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Abstract: The aerospace industry strived for many decades for light,high stiffness and strength material. Fibre Metal Laminate (FML) formed 
for joining thin Aluminium (AL) sheets with Glass Fibre (GF). High impact resistance and crack trapping qualities made it a preferred choice 
in aircraft parts in impact prone areas. In this research paper GLARE 6A FML was tested in multiple impacts using Zwick/Roell machine 
modelNo.HIT-230. Impact testing specimen was prepared and tested using the ASTM D7136 standard. In multiple impacts,a dent produced 
in earlier impacts which resultin an increased dent sizein the later impacts. It can be commented that plastic strain was produced in the 
sheets and increased the contact area and provide more contact force in earlier impacts. Later impacts produced debonding and 
delamination due to inter laminar shear strength reduction. Debonding and delamination can be reduced by increasing the contact area 
between sheets and GF composites. This research study can help in studyby multiple impacts on GLARE FML and develope material model 
for FEA simulation and analytical study. 
 
Index Terms: Fiber Metal laminates, GLARE, Impact, Structural health monitoring, Nondestructive testing, Finite Element  Analysis  

———————————————————— 

 

1. Introduction: 
In recent decades the aircraft industry has progressed 
with the requirement of long endurance and fatigue 
resistance structure [1]. It increased in aircraft travel 
fuel economy plays primitive factor in attracting 
passengers. Aircraft life assessment can be vitally 
important for safe and reliable structure performance. 
GLAREemerged as the material having characteristics 
of impact fatigue and crack trapping qualities. GLARE 
6A,a sandwiched structure FML type, has a lay plan of 
(0.5AL,0/90/±45 GW,0.5-AL,0/90/±45 GW,0.5-AL)[2]. 
  

The impact is a time-dependent force phenomenathat 
imparts energy on contact between two colliding bodies. 
Damage resistance is quantified bythe resulting size 
and type of damage in the specimen. Damage response 
is a function of test configuration. For measuring impact 
response drop weight impact test forlow velocity impact 
and the gun impact testing for high impacts are usually 
performed. In low impact testing the impactor with 
hemispherical tip was used to induce impact dent in 
target i.e. plate.Damage is imparted through out of 
plane concentrated impact perpendicular to the plane of 
plate using a drop weight with hemispherical striker tip.  

2. Significance of Testing: 

Bare Visible Impact Damage (BVID)is a type of dent 
induced on the physical surface of impact colliding 
bodies.BVID caused by any means cannot provide 
insight of the damage within the metal sheet of 
intrinsicor combined with other material as in the case 
of FML.For SHM  impact force create out of plane 
damage which reduces strength of plate. BVID caused 

the most drastic effect on aircraft safety and reliability. 
Structural testing is one of the primary a study methods 
for determining damage and its evolution in single or 
multiple impacts. Impact testing is studying of 
interaction of impactor flexure waves and reflected 
waves. In impact testingdamage evolution is studied for 
reducing strength due to fracture and debonding 
between adjacent layers. By weight drop testing, BVID 
dent is produced in the outer material surface. BVID 
dent producedreductionon the target sheet and disjoint 
adhesive layer between metal and composite layer. By 
testing, it can establish quantitative numbers for 
evaluatingeffects of stacking sequence, fibre surface 
treatment, variations in fibre volume 
fraction,manufacturing processing and environmental 
variable.It can compare quantitatively relative values of 
damage resistance parameters for composite material 
with different constituents[2]. For testing, important 
parameters are dent depth, damage dimensions and 
through thickness location F1, Fmax, E1, Emax as well 
as force versus time curve. The specimen dimensions 
are provided in ASTM D-7137/D-7137M for impact 
testing. The standard impactor geometry has a blunt 
hemispherical striker tip.  
3. Preparation of specimen: 
Specimen prepared for testing were consisted of three 
AA-2219 sheets of 0.5mm and a single layer of 
0/90/±45 Twill Woven Glass (TWG) havinga thickness of 
0.6mm.TWG single was sandwiched between AA2219-

Abbreviation  Symbols 

  FML (Fibre 
Metal 
Laminates) 

 AL (Aluminium) 

 GF (Glass Fibre 
composite) 

 BVID (Barely 
Visible impact 
Damage) 

 SHM (Structural 
Health 
Monitoring) 

 TWG (Twill 
Woven Glass) 

 NDT(Non 
Destructive 
Testing) 

 FEA (Finite 
Element 
Analysis) 
 

 E = Potential Energy 
of impactor before  
drop J 

 CE= Specified ratio of 
impact energy to 
specimen thickness, 
J/mm 

 h = Nominal thickness 
of specimen, mm 

 H = Drop Height (m) 

 M = Mass of impactor 
for Drop Height, m 

 g = Acceleration due 
to gravity , 
9.81m/sec2 
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T6and GW layers were cut 150mm to 100mm size 
according to standard ASTM D-7136. Sheets were 
cleaned and etched by applying light acid treatment. 
The surface of AA-2219 T6 sheets were deburred using 
emery paper. Epoxy/hardener was applied on the sheet 
before placing glass fibers on it. The sheet and glass 
fibers was lubricated properly using hand layup.The 
second AA2219 sheet was placed on glass fibre sheets 
in such a way that the glass fibers sheet was 
sandwiched between two AA2219 sheets and lubricated 
with epoxy by hand layup. Thethird AA2219 sheet was 
placed on top of laminate in such a way that both glass 
fabric sheets were sandwiched. The laminate was put in 

the oven at 65℃ for 30mins, thenlaminate was placed in 

the fixture for 48 hours at room temperature[3]. Now 
laminate was ready for testing after complete curing of 
the epoxy. 

