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AEROSPACE SECTION

41 ft high tail Vs. 38 ft tall

hangar door opening Boeing C-17 Tail Damage

Tug Racing

1 %

SEP 18 2002

737-800 is 4 feet taller than older
737-400 model _
One approach does not fit all

Formula 1 Racing Speed-Boat Racing types of damage.

Repair technicians have to know
their materials and processes in
order to accomplish good quality
repairs.
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AEROSPACE SECTION

v" the repair should restore the structure to original

design strength and stiffness;

No | - -
------ 4 ‘Cosmetic Repair per 5RM

v' the repair must restore the functional requirements

(i.e. aerodynamics); o Yes

urnma

'
| e | Structural Repair per SRM |

v" the repair must have negligible weight penalty;

Yes

v’ time and equipment (ER);
Trade-offs: ey )
» To match strength, repair is stiffer & heavier

» To match stiffness, repair is weaker & heavier

« Cannot match all original properties

=

CE e

i —
T I

Repairs to aircraft structures are controlled

I§ L
and should be carried out according to the e & ]
¢ ol | 1 B R | e R
: soomsoran |l | AR
@ R 5
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State-of-the-Art Bolted vs. CFRP Bonded Repair >ﬂ ENGHEERIG

AEROSPACE SECTION

Bolted Repair (Thick aircraft structures t>3mm) 1. Damage Detection by NDT
Bypass of original load path by riveting of one or two Doublers. : ”
Advantages: : =

= Good Recovery of strength 2 g iling)

= Fast Application

» Easy Certification because of Fail-Safe-Concept =JI=| Bl =
Disadvantages: 3. Riveting of Doublers

=  Minimum skin thickness necessary

= Steps in aerodynamic shape %

= Complex at edges and pressure vessels 4.NDT I

= Two sided Access recommended

Scarf Repair (i.e. repair of flaps - A320) 1. Damage Detection by NDT

NDT, removal of damage, manual grinding of scarf, cocuring of wet | |

prepreg layup or cobonding of hard patch (separate tooling e

necessary), Prepreg technology favoured. Ramp of Scarf 1:20-

1:40 2. Removal of Damage by Grinding or Milling

Advantages: g
=  Original Structural behaviour nearly restored , ——
" Flush repair 3. Filmadhesive and Filler Plies cobonded
=  Good mechanical performance oF Bonding:of thind Pt

Disadvantages: e =
= Extremely complex and time consuming | |
= High skilled technicians for scarfing phase 4. NDT | |

= Alot of healthy material has to be removed by the scarf Ee———ee————

-> Weakening of structure?
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AEROSPACE SECTION

Stepped Removal and Repair

Loads are distributed through the repair via a lap joint into the underlying layers.

S ———————
e —T =5 —

Bolted Doubler Repairs

Seal all around Fasten as prescribed

— 1 Fller Ty I f— t

he patch I

Shear stress distribution

N Nt
{ : I T oTy 1 E }
—

Inside Doubler

Note peak stress concentrations at edges of each step within the repair.

Tapered Scarf Removal and Repair

Loads are transferred directly through the edges of the repair plies, in
plane, on axis, in shear, to the underlying structure

The resulting repair is flush with the surface

Up to 1/8 inch | 1/8 to 1/2 inch

Laminate @& )

e Thickness PR
Uniform shear stress distribution through a tapered scarf joint
Evaluate Bolting

COMPOSITE STRUCTURES: ESSENTIAL OF REPAIR METHODS
Marco Barile
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Typical Wet Layup Repair Process fi’

AEROSPACE SECTION

Prepreg Repairs follow a similar process and typically require an elevated temperature cure
using portable Hot-Bond equipment

Typical Heat Blanket Layup Scheme

Vacuum Bag
Breather/Insulation —*
Heal Blanket ———» ey, - __ =
Caul Plate — —
with Thermaooiuples . -
I Briskheat Corporation —
L i ACR 3 Dual Zone Hot Bonder portable kit
Nopwis AN -
(-/T\_ L . - SR LTS
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Case Study: FEA Investigations on Scarf Repairs >ﬂ ENGINEERING

AEROSPACE SECTION

Numerical investigation aimed to characterize the variation of adhesive stresses in a scarf joint between
orthotropic composite laminates was carried out.

1 - LINEAR STATIC ANALYSIS OF A SCARF-REPAIRED COMPOSITE PAN EL

Objective: Study of the adhesive normal (peel) and shear stress distributions along the bondline of the
scarf joint for 3 different laminates (8,16 and 32 plies).

