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Editor Subject: [IJPEDS] Editor Decision "Design and implementation of electrical system DELETE
522637- morphing wing flight control on prototype light aircraft"

234133 The following message is being delivered on behalf of International Journal of Power
Electronics and Drive Systems (IJPEDS).

-- Paper ID# 22444

-- ORIGINAL RESEARCH PAPER: minimum 25 references & REVIEW PAPERS: minimum 40
references

-- IJPEDS GFA & Template (MS Word version): https://iaescore.com/gfa/ijpeds.docx

-- IJPEDS GFA & Template (LaTeX version): https://iaescore.com/gfa/ijpeds.rar

Dear Prof/Dr/Mr/Mrs Christian Leonard,

We have reached a decision regarding your submission entitled "Design and implementation
of electrical system morphing wing flight control on prototype light aircraft" to International
Journal of Power Electronics and Drive Systems (IJPEDS), a SCOPUS indexed Journal,
Scimago Journal Ranking (SJR): 0.346, CiteScore: 3.3, and SNIP: 0.638.

Our decision is: Revisions Required

The presentation of the simulation and/or experimental setup (in the Method section) must
be clear and complete in every detail, facilitating reproducibility by other scientists. Present a
picture of your simulation and/or experimental setup and describe your work clearly. The goal
of your revised paper is to describe novel technical results. Please prepare your revised paper
within eight (8) weeks. Read the checklist for preparing your revised paper for publication at:
https://ijpeds.iaescore.com/index.php/IJPEDS/about/editorialPolicies#custom-4. Please try to
follow the format as closely as possible.

Please submit your revised paper in MS Word file format (zip of your LATEX source files if you
presented your paper in LATEX) and submit it through our online system at the same ID
number (NOT as a new submission) or simply by replying to this email (ONLY if you have
problems).

I look forward for hearing from you
Thank you

Best Regards,

Prof. Dr. Sanjeevikumar Padmanaban
Aarhus University, Herning
ijpeds@iaesjournal.com

IMPORTANT!!

1). PLEASE ADHERE STRICTLY THE GUIDE OF AUTHORS http://iaescore.com/gfa/ijpeds.docx
(Use this file as your paper template!!)

2). It is mandatory to present your final paper according to "IMRADC style" format, i.e.:
1. INTRODUCTION

2. The Proposed Method/Algorithm/Procedure specifically designed (optional)

3. METHOD

4. RESULTS AND DISCUSSION

5. CONCLUSION

See http://iaescore.com/gfa/ijpeds.docx

3). Add biographies of authors as our template (include links to the 4 authors' profiles, do not
delete any icons in the template). Provide links for all authors to the 4 icons (Scholar, Scopus,
Publons and ORCID). It is mandatory!!

4). Prepare all your tables strictly adhere the guidelines (NOT as figure)

5). Use different PATTERNS for presenting different results in your figures/graphics (instead
of different colors). It is mandatory!!

6). Please ensure that all references have been cited in your text. Use a tool such as
EndNote, Mendeley, or Zotero for reference management and formatting, and choose IEEE
style. Each citation should be written in the order of appearance in the text in square
brackets. For example, the first citation [1], the second citation [2], and the third and fourth
citations [3], [4]. When citing multiple sources at once, the preferred method is to list each
number separately, in its own brackets, using a comma or dash between numbers, as such:
[1], [3], [5]. It is not necessary to mention an author's name, pages used, or date of
publication in the in-text citation. Instead, refer to the source with a number in a square
bracket, e.g. [9], that will then correspond to the full citation in your reference list. Examples
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of in-text citations:

This theory was first put forward in 1970 [9].

Blaabjerg [10] has argued that ...

Several recent studies [7], [9], [11]-[15] have suggested that....
... end of the line for my research [16].

We usually expect a minimum of 2n+9 references (for original research paper) and 4n+18
(for review/survey paper) primarily to journal articles, where n=page length of your papers
(in simple words for 8 pages, number of references are min 25 for research papers, and 50
entries for review/study papers). Citations of textbooks should be used very rarely and
citations to web pages should be avoided. All cited papers should be referenced within the
text of the manuscript.

