TNU Journal of Science and Technology 230(02): 80 - 87

RESEARCH ON OPTIMAL CALCULATION
OF QUADCOPTER FRAME STRUCTURE

Nguyen Hoang Quan, Luong Thi Na, Do Huy Diep*
University of Engineering and Technology - Vietnam National University, Hanoi

ARTICLE INFO

ABSTRACT

Received: 12/11/2024
Revised: 17/02/2025
Published: 17/02/2025

KEYWORDS

UAV

Quadcopter frame
Design structure
Optimize structure
Ansys

The structural frame of an unmanned aerial vehicle is a critical determinant
of flight performance and payload capacity. With the expanding
applications of unmanned aerial vehicles in various fields such as
agriculture, disaster relief, transportation, and military operations, there is
an increasing demand for lightweight, durable, and aerodynamically
optimized frame designs. This paper presents a structural analysis and
optimization approach for a quadcopter frame, a type of unmanned aerial
vehicles designed to carry a 2 kg payload. Based on the static structural
analysis results, an optimal computational method for the quadcopter
frame is proposed. The optimized model exhibits a 2.76% reduction in
weight compared to the original design, a 66% reduction in storage
volume when folded, and an evenly distributed load capacity without
localized stress concentrations. The results underscore the importance of
structural analysis and optimization in unmanned aerial vehicle design,
particularly in achieving a balance between weight reduction and load
capacity. Based on these research results, a small-scale unmanned aerial
vehicle prototype will be developed in the near future for training and
technology transfer at the University of Engineering and Technology,
Vietnam National University, Hanoi.
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TU KHOA

May bay khong nguoi lai
Khung Quadcopter

Thiét ké

Ti wu két cau

Phin mém Ansys

Két cau khung cua may bay khong nguoi 1ai la yéu t6 quan trong quyét dinh
hiéu suat bay, kha nang chiu tai cua thiét bi. Véi sy mé rong tng dung cua
may bay khong nguoi lai trong nhiéu linh vyc nhu nong nghiép, ciu ho van
tai va quéan sy, nhu cau vé cac thiét ké khung nhe, bén va tdi wu hoa vé khi
dong hoc ngay cang tang. Bai bao nay trinh bay phuong phap tinh todn két
c4u va t6i uvu héa khung Quadcopter, mot dang may bay khong nguoi lai, dé
cho vat ndng 2 kg. V6i bai toan toi wu hoa két cau nay, tir két qua cua hé
phan tich két cu tinh, quy trinh tinh toan t6i wu cho khung Quadcopter duoc
dé xuét. Mau dé xuét co khung nhe hon 2,76% so v6i miu ban dau, thé tich
chira db sau khi gap giam 66% so véi ban dau, kha nang chiu luc duoc phan
bd déu, khong xuét hién img suat cuc bo. Két qua nghién ctru nhan manh tim
quan trong ctia phan tich va tdi uu héa két ciu trong qué trinh phat trién may
bay khéng nguoi lai, dac biét 1a trong viée can bang glua giam trong luong
va kha ning chiu tai. Dya trén két qua nghién ciru ndy, mau may bay khong
ngudi 1ai ¢ nho s& dugc ché tao phuc vu dao tao va chuyén giao cong nghé
tai Truong Pai hoc Cong nghé, Pai hoc Québc gia Ha Noi trong thoi gian tai.
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1. Mé dau

Sy tang trudng bung nd cua thwong mai dién tir trong nhiing nam gan day cling kéo theo su
phat trién ciia cac dich vu logistics [1]. Cac hinh thirc giao hang truyén thdng thuong duoc thuc
hién bang xe tai nho, xe may, v.v. dang chiu ap luc boi chi phi nhién liéu va thoi gian giao hang.
Loai hinh van chuyén hang hoa st dung méy bay khong nguoi lai (Unmanned Aerial Vehicle -
UAV) dang dugc phat trién & nhiéu nudce nhu My, Singapore, Ireland [2] — [4]. UAV ¢6 nhiéu loi
thé trong viéc sir dung khong gian ¢ do cao ma khong bi han ché boi co sé ha tang duong bo hay
Un tic giao thong. O nudc ta, UAV chi phé bién trong linh vyc quan sy, giai tri va ndng nghiép.
Chua noi nao ché tao véi muyc dich vén Chuyen hang hoa. Thyuc té ndy da nay sinh y tuong tién
hanh nghién ciru, hoc hoi, phat trién va san xuat UAV van tai ¢ Viét Nam.