 
Table 1 Description of GLARE 6A Specimen 

Name of specimen Lay up 
Total 
thickness 
(mm) 

Single impact(SP1) 
 
AL(0.5)/[0/90]TWG/0.5A
L/ 
[0/90]TWG/0.5AL 
 

 
2.7 
 

Single impact(SP2) 

Single impact(SP3) 

Multi impacts (MP1)  
 
AL(0.5)/[0/90]TWG/0.5A
L/ 
[0/90]TWG/0.5AL 

 
2.7 
 

Multi impacts (MP2) 

Multi impacts (MP3) 

 
Damage resistance propertiesare dependent upon 
several factors which include specimen geometry,layup, 
impactor geometry, impactor mass, impactor force, 
impact energy and boundary conditions. There was no 
visible damage observed in the FML specimen before 
testing. AScan, anon-destructive technique (NDT) was 
performed for finding bonding strengths of prepared 
specimens[4]. A Scan is a linear sending and receiving 
of sound impulses. The first threshold of metal and 
composite in FML was calibrated.Specimen bonded had 
different A-Scan response. In the case of the debonding 
gap between the aluminium and composite layer,signal 
attenuation was altered. This change in signal gave an 
insight intodebonding.  
 

4. Testing Procedure: 
A drop weight impact low-velocity testing planned for 
FML was based on single and multiple impacts. 
Damage was imparted through out of the plane, 
concentrated impact (perpendicular to the plane of the 
laminated plate) using a drop weight with hemispherical 
striker tip. Lowvelocity impact was selected for study 
damage pattern of FML. Multiple impacts were low- 
velocity impacts for determining damage progression 
and accumulation of FML[5]. The testing machine used 
was Zwick/Roell Germany model no. HIT-230F as 
shown in Fig-1. 

 

 
Figure 1 Testing Equipment Zwick/Roell model 230F 

 
The machine had a capacity ranging from10J to 100J 
for impacting specimens of size of the150mm * 100mm 
as shown in Fig-2. The impactor diameter was 16mm. It 
hada fixture bed ofsize 300mm*300mm for placing 
specimen. The specimen was fixed with toggle clamps 
for fixing it. The potential energy could be changed by 
changing mass from 1Kg to 10kg. The maximum height 
for impactor drop testing was 1 meter. Testing expert III 
was window-based intelligent user management 
software. Intelligent user management means that it 
could adopt a different user role. This software was 
designed to guide users step by step for performing the 
different tests on Zwick/Roell and analyzing results. It 
allowed the user to pre-set and save all relevant testing 
systems and safety testing. Test Expert III software 
used for communication between machine and IT 
system. It could imported data quickly and exported for 
analysing in Windows Excel format. Test expert III 
software was used in Automotive, plastic & composite, 
medical, metal and academia. In beginning of  
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testingthe specimen was placed on the fixture.

 

 
Figure 2Testing Specimen for impact Prepared According 

to ASTM D7136 
 

Table2 Impact Testing Summary 

Test 
No. 

Potential  
energy  
(J) 

Total Impact 
force  
(N) 

 Impact 
Energy 
recorded (J) 

Impact 
Velocity  
(m/sec) 

SP1 14 1180 7.0 2.94 

SP2 19 1450 18 2.42 

SP3 24 1560 9.5 3.85 

MP1 
6.6 
(8impacts) 

1300N to 
1800N 

5.8~2.5 2.02 

MP2 
6.6 
(8impacts) 

1100N to 
1400N 

5.8~2.5 2.02 

MP3 
6.6 
(8impacts) 

1750N to 
1900N 

5.8~2.5 2.02 

 
With an adjustable height of 1 meter and integrated 

impact speed for testing machine enabled 
testing.Required height was provided through software 
for given impact energy. Impact was arrested for 
preventing rebound. Single and multiple impactswere 
performed. In single impact 14J, 19J and 24J were 
applied to the specimen. In multiple impacts, eight 
impacts of 6.6J each were imparted. Multiple impacts 
were carried out by repeating a single impact on an 
already impacted specimen. Sensors and strain gauges 
were place to acquiring data for force, energy, 
displacement, and velocity-time histories[5]. 