7). Please present all references as complete as possible and use IEEE style (include
information of DOIs, volume, number, pages, etc). If it is available, DOI information is
mandatory!! See http://iaescore.com/gfa/ijpeds.docx

Please also pay an attention to double check your final camera ready paper:

(1) Introduction section: explain the context of the study and state the precise objective.
Introduction section should be presented in 3-6 paragraphs. An Introduction should cover the
following three (3) parts:

- Background: Authors have to make clear what the context is. Ideally, authors should give
an idea of the state-of-the art of the field the report is about.

- The Problem: If there was no problem, there would be no reason for writing a manuscript,
and definitely no reason for reading it. So, please tell readers why they should proceed
reading. Experience shows that for this part a few lines are often sufficient.

- The Proposed Solution: Now and only now! - authors may outline the contribution of the
manuscript. Here authors have to make sure readers point out what are the novel aspects of
authors' work. Authors should place the paper in proper context by citing relevant papers. At
least 10 references (recent journal articles) are referenced to support this section.

(2) Conclusion section: Summarize sentences the primary outcomes of the study in a
paragraph. Are the claims in this section supported by the results, do they seem reasonable?
Have the authors indicated how the results relate to expectations and to earlier research?
Does the article support or contradict previous theories? Does the conclusion explain how the
research has moved the body of scientific knowledge forward?

(3) About Figures & Tables in your manuscript:

- Because tables and figures supplement the text, all tables and figures should be REFERRED
in the text. Authors MUST EXPLAIN what the reader should look for when using the table or
figure. Focus only on the important points the reader should draw from them, and leave the
details for the reader to examine on her own.

- Tables are to be presented with a single horizontal line under: the table caption, the column
headings and at the end of the table. All tables are produced by creating tables in MS Word.
Captured tables are NOT allowed.

- All figures MUST be presented in high quality images.

The following template should be used for responses to reviewers:

I would like to thank the reviewers for their insightful feedback. All comments from Reviewer
1 are highlighted in yellow, those from Reviewer 2 are highlighted in red, and those from
Reviewer 3 are highlighted in green.

Reviewer 1

Comment 1: There are some references that are not required.

Response: We thoroughly updated our references; 5 references were eliminated, and two
were replaced by more recent publications.

Comment 2: The presentation of Figures 2 and 3 should be improved.
Response: The necessary adjustments have been made.

Comment 3: Equation (2) seems to be incorrect.

Response: Equation (2) is correct. This can be proven as follows:...

In order to clarify equation 9 in the manuscript, the following remarks have been added...
etc.

All changes for reviewer 1 are highlighted in yellow in the main text.

Reviewer 2

Comment 1:
Response:

Comment 2:
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Response:

Comment 3:
Response:

All changes for reviewer 2 are highlighted in red in the main text.

Etc.

Such a document clarifies everything and will aid the reviewers in evaluating the work fast.
When providing your amended primary document files, you must also upload your corrections
statement. Before your manuscript, the declaration of revisions should appear.

Reviewer F:

Does the title of the paper accurately reflect the major focus contribution of this paper?:
Yes

If No, Please suggest change of the title as appropriate:

Is the abstract an appropriate and adequate digest of the work?:
Yes

Is the paper clear, concise, and well organized?:
Yes

Rate of the contribution strength to the field is represented in this paper:
Good

Rate the scientific quality of the paper?:
Good

As far as your knowledge, have the authors already published a very similar paper?:
No

If yes, kindly please cite below:

Do authors place the paper in proper context by citing relevant papers?:
Yes

Is the paper free from obvious errors, misconceptions, or ambiguity?:
Yes

Is the paper written in correct English?:
Yes

If No, please note grammatical errors and suggest corrections:

Are the references in IJPEDS style?:
No

Are the figures and tables in IJPEDS style, clear, relevant, and are the captions adequate?:
Yes

Is the length of the paper adequate?:
Yes

Please mark appropriate scale for the overall grade for this paper? (A score of 7 or above
typically provides ground for IJPEDS acceptance):
6

Reviewer's comments and suggestions to improve the paper. (If it is not possible, kindly
please use separate sheets or a copy of the paper for comments and suggestions for revision.
Indicate whether revisions are mandatory or suggested. Please use word processing type
format if possible, and then upload or submit via email to Ijpeds@iaesjournal.com):

"- Please simplify the abstract into max. 200 words

- Setting the figure using two spaces for the figure's distance from the paragraphs before and
after it, and one space for the figure's distance from the title, make sure all Figures match
those settings

- Figure 9 is mentioned and explained in the body text, but Figure 9 is not in the paper.
Number the figure consecutively according to the first mention (sequential order). First figure
in your text is written Figure 1, second figure is written Figure 2, etc.

