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ABSTRACT

Evaluation on GFRP Plate Using Optical Measurement

Technique in Variation of Impact Velocity

By Chae, il-seok

Advisor : Prof. Kim. Ji Hoon, Ph. D.
Department of Fusion Automobile Engineering
Graduate of Industrial Technology

Convergence, Chosun University

Recently, the industry is focusing on developing lightweight and eco-friendly
technology to meet various regulatory conditions that are getting more and more
advanced as the economy gets more advanced and subdivided. Under such
circumstances, GFRP (Glass Fiber Reinforced Plastics), which is one of the
representative lightweight materials, has attracted attention.

GFRP is a fiberglass reinforced composite material that is not only stiff non-rigid but
also excellent in various aspects such as light weight, ease of molding, productivity
improvement and so on. In addition, it has the usefulness to appropriately select the
lamination orientation according to the design requirements.

In this study, GFRP flat plate, which is one of the composite materials for light
weight, was subjected to free fall and internal collapse through GFRP flat plate to
evaluate internal damage by external force such as external impact. The internal

damage was evaluated and the following conclusions were obtained.

1. It is confirmed that damage evaluation of GFRP plate is possible by non-destructive

inspection of optical measurement.
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2. In the damage evaluation according to the impact velocity of the GFRP plate, even
if the impact energy collides with the same impact energy, the smaller the mass of the
impact body and the faster the speed, the larger the damage amount in the impact

direction progression direction is.

3. There was a slight change in the measured value in the direction of the
measurement when the optical metrology test was performed to evaluate the damage of

the GFRP plate.

4. This slight change in the measurement value is due to the fact that the
non-destructive inspection of the optical system is required to measure the exact
position of the light source and the test specimen due to the characteristics of the
measurement method using the laser. However, , It seems that there is a slight

difference in measurement.

5. Photometry To ensure the validity of the nondestructive inspection, a more precise
measurement is possible by supplementing the device that fixes and controls the
position of the light source, the measuring object and the camera accurately.

6. It was found that the reproducibility of the experimental data is required through

the accuracy of the manufacturing method such as cutting, laminating method, forming

pressure,
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Collection @ chosun



A1ZAAN 2

A 12 A3

FHT AIE AA e mE 123t U AEsgel wet do] A4E 43}
Ha Qe A% RS FFA717] fe AR 2 A8 e gl F
Hala glrkh olefdt FAe] wel AEak Ag EI A pAel tgetr] )
& AEA AMALES 2dAEAE et glon gk v &3t
7] 8 A&EHow AFE Wys k) AEae] AnE & =
ohe A, thAteld, XAl AR, kAo g7 sA A, =3}
7 g EA et o] F AAAFs = AnlE FHAI77] Ag Mg BA
2l wholn, Byl o A% © zFekgAol FaHo AFae] AeE
FAHE FHE Q? HE AsA AFI PRlez: A4 ELE
AL F A BHeR FAEHL o) HAJAAVES FE 2
AE $g 3D ZEE 2 FHandAs o] &5 71%°1U1, 2AN % 7]
E42AE QA F e SFuEAD, "FuldeMg), EFeleE(T) 18 il &
FAZ T MEs T3 AFAFs Yol Ol‘é iZH A o] o A
A AHEE FHASE dASHE Jumd AZ3 AEF el GFRP(Glass
Fiber Reinforced Plastics)= 2+ 43t SETAZ=ZMAN v % v Byl of
vt A, @ 8o, A ) T ool "HelA Sgste] o] ol
AT7F Ak gk g AAl e el wet AFulEs A3 T 3
E e A kY olgdt o) f2 Figl29 2ol A¥st @ ndE 2
TE= AEAb, 37 5o Aty 9 FEeitoke] g ol & gl

Collection @ chosun



th A& Eol, Al 7] wokellA= FH v|7] B787 Fig. 13 2ol
Fx7] S FEHEAZ GFRP7F AEEew, 71AH A e A %
0 A7 SUAA T AEAE F-EolA 9] 719l Dodge A= Fig 29} 2
o] 2003 Al Zz el GFRP % CFRPS 2 A3t A5E AMEsto] 2574
23to] 312231 91ar® Photo. 13 7o) 2014 oF$-t] X}Fo] XA GFRP X~
Zgol ALHVE Fgow, dA4 AF 9473} Faol vhFetA AEEa S8l
0 FHo: @ " golo], AFEX S ¥FEAA AFHI 9tk olE #7t
FA AEY A= AA shdR dRE Facte] 2E U 9 2A
bl FAE I A st a¥rt A

o]xy thokdt HofoA AMEEE GFRPE= -84 -(Glass Fiber)9} 4
(Matrix) 27}4] A 52 57d¢] ¥&Ests oW AREA AF, v, T4 5
st 28 Al 553 gy E4F g REE Holy] wie] Ak, A T 7
A EFAE A58 oY Asak 9@ VAFEo] GFRPE A &8sk ¢
W olE AA 9 siAsh] AsiME AT A, A WRe e B Aol

El7h o]0k St

Collection @ chosun



wel 787 77
. - 50% 12%
Composite Structure osbinomigalils o]