Dé thiét ké, Ché tao UAV thyc hién mot muyc tiéu cu thé, cac yéu td ky thuat, yéu cau an toan
bay can duoc thuc hién qua nhiéu cong doan, nhidu bai toan nhu: phén tich két ciu, khi dong bién
dang canh, cac hé thong dién - dién ta, v.v. [5]. Cac phan tich danh gia trudc hét duoc thuc hién
bang viéc mo phong trén cac phan mém chuyén dung nham thu thap cac két qua dé danh gia phan
hoi cua mau thiét ké d6i voi nhitng didu kién da cho nham giam thiéu nhitng chi phi mau vat va
thoi gian thir nghiém.

Bai toan toi wu két cdu dé tim ra dang hinh hoc, vat liéu khung 1a mot phan trong qua trinh
thiét ké, ché tao UAV. Ddi véi cac thiét bi bay, két ciu quan trong nhét 1a khung. Tuy thudc vao
nhiém vu cua minh, UAV duoc trang bi thiét bi khac nhau dan dén sy diéu chinh hinh dang hé
thong khung d& can phu hop véi trong tai [6], [7]. T ¥ twong do, nghién ctu thiét ké toi uu
khung cho Quadcopter, mot loai két cau UAV, ché vat pham nang 2kg dugc thuc hién trong bai
bao nay, qua d6 quy trinh thiét ké, tinh toan t6i wu két ciu duoc xay dung va ap dung vao thyc té.

Trong bai bao ndy, mé hinh Quadcopter duoc thiét ké bang phan mém thiét ké CAD -
Solidworks, va dugc phén tich bén, md phong dong luc hoc dua trén phuong phap phan tu hiu
han bang phan mém CAE — ANSYS Static Structural [8], [9]. Quy trinh thiét ké toi wu két ciu
dugc dé xuat dé chon duoc mau Quadcopter phi hop nhit.

2. Co s& ly thuyét

Vé thiét ké khung, mau khung Quadcopter ban dau dugc 1én ¥ tuong va thiét ké trong moi
truong CAD bang phan mém Solidworks. M6 hinh dugc dwa vao phan tich két cau bang phan
mém CAE - Static Structural (ANSYS) dé phén tich cic bai toan vat Iy co hoc. Trong phan mém
ANSYS, ta thyc hién cic budc gan vat lidu cho timg thanh phan caa khung, tién hanh chia lui
toan khung d&, dat cac diéu kién bién dé phan mém c6 thé thyc hién chuong trinh giai ra két qua.
Véi bai toan két cu, két qua phan mém dua ra cho biét gia tri chuyén vi, trudng @ng suat; tir d6
tinh toan kiém tra d¢ bén, bién dang, t6i wu hoa két cau.

2.1. Cac phwong trinh co bdn va phwong phdp gidi

Déi voi bai toan tinh toén két cAu, viéc ap dung phuong phap phan tir hiru han nhém muc tiéu
tim chuyén vi, ung suat va bién dang cua vat thé dua trén phuong phap tinh toan s6. Dudi tac
dung cua lyc, cac thanh phan chuyén vi theo cac phuong x, y, z lan luot 13 u, v, w duoc biéu thi
bang vector chuyén vi: u = [u, v, w]”

Céc thanh phan tensor bién dang dugc ky higu: € = [ex &y & Vyz Vax yxy]T
Trong d6 mbi quan hé gitra bién dang va chuyén vi dwoc biéu thi bang cac phuong trinh sau:

ou dv ow
Ex =T &y =T = ——
* T ox' Y Ty’ 2T 9z
du  Ov du  ow v ow
ny_zgxy_@‘k@r)&z_ngz_a+arVyz_zgyz_a_z E (1)

Céc thanh phan tensor ing sudt: o = [o, 0, 0, Ty, Tax rxy]T
Theo [8], mdi lién h¢ giira g suét - bién dang suy ra tir dinh luat Hooke tong quat: ¢ = De
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Vi D 1a ma tran 6x6 va dugc goi la ma trdgn ddc trung cua vt liéu do nd chi phu thudce vao
tinh chat cua vét liéu nhu modul dan hoi E va hé s6 Poisson v cua vat liéu.

rl —v v v 0 0 0 ]
v 1—v v 0 0 0
_ E | v v 1-v 0 0 0 @)
a+v@a-2v)| 0 0 0 05—v 0 0
0 0 0 0 05—v 0
0 0 0 0 0 05—v

Thiét lap dit lidn dau vio:

- Théng sé coly vit kéu
Théng s6 hinh dang két cau
Théng s6 vé hedi tinh todn

- Dang tai trong tac dung

ANSYS:
Théng s6 co hoc cia vit lidu

- Dieu kién bién Théng 56 hinh hoc cia khung
Théng s6 chia lu6i
Cac diéu kién bién_tii tron
'S ~