- Table settings with paragraphs before and after the table using two spaces and no spaces
for table titles with tables and lines in the table using 3 lines

- Too few references, enrich at least 25 references, by writing IEEE-style references and
including DOI. Use tools like EndNote, Mendeley, or Zotero for reference management and
formatting, and choose an IEEE style

https://ijpeds.iaescore.com/index.php/IJPEDS/author/viewEditorDecisionComments/22444#16433 3/6
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- Social media is incomplete, please complete the social media id of all authors (Scopus,
Orcid, Google Scholar, Publons/Web of Science). If you don't have all these accounts, create
at least 1 account (mainly orchid ID)"

Reviewer G:

Does the title of the paper accurately reflect the major focus contribution of this paper?:
Yes

If No, Please suggest change of the title as appropriate:
Is the abstract an appropriate and adequate digest of the work?:
Yes

Is the paper clear, concise, and well organized?:
Yes

Rate of the contribution strength to the field is represented in this paper:
Good

Rate the scientific quality of the paper?:
Good

As far as your knowledge, have the authors already published a very similar paper?:
No

If yes, kindly please cite below:
Do authors place the paper in proper context by citing relevant papers?:
Yes

Is the paper free from obvious errors, misconceptions, or ambiguity?:
Yes

Is the paper written in correct English?:
Yes

If No, please note grammatical errors and suggest corrections:

Are the references in IJPEDS style?:
Yes

Are the figures and tables in IJPEDS style, clear, relevant, and are the captions adequate?:
Yes

Is the length of the paper adequate?:
Yes

Please mark appropriate scale for the overall grade for this paper? (A score of 7 or above
typically provides ground for IJPEDS acceptance):
8

Reviewer's comments and suggestions to improve the paper. (If it is not possible, kindly
please use separate sheets or a copy of the paper for comments and suggestions for revision.
Indicate whether revisions are mandatory or suggested. Please use word processing type
format if possible, and then upload or submit via email to Ijpeds@iaesjournal.com):

Abstract:

Remove "It is hoped that the concept of the morphing wing can be implemented and further
developed so that it can be used on full-scale aircraft. "

Reviewer I:

Does the title of the paper accurately reflect the major focus contribution of this paper?:
Yes

If No, Please suggest change of the title as appropriate:

Is the abstract an appropriate and adequate digest of the work?:
Yes

Is the paper clear, concise, and well organized?:

https://ijpeds.iaescore.com/index.php/IJPEDS/author/viewEditorDecisionComments/22444#16433 4/6
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Yes

Rate of the contribution strength to the field is represented in this paper:
Good

Rate the scientific quality of the paper?:
Good

As far as your knowledge, have the authors already published a very similar paper?:
No

If yes, kindly please cite below:

Do authors place the paper in proper context by citing relevant papers?:
Yes

Is the paper free from obvious errors, misconceptions, or ambiguity?:
No

Is the paper written in correct English?:
No

If No, please note grammatical errors and suggest corrections:
Many obvious errors. The authors have to re-read the entire paper

Are the references in IJPEDS style?:
Yes

Are the figures and tables in IJPEDS style, clear, relevant, and are the captions adequate?:
Yes

Is the length of the paper adequate?:
Yes

Please mark appropriate scale for the overall grade for this paper? (A score of 7 or above
typically provides ground for IJPEDS acceptance):
9

Reviewer's comments and suggestions to improve the paper. (If it is not possible, kindly
please use separate sheets or a copy of the paper for comments and suggestions for revision.
Indicate whether revisions are mandatory or suggested. Please use word processing type
format if possible, and then upload or submit via email to Ijpeds@iaesjournal.com):

the comments are written in another file

International Journal of Power Electronics and Drive Systems (IJPEDS)
http://ijpeds.iaescore.com

Editor Subject: [IJPEDS] Editor Decision "Design and implementation of electrical system DELETE
égZSé morphing wing flight control on prototype light aircraft"

2?4:46 The following message is being delivered on behalf of International Journal of Power
Electronics and Drive Systems (IJPEDS).

