p I I eS kit Institute of Aviation — Composite Structures Manufacturing Division

Fabnication of Carbon Fiber Reinforced Epoxy Composite Test Laminates Process

Product Nane 2 Product No =
H H Document No (Drawing No.) B . . . . . . Project
« Tooling | t : ‘ : ~
0o0lINg InSspecton Roll No : S < VN , Kit No:
Operation Techmcan
Number Operation Date Controller / Date Comments

Temperature and Humidity Condition Check 1 :,,,SP:,:;W:C::“ otnictwa | L/ ) (((’ CKT

Inspection in Accor:
: T Structure \! mufac
* Prepreg Plies Collation ”Z‘;“;f"‘f e
> e plate/Tool Inspection gm:t:’on Operation Teclh)::c:n Controller / Date Comments
H H | Prepreg Plies Colla ard Number Dor Iy
« Count of foil and backing paper 'ET— ol = >< . =T
Structures A\!ar:ufarnmns' Division (CKTT) | Comments
Process Specification (point 2.6.1;2.7.23.11)
° L k C h k 3 | Temperature and Humdity Ci ondmm'l Check
e a e C E:‘:; ;mn:ne S 5 | Count foil and backing paper Comments Approved B
Fmal Temperature oC Not Approved L
. Fmal Humdity %
« Curing Parameters e e
Process SP” f i"’:"" 2. 5': "’ 6 | Leak Chtck(\ pl able Leakage Rate Less — Clessoom Comments Approved L
. . ‘ Than 0.02 bar Not Approved L
d Honeycomb Core InSpeCtIOn Inspection in Accor n ven/Amtociay Oven/Amtociave | Comments Approved W
Structures .\lm:uja( sion ( ) Not Approved L
Process Specifi int 2.7.30;2.6.2)
o I -ty C t | (V- | t | N DT) i CYTEC VacSilm 450V (Violet) CYTEC Stretch-Vac 3000 (Pmk) | CYTEC VacPack HSS8171 (Green)
Q u a‘ I O n ro I S u a CO n ro 1 r—— eal CYTEC UCS180 (Cream) CYTEC SM 5142 (Yellow AIRTECH GS-213 (White)
CLEANROOM
- Vacuum Valves Quantity Number Vacuum Gauge VENAUTOCLAVE
« Part geometry 3D scanning g

CLEANROOM
Initial Vacuum Level [bar]

VENAUTOCLAVE
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Example of process control specimens for upper wing cover
1st Stage cure

Part Test Specimens location Method Acceptance criteria
OUTER SKIN | Short beam shear Test panel, part tool ASTM D2344 Value calculated based on
NCAMP HYTEC
(of WING
COVER) :
DMA Test panel, part tool ASTM D7028 +/- 3 sigma

2"d Stage cure

Part Test Specimens location Method Acceptance criteria
Value calculated based
Short beam shear Test panel, part tool ASTM D2344 on NCAMP HYTEC
DMA Test panel, part tool ASTM D7028 | +/- 3 sigma
_ _ Test panel, part tool _
WING COVER Flatwise tension Core failure
M|cro§ coplc Part (access hole cut out) - Max. 2% porosity
examination

Ply count Part (access hole cut out) - According drawing
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e

Correlation of ultrasonic results with tomography (CT)

Determining the optimal settings of the measuring apparatus

Calibration on reference standard

Consideration of peel ply on part and reference standard

250 Trend line

2,00

Porosity [%0]
o
o

=
o
(@)

0,50

0,00

100

Back wall amplitude [% FSH]
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Upper Wing Cover — Outer Skin - Porosity over 2% by volume on 3,21% area
The estimated maximum porosity is 2-2,5%

Lower Wing Cover — Outer Skin - Porosity over 2% by volume on 0,07% area
The estimated maximum porosity is 2-2,5%
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Front C -Spar- Porosity over 2% by volume on 10% area
The estimated maximum porosity is ~2.5%

Rear C -Spar- Porosity over 2% by volume on 22% area
The estimated maximum porosity is ~2.5%

) :‘ W ;”
F AR
5 P

{J’% mu 1L &)
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BONDED REPAIR
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. cale
i‘ e

.
3 'f2e-2
)Ilhl!lll»‘f ylll.l;lll)\ mose et — ¢
® © ¢ o o ¢
P622-3 R emmmmnt
® © o o

