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Abstract— Drones have shown to be useful aerial vehicles for
unmanned transport missions such as food and medical supply
delivery. This can be leveraged to deliver life-saving nuition
and medicine for people in emergency situations. However,
commercial drones can generally only carry 10 %— 30 %
of their own mass as payload, which limits the amount of
food delivery in a single flight. One novel solution to noticably
increase the food-carrying ratio of a drone, is recreating eme
structures of a drone, such as the wings, with edible materla.
We thus propose a drone, which is no longer only a food-
transporting aircraft, but itself is partially edible, inc reasing
its food-carrying mass ratio to 50 %, owing to its edible
wings. Furthermore, should the edible drone be left behind
in the environment after performing its task in an emergency
situation, it will be more biodegradable than its non-edibke
counterpart, leaving less waste in the environment. Here we
describe the choice of materials and scalable design of edib
wings, and validate the method in a flight-capable prototype
that can provide 300 kcal and carry a payload of 80 g of water.

I. INTRODUCTION

Unmanned aerial vehicles (UAVs), commonly referred to
as drones, are versatile aircrafts that can perform various
tasks, including the delivery of small parcels, food, and
medical supplies. Some companies have already launche:
drone delivery services to reduce the cost of delivering
small items on the last mile [1]. In this case, multirotopgy
drones are most commonly adopted, owing to their religbilit
when hovering and maneuvering. Drones can also be used ti
deliver life-saving nutrition for people in emergency situ
tions, where approaches for ground vehicles are difficglt [2
Here, high UAV endurance and large payload are necessan
to reach a remote place with enough food to sustain the
endangered person. Consequently, for this scenariointjliz
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drone [3]. Nevertheless, most fixed-wing drones can Caraving nutrition in a remote place. (a): deployment of eittone, (b):
only 10 % — 30 % of their own mass as payload [3], [4]. To higher food-carrying ratio of edible-winged drone over +egfible drone,

noticeably increase the ratio of food-carrying mass tol totéj

c): the first partially edible drone, featuring rice cookigngs (scale bar:
cm)

drone mass, a new method of food mobilization is necessary
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In this study, we present a solution for the problem, which
recreates body structures of a drone with food materials
without sacrificing mechanical properties. As illustraiad
Fig. 1a, we envisioned that a (partially) edible drone could
be deployed to a remote place and be ingested by a person
who needs emergency food. Hence an edible drone would
be consumable and designed to perform only a one-way
trip. Given that high-speed edible motors and associated
electronics are not yet available, we focused on replatiag t
structural section of the fixed-wing drone, i.e. the wing. In



general, the volume of the wing occupies the largest part ] Ceramics

a fixed-wing drone. We therefore hypothesized that maki Composites

this major component of a UAV from edible materials woul 442 Natural

itself allow us to significantly increase the drone’s inhére _ materials

food-carrying mass ratio compared to a non-edible dro & 1o

(refer Fig. 1b). Owing to this high ratio, an edible dron % Zagff;kfmg Metals
is a more cost-effective way to deliver target nutrientsthi ; 14

existing drones. As a proof of concept, the edible-wing¢ 3

drone proposed in this study has a wingspan of 678 n é 101 = o i
and can therefore provide 300 kcal of nutrition. In additior » - gach(393 keallkg)
shifting the nutrients to the wing structure frees the pastlo §)1°'2- golicgf/igg))
for carrying liquids, and the proposed drone can theorfica > 120 (930 keallkg)
carry 80 g of water. Considering a one-way trip and tt 10 Rice Cookie  Geldfin (2000 kcallkg)
possibility that the drone may not be entirely eaten, it wi GeTokealke) o Mg gEligtomers
leave less waste in the environment because it will be mc 104{6 pom 1300 s

biodegradable than its non-edible counterpart. Density, p (kg/m®)
The idea of using edible or biodegradable material
robotics has already been considered in a number of p Fig. 2. IComgé;risgn of YO_UTQ’S Eﬂodulﬂ() and dEfnsitie_Sd) of engir:eering
. : . materials and food materials. The properties of engingemiaterials were
VI_OUS works. Developme_nt of S.Oﬂ actuators us_mg edible reproduced from the Ashby chart [18] and other literatur@]{[21]. The
biodegradable materials is particularly well studied ¢dpi—  properties of a rice cookie were measured by the authors.rasteof the
[12]. Among them, gelatin was a widely chosen materie food material properties were obtained from [22]-[27]; trange bubbles

