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A Study on the Repair Properties for Extra Structural

Ply by Lay-up Method in Composites Repair

JO YONG SIK
Department of Materials Engineering
Graduate School of

Korea Maritime University

Abstract

In modern society, technology of the mechanical
equipment, automotive industry, air craft, vessels and
accelerated operating system are rapidly developing. So,
the energy conservation sSystem by new materials as part
of the strength of materials, light weight, high
functionality will be needed.

Development of new materials which have excellent
property has been attracted the attention of fiber-—
reinforced composite materials which have high strength,
light weight, corrosion resistance.

In this study we proposed the more effective repairing
method to access the repair of composite materials.

We used the three different extra structural ply method
for example, stepped stacking, patch stacking and overlap
stacking.



As a result, this repaired composite materials as defect,
the overlap stacking method 1s the effective one it
repaired.
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2.1 BgARS 49y

Baagad T kA o)A AAE zdste 1 7+7he] 2|
SR g 943 ARS T E QERE Da. o) Ealkx)
5 A4S s otde 2

- HAND LAY-UP

- SPRAY-UP

— FILAMENT WINDING

- PULTRUSION

- SMC(Sheet Molding Compound)

- RIM(Resin Transfer Molding)

- VARTM(Vacuum Assisted Resin Transfer Molding)
- VACUUM BAG



2.1.1 HAND LAY-UP
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BAAE el E(glass fiber
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Hand Lay-Up

Reinforcement

Laminate

Contact Mold

Fig.2.1 Hand Lay—up Process
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Roving Tensioner
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Fig.2.3 Filament Winding Process
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2.1.4 PULTRUSION(Q1® A3)

o
o

&to] QA 7|HA ALH o A

[e)
(spool), A 3+ -&(resin bath),

ey
B RO
_
N —
=
W=
ofF o
!
T
N mR
Gy H
X
W oF
N
0
ToR %o
B
X
%
—_
KX
T o
W omr
fal
o X
‘B
~
X
F
= o
o 70
M TR iR

=
3L

F717kA 2 Al

WA o]
S

of wet =9 WolAel A3}

A7 depA e FHo) At =

kel

bofo} e

°©

Al

%

<o TR

el
B A

T
-
T

ol d- FHolA Aot BF o] FoxEm T

blo

)

10



o A o K] o
X0 xX dlo B M ..aﬂw

=
~~ O
~ C P T - __:
7o AF B oy e B _

T}

¢

-

q 4

Haul-
grippers
-
[—

Die Oven

J5AY
.ZH
o= M T i P

—

Roving supply

o

i
%

o
=
i
@

1%
)
7 o
53
2
A
6

Sl iy

M A

Pultruded
sections

Resin hath
Fig.2.4 Pultrusion Process
11



2.1.5 4=4 3 (Compression Molding)

AFEe] gLkl HWol AMEH= AIWUHoE AW
S 5 7 ded o3 ERAE dARE et T3
o] A=l Zejxd(prepreg) s RE FH =@l ¥
g3 d5 7hete] AYste WHoR 1 T AR YH
w2} SMC(Sheet Molding Compound) ®:i+= BMC(Bulk Molding
Compound) AdWolgtar HF-Et}, SMCE HAA R Hol~E
(paste) & THAA Fde] = W FH= TreE Zo=

A olAE FY 2a ZHA= ¢F 4 ~ 12 MPaE 7h§tekar
85 120 ~ 180°CE 7FE3ste] AlFS AAksio),
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Heat And Pressure
l Female Moid Hall

Heat And Pressure Male Mold Halt

Fig.2.5 SMC Process
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2.1.6 RIM(Resin Transfer Molding)

aulk
A A= A
ol =2 AMAAS 2t 18R V1A EgAE AxRNHe R
RIM(Reaction Injection Molding), RRIM(Reinforced Reaction
le) o

Injection Molding), RTM(Resin Transfer Molding) &= £
2> 9lth. RIMO|UF RRIM & TS B3lAla 3o ==z A