W Carbon laminate
B Carbon sandwich

M Fiberglass
W Aluminum
L Aluminum/steelftitanium pylons

Fig. 1 Weight and reducing operating costs in accordance with the applicable civil

aircraft GFRP.
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Fig. 2 Applying of GFRP to Dodge Viper Component
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Photo.1 Applying of GFRP and CFRP to Audi Spring Component
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Table. 1 Application for the industry according to the characterisation of GFRP
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Glass Fiber

Fig. 3 Structure of fiber oriented specimen

Photo. 2 The geometry of GFRP plate specimen
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Photo. 3 Universal testing machine
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Table. 2 Condition for compressive testing

Crosshead Spacemen Displacement Initial
Speed (mm/min) Thickness (mm) (mm/mm) Temperature (°C)
1 4.45 3 29
1 4.45 2 29
1 4.45 3 27
1 4.45 3 27

- 12 -
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Photo. 4 The Testing machine for free falls
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Table. 3 Condition for free falls testing

Height(m) Velocity(m/s) Elnrrel?g;g]) Tempérlzz[tii}"e ("C)
4.512 0.54 27
4.177 0.54 27
4.497 1.74 26
| 4.387 1.74 27
4.541 0.54 26
4.819 1.74 27
4.387 1.74 26
4.2777 0.54 28
6.519 3.48 28
6.429 1.07 28
6.263 3.48 28
) 6.049 1.07 28
6.263 3.48 28
6.819 3.48 28
6.049 1.07 26
6.449 1.07 26
- 7.334 1.50 28
7.951 1.50 27
14 -
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Photo. 5 Equipment for Testing on High-speed Impact
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Table. 4 Condition for high-speed impact testing

Thisciicei;ns?r?lm) Velocity(m/s) Elnnégg;a) Tempér;z[tiiie (°C)
3.90 78.015 40
4.40 77.991 1.09 25
4.90 77.981 27
3.70 96.871 30
3.95 96.451 1.67 25
4.95 96.851 27
3.65 111.961 30
4.20 111.001 2.20 30
5.75 110.981 28
4.45 124.083 28

2.74
5.00 123.819 32
- 16 -
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Fig. 4 Schematic Image of The Integrated Interferometer of Measuring Strain in

Outer Surface
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Photo. 6 The Integrated Interferometer of Measuring Strain both Inner and Outer

Surface
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(a) Goldstein (b) Graph of goldstein

Fig. 10 Unwrapping
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(a) Phase map (b) Phase map unwrapping image

g
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¢t B . & ]
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(c) Profile of phase map (d) Profile of unwrapping image

Fig. 11 The image on damage by the high-speed impact(Velocity = 78.015m/s,
Energy = 1.09))
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(a) Phase map (b) Phase map unwrapping image

I I.
o~
(c) Profile of phase map (d) Profile of unwrapping image

Fig. 12 The image on damage by the high-speed impact(Velocity = 96.851m/s,
Energy = 1.67))
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(a) Phase map (b) Phase map unwrapping image

I, X
(c) Profile of phase map (d) Profile of unwrapping image

Fig. 13 The image on damage by the high-speed impact(Velocity = 111.96m/s,
Energy = 2.20J)
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(a) Phase map (b) Phase map unwrapping image
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C

(c) Profile of phase map (d) Profile of unwrapping image

Fig. 14 The image on damage by the high-speed impact(Velocity = 124.08m/s,
Energy = 2.74))
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(a) Phase map (b) Phase map unwrapping image

AVY.
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Displacement(10 /)
g
Displacement(10 /)
S

§

(c) Profile of phase map (d) Profile of unwrapping image

Fig. 15 The image on damage by the free falls(Size of the steel ball : 50mm,
Velocity = 4.51m/s, Energy = 0.54])
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(a) Phase map (b) Phase map unwrapping image
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(c) Profile of phase map (d) Profile of unwrapping image

Fig. 16 The image on damage by the free falls(Size of the steel ball : 50mm,
Velocity = 6.44m/s, Energy = 1.07J))
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(a) Phase map (b) Phase map unwrapping image
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EE R B =
<>
Displacement(10 /)
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(c) Profile of phase map (d) Profile of unwrapping image

Fig. 17 The image on damage by the free falls(Size of the steel ball : 50mm,
Velocity = 7.33m/s, Energy = 1.5])
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(a) Phase map (b) Phase map unwrapping image
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(c) Profile of phase map (d) Profile of unwrapping image

Fig. 18 The image on damage by the free falls(Size of the steel ball : 80mm,
Velocity = 4.44m/s, Energy = 1.74]))
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(a) Phase map (b) Phase map unwrapping image

o B

Displacement(10 /)

E & &
Displacement(10/m)
§ 8 B &

(c) Profile of phase map (d) Profile of unwrapping image

Fig. 19 The image on damage by the free falls(Size of the steel ball : 80mm,
Velocity = 6.26m/s, Energy = 3.48)J)
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(a) Phase map (b) Phase map unwrapping image

Displacement(10/m)
& & 8 P 8 &
Displacement(10/m)

(c) Profile of phase map (d) Profile of unwrapping image

Fig. 20 The image on damage by static load(Size of the steel ball : 80mm)
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Fig. 21 Comparison of Impact Damage according to Velocity and Energy
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“ GFRP-Aluminum Honeycomb slo)l B gl =
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