Thiét lap ma trén d§ ciing K. Vector luc F.
| Vector chuyén vi Q

l

Gidi hé phuong trinh KQ=F

1

i ™
Tinh todn cac dailwgng khac

(Ung suit, hién dang, kiém tra bén. )

L A

Hién thi két qua tinh toan:
Cic bifu do, ddthi. .
Tép dit liéu tinh todn

Tinh toan cho ra két qua ing sudt, chuyén vi, va

: Gia i
hé 56 an toan (SF) 1a ¢6 khung

\

Fuiti >1
Oworking

SF =

Loathod
mau khung

Téi vu khung: muc tién
+ Gim trong lugng
+ Thém bt dé tang tinh ning
+ Dam bio véu td thim mi

Khung Quadcopter t6i vu

Hinh 2. So do quy trinh t6i wu

Hinh 1. So do khéi ciia chicong trinh
PTHH [8]
Giai thuat tinh toan bang phuong phap phan tir hitu han (PTHH), dugc miéu ta trén Hinh 1, 1a
di tim ma tran chuyén vi rdi tir 46 4p dung cac dinh luat va nguyén 1y & trén dé tinh ra wng suit va
bién dang tai ting diém cua két cau.

2.2. Phwong phdp toi wu cho két ciu

Ti wu két cu 13 viéc tim ra hinh dang hinh hoc hop 1y cua két cu trén co s& bao dam céac
diéu kién vé d6 bén ciing nhu diéu kién lam viéc di dit ra véi trong lwong hodc chi phi vat liéu
thap nhat. Ngoai ra, t6i wu hoa két cau con bao gom thao tac thém bot cau Kién dé tao ra cac tinh
nang tot hodc ting tinh thAm my cho két cau. Bai toan t6i wu dugc dit ra nhu sau [4]:

Cuc tiéu hoa (hodc cuc dai hoa) ham muc tiéu: Z = f(x1,%X2, ) Xn) 3

Véi diéu kién rang budc: gi(xq, %3, o, xp) {=,=,<3 b (4)

Trong bai bao nay, dé téi vu khung Quadcopter, dai luong lua chon dé toi wu 1a trong lugng
cua khung. Ngoai ra, trong qua trinh tham khao cac mau Quadcopter dang c6 trén thi trudng, bai
bao dé xuat phuong an diéu chinh cu kién de cho Quadcopter ¢6 thém tinh néng g4ap gon gitp
giam thé tich chtra dung sau khi sir dung ma van dam bao yéu cau chg vat pham nang 2kg. Ham
rang budc & ddy 1a hé s6 an toan cua vat liéu. Hé s6 an toan (SF) 1a ti s6 gitta d6 bén kéo t6i han
(yield ultimate strength) cia vat ligu véi tng suét lam viéc (working stress). Néu h¢ sé SF nho
hon 1 thi vi tri xay ra tng Suat lam viéc d6 dugc danh gia la khong an toan. Hinh 2 biéu dién so
dd phuong phép t6i wu két cau.
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3. Thiét 1ap mé hinh mé phéng va tinh toan, phan tich két qua
3.1. M6 hinh hoa khung Quadcopter

(a)

Hinh 4. M6 hinh Quadcopter t6i uu (a) khung Q2,

Hinh 3. M6 hinh Quadcopter ban dau — Q1 va (b) khung Q3

Qua trinh mé hinh hoa dé dung khung Quadcopter ban dau (khung Q1) dugc thuc hién trén
phan mém thiét ké co khi Solidworks. Kich thudc ban dau cua Quadcopter sau khi ban vé dau
hoan thanh c6 kich thudc dai x rong x cao la 620 mm x 620 mm x 300 mm va co trong lugng
khoang 632,06 g. Trong bai bao nay, c6 3 mau khung duoc sir dung 1a mau Q1, Q2 va Q3 (Hinh
3 va Hinh 4). Trong d6, cac mau khung Q2 va Q3 duoc dung 1én sau khi tdi wu dan tir mau khung
ban dau Q1.