S vk, SR ER obys G B 59As Y
Al 7He Rk RINE sk G449 w9 ¢l 2R 25
(preform)& ¥ FATE St FAE 53 <t FAF
T 7Y de AToR FAEHEA d3 dHe v 49
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I HFel 9sle] APFHER FHof AFAYNS 7HEE
A glom, oF 50% = By 2 AR dEd
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2.1.7 VARTM(Vacuum Assisted Resin Transfer Molding)
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Typical VARTM Schematic

Fig.2.7 VARTM Process
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2.1.8 VACUUM BAG PROCESS
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Fig.2.8 Auto Clave
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Fig.2.10 Crack and Delamination
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2.3 EFAE 2 Repair ¥

A5 =2 "SR vAER Qste T2 A%t
dost FxEZ AEYH7] " gss AT ¢ e =
S FRAEE FA o g}, wlEbA BB repairs
A Axe Hos v FETA] 3| E5SA e Ao
Tasttt. EASQ HFAFY repair WHS ob# et 2o
2.3.1 HAH

2 BS4Z(repair pile)S A= 3
Gl F7t2 BAHTS skl Repairshs W

Zrelo] w5 WhE Repair’/b 7bseta EWHE 7S &
TohA] 7] W It o= AL8-E & Repair®¥Holu; B
= #olo(layer) 7} &L X -of| A #FHojzl Adefo]”] wfzol
repair o] o= FHFE L7} A &EH 02 ol Al H T},

oy Extra ply

”--\_\_"—- " "
I j«——— Repair plies
[ e

Film adhesive

’,’4 _—
e | ‘Lﬂ-—.h_

Filler plies = —

" Backup ply

Fig.2.11 Patch Repair Process
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2.2.2 27124

SFFE(scarf)H S 3" FHE AEsta 74 E
Ao A& S 2912 JtEete] ddY 3 B
HOo = Reapir 73He 53 F F7t2 BAWNAE 453
Bgee weld,

H3g 7} dololrt 94F AL Fu A4 G )
ol Hd Ee LSS A o2 Qs FE 3Bl §-

Falth. =¥y H]aﬂ 7heel gelstal AEe ThevlEs
]

oA ke, T %‘i 3 etk repa iris 98 4 IdA
H =]
H T

air Extra ply
L ]‘/
[ )
I —— Repair plies
l e Film adhesive
[ _—‘-J---"_ 1
: — NG ]
' 1
[ -
Filler ply - Backup ply

Fig.2.12 Scarf Repair Process
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2.2.3 2¥H
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Fig.2.13 Stepped Repair Process
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AG Ax 2 AU

3.1 A3A8
Bz g9l repaird 71AA HAEE A7) 95te] B A
AL ZEzy 2(prepreg)dl LEZHO|HE o3 & W

218 (Vacuum Bag process) ©|-&3&}t}.

TP e 5% UEHWHAY Black resin glass prepregs
AbEElG o @ EF ol HE ASC A RS ALY

z g HEAZ= Adhesive  Technologies A9
ADR240/ADH341-5 A}-8-3} 91 T}

Table 1 Mechanical Properties of the Adhesive

Tensile Elastic Elongation
Density
Resin Strength Modulus at Break
(g/cm”)
(MPa) (GPa) (%)
ADR240 1.1 83 3.6 9
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Table 2 Specification of the Auto clave

VOLT 920V/34F INSIDE FAN | 1HP x 180 Al
TANK SIZE | 1250 x 1820 | VACUUM BOX | 1HP x 300¢/min
) 300°C
PRESSURE 6 ke/em® | INSULATION
glasswool 100t
550W x 15000
TEST PRESSURE | 10 ke/em® | CONTROL BOX X
X 320B
HEATER
TEMPERATURE 300°C 36Kkl
CAPACITY

27




3.2 A|HA 2}

RepairA] Extra Structural Ply(o]s} ESPE} sto})e] A4k
HES 7= A &3Sl

1) Patch A=

} ESP

Adhesive
|

R T I ST e AR e TS

{1

RepairPart

Fig.3.1 Patch Stacking Process

2) Stepped #=

| |
| ] ESP
[ ]
I —

s e e e e Adhesive
]