Geometry

Ply thicknes 0.13 ELr'.n"
Adhesive t 0.13 T
Model length 65 Ll
Iicafl angle 5 degree
Slice Model
thickness 0.065 Loy
tp/2

Model _|scarf length _[Scarf length/2

8 ply 1189 5.94 mm

16 ply 23.77 1189 mm

32 ply 47.55 23.77 mm

Dt
— Propaviies_
BN il |=FE Al s ]
128 i o 1
I s
| hotes tiwr (£
1054 T 1
[ e

04 0,6 038 1

Peelstress concentration ofx)/Tav

Normalized distance along the scarf (X/L) Wormalized distance along the scarf (/L)

o B-ply laminate 16-plylaminate e 32-plylaminate = E-plylaminate 1&-plylaminate  ——32-plylaminate
; - T " = 58] Aate i it i Peel Siress concentrations ina scarfjoint (8 = 3°) between quasi-otropic compos ite
Shear Stress concentrations in a scarfjoint (8 = 5°) between guasi-totropic composite . . .
laminates. Siacking sequerses are respeciiely laminates Stackong sequences are respectnly FE model of a 8 plies laminate: [45/0/-45/90] s

ASI0A590], [450-45.90], (4504590 0 45045507, (A504580]5 (4504590 s
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Case Study: FEA Investigations on Scarf Repairs
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2 - PARAMETRIC STUDY ON SCARF-REPAIRED COMPOSITE PANELS

Objective:

Investigation on stress distribution along the bondline of a scarf joint varying layup

sequence, laminate thickness, adhesive thickness and scarf angle.

Normaiized shear stresses along the adhesive bondline for [0/90]3: and [90/0]:: laminates

of (X/L)

20 L 30
5 g
-
8§ 50 0 02 2
5 *
4 2
£ - 10 —\/ \J-—.
@ /
2o W
5 0 0,2 oF 6
§ 1 Z 10
14 8
B 20
Normalized distance along the scarf (%/L) & Normalized distance along the sca
——I[50/012s [o/s0]2s ——I[g0/0]2s [o/o0]2s

Normalized peel stresses along the adhesive bondline for [0/90]2: and {90/0]:; laminates

Normalized shear stresses along the adhestve bondine for 0/90]s: and [90/6]: laminates

e
£
A\vawv/ U\LUVVV UU\/U

Normalized distance along the scarf (X/L) s Normalized distance along the scarf (X/L)

—[30/0]8s [0/90]8s ——[90/018s [o/90]8s

Normalized peel siresses along the adhesive bondline for [0/90]s: and [90/0]s: laminates.

Stacking sequence

Normalized distance along the scarf X/L
——[0/50]4s [30/0]4s [43/0/-45/90]25 [-43/30/43/0]2s
Normalized shear stresses along the adhesive bondline for mismatched (MM) adhered pairs;

[0/90] s with [90/0] = and [45/0/-45/90]: with [-45/90/45/0)1c

60
50
40
30 = 3 1

I

53

55

PeelstressNormalized afx)/oapp

Normalized distance along the scarf X/L
——[0/90}45 [30/0]45 [45/0/-45/30]25 [-45/90/45/0]25
Normaltzed pec stresses along the adhestve bondline for mismatched (MM) adhered patrs;

[0/90]4: with [90/0]4: and [45/0/-45/90] z; with [-45/90/45/0]z:.

Mismatched Adherends Layup

o
& ) / - | 53
£ 0 0,2 0,4 0,6 0,8 1 £ {
£Ea E o -l
sg 0 = o RA

8 ™) : vy — TR
i \ \ i f
8 F =1 YA N L
7 = A S R
3 150 P 1
2 : R
&

-200

,D /\’/\E; /\/N/\D: ,\/D"e\/’\j\! .""I. il I.IL |! ',I .I; ',II. I.i.

Gunnion and Herszberg (2006) investigated the stress
distribution along the bondline varying the scarf angle (a)
between 3 and 15 degrees for a cross ply layup [0/90]zs.

Lower scarf angles lead higher joint strengths due to greater

adhesive joint area of action.
¥ ] N ! £
-— / \\ -

Separation of Applied Axial Force into
Shear and Normal Force Components
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3 - OVER LAMINATE

AEROSPACE SECTION

Adding over laminate plies to the scarf joint a relevant decrease of peak peel and shear stresses is

obtained.

40
20
0
-20 O 0,2 04 0,6 0,8 il
-40 w
s W
-80
-100
-120
-140

Shear stress Normalized
T(x}/oapp

Normalized distance along the scarf (/L)
— [[30/0][0/30]4]s [0/30]4s ——[[30/0][0/30]4]s
—— [[0/90]2[0/50]4]s —— [[90/0]2[0/90]4]s
Normalized shear stress along the adhesive bondline for [(/90]4s laminates

with 4 and 8 ply over laminate of [0/90] and [90/0]. wirh 4 and 8 ply over lomirate of [0 and [000]

4 - CIRCULAR PATCH - LINEAR ANALYSIS

Normalizad peal mrews aloog the adhernie hoondlne for [O90]-4 lownates

Afiockedls winh & madd § ik over Mivmata

A FE model was developed to characterize the variation of the adhesive stresses in a 3D scarf repair.

S T 1

5 !