; . . show the range of? and p for a given material. GenerallylZ and p of
owing to its softness, low-cost, and ease of processing [( food materials are located between that of foam and elastdrhe calories

[8], [10]-[12]. Other materials such as living natto cel§ [ per unit mass of the food materials are also given based ocalbeie data

and popcorn kernels [9] were also considered as actuat in [28].

sources. Besides actuators, edible/biodegradable mlate

have previously been utilized to make robotic bodies;

self-propelling boat using edible wax and gelatin [13], first, followed by the selection of an edible adhesive, which
fermented robot made of vegetables [14], and an ingesti ¢an provide the strongest adhesion to the selected main
wound treating robot [15] are examples. Another growir Material.

field gaining attention is edible electronics and its agglan . ) . .

to robotics [16]. One recent study proposed a cellulos A Main structural material of edible wing

based strain sensor, which could potentially be used ir  Just like many existing wings, an edible wing should
flying wing [17]. Despite many previous developments i have a low density and high Young’s modulus for stable
edible robotics, however, an edible aerial system has ot and efficient flight. Lowering the density of an edible wing
been studied. Additionally, previous studies did not aim may reduce the food-mass ratio of an edible drone; however,
providing humans with nutritional energy. As a first effor it is compensated by the large volume of the edible wing
to fill the gap, this work provides a scalable design proce jtself. Maintaining a low mass is the foremost requirement
of a fixed-wing edible drone (refer Fig. 1c) and its outdocfor all scales of aircraft design. At the same time, the wing
flight demonstration. should be strong enough to avoid bending or material failure

The rest of this paper is organised as follows. The materiguring flight. These requirements favor using a foam, such
selection suitable for an edible wing is discussed in sacticas expanded polypropylene (EPP) as a primary structural
I, followed by the scalable design process of the propose#laterial for conventional fixed-wing drones. The Young’s
edible drone in section Ill. The fabrication process of thénodulus E and densityp of EPP exhibit high variance
edible drone and its flight test are given in section IVdepending on the EPP foam manufacturers, but they are
Lastly, the significance and limitation of the edible dronepositively correlated as shown in Fig. 2. These mechanical
and required future development are discussed in section pfoperties were collected from the literature [19]-[21Han
depicted on Ashby’s material property plot [18], which
concisely showss andp of common engineering materials.

As wings occupy the largest volume of a fixed-wing To identify a food material, which has the closest mechan-
drone, replacing the wings with food materials can provide &al properties to EPPE and p of different food materials
significantly higher nutrition-carrying mass ratio comgéito were also depicted on Fig. 2. The FAO-INFOODS database
a non-edible drone, which is pertinent to rescue missians. vas exclusively used to get densities [22], while Young’s
this study, the wings were designed to be edible, whereas thduli of the relevant food materials were obtained from
remaining structures (e.g., fuselage, electronics, etere other literature [23]-[27]. As the number of food materi-
built using conventional materials. An edible wing propibseals with known E and p are limited, some representative
in this study was fabricated by gluing main structural mater solid state foods were selected to give an indication of
als with edible adhesive. Thus, the main material is addcesstheir mechanical properties. Overall, tie and p of food