-- Paper ID# 22444

-- We will usually expect a MINIMUM of 25 REFERENCES primarily to journal papers (for
research paper)

-- IJPEDS Guide for Authors & Template: https://iaescore.com/gfa/ijpeds.docx

-- Please attach your similarity report checking that the result is below 25%

-- uses software such as iThenticate or Turnitin

-- Paper will be rescheduled/cancelled for publication, if the similarity index is more than 25%
-- Authors should write "research grant or contract" in the acknowledgement section.

Dear Prof/Dr/Mr/Mrs Christian Leonard,

It is my great pleasure to inform you that your paper entitled "Design and implementation of
electrical system morphing wing flight control on prototype light aircraft" has been initially
ACCEPTED and will be published on the International Journal of Power Electronics and Drive
Systems (IJPEDS), a Scopus/Scimago]R indexed journal (CiteScore 2021: 3.3, SNIP 2021:
0.638, SJR 2021: 0.346). Congratulations!

- The paragraphs in section 3, ""Results and Discussion,"" need to be elaborated into three
sentences.
- Author needs to include social media accounts such as Orcid, Publons/WoS ResearchiD,

Google Scholar, and Scopus. Especially Orcid.

Please submit your below documents to ijpeds@iaesjournal.com within 30 days
1. Final camera ready paper (in MS Word file format, or LaTeX source files)
2. Similarity report checking (that the result is below 25%, uses software such as iThenticate
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or Turnitin), and
3. Payment evidence

Your paper will be published after fulfilling all requirements for publication (strictly follow the
guidelines at https://ijpeds.iaescore.com/index.php/IJPEDS/about/editorialPolicies#custom-
5). The presentation of the simulation and/or experimental setup (in the Method section)
must be clear and complete in every detail facilitating reproducibility by other scientists.
Present a picture of your simulation and/or experimental setup and describe your work
clearly. For your information, according to international regulations, the similarity score of
camera-ready paper should be less than 25%. A single author is NOT acceptable, and will
never publish in this journal. The editor(s) will decide whether or not your camera-ready
paper is complete and meets the final guidelines. Please present each reference as
completely as possible while adhering to IEEE style (including volume, number, pages, and
DOIs). Failing to make a proper revision may lead to the delay of your paper for publication,
even may lead to the rejection of your paper.

When you send in all of the above documents and your final paper follows all of the final
instructions, your paper will be judged "fully accepted." It will be the date of your paper's
acceptance. Authors also should write "research grant or contract" in the acknowledgement
section.

We appreciate your interest in the journal.

Best Regards,

Prof. Dr. Sanjeevikumar Padmanaban
Aarhus University, Herning
ijpeds@iaesjournal.com
http://ijpeds.iaescore.com

In order to cover part of the publication cost, each accepted paper is charged: USD 295
(~IDR 4300K). This charge is for the first 8 pages, and if any published manuscript over 8
pages will incur extra charges USD 50 (~IDR 800K)per page (included references and
biographies pages).

The payment should be made by bank transfer (T/T):

Bank Account name/Beneficiary (please be exact): TOLE SUTIKNO
Bank Name: Bank Central Asia (BCA)

Branch Office: Kusumanegara

City: Yogyakarta

Country :Indonesia

Bank Account #: 8465122249

SWIFT Code (BIC) / IBAN: CENAIDJAXXX

or as alternative, you can pay by using PayPal to email: ijpeds@iaesjournal.com

Bank's detailed address:

Bank BCA Kusumanegara,

JI. Kusumanegara No. 18,

City: Yogyakarta,

Province: D.I. Yogyakarta (DIY),
Country :Indonesia,

Post Code: 55165,

Indonesia, Phone: +62 274 418896

The Beneficiary’s address:

D2, Griya Ngoto Asri, RT 06, Bangunharjo, Sewon
City: Bantul

Province: D.I. Yogyakarta (DIY)

Post Code: 55187

Country: Indonesia

Phone: +62 274 4331796

International Journal of Power Electronics and Drive Systems (IJPEDS)
http://ijpeds.iaescore.com

Close
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This journal discusses the implementation and testing of the electrical
morphing wing system on light aircraft prototypes, namely technology on
the wing to increase the value of aerodynamic efficiency on the wing surface
with experimental methods based on knowledge obtained from various
literature sources. Using a configuration of eight servo actuators arranged in
parallel for the aileron and flap functions as well as setting and control with
a six-channel Flysky-FSi6 remote to control the movement of the master and
slave aileron actuators as well as the flap function on the morphing wing.
The design includes the layout of the actuator, setting commands on the
remote and wiring system electrical components. Other aspects such as rib
design, mechanism and material selection affect the overall distribution of
motion produced by the servo actuator. Through the design of the electrical
system morphing wing design on the prototype aircraft, it is proven to be
able to support the needs of the morphing wing motion mechanism with the

concept of an arrangement of eight actuators in parallel on the rib morphing
wing. It is hoped that the concept of the morphing wing can be implemented
and further developed so that it can be used on full-scale aircraft.

This is an open access article under the CC BY-SA license.

©00
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1. INTRODUCTION

Transportation has been developed and will continue to be perfected, given the need for high
mobility, comfort, and shorter travelling times [1]-[4]. Today, airplanes are still one of the choices of
transportation modes that are considered fast, comfortable, and safe. All these advantages are followed by
one drawback, namely the expensive ticket prices due to the large operational costs. This can be suppressed
by developing a new technology which can reduce operational costs such as the use of more efficient fuel.
One way to improve the efficiency of fuel usage is to modify the shape of the aircraft. By modified the shape
of the aircraft especially the wings, by doing this the amount of drag on the aircraft can be reduced so that it
flies more aerodynamically and more efficiently [5].

The drag is one of four forces that determine whether aircraft can fly or not. The other three forces
are trust, weight and lift. Drag force is a problem in the world of aviation. Because higher drag will reduce
flight efficiency, from an aerodynamic point of view, drag will affect fuel consumption in flight operations
which requires propulsion to work harder so that fuel requirements increase [6]-[8], this will also lead to
emission pollution problems [9] and noise caused by aerodynamic noise [10]. The part of the aircraft that is
used to process the force generated by the aerodynamic shape is the wing of the aircraft, so it is very
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important to pay attention to aerodynamic efficiency in this section [11]. This statement shows that the shape
of wings can improve the efficiency and aerodynamic of the aircraft.

There are many previous study and research have been done to improve the aerodynamic efficiency
of the wing by increasing the flexibility of the geometry and shape of the surface which is also known as the
morphing wing, its ability to change the structural geometry adaptively can increase the aerodynamic
efficiency of the aircraft [12]-[16]. Several previous studies conducted experiments and research to improve
this morphing technology so that it can be implemented on full-scale aircraft wings [17]. Development and
research are developed from various aspects such as the use of appropriate materials, structural design,
mechanisms, and controls [18]-[21].

The flexible morphing movement and different movement positions with conventional wings [22]
are a challenge for researchers to design the electrical morphing wing system. Previous researchers
conducted various tests and methods in the control morphing wing, such as shape memory alloys (SMA),
piezoelectric actuators (PZT), and shape memory polymers (SMP) [23], developing a two degree-of-freedom
(DOF) mechanism [24]. placement of the actuator position to perform the desired mechanism movement
[25], so that the morphing wing movement can also meet the aircraft movement on the longitudinal axis
which is to meet the needs of rolling motion and flap function which serves to optimize the aerodynamic
performance of the wing [26]-[28]. Through the design of the electrical morphing wing system design on this
prototype aircraft, it can support the needs of the morphing wing motion mechanism with the concept of the
arrangement of eight actuators in parallel on the morphing rib. It is hoped that the concept of the morphing
wing can be implemented and henceforth it can continue to be developed not only on prototype aircraft but
also on larger-scale aircraft.