Repair Part

Fig.3.2 Stepped Stacking Process
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3) Overlap A=

} ESP

Adhesive

/] A’
R T R e e T e A i TS
| ]

I

Repair Part

Fig.3.3 Overlap Stacking Process

z}7bol A= wiHo] dlste] 7/le] AHE A Zste] ASTM D
3039 ¢1 A3 W O 2 Tensile strengthS =431},
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3.3 A AEH|

A& ASTM D 3039 / D 3039Me] Ao wz} AzstFgon 1
22 QEFHolHAA A" AT FAS Ad 3 e
adhesive® repairf-+S 1174 2 HEAZ U A LES

glo]Boll A 3A17F &<t 7kt &kl
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Fig.3.4 Specimen Configuration
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DRAWING NOTES:

1.
2,

INTERPRET DRAWING IN ACCORDANCE WITH ANSI Y14.5M-1982, SUBJECT TO THE FOLLOWING:
ALIRDIM:E(I';I;SIOP%SXI;\I INCHES WITH DECIMAL TOLERANCES A5 FOLLOWS:

+.1 ‘ +03 ‘ +.01
ALL ANGLES HAVE TOLERANCE OF +5°.
PLY ORIENTATION DIRECTION TOLERANCE RELATIVE TO [-A- | WITHIN £.5°
FINISH ON MACHINED EDGES NOT TO EXCEED 64,/ (SYMBOLOGY IN ACCORDANCE WITH ASA B46.1, WITH ROUGH:
NESS HEIGHT IN MICROINCHES. )
VALUES TO BE PROVIDED FOR THE FOLLOWING, SUBJECT TO ANY RANGES SHOWN ON THE FIELD OF DRAWING:
MATERIAL, LAY-UP, PLY ORIENTATION REFERENCE RELATIVE TO @, OVERALL LENGTH, GAGE LENGTH, COUPON
THICKNESS, TAB MATERIAL, TAB THICKNESS, TAB LENGTH, TAB BEVEL ANGLE, TAB ADHESIVE.
MO ADHESIVE BUILDUP ALLOWED IN THIS AREA.

45 0 s

_Ax SEE NOTE 5
0 + 010

SEE NOTE 4 ool a

1
SEE NOTE 5
t

A

b SEENOTE} ——

2x SEENOTE 5 4060

EIEEEEE /i Joms[B ] NOMINAL
|2 SURFACES T 45000 |
| I PR o —— =

f 43 010 MAX 00|
BONDLINE THICKNESS

1/ ] oo
COUPON WITH TABS

—g5> 0T 4pe
Uﬂ

SEE NOTE 4 [1/]003] a]

SEE NOTES

=
L—SEE NOTE § .

[ 1
-B-
w3

COUPON WITHOUT TABS

Fig.3.5 Tensile Specimen Drawing(ASTM D 3039)
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Table 3 Tensile Specimen Geometry Requirement (ASTM D 3039)

Tensile Specimen Geometry Recuirements

Parameter

Requirement

Coupon Requirements:
shape
minimum length
specimen width
specimen width tolerance
specimen thickness
specimen thickness tolerance
specimen flatness

Tab Requirements (if used):
tab material
fiber orientation (composite tabs)
tab thickness
tab thickness variation between tabs
tab bevel angle
tab step at bevel to specimen

constant rectangular cross-section
gripping + 2 times width + gage length
as needed”

*+1 % of width

as needed

+4 % of thickness

flat with light finger pressure

as needed

as needed

as needed

+1 % tab thickness

5 to 90°, inclusive

feathered without damaging specimen
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Table 4 Tensile Specimen Geometry Recommendation(ASTM D 3039)