Smnx  yian
l’ L W

e ole o ‘
e PGOV-T  PGUWY
&

® & o
—
® & o e & ©

o e — =

Artificially introduced damage by cylindrical pocket milling.
12 layers removed (out of 52 layers in outer skin)
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Damage repair method selection

SIEC BADAWCZA s

LUKASIEWICZ

Adhesive and cure cycle:

» Paste adhesive cured at 60°C =risk of air traps

* Film adhesive cured at 179°C =risk of heat sink
and uneven temperature distribution

 Film adhesive cured at 121°C = optimal and
feasible selection

3 ‘e 2
yllbr;mx ylmmu e arw -

e :uz-Fastenersl e
e ¢ & @

S Iy
g W 7

@ © o ©

® & o

——

PGOYV-T PGOH

) & & o

Repair patch type:
» Soft patch not feasible due to:
« Limited space for heat blanket and vacuum bag
(fasteners, access hole)
« Risk of pressure leaks during cure cycle = bad
guality repair with potential high porosity
« Hard patch = controlled porosity level, less severe
consequences in case of pressure leaks

.+ Heat|blanketifitt
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e

RIVAKit

Round Plies of Prepreg Laid on Base Plate

JCuring

Cured Hard Patch Vacuum bag

 Diameter of plies reduced by 2mm in order to facilitate fit
* Layup starting from the biggest to smallest ply
« Curing cycle identical with the one used on Wing covers

S Clred Hard
e / e
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it
T 10 minutes per division
Ramp Rate 1 AVERAGE TC CONTROL
Setpoint 36 C
Actual 36 C

Use T to move cursor HOLD THE PROGRAM
Total Time 206 'ENT' to take action
Time Left 206

‘ESC' to exit screen LOG A STATUS LINE
Step Time 86 EDIT THE PROGRAM
Press 0 for Event Log

Curing parameters setup'!
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STATIC AND FATIGUE TESTS
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Main objectives:
1) Verify analysis methods: stress and buckling load prediction
2) Assess material properties:

« Compression Strength After Impact of thick laminates

« Fatigue of the damaged laminates

Four—Point Bending Test
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200

=
-
15 150

§i

o Im pact soxou
|

Manufac

-50

-100

Static

Nomenclature;

t.
EEioefect CAT
@
0

S 100 Strain survey

LUKASIEWICZ

Test Campaign

Durability and Damage Tolerance Tests schedule

rrrrrni
DLT > 3,
LEF = 1.06
I I

G

J/

Fatigue

DUL
DLL DLL
Impact
I \
LEF 1.06
Time
Static Fatigue Static Static

 LL - Limit Load. Max load existing in the flight spectrum

 DLL — Design Limit Load =k

temp

*LL =1.25*LL

 DUL — Design Ultimate Load =sf*DLL =1.5*1.25*LL =1.875LL

Temperature knockdowns applied to the static loads only
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Manufacturing Defects

Defects:
* Porosity

* Intended delamination (5 x 30 mm)

* 4 locations @ upper skin
* 4 |ocations @ lower skin

Contour Plet
Composite Strain (XY, Extreme] ) Pok cie 6rne .
prl s widok o8 $rodka Porosity defects on C-Spars
[??Siiﬁ 4 x delaminacje miedzy 17 a 18 warstwa pPss
1

Teflon tape to simulate delamination
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CAT1 and CAT2 damage

e

CAT1 damage:

« Upper skin : Toolbox drop — Ek = 135J, impactor diam 1"

« Lower skin : Runway debris impact — Ek = 82J, impactor diam 1.5"
CAT2 damage

» locally removed 25% of the skin - machined pocket

« Upper skin CAT1, Ek = 135J, diam 1’

| PSS s3cm | '

S i e Gravity Assisted Drop Tower

- | CATZ, diam = 76,5mm (3”) am
~11,75mm (0,07”) depth
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Wing demonstrator is a Hybrid structure (metal and composite materials)