Il. MATERIALS FOREDIBLE WINGS



materials were positioned between the foams and elastomers
Nevertheless, for a suitable wing material, we needed to
find a food whoseE' and p were close to the EPP. One
of the most promising candidates was a puffed rice cookie Rice cookies
(off-the-shelf, Naturaplan), of which thé’ and p were
measured using a 3-point-bending test and mass of sample
of known size, respectively. The measurement results were
E = 10.4 £+ 1.3 MPa and p = 112 4+ 8.4 kg/m3. A rice
cookie is produced by applying high pressure to rice grains
at high temperature, which puffs the rice grains and lowers
the p significantly compared to other food materials. Besides
the similarity of £ andp to EPP, a rice cookie is also easily
machinable by laser cutting. Consequently, we chose puffed
rice cookies as a primary structural material for the edible
wing in this work.

Maximizing the number of calories per unit mass is also

essential to ensuring that an edible drone can efficiently 150

perform future rescue missions. In the case of a rice cookie, E

it has 3870 kcal per 1 kg (refer to Fig. 2), according to % [

the manufacturer’'s data. This is lower than the number of @ 100 r \ [
calories of some sweets (e.g., over 5000 kcal/kg for chéeola = Q

and candy [28]). However, the densities of those sweets are Uo_,) = < J -
5 ~ 8 times higher than that of the rice cookie [22], and E 50 % S £ o
therefore they are not suitable for prototyping an ediblegwi 2 O 5_—3 8 =
Rice cookies offer a very similar nutritional value (kcagjko ;‘E O @

other common foods, such as oats, barley, and pasta (Fig. 2), 0

however rice cookies are less dense and hence more suitalggle3 c , the adhesi - dibles _
; Ao ig. 3. Comparison of the adhesive stress of three ediblesads using
as a material for the edible nged drone. a tensile pulling test (a: specimen; scale bar: 2 cm, b: nreasnt result).

B. Sdlection of edible adhesive

The typical size of a rice cookie purchased from a sufor 10 consecutive test, the bonded site was never broken,
permarket is around 70 mm (in length). An edible wingbut the rice cookie itself failed aftet.6% extension. In
has a much larger area, which means that multiple ricaether words, gelatin maintained a strong bond until malteria
cookies need to be laser cut (to maximise adhesive surfadajlure of the rice cookie itself. The maximum tensile ssres
and connected by using an edible adhesive. In this studyeasured before the material failure was 150 kPa; the
we tested three types of edible adhesives; namely, cogelatin adhesive can withstand even higher tensile sthess t
starch, chocolate, and gelatin. Corn starch (Patissierg gl150 kPa as long as the rice cookie is not broken. Although
was prepared by mixing corn starch powder and warm waté@rwas difficult to quantify the adhesive stress of gelatie, w
(60°C) in a 1:1 ratio. Chocolate pellets (Callebaut) werecould conclude that it was stronger than both corn starch and
simply microwaved (1000 W, 20 s) before use as an adhesivehocolate; the former wa&.4 +18.3 kPa and the latter was
In the case of gelatin glue, gelatin powder (Sigma Aldrich)13.3 + 15.1 kPa. Therefore, gelatin was used as an edible
and warm water 0°C) was mixed in a 1:3 ratio. These adhesive throughout the study.
edible adhesives also provide a small amount of nutrients tl?l
the edible wing. T ]

To quantitatively measure their adhesive strengths, at led Design requirements
seven samples were prepared for each type of edible adheThis section describes the scalable design process of the
sive. The size and shape of the specimens were determirextible wing where the payload is reserved for water. In
by referring to the adhesion measurement sample showlms study, the mass of payload, drone without the pay-
in [29]. Note from Fig. 3a that two laser cut rice cookiedoad, and drone with the payload was denotedigsyioad,
were bonded by one of the three edible adhesives. It WaB., payload, and W (i.e., W = Wpayioad + Wio payload)
important to dry the bonded sites at least 12 hours to allovespectively. Here, we introduce one example of an edible
any water residue to evaporate. Each sample was then fixéne carrying 300 kcal as an edible wing and 80 g of
to a universal material tester (Instron 5965), and tensiess payload (e.g. water) &§/,ay10a4. NOte that300 keal is equiv-
(rate:0.08 mm/s) was applied until breakage of the bondedhlent to the calorie intake from an average breakfast [30].
site. The maximum tensile force divided by the cross sectioBy following the scalable design process of this work, a de-
of the bonded site (i.e., adhesive stress) was finally obthin signer could load other amounts of nutrition onto the drone,
and depicted in Fig. 3b for comparison. In the case of gelatidepending on their design requirements. Thg.yi0ad Of

