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Abstract  Part of a larger study on Micro Air Vehicle flapping wing design based on bat wings, this study attempted to 
fabricate a bat wing skin mimic using natural rubber latex (NRL). The aim of the study was to produce a latex skin that has 
the closest mechanical properties of a bat wing skin. The study uses three formulas for NRL membrane fabrication; 
Compound A is filled with Colloidal Silica, Compound B is diluted with 50% TSC, and Compound C contains 5phr extra 
sulphur. Each compound is also dipped with varying dwell time; 5 seconds, 10 seconds, and 15 seconds. Results from the 
mechanical properties shown that Compound A produces the highest tensile strength followed by Compound C and 
Compound B. The results also shown that for each Compound, the tensile strength increases with increasing dwell time. 
The same can also be said for tensile modulus. Measurements also shown that Compound A and Compound C produces 
similar membrane thickness and Compound B produces thinner membrane, and longer dwell time also produces thicker 
membrane. Compound A at dwell time of 15 seconds has the closest properties to a bat wing skin. 
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1. Introduction 
Micro air vehicle (MAV) is defined as a small Unmanned 

Arial Vehicle that has a wingspan of 15mm and has a mass 
of 80g [6]. MAVs main purposes are to fly in small and 
tight places for the use of reconnaissance and monitoring. 
This is because of the fact that MAVs are small allows 
these aerial vehicles to manoeuvre in small places like 
indoor areas, small pipes or in a jungle, which give rise to 
several design problems which are the question of 
manoeuvrability and the question of efficiency.  

One of the solutions to this problem is by looking into the 
design of the wing of the MAV. Wings usually are 
categorized into three categories; fixed wings, which are 
very efficient and quiet but have lower manoeuvrability. 
The second is rotary wings, which have higher 
manoeuvrability but are usually noisy and inefficient. And 
the third category is the flapping wings, which has better 
efficiency than rotary wings and more manoeuvrable than 
fixed wings [7]. 

In this study will focus mainly on the design of a flapping 
wing since it is a good compromise between fixed wing’s 
efficiency and rotary wings’ manoeuvrability. Flapping 
wings also have the greatest design challenge between the   
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three types of wings since it is the least explored between 
the three. One of the methods of designing a flapping wing 
is by taking inspiration from some of nature’s best flyers 
[3].  

The reason for taking inspiration from nature’s flyers are, 
while there are a lot of leaps and bounds in technology 
made by mankind, there are still areas where technology 
lacks when compared to nature. In flight, mankind’s fastest 
plane, the SR 71 Blackbird can travel up to Mach 3, which 
translates, to travelling 32 of its own body lengths per 
seconds. Comparing this to the average pigeon, it frequently 
travels at 75 body lengths per second. While certain species 
of swifts can travel up to 140 body lengths per seconds. In 
terms of manoeuvrability, the A-4 Skyhawk (an acrobatic 
aircraft) have a roll rate of 720 degrees per seconds while a 
Barn Swallow have a roll rate of 5,000 degrees per seconds 
[12]. 

This is because of birds and other nature’s flyers have 
several distinct features that give them advantage. Some of 
these features are; airflow can be organized and prevented 
from separating at large incidences die to the birds’ ability 
to feathering. The birds’ ability to varies its wing during 
flight and have multiple flight modes also allowed nature’s 
flyers to be far more manoeuvrable than man made ones. 
These capabilities are not restricted to birds only. Insects 
and flying mammals also have features and abilities that can 
offer lessons to mankind in making better flyers [13].   

In this study, the focus will be designing a flyer for 
indoor missions, which is why this study will focus mainly 
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on the design of a bat wing. This is because of bats have the 
uncanny ability to fly quietly to catch its prey and bats also 
are able fly in tight places and even hover [2].  

In a previous work done by H. Yusoff, observed that the 
flexibility of the wing skin has an effect on the lift produced 
by the wing when flying at a quasi-steady state regime 
where the more flexible the wing skin is, the higher the lift 
generated [8, 9]. However, the study did not focus on wing 
mimicry but instead focused on wing flexibility in general, 
which does not help in understanding the advantages of an 
actual bat wing flight.  

In order to truly understand the flight of a bat wing, this 
study aims to fabricate a bio-inspired wing skin for a 
bio-inspired flapping wing design based on the wings of a 
bat. 