Fatigue test duration due to material scatter

« metal elements 3 x DLT Major task : How to increase metal’s life by 3 times?
« composite elements 13 x DLT (NAVY LEF data) Solution : Loading spectrum truncation level method.
Old masters: _ _
,Omission of any higher stress range affects the fatigue Loading spectrum truncation
crack propagation significantly.”
o composte skin 400
<_£ o, . . .
Truncation stress vs "durability" of metals (5-‘\: o Aluminium ribs - -
= 6 %‘ 30% - 30.0 g
.'E . . § 25% = 25.0 §
= £ | Alu criterion N
S 4 . 9 20% > o — 200 | <
v RGC{UII’Ed QFOVVth = composites criterion | -5
§ 3 > @& g 15% - ~ 150 T
E 2 %_ 10% ~ 10.0 %
- E | ©
§ 1@ ® ¢ E 5% 50 ﬁ
§ 0 5 0% 0.0 @
< 0 5 10 15 20 25 30 1.00E-02 1.00E-01w 1.00E+00 v 1.00E+01 1.00E+02

Truncation stress [MPa] 0.2 4.5 Exceedances per 1h of flight
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Loading spectrum

SIEC BADAWCZA s

LUKASIEWICZ

120%

LOAD [% +LIMIT LOAD]

20%

0%

-20%

-40%

-60%
1.0E-01

80%

60%

40%

Loading spectrum used in fatigue test

\

LEF=1.0

e

/ 1.0E400

LEF1.0

LEF1 03

0 Mﬂ—\
n=11 LEF‘IT n=8
n= 10 J

‘ LEF1.06

1.0E+01

Continuous Commuter
airplane spectrum

|

4.5excee [/ 1h

LEF1 06

0.2 excee / 1h

A 4

1.0E+02 1.0E+03 1.0E+04

Exceedances per 500h

Load [%LL+]

6000h DLT test schematic

i 11 x load level O - static test

/

/\

/

/

/
\/

g

12 x 500h block
sum = 83981 cycles

/

7 levels discrete spectrum

Load [%LL+]

[ |
500h of flight block 1

70
60
50
a0
30
20

10

-10
-20

-30
-1000 0 1000 2000 3000 4000 5000 6000 7000 8000

cycles

Random distribution of cycles

Multi LEF approach : each load level driven by different n and LEF
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Instrumentation: i N
« 150 strain gauges " ol
_ vl LHEHEH H
+ 4 deflection meters Rl [l &
- Digital Image Correlation i HHHH '

Analysis correlation - Axial strains gy
Load Level = 50% of DLL TEPS XX
+/-10% Error
g 2500 @ Upper Skin - Left Hole 100% LL
I B Upper skin - Right Hole
2 2000 _ _ s
g A Upper skin - Left Far Field ,’,I/:'h’”
§ 1500 Upper skin - Right Far Field ."+:,»"
sE_ X Lower Skin - Left
E 1000 # Lower skin - Right
XAFT Spar
500 =FWD Spar
0
500
-1000 ST =t ;;Egﬁig@mm,m 211
1500 CAT 1 Impact
2000 /" ; HP
2000 -1500 1000 -500 ©O 500 1000 1500 2000 2500 * Good Stress and deformation pred|Ct|0nS
TEST It: / ' ! 1 1 1
results (mim) « Different stress distribution @ impact area
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Fatigue test runs

SIEC BADAWCZA s

__ 2500

Strains in the wing spars during fatugue test

£
= 2000
£
=, 1500
o
3 1000 -
™ No change in response
0
w0l 2 3 4 5 6 7 & 9 10 11 12 13
-1000
-1500 ===
-2000
DP4-1 —— D141 —— D731 ——DP21 test#
—— P31 —— D121 — D111 —— P11
Upper skin strains during fatigue test
£
.
£ -2400
=
= .
=== small change in response
2500 SN

2 3 4 5 6 7 8 9 10 11 12 13
PGO2 1-1 ~=———PGO2 3-1 ——PGO2 41 ——PGO2 6-1 test #
——PGO3 11 ——PGO3 31 ——PGO3 41 ——PGO3 61

LUKASIEWICZ

DUL
DLL
/;‘ 5 O 50% DLL — _—
Lgper skln CAT1 damage hlstory . [ | [ 111111 1]
TR m~ i B o P i S 8 ’ A II)L1!>I3' Lok \ @ c '!cll(>3
mtlal damage ﬁﬁﬁw@%ﬁ Afterall . LEF =1.06 €7 106
EEPETLY Fatioue P