Hinh 5 va Hinh 6 mo ta kich thudc hinh hoc cua ba mau khung Q1, Q2, Q3. Cac tam trung
tam c6 cung kich thudc bao ngoai 160 mm x 160 mm x 5 mm. Trén hai khung Q1 va Q2, thanh
Arm dugc lién két ¢6 dinh véi 2 tAm trung tim. Véi truong hop khung Q3, thanh Arm c6 thé
xoay goc 45° va lién két voi hai tim trung tdm qua 2 chi tiét méi 1a dau ¢ dinh truc xoay caa
Arm (goi tat 1a FX45) va X45 gi(yi han goc xoay 45°.

| . 8 u

Hinh 5. Tdm thdn cia cdc mau khung a) Q1, b) Q2 va c) Q3
(b)

Hinh 6. Viing lién két Arm va cdc tam trung tam a) Q1, Q2 va b) Q3
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3.2. Thiét Igp diéu kign bién cho mé phéong

Tre 14 loai vat liéu dugc sir dung dé 1am khung Quadcopter. Tre c6 trong lugng nhe, déo, dai,
chiu lyc cao, va pho bién ¢ nudc ta. Ngoai ra, tre con 1a loai vat li¢u xanh, phat trién bén virng,
than thién véi moi truong. Bang 1 gidi thi¢u thong so

) , T Bang 1. Mot vai ddc tinh co hoc cua tre[10
dac trung co ly cho loai tre dugc dung d¢ thiet ke cho ang ot vai dde tinh co hoe cia tre[10]

Quadcopter [10]. _Tre Gia tri ;
Khi phan tich tinh, khung Quadcopter chiu cac lyc Khoi luong riéng 812 kg/m
va tai trong tac dung bao gom: lyc day hudng 1én & Mo dun dan hoi 6255 MPa
Hé s6 Poisson 0,3

bdn dong co; tai trong cua céac thiét bi, linh kién duoc
dat trén Quadcopter; tai trong ctia chinh khung
Quadcopter. Trong nghién ctru nay, dong co quay st dung la dong co T-motor MN601S KV170
v6i pin Lipo 6S (khoang 22,2V). Canh quat (Propeller) dy tinh sir dung c6 chidu dai D = 217 voi
Pitch P = 6,3". Trong d6, Pitch 1a quang dich chuyén tinh tién ctia quat sau khi quay duogc 1 vong
360°. Ta c6 cong thirc tinh, luc day cua dong co [7] cho nhu sau:

Ty = P x D3 x RPM? x 107 %z = 6,3 x 213 X (22,2 x 170)? x 107 1%z = 83,10z ~ 23N

Luc day con lai cua timg dong co tic dong 1én dé dat dong co sau khi triét tidu di trong luong
cua motor la: Ty = 23 — 3 = 20(N)

Tam trung tim chiu tai trong ciia cac thiét bi linh kién nhu pin, thiét bi dinh vi, thu phat va cac
thiét bi khac. Trong lugng cua cac thiét bi nay 1a 15N, tic dong vao tAm trung tim & trén.
Quadcopter mang vat pham c6 khdi luong 2 kg (xap xi 20 N). Tai trong nay s& dit vao mat dudi
cia tdm trung tim dudi. Cac diéu kién bién duoc 4p dung trong phan tich tinh ciia khung duoc
thé hién trong Hinh 7.

Sau budc thiét lap diéu kién bién va chia ludi cho két cau, phan mém tién hanh tinh toan, thoi
gian tinh toan con phu thudc vao sd luong nit ludi va cau hinh may cta nguoi dung. Trong bai
toan nay, so lugng diém nit va phan tir duoc chia st dung trong chia lu6i 1a: 1166027 nat va
235400 phan tir. Qué trinh tinh toan két thice, tuy thude vao két qua | can ldy ma phan mém cho ra
nhimg hinh anh md phong va céc truong So li¢u tinh toén. Ttr cac s6 lidu md phong thu dugc lay
ra két qua cua g SUat va chuyén vi va tién hanh ti wu két cau. Sau dé tién hanh so sanh két qua
VELng sut ciia hai mau trudc va sau diéu chinh.

Ung suat toi han 92,84 MPa

RemoteForce

Time: 1,5
Resmote Force 320N
Remote Force: 20N
Remote Force 4 20N
Remote Force .20, N
Remote Force 5:15,N
Remote Force &:20, N

8 Ficed Suppont

1,5944 Max
1,4173

1,2402

1,062

0,88502

0,7033

053168
035456
017744
0,0003193 Min

V 7
. £
Lo
000 100,00 {mrm) -
)

50,00

Hinh 7. Cdc diéu kién bién Hinh 8. Ung sudt phdn bé tai tam than cia khung Q1

3.3. Phan tich, danh gid két qu

Muc dich cua viéc téi vu 1a loai bo két ciu du thira dé 1am nhe két cdu, hoic thay ddi cu kién
dé tang tinh thém my ma van dam bao muc tiéu yéu ciu ban dau cua két ciu. Hinh 8 biéu thi gid
tri tng suét tai tam trung tdm cua khung Q1. Sau qua trinh phén tich s6