5. Data Collection 
5.1. Impact energy calculation: 

Drop height (h) was calculated using  
E = C + h 

Drop can be calculated  

H =
E

mg
 

Dent depth: 
 Measure dent depth after impact on the plate was 

carried out. Dent depth will be the difference between 
the lowest point in the dent and the plate surface. 

Results and Discussions: 
Results for single and multiple impacts testing were 

taken force, velocity, displacement and work with time.  
Single impact: 
Data recorded during impact experiments give 

insight into impact behaviour.  
Impact force: 
Results of impact response force were combined in 

the following figures. It is clear from the graph that more 
impact energy more energy is absorbed in flexure and 
membrane displacement energy. 

 

 
Figure 3 Impact Force History of Single Impact 

 
Table 3Comparison of Single Impact Energy and 

Absorbed Energy 
 Impact 

energy(J) 
Absorbed  
energy (J) 

Absorbed  
energy ratio (J) 

Glare 6A 14 11.8 16% 

Glare 6A 19 14.5 24% 

Glare 6A 24 15.8 65% 

 
5.2. Displacement: 
Displacement of single impact at different energy levels 
depicts that the difference between displacement at 
impact location and displacement on the free surface on 
edges. It was clear from Fig4 larger impact force 
produces different damage patterns at each sheet.  

Time ( msec) 
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Im
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Figure 4 Plate displacement history in single impact 

 

5.3. Velocity: 
It is clear from velocity graph shown in Fig.5 that it 
reaches zero as impact with GLARE 6A. Kinetic energy 
was square of velocity as it reaches zero corresponding 
energy graphs shows energy absorbed by flexure, 
membrane deformation of upper and lower sheets. 

 
Figure 5 velocity change history during single impact 

 

5.4. Energy: 
It is clear from energy absorbed in Fig 6 due to flexure 
bending was observed in energy plots. At 24J maximum 
energy was absorbed in the permanent deformation of 
sheets. In single impact displacement graph showed 
about the duration of contact was about 3msec. After 
contact dent produced which was increased by plastic 
deformation of all Aluminium sheets [6]. At 3msec all 
potential energy converted to kinetic energy. The 
energywas transferred to produce bending and 
membrane deflection in plate[7]. 

 
Figure 6kinetic energy change history insingle impact 

 

6. Multiple Impacts: 
6.1. Impact Force: 

 

 
Figure 7 Comparison of impact force history of three sets of 

multiple impacts 
 
In multiple impacts the first two impacts top plates were 
deformed with a dent at the impact location. In the 
second impact the permanent dentedsheet was 
impactedat the same location. This dented location 
increased absorbed energy and impact contact time. 
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Later impacts plate show flexure displacement for 
increasing impact area and delay in impact [8].  
 
7.2.Displacement:  
In multiple impact shift of displacement peak towards 
right direction show that the contact area increases 
corresponding increase in contact duration. In 
displacement first three impacts produce dent which 
was caused by permanent plastic deformation. In the 
fourth impact, flexure displacement dominates due to 
membrane deflection in sheets.  
 

 

 
Figure 8Comparison of Displacement History of Three Set 

of Multiple Impacts 
 
7.3. Velocity:  
In velocity graphs shown in Fig 9, it is clear that kinetic 
energy reduction time increase with different impacts.  
Kinetic energy of impactor was transmitted to sheet for 
producing dent and plastic zone increased with time. 
Force transferred with time increase local plastic zone. 
Top sheet of GLARE 6A FML was increased. Lower 
sheets produced delamination. Delamination has 

magnified membrane deformation in metallic sheets 
along with plastic deformation.  

 

 
Figure 9 Velocity Reduction History of Three Set of Multiple 

Impacts 
 
7.4. Energy: 
In multiple impacts low energy i.e. 6.6J impacts were 
used. Damage accumulation was evident from the 
energy graph. Peak energy shifts towards the right were 
due to damage accumulation and formation of the 
permanent dent for each impact [10][11][12][13].  
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Figure 10Energy History of Three Set of Multiple Impacts 

 

Conclusions: 
Damage evaluation was assessed in GLARE 6A in 
multiple low-velocity impact tests. Analysis of testing 
was based on BVID dent produced by multiple impacts. 
All reading was measured by sensors and IT software 
Testing Expert III. The data collected by sensors and 
analysed by software Testing Expert III. Data collected 
for evaluating for progression of dent and damage in 
multiple impacts. Laminates shear waves travelled at 
time of impact. It produced de-bonded at point of impact 
and flexure bending helped to grow de-bonded area. 
Plate fixed ends determines flexure wave reflection 
from ends and mating with coming waves.The 
interaction between different failure modes is complex. 
It is evident global flexure deformation of AA-2219 
sheets is a major energy absorbing mechanism. Other 
factors for energy absorbing factors are debonding, 
delamination and fibers cracking. It can be concluded 
that bonding between AA-2219 sheets and TWG lamina 
can be a prime factor to increase damage resistance. 
For future work different numbers, TWG composite 

layers can be helpful in making a comprehensive 
material model for FEA and Analytical evaluation.   
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