SCALABLE DESIGN OF THEEDIBLE-WINGED DRONE
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Fig. 4. Design of an edible-winged drone for a given numbecalbries and payload. (a): statistical data from previoxsdfiwing drones ¥/, ay10ad:
payload, W: gross mass), (b): simplified illustration of an edible-géd drone in top viewd wingspan,c: chord, ¢: thickness,AR: aspect ratio,V.:
cruise speed), (c): the distribution of wing loadirig’(.S) with respect toV. and AR where the white dotted line indicates the design space oéditde
wing to allow it to have 300 kcal.

fixed-wing drones scales with their size [4], which means thdao be 200 kcal per 100 g, according to the calorie data of
delivering a higher payload, such as nutrition or water| wila commercially available gelatin-based adhesive [37].Un o
increase the size of the edible drone. According to stesikti preliminary test, we found that laser-cut rice cookies and
data collected from [4], [31]-[35], the ratid,.y100a/W Was edible adhesive were used in 4:1 mass ratio to concatenate
found to be 0.272 as shown in Fig. 4a. By settifig.yi0.q t0  into a flat plate of given area. By considering the kcal per
80 g, the resultantVy, payloaa bECaMe 214 g, and thereforegram data of each food material, we knew that 28.4 kcal
W = 294 g. This mass estimation was used in the rest ofvould be contained in00 cm? of edible wing. As a result,
the design process. S was calculated to b&056.34 cm? in order for the wing to
. _ contain 300 kcal. Since we estimatddas 294 g (2.88 N) in

B. Size of Edible Wing the previous section, the associated wing loadifig ) was

After an initial mass estimation, the edible wing itselffound to be27.3 N/m?2. Note that wing loading is a critical
needed to be designed. For simplicity, wing sweep or tapelesign parameter in aircraft design, which highly impacts
were not considered. Instead, the wing was modeled astl# lift coefficient, stall speed, and nutrition that it ideko
flat plate (thicknesst) as illustrated in Fig. 4b, as this carry in the case of an edible drone. During the cruise flight
edible wing was to be fabricated with rice cookies. Thef a propeller-powered aircraft, the following constradain
aerodynamic performance of a flat plate is generally inwariabe considered:
to its chord Reynolds numberk¢), with better perfor-
mance achieved as is decreased [36]. Thus, we limited

t to the thickness of a single layer rice cookie. Note that W/S = 1pV2V/meARCpq (1)
the chord length ) was used to evaluat®e = pVe/u e = 1.78(1 — 0.045AR-%%) — 0.64 (2)

throughout this paper wherg V, and i were air density

(1.225 kg/m?), characteristic velocity, and air viscosity Here e is the Oswald span efficiency factadR is the

(1.81 x 1075 kg/m - s), respectively. aspect ratio of the wing, an@p is the zero-lift drag coef-
As the nutritional content to be carried had already be¢iicient and is assumed to be 0.02 for a propeller aircraft.[38]

decided, the reference area of the edible wisg ¢ould The distribution of W/S with respect toV, and AR is

be calculated. According to the nutritional data providgd bgiven in Fig. 4c, where the godl/S = 27.3 N/m? is

manufacturers, 100 g of rice cookie provides 387 kcal. In thieighlighted with a white dotted line and is associate with

case of the gelatin adhesive, its calorie content was agbunm®00 kcal nutritional content as discussed earlier; eachtpoi