_ ¥ 1‘ LR

= o

g

= [ el

i é'(/ s
By Ty T

Modes ficed s dy, =y i

e gt g el

Boundary conditions

3D circular patch geometric data 1 .-"-
f )
y q model panel \ )
half-width 215 mm
lower radii 25 mm

upper radii 39
Loaded Area 2236 mm*2
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5 - ELASTIC PLASTIC ANALYSIS
» 2D SCARF JOINT
Elastic-plastic FEA was performed to quantify the resulting stress redistribution as the adhesive reached
plastic yielding.

[90/-45/45/0],, [0/45/-45/90],.

e
]

case 1 Tav/t¥=0.3

case 1 Tav/T¥=0.3

U case 2 Tav/TY=0.5
case 3 Tav/TY=0.7

case 4 Tav/T¥=0.8

1

case 2 Tav/t¥=0.5

e 2
= )

case 3 Tav/t¥=0.7

case 4 Tav/t¥=0.8

e
=

case 5 Tav/t¥=0.9

=
[N

case 5 Tav/TY=0.9
0 case 6 Tav/T¥=0.98
0 0,2 0,4 0,6 0,8 1

o

case 6 Tav/TY=0.98

case 7 Tav/T¥=1.005 0 0,2 0,4 0,6 0,8 1

Mormalized distance along the scarf (X/L)

Normalized distance along the scarf (X/L) case 7 Tav/TY=1.005

Shear stress Normalized t{x)/ oapp
o o o o
S S R Y
&_—‘-
;

Shear stress Normalized tix}/oy

Shear stress distribution for [90/-45/45/0]s. Shear stress distribution for [0/45/-43/90];

Finite element meth mear the soof region

» CIRCULAR PATCH - NONLINEAR ANALYSIS

Variation of adhesive stresses in a 3D scarf repaired composite panel with an elastic-plastic adhesive, a FE
model was developed following the same procedure and same materials used for the linear analysis of the
circular patch.

[0/-45/45/90]2s

0,8 ‘ case 1 Tav/TY=0.3

case 2 Tav/TY=0.5

case 3 tav/TY=0.7

0.4 case 4 tav/TY=0.8
0.2 case 5 tav/TY=0.9
case 6 tav/TY=0.95

0 0,2 0,4 0,6 0,8 1

Shear stress Normalized t{x}/cum

3D Circular patch model with LBCs

Normalized distance along the scarf (X/L)

Shear stress distribution along 3-D scarf (shear stress novmalized by yield stress for [0/-45/45/90] 5,

3D Scarf Repair — Results of the Elastic Analysis (Deformation and Stress)
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Case Study: FEA Investigations on Scarf Repairs

6 - RESULTS

Effect of scarf joint parameters on bondline average and peak stresses

Parameter Average peel |Peak peel Average shear Peak shear
. 0 _q-
Increases when 0° Decreases 'ﬁ.'rtl:l n30re 0 }:rhes_
. - . , Increases with increasing
Stacking sequence No plies are on the No . 0 e
distancebetween 0" plies across
orer surfaces
the scarf.
Decreases with oy - .
. . _ . ; . i} Decreases with increasing
Laminate thickness No increasing laminate No . .
. laminate thickness
thickness
Shight increase or
Mismatched adherends No dec-rse No Slight increase or decrease,
depending on lay- deponding on lay-up
up

Over lammnate

Decreases with
ncreasing over
laminate
munber of plies

Slight decrease
with increasing
over laminate
mumnber of plies

Decreases with increasing
over laminate mmmber of
plies

Slight decrease with increasing
over laminate mumber of plies

.anrea.ses with Stm.ngl?- decrv:.ases Decreases with increasing | Slightly decreases with increasing
Scarf angle increasing scarf| with increasing
scarf scarf angle
angle scarf angle =
Decreases if Decreases if there
Allowing load bv-pass of | thereisan |, Decreases if there is an | Decreases if there is an alternate
= : is an alternate load
patch alternate load aths alternate load paths load paths
paths P
C e . .Deu:realses Wi\ Decreases with Decreases with increasing " )
Angle to loading direction |increasing angle| . . . “| Decreases with increasing angle
= . = .. - | increasing angle angle from loading . e T
for a 3D circular patch | from loading . = = from loading direction
o from loading direction
direction direct;
ection
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AEROSPACE SECTION
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Automated, on-aircraft bonded patch prep.

DMG MORI (Germany) and SAUER (Germany) have co-developed
this ULTRASONIC mobileBLOCK 5-axis milling unit, which attaches to
aircraft surfaces via 12 vacuum feet and provides multiple
functions, including laser surface scanning, ultrasonic milling and
plasma surface treatment.

Saving time/labor in complex repairs. Lufthansa Technik’s
(Hamburg, Germany) mobile robotic repair system reportedly cuts
repair time by 60% while enabling bonded patch repairs previously
not possible or simply too time-consuming and expensive to
attempt with conventional manual methods.
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Thank you for
your attention

'/ ‘ Let’s go to repair!