2. Methodology 
2.1. Rubber Fabrication Methods 

In order for the closest mimic of a bat wing skin, this paper 
will focus on the latex compounding formulation and the 
dwell time, which is the amount of time which the latex is 
dipped in to the compound which results in different 

thickness, as its changing parameters. 

2.2. Compounding Formula 

This study uses high ammonia (HA) latex where several 
different ingredients were used for compounding and each of 
them serves a specific function (Table 1). The solution uses a 
10% concentration Calcium nitrate (CaNO3) as a coagulant. 
For the purposes of this study three formulas that uses 
different amount of different ingredients in order to achieve 
different solutions (table 2). 

The process of compounding begins by stirring the latex 
for 30 minutes before adding the compounding ingredients 
for 2 hours. The NRL used in this study has a dry rubber 
content of 60.7% and 61.5% according to ASTM D107610. 

2.3. Natural Rubber Latex (NRL) Compound Dipping 
Process 

In this study, the fabrication process for the NRL that 
was used was the straight dipping process since it is the best 
process to fabricate a thin, micro scale film. The fabrication 
process used an aluminium plate former that was roughened, 
cleaned and oven dried to ensure the film fabricated is as 
even as possible. 

Table 1.  Compounding solution ingredients and its uses 

Additive Function Description 

Potassium 
hydroxide (KOH) pH Modifier Ensure adequate processing stability by maintaining the colloidal 

Properties 

Potassium Oleate Stabilizer Viscous modifier 

Zinc Oxide Activator 
Regenerate accelerator to prevent retardation of vulcanisation 
because the concentration of accelerator in the latex decreases as 
vulcanisation proceeds 

ZDEC Accelerator Control the rate of cross-linking process. Usually fast accelerators 
used because crosslinking process takes place at low temperature 

Antioxidant Antioxidant Used in natural rubber latex as additional protection against 
degradation during exposure. 

Sulphur Curing Agent Promote the formation of crosslink between molecule inside latex 
lattices 

Table 2.  Proposed formulation for NRL membrane fabrication 

Ingredients Function 

Colloidal 
silica filled 

(a) 

50% TSC 
dilution 

(b) 

1.5phr sulphur 
content 

(c) 

Dry (phr) Dry (phr) Dry (phr) 

60.14% HA NRL Raw material 100 100 100 

10% KOH pH modifier 1 1 1 

20% Potassium Oleate Stabilizer 0.5 0.5 - 

50% Zinc oxide Activator 0.5 0.5 1 

50% ZDEC Accelerator 1 1 0.8 

50% antioxidant Antioxidant 0.5 0.5 0.5 

50% Sulphur Curing Agent 1 1 1.5 

20% colloidal silica filled Filler 3 - - 

Total  107.5 104.5 104.8 
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Figure 1.  Aluminium plate former 

The fabrication process begins with the aluminium plate 
former dipped into a small tank filled with 400 ml of 
pre-vulcanized compounded latex for 5 seconds. The former 
plate was then oven dried at 110°C for 5 minutes. Once dried, 
the plate former was then carefully dipped into the 
compounded latex formula at different dwell time. These 
dwell time are 5, 10, and, 15 seconds. The plate was then 
oven dried at 110°C for 45 minutes and left to dry at room 
temperature for 24 hours.  

Once dried, the latex film was striped from the aluminium 
plate using calcium carbonate as a stripping aid. Overall, 9 
films was produce with 3 different compounded latex 
solution and 3 different dwell time for each formula. 

 

Figure 2.  Stripping process 

2.4. Latex Rubber Quality Check 

The quality of the fabricated latex was checked by testing 
the solid content of the latex with a Total Solid Content (TSC) 
test using the ISO 124:1992 (E)-Third edition 1192-03-01 
standard. The fabricated latexes has a TSC of 60.14% which 
is close to 61.5%. This means that the fabricated latex is of 
average quality.  

In order to test the ability of the latex to withstand 
colloidal destabilisation, a Mechanical Stability Time (MST) 
test according to the ISO 35- Third edition 1989-09-15 
standard was made. The MST of the fabricated latex was 
744s, which is higher than the ISO 35 minimum MST of 
630s. 