= = Yophews  [o010l¢T loow] 052 (114 SMONUJUOISIp-WOpUe!
- = Yoplews  [oorolsz  [ookose 01 sz OLouNufS pue paovereq
06 l900] 6 sz o800l 02 o2 Jsu lo1] 2 [RUODBIPIN 06
0640/ 900161 lGzzlos = [opool [0 0g2 [0l g1 [eORBYpIN 0
. 8By [ ww [l ww (0] ww (U] ww [l ww UolelualQ
oAg el 'ssowou el ‘youeycel  ‘ssowpoul  buepfeieng 'y E

SUONepUaIUI023Y Anawioas Uawioadg isua)
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3.4 AF

Aol wel =3k, RepairAl A5 Wiel] wel A=
TN AAS AFSE A SAHE Aol Hae HAAE
Aejgt YA 570 AlHe gk A#gke]l HaxE FHelH.
Algol] AFg¥E M= Kyung-Do AF2] Universal Test Machine
(249 KDMT - 156)< AF&3F%lal, Cross head speedi= ¥
A A wgt AFGAIFEL 2mm/minZ AT

i

Fig.3.6 KDMT - 156
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39



LIT

A

LGM SGM

Figst Character

Failure Type Code

[ Angled A
E edge Delamination D
Grip/tab G
L

M

S

Lateral

Multi-mode

| long. Splitting

el plosive )
Other 0

(xye) |

)

GAT
| E
|
|
|
[
AGM(I) AGM(2)
Second Character
Failure Area Code
Inside grip/tab l
At grip/tab A
<1W from grip/tab W
Gage G
Multiple areas M
Various v
Unknown U

XGM

Third Character

Failure Location  Code |

Bottom B _|
Top T i
Left Lo
Right R

Middle M ‘
Varions v

Unknown [

Fig.4.2 Tensile Specimen Geometry Recommendation(ASTM D 3039)
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ol AN FE E35lo] Tensile strength & F3F¥om zZF A
Hol Hx}+= 157 MPaoll A 186 MPa7Zb#] YEFSTE. E3a]5 9
e T4 A oA e U7 (necking) @42

o
+ 2y HEFAEY 5HA oA g3 FFS FHEH
el itk 71 AJHo R A3 Reference A|H 9] 1%
= ASTM 3039 AW ow =A3sUrt. Fig.4.3 = o]

Reference Specimen Tensile Strength(MPa)

190 -
180 -

170 -
160 -
150 - I I
140 -

Fig.4.3 Reference Specimen Result
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1) Patch ¥

Fig.4.4 o+ Patch'd A|&¥H2| Tensile Strength #tS UE}
Witk A EHH S Reference A|EHY HAddta A H
(]

EFo oF 560 & KT},

Patch Specimen Tensile Strength(MPa)

140 -
120 -
100 -
80 -
60 -
40 -
20 -

Fig.4.4 Patch Specimen Result
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2) Stepped

Fig.4.5 o+ Stepped® A& H] Tensile Strength S U}
ERIAT. Ad W sdsta P3N E IEES 9F 35%

& B3t

Stepped Specimen Tensile Strength(MPa)
80
60 -
40 -
20 - I
0 - . ; . . . .
& e@' Q}Q) Q}\b‘ eé) Qf\(o Qf/\\
S S N R S
& & & & & & &

Fig.4.5 Stepped Specimen Result
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3) Overlap

2% & HATH,

150 -
100 -
50 -
0 T | T T
e& e& e{\b eob‘ zg) ef\(o ef/\\
e&(\ e&(\ eé’\@ Q;(.’\é\ Q/(.’\((\ e&(\ e&(\
KL B KR KR K Y KL

Fig.4.6 Overlap Specimen Result
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4.2 Flexural strength 23}

LEZHolB o At Al g 38 w3 Aldel 9
d A% flexural strength= o}zl Fig.4.10~13% #t}.
Reference Al 9] 745 == i whejd o] dojifwA

H 3% O} Repai HE

TR el 2] 3 AHES ddd

Fig.4.8 Flexural Strength Test
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Fig.4.9 Flexural Strength Specimen
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Z AldS £33l Flexural strength & 3o ZF A
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3) Overlap ¥
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