Very limited number of strain

None of the damages showed
propagation

All damages are local — no global
load redistribution

gauges records CAT2 damage

P22 4
|

paz2. 1
K
2

PG00
al

CAT2 Damage | Y
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Ll

100%DLL of Static tests

SIEC BADAWCZA s

LUKASIEWICZ

125% LL Static tests

35

E 30

Z 25

£

a 20

& ——UzPL  Test1l
(=1

a» ——UzPL  Test2
=1

38 10 ——PGZ2_2-1 Test1
5 s PGZ2_2-1 test2
= _

o
o

400
-800
1200
-1600
-2000

Max recorded difference 2400

-2800
0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 110%

Loads [% DLL]

Strains Eps 1 [um/m]

* No difference

between Test 1 and 2
(before and after CAT2 damage)

50% DLL
Strain survey

Manufact. I I I I I I I /\

defect rTrrrrni / \

. DLT>3, ' \
\ LEF = 1.06 1\
b , \
. 1

|
I I |
Ccheck>3
LEF 1.06

DUL

« CAT2 damage shows
no progress

Upper skin
500

strains during static test15 (125% LL)

-500

E
"é-—lOOO

Upper skin shows NL behavior due to skin double curvature 2
Bending effects Tg -2000
L I Flat compression o
: i -3000

: I

Hole plane : | Rib plane 3500

—ribs

Holes @ 10-2 0/C

Holes @ 9-3 0/C

initial slope

30%  40%

50%

60% 70% 80% 90% 100% 110% 120% 130%

Load [% of LL]
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i;ﬂif_ T>w
Repaired CAT2 - °

damage area

o

/ ?Sllq,p crack

instituteofaviation

150%DLL of Static test

SIEC BADAWCZA s

Load r

gdlstrlbutlon

///

>

LUKASIEWICZ

DLL DLL
LI
l ||

|
i
06
|
I

@i}
§
%@%

|
1
I
|

|||||
T

« Structure failed @ 145% of DLL
due to upper skin buckling
Initiated by Cat. 1 damage.

* Repaired Cat. 2 untouched
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150%DLL of Static test

SIEC BADAWCZA s

LUKASIEWICZ

NPGZ3 1

crackllne

« Crossing 80% of loads, right side of the
skin shows higher strains.

« Differences are Non Linear in the nature

Conclusion : Buckling of the right side

Strain difference between PGO2_6 and PGO3_1

100

0

Axial strain [um/m]

g 84 8 & & v 8 R
8 8 8 8 8 8 8 8

QA
.8
]
3

PGO2_6

——Load 50% LL
—Load 100%LL
—VLoad 145% LL

\/\

-100

-200

-300

strain [um/m]

-400

-500

-600

-700

—

0% 20% 40% 60% 80% 100% 120% 140% 160%

Load [% of DLL]
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Estimation of the Strains @ CAT1 damage area

—PG02_6-1

—PGO3_1-1
—FEM

—5Strain @ CAT1 area - estimation

axial strain [um/m]

0% 20% 40% 60% 80% 100% 120% 140%
Load [% of DLL]

Conclusions — Action ltems

160%

LUKASIEWICZ

Design values — discussion

CSAl recorded during test €, =-7000 pm/m

Material tests on coupon level (Ql layup thkc 2.9 mm)
indicated RTA average properties:

* Pristine material: €, = -11330 pm/m
* OHC: g, =-5857 pm/m

« For thick laminates Design Values can be increased.
« Stiffness of the material (E modulus) should be reduced to account impact damage.
« Analysis should be done including NL solver to account large deflection effects.
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« Combination of AFP+QO0A is cost effective technology for ILX-34 9-seater
Aircraft.

* Implemented OHC industry standard resulted in oversized structure, BVID could
be a better approach.

e Strain surveys confirmed good quality of FEM model, non-linear analysis could
show better failure predictions.

 Reliable quality control process (based on correlation of Ultrasonic scan and CT)
Implemented which identifies and quantifies the level of porosity.

« Hard patch bonded repair sustained all static tests with no sign of failure.

* Introduced method of testing hybrid structure allowed to successfully run fatigue
tests without metallic parts failure.
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(((QCCT

Center for Composite Technologies

|

jes

2 C

E:

Integrated Product Team capable of working through the complete product lifecycle
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Questions?

www.ilot.edu.pl
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