2. METHOD

The method used is an experiment based on methods obtained from various literature sources. Tests
and experiments were carried out on a prototype light aircraft depicted in Figure 1. In designing this aircraft,
a definite concept was needed in order to obtain the appropriate results for the purpose. The selection of
hardware and software which is the implementation of the mechanical system and control system on the
aircraft greatly affects the design of the aircraft, so that the aircraft becomes more accurate in maneuvering
according to the orders given. The basic concept is a guideline for planning something in doing the electrical
system design, where this concept contains steps and instructions to determine what support is needed in
designing such as the movement mechanism that will be produced by rib morphing [29]-[31]. Figure 2
shows the rib design that will be researched and tested in this paper.

Figure 1. Design of prototype light aircraft Figure 2. Design of rib morphing wing

The research stages include previous research study, aircraft design preliminary concept, aircraft
body manufacture, morphing wing manufacture, rib morphing testing, electrical assembly, control program
settings, overall aircraft design implementation, testing to prove the electrical and control system design is
able to accommodate the morphing wing mechanism. The process of taking functional data from the rib
deflection test using the 120% end points parameter on the Flysky-FSi6 remote. By placing the control stick
position at the maximum position for channel 2 movement of the aileron control plane and the VrA channel 5
position at the maximum position. This test is intended to see the ability the rib morphing wing deflection
produced in this design. The data collection process for the deflection value can be seen in Figure 3(a). The
data collection process for the actuator servo functionality used, namely the Servo Motor SG90 Micro Servo,
is carried out by setting the end points in multiples of 10% from 10-120%. The deflection angle data is
documented and presented with changes in control from the remote, with VrA channel 5 control on the flysky
remote-fsi6, can be seen in Figure 3(b) the data collection process. The electrical and material type
component morphing wing in Table 1. The materials and structures applied to the design of the morphing
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wing will of course also affect the mechanism and distribution of motion that will be produced. The type of
material used in the design of the morphing wing on this light aircraft prototype, considering the changing
chamber positions and reducing the energy required to drive the morphing requires flexible materials and
structures [32].

(b)

Figure 3. Data collection method (a) rib station functionality test and (b) servo actuator functionality test

Table 1. Electrical and material type component morphing wing

No. Electrical component No. Electrical component
1. Motor brushless Turnigy D3536/8 1000 KV brushless outrunner motor 8. Link bar wing mechanism (aluminum)
2. Electronic speed control predator ESC 100 A 9. Rib morphing wing (PETG)
3. Motor servo SG90 micro servo 10.  Tip morphing wing (ABS filament)
4, Motor servo MG996R 11.  Root morphing wing (ABS filament)
5. Battery TATTU 2300 mAh 4 cells 12.  Spar morphing wing (aluminum)
6.  Remote flysky FS-i6 (6 channels) 13.  Stringers morphing wing (aluminum)
7. Skin morphing wing (mica plastic 0.3 mm)

3. RESULTS AND DISCUSSION

Based on the processes and design methods previously mentioned, to determine the performance,
results, and reliability of the flight control system, a testing process was carried out. Tests are carried out in
stages starting from design testing, aircraft design analysis, testing of rib movement mechanism, material
testing, component testing to function properly. Wing motion test using an electrical system that has
previously been designed.

3.1. Wiring diagram morphing wing prototype light aircraft

The full wiring diagram of the Flysky-FSi6 remote control is shown in Figure 4. This remote has 6
channels, the operator can give six commands from the remote to be channeled and received by the receiver.
Then from the receiver with a cable connector, it is connected to each electrical component to carry out its
duties according to the commands sent by the remote control. The power supply comes from a battery
mounted on the ESC to drive the brushless motor, through the cable connector ESC to the receiver module,
the supply power is also distributed to the receiver module and to each servo actuator. In the morphing wing,
the servo actuator for the flap is connected to channel 6 where there are four servo actuators connected to
three Y cables, so the command is only from one switch on the remote control. For the inboard aileron there
are two servo actuators, one on the left wing and one on the right wing connected to channel 5 with a Y
cable. For the outboard aileron there are two servo actuators, one on the left wing and one on the right wing
connected to channel 6 with a Y cable. Then the combination of motion of the inboard aileron and outboard
aileron will be programmed via the remote, so that it can be moved simultaneously or separately.