TABLE |
DESIGNPARAMETERS OF THEEDIBLE WING. NUTRITION TO CARRY,
payload: F2€, AND o ARE VALUES DETERMINED AT THE START OF THE
DESIGN PROCESS

of the white dotted line represents a unique size of the edibl
wing. Note that Fig. 4c is scalable with respect to calori
content. More precisely, when the amount of nutrition to be
delivered is changed$ will be adjusted accordingly. For

example, when the designer wants to increase the number of "Design Parameters Values
calories, the resultant white dotted line will move downegr Nutrition to carry 300 keal
and vice versa Payload Wyayioaa) 809
) : ) ) Estimated emptied drone masd’{, payload) 2149
For a giveniV/ S, the designer must choose one particular ~ Gross mass of drond/() 294 g
AR to prototype an edible wing. In this study, we focused on  Wing reference areas) 1056.3 cm?
one particular Reynolds numb&e = 1x10°, for the follow- Wing loading ¢V/) 273 N/m?
) P y . - ! . Wing aspect ratio A R) 4.3
ing reasons: a thin plate is more efficient than a conventiona  wing chord ¢) 155.9 mm
airfoil below a Reynolds number dke = 1 x 10°, while a \(/:Vm_gspan b)d 8?3;8 n/ﬂm
conventional airfoil performs best dte > 106 [39]. This ruise speedi(.) 0.096 x 105
happens because of the combined effect of early flow sep- Chord Reynolds numberi) (~ 1 x 10)
aration from an airfoil and late reattachment, which occurs Arfltgle Of; attack( (1)) 7.2°
o 5 5 Lift coefficient (C 0.5036
near the trailing edge wheh5 x 10° < Re < 1 x 10° [36]. Stall speed (2) 941 m/s

Therefore,Re = 1 x 10° can be considered as the upper limit
for a thin plate to function as a wing. By establishing such an
Re constraint, the exact size of the edible wing was finall
obtained (namelyAR = 4.354 whereb = 678.8 mm and

¢ = 155.9 mm). SinceV,. = Re-u/(pc), the resultant cruise  Thrust-to-weight ratio /W) is another dimensionless
speed wad/. = 9.43 m/s. Furthermore, the designé#l/S, parameter in aircraft design which quantifies the ratio of
V., andW are all consistent with the Great Flight Diagramthrust (") to W. Higher T'/WW accelerates a drone more
by Tennekes [40], which concisely shows the charactesisticapidly; however, an overly largd’/W requires a larger
of animal flight and of aircrafts of different scales. Themotor and battery power. Therefof&/1V of an edible drone
summary of design parameters for the edible-winged drorslould be appropriately adjusted. The requifEdiV for

. Thrust to weight ratio

presented in this paper are tabulated in Table I. cruise flight can be calculated as follows:
We also calculated the critical angle of attae®,(which
ensures thal. = 9.43 m/s is higher than the stall speed _ S L w
(V). Note thatV; is the minimum flight speed and needs to T/W =qCp w + mARqe S ©)

b intained and obtained from:
© maintained and oblained from whereCp is the drag coefficient of the edible-winged drone,

1, and ¢ = 0.5pV? is the dynamic pressure during cruise
w/s = §pVS CL max ®) flight [43]. By considering previously reportedp values
where(C;. .. is the maximum lift coefficient of an edible and the experimentally measured drag coefficient of a flat
wing [38]. Generally, more lift can be generated at higheP!at€ [42]-[44].Cp was chosen to be 0.045, and the resultant
angle of attack. The lift 1) generated by a rectangular ./ from (5) became 0.130. This value was similar to the
wing was calculated from the Lowry & Polharmus modell/W obtained from the thrust matching condition for cruise

given below [41]: fIig_ht (i.e.,7/W =1/(L/D)) [38]; the inverse of lift-to-drag
ratio (L /D) of a flat plate ate = 1 x 10° anda = 7.2° was

o 20t AR ) 0.161 [41]. The maximum thrust generated by the motor was
Ly it AR 1.079 N, which yielded the maximufi/1V of the edible-

winged drone as 0.374. As the maximUryi¥’ of the edible-
winged drone was- 2 to 3 times larger than the theoretical
T/W values, it was likely that the designed drone would
be able to fly by not necessarily actuate the motor at full
throttle.

Note thatWW/S = 27.3 N/m? and AR = 4.35 in (3) and
(4), respectively. By assuming, max iS equivalent to the
C, obtained from (4), the smallest critical which satisfies
V. > Vi, is 7.2°; in this caseV; was 9.41 m/s. Plugging in
AR =4.35 anda = 7.2° into (4) yieldedCp, = Cp pax =
0.5036. This result was similar t¢';, = 0.413 obtained from D. Tail wing design
the Anderson model [42]. Additionally, the experimentally™"
measured”;, of a flat plate ata = 7.2° was 0.549 when In this study, the tail wing was fabricated using an inedible
Re = 1x10° [41]. Thus, lettingC, max = 0.5036 obtained foam to focus our study to edible wings in isolation without
from (4) was a reliable estimation whenm = 7.2°. The the influence of other conventional parts. Two types of
highest lift-to-drag ratio L/ D) of a thin flat plate operating control surfaces (elevator and rudder) were employed for
at Re = 1 x 10° was 7 whena = 5° [41]. At the same maneuvering as shown in Fig. 5. When determining the
Re but with o = 7.2°, L/D = 6.2, which means that the size and position of the tail wing, a vertical tail volume
edible-winged drone can theoretically achieve 88.6 % of theoefficient ¢y1) and horizontal tail volume coefficient )
maximal L/ D generated by a thin plate wing model. were used, which are defined as shown below:
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Fig. 6. Fabrication method of the edible wing and its strengst. (a):
LyrSvyr LyrSur gluing of hexagonal shaped rice cookies, (b): the ediblegwias wrapped

Cvr = bSO CHT = TS () i plastic film for humidity protection, where = 150 mm and b/2 =

340 mm from the prototype; scale bar: 50 mm, (c): the deflecti®nof the

where Lyr and Lyr were the distance between the ed edible wing under distributed loal (), where a simulated lift forcé.s =

ible W|ng quarter-chord and the tail quarter-chord (ref( gob/z F(Z‘)d:{? The edible wing is fixed to a wing fixture (blue structure)
Fig. 5) [38]. Syr and Syr were the vertical tail area uring experiment.
and horizontal tail area, respectively. Generally,r was

designed to be 5 to 12 times larger thapr [38], [44]. \yithstand suchiv’g amount of lift, then the wing will be
We proceeded by predetermining the size and shape of ' 41en Thus, a strength test was also performed to ensure
tail wing first, then continued adjusting theyr andLur  gach half-wingspan edible wing can withstandiV g of lift.

to obtaichT_ = 0.05 and_cHT = 0.25. These coefficients 14 simulate the.5W g of lift applying to a half-wingspan
were determined by considering the fuselage length and wi (b/2) edible wing, a test bed was prepared as shown in

subsequently shown to be suitable values from the flight te Fig. 6¢. Here, a half-wingspan edible wing was connected to

the fixture (blue structure), and the resultant deflectiohet

. ) ) tip (9) was measured upon force distributifiiz). By letting
As already addressed in section II, the materials for tt ; _ rb/2 F(z)dz as a simulated lift force to the half-

; ; ; ; 0
edible wing were chosen to be puffed rice cookies, connect wingspan edible wing, its structural integrity is guaramte

utsi_nQ gelatin adhesive. Hexagonal tiling has b_een proven {then the half-wing can at least withstaiid = 0.5Wg or

divide a_surface into regions of equal areas with the Ioweﬂigher. In this study, Schrenk’s approximation was used to

total perimeter [45]. Thus, a hexagonal pattern was chasend;, iate the spanwise force distribution [38]:

minimize the additional mass added by the edible adhesive.

The rice cookies were laser cut into either hexagonal or 1{Wg / T \2

half-hexagonal (isosceles trapezoidal) shapes and glitad w F(z) = o\ + foy/1 - (m) (7)

gelatin to create a planar structure, as illustrated in 6&y. '

Subsequently, the entire wing was dried at room temperatushere f, was the y-axis intercept of'(z). Three different

for 12 hours. The wing was then divided into two halved., were applied to the half-span wing by stacking granule-

and each half further processed separately. One piece fied bags onto the wing surface, and the result@nwas

the edible wing (i.e., half-wingspan sized) is shown immeasured. As shown in Fig. 6¢c, the wing exhibited 1.2 mm

Fig. 6b. Here, the measuredand b/2 were 150 mm and of deflection on average when no load was applied. When

340 mm, respectively displaying less thaft fabrication L, was 1.04 N and 1.56 N, the associatadvas 3.7 mm

error compared to the designed values in Table I. To preveahd 5.9 mm on average, respectively. However, the half-

any humidity damage, the entire wing surface was wrappegpan wing was broken upon applyifig = 2.09 N; meaning

in plastic film and tape. The mass of one complete ediblghat the maximuny., which can be supported by the half-

wing (full wingspan), including the protection film, waswing was between 1.56 N and 2.09 N. Nevertheless, the

100 g. structural integrity of the edible wing was verified as it
During the level flight of the edible-winged drone with acould withstandL, = 0.54Wg. This implied that a full-

full payload, a lift generated from the edible wing must bespan edible wing could withstandl.081WW ¢ of lift. As a

equal to its own weight¥ g, whereg = 9.81 m/s? is the result, the proposed edible wing was verified to withstand

gravitational acceleration constant. If the edible wingroat  the lift required to maintain the level flight of the edible-

IV. FABRICATION AND FLIGHT TEST



winged drone with full payload. Furthermore, by considgrin approach enables an edible-winged drone to carry more
0.54Wg = 0.75Wyo payloadg the proposed wing could also water as a payload. Additionally, the scalability of the
withstand 1.5 times the lift required to maintain the leveproposed design can load other nutritional values required
fight of an edible-winged drone without payload. by an endangered person. However, further research effort
The proposed edible-winged drone is shown in Fig. 1ds needed to i) further increase the total calorie conteat th
The fuselage was made of a 0.5 m long hollowed carbon rodan be provided (by developing an edible fuselage, edible
which was chosen based on excellent material strength. Ttal wing, etc.) and improve the nutrient composition (i.e.
edible wing was mounted to the fuselage with(& dihedral ratios of macro-nutrients such as protein, carbohydratds a
angle for stable flight. All of the electronics were locatad alipids) to meet the requirements defined by WHO for human
the frontal side for stable mass balance during the flightwtrition; ii) store additional payload, such as wateridasan
Here, the brushless motor (AP05 3000kv), equipped with edible container without significantly increasing the auef
5030 propeller, was used to generate thrust. In addition, twarea exposed to the air; iii) investigate and incorporateled
micro servo motors (Blue Arrow, torque: 0.8 kg-cm) weresensors or edible electronics to increase the mass ratio of
employed to actuate the elevator and rudder of the tail wirlpe biodegradable/edible part of the drone; iv) exploreeoth
(recall Fig. 5). All of the motors were remotely controlledmethods to fabricate the wing or drone, for example, by 3D
by an ordinary 2.4 GHz RC (radio control) transmitter angbrinting, to improve fabrication efficiency and reduce time
receiver set. The edible-winged drone was powered by an
18.2 g Li-Po battery (7.4 V, 260 mAh) for at least 10 VI. ACKNOWLEDGMENT
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