2.5. Characteristics Study 

The tensile strength for the different latexes was measured 
using the ASTM D412 standard tensile test using an Instron 
machine (Model 3366) with a crosshead speed of 500 
mm/min on the 33 ± 2 mm length and 6.3 ± 0.1 mm width 
dumbbell shaped test latex. The experiments were validated 
statistically according to the ASTM E1847 through 
repetition of the different tests. 

3. Results and Discussion  
3.1. Film Thickness 

One of the main factors that effects thickness of the 
produced film is the dwell time of the dipping process where 
the longer dwell time will create a thicker film. The 
compound formula also plays a factor in film thickness 
where compound A and compound C were able to produce 
similar thickness of film at 130µm – 153µm. Compound B 
produced a thinner film than the other where the films has a 
thickness of 110µm – 123µm. 

3.2. Tensile Strength 

 

Figure 3.  Tensile strength of different compound and dwell time 

Generally speaking, the results shows that compound A 
produced a latex with the highest tensile strength which is 
followed by compound C and compound B.  It is also clear 
that generally, a longer dwell time produces a higher tensile 
strength. This is true for compound A, which has the its 15s 
dwell time has the highest tensile strength among all of the 
other latexes. While this is also true for compound B, but the 
change in tensile strength is too low.    

Compound A has the highest tensile strength due to the 
colloidal silica filler that reinforced the NRL structure lattice 
by consuming the CH crystals the reducing the CH crystal 
size and the orientation of CH crystals, which allows for 
better matrix and fibre interface structure [10]. Compound C 
however, has a higher tensile strength than compound B 
because of its higher sulphur content in its formulation, 
which forms more cross-links in the rubber particle [11].  
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3.3. Tensile Modulus 

 

Figure 4.  Tensile modulus of different compound and dwell time 

Similar to the tensile strength, generally speaking, 
compound A has the highest modulus followed by 
compound C and compound B. This is true for all dwell time. 
The reason for this observation is due to the colloidal silica 
filler in compound A, which has stiffens NRL with 
increasing modulus of silica filler. Compound C has a higher 
modulus than compound B because compound C has more 
crosslink in the latex particles due to the higher sulphur 
content in the compound’s formula.  

Generally speaking, higher dwell time will produce a 
higher modulus value for the latex. This is less true for 
compound B where the change in dwell time has little change 
in modulus value. The reason for increase of dwell time 
allows for higher modulus value is due to crosslinking that 
formed with longer dwell time, which produces a stiffer 
product.  

3.4. Comparison with Bat Wing Skin 

According to S.M. Swartz [5], a bat wing has a tensile 
strength of 1.14MPa to 26.38Mpa and a Modulus value of 
1.02MPa to 250.25MPa. This wide range of tensile strength 
and Modulus value is due to the wide variations between 
different bats taxa. However, compound A at 15 seconds of 
dwell time, with 27.21Mpa has the closest maximum tensile 
strength of an actual bat wing, which is 26.38Mpa. Since the 
tensile Modulus of a Bat wing skin varies so much, it is 
considered that all compounds with all dwell time can be 
used as a substitute. 

In terms of thickness however, a bat wing skin has a 
thickness of 160-260µm. The closest thickness that was 
produced by each latex compound were compounds A and C 
that has a thickness range of 130-153mm. This shows that 
compound A with a dwell time of 15seconds has the highest 
potential of mimicking a bat wing skin.  

3.5. Results Implications 

The study is a part of a larger project that aims to develop a 
MAV inspired by bat flight that have a capability of stable 
and manoeuvrable flight. The results obtained helps towards 
development of the MAV wings by mimicking the properties 

of a bat wing skin. The thin film skin will be used for the 
wing skin of the MAV.  

4. Conclusions  
From the results, it is shown that compound A has 

produced the highest tensile strength and tensile Modulus 
followed by compound C and then compound B. It is also 
shown that increasing dwell time also increases the tensile 
strength and tensile modulus for the same compound. In 
terms of thickness, compound A and compound C produces 
the thickest film (153mm), which is the closest to a bat wing 
skin of 160mm. Compound A with dwell time of 15 seconds 
dwell time has the closest tensile strength (27.21MPa) of a 
bat wing skin 26.38MPa. The chosen latex film that will be 
used for bat wing mimic is compound A that is dwelled at 15 
seconds. 
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