3.2. Morphing wing actuator servo configuration

Based on the need to basic requirement of aircraft to perform a rolling motion on the longitudinal
axis of rotation and downward bending of the flap to increase lift. Researchers conducted a literature study
and discussion with the manufacturing and design divisions, and found the results of the configuration of the
movement and placement of the servo actuator in parallel which is placed on the rib with force distribution
through the link bar to move the trailing edge [33], in order to meet the needs of the mechanical motion of the
morphing wing. The aileron movement is deflected between the right wing and left wing, the outboard aileron
right wing is in the opposite direction of movement from the outboard aileron left wing, the inboard aileron right
wing is in the opposite direction of movement to the inboard aileron left wing. The difference in the direction of
motion or deflection of the inboard and outboard ailerons because the servo installation position is opposite
from one servo to another, the position of the white lever facing the wing tip, can be seen in Figure 5. The servo
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aileron on the same wing side must be in the same direction because the resulting movement is also in the
direction. If the right-wing aileron goes down, the left-wing aileron will go up, so the plane will roll left. If the
right-wing aileron goes up, the left-wing aileron will go down, so the plane will roll right.

The flap movement moves downward from the normal position. Flap serves to increase lift during
take-off and increase lift and drag during landing. The installation of the four servo actuators faces the same
direction, so that the direction of movement is the same as can be seen in Figure 5. What distinguishes it from
conventional wings is that the angle of each station wing from tip to root is different considering its elastic
and flexible structure. If the conventional wing flight control surface is separated from the main body wing,
then the morphing wing flight control surface becomes a single unit with the main body wing and the same
skin layer, which is expected to overcome and reduce drag to make it more aerodynamic and efficient.

WIRING DIAGRAM Control fully remote Flysky-FSi6
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Figure 5. Servo actuator mounting configuration on rib morphing wing

3.3. Flight control program

To produce a combination of movements of eight servo motors on the wing with two types of
commands, namely rolling motion by outboard and inboard ailerons, outboard movement, and inboard flap
actuator on the inside of the wing to increase lift by flap movement, it is necessary to program the remote so
that the movement of each servo can move with a certain configuration. For the aileron movement, the
movement of the right-wing aileron and left-wing aileron deflects in opposite directions. As explained earlier,
the configuration of the servo placement affects the movement. However, to perform right or left rolling, the
inboard ailerons and outboard ailerons must move together.

To set this combination of movements, it can be set on the mixing menu on the Flysky-FSi6
Remote, where the results of this design are as follows; channel 1 acts as Master and channel 5 acts as Slave
see Figure 6(a), where channel 1 is the outboard aileron and channel 5 is the inboard aileron. Then the
movement of the inboard aileron will follow the movement of the outboard aileron. In this case channel 5
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with source VrA see Figure 6(b) on the remote can be moved independently, while if you move channel 1
with source stick control, the slave will follow the movement of the master. For flap movement as described
previously in the wiring diagram, the flap with cable connector is connected to channel 6. Where channel 6
with SwC source on the remote has three positions, namely off, middle, and fully down. Then the flap
movement is moved by 4 servos connected by a Y cable in parallel and the position of the servo is in the
same direction so that the resulting movement will be the same and in the same direction. The selection of
inboard ailerons and outboard ailerons on different channels and using the program mixing feature on the
remote is to make it easier for the operator to adjust the end points of the servo actuator as can be seen in
Figure 6(c). This is very concerned by researchers to improve flight efficiency and control stability while
flying, because the configuration of the angle size on the outboard side and inboard side will affect the
sensitivity of rolling motion. It also makes it easy for the operator to control the sensitivity of the aileron's
movement via the remote.

";;mx =fAux. chanmels: —Fna points —
sHi i —

Hix is »Chammel 5 Chi#120% 120
Haster s Source Urf Chz 100¥ 100
Slave Ch3 100w 100%
Pos. mix Chawmel & Cha 160 1007
Meg., mix Source SuC Chs 120% 120
Offset ¢hé 1207 120%

@) (b) ©)

Figure 6. Program on remote Flysky-FSi6: (a) mixing, (b) auxiliary channels, and (c) end points

3.4. Flight control actuator test results

Based on the electrical system circuit as described in sub-chapter 3.1. It is important for us to ensure
that the servo motion can meet the motion requirements. This test is done by testing the value of the servo
actuator output angle with remote control. The test is done manually by using tools such as protractor and
needle which is connected to the servo actuator lever. Then test the rib angle before and after skin
installation, this aims to get the actual value of the influence of the servo actuator movement on the rib
mechanism. From the test, the results of the rib movement are influenced by other variables such as the
selection of materials, installation parts, manufacture, or the selection of electrical components.

3.4.1. Actuator servo movement angle measurement results

The test is carried out by connecting the servo to channel 1 and changing the end points sequentially
from 10% to 120% and then decreasing in multiples of 10%. The results are as shown in Figure 7. The test
results show that the change in the end points on the remote control linearly affects the change in the angle of
the servo motor. With end points 120%: 104° servo movement, this result is enough to prove that the remote
control can work well with servo movement.

Remote control end points value against servo motor sg90
60
52
50
a0
30

20

Angle of Arm Servo

10

0% 20% 40% 60% 80% 100% 120% 140%

End Points Remote Control

Figure 7. Remote control end points value against servo motor sg90

3.4.2. Rib angle measurement results after actuator installation

The results of the measurement of the rib angle after the servo actuator installation is important to
determine how much movement change is obtained after the morphing mechanism is driven by the servo
actuator. Before testing, the researcher determined the station based on the order of ribs from tip to root,
which can be seen in the numbering of the ribs in Figure 8. Ribs 1-4 are the aileron control plane and ribs 5-7
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is the flap control plane, where the movement of the aileron control plane ribs can move up and down. while
the control plane of the flap only moves middle down and fully down, that's why in Figure 9 ribs 5-7 it
remains O because it has no up movement, as is the case with the flap function.

The tests were carried out to determine the maximum rib angle at maximum UP and maximum down.
The result of these tests shows that the angle of each rib morphing was not homogeneous, it can be seen in
Figures 9(a) and 9(b). This is influenced by the shape and installation of the link bar servo rib mechanism which
is not the same either. In Figure 9, the deflection values generated at each station are presented, then a line is
also presented to be able to see the deflection comparison between each station. The blue line on the graph
shows the deflection on the right wing while the red line shows the deflection on the left wing.

Figure 8. Rib numbering

Rib fully down position right wing and left wing Rib fully up position right wing and left wing maximum
maximum movement angle comparison movement angle comparasion
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Figure 9. Rib deflection test right wing and left wing (a) rib fully down position and (b) rib fully up position

4. CONCLUSION

The design of the electrical system flight control morphing wing technology circuit with the
characteristics of using a large number of actuators to produce varied movements on the wing. The solution
for a large number of servo movements can be completed with the right wiring to perform the same
movement and program mixing on the remote as well as other parameters such as end points control for
variations in the servo motion angle. The selection of the flight control electrical system circuit configuration
must consider the mechanical movement of the morphing wing and the material used in order to adjust the
motion requirements for the morphing wing mechanism. Configuration of servo positioning and wiring is a
solution to produce servo actuator movement according to flight control needs on prototype morphing wing
aircraft. A good installation and manufacturing of a series really supports the performance and homogeneous
rib angle movement between the left wing and right wing on the morphing wing, so that the servo mator
actuator movement can be well distributed.

The results of the measurement of the angle of motion of the servo actuator against commands from
the remote control can function properly and are considered capable of meeting the motion needs for the
morphing wing mechanism. The servo movement against the rib mechanism can function well. The problem
is the shape of the link bar which is not homogeneous, and the installation is not good so that the movement
also becomes inhomogeneous. The morphing motion becomes increasingly limited. When the skin is
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installed, the structure of the mechanism becomes less flexible so that the load for the servo motor becomes
heavier. If forced to overload the servo will heat up and lose its function and then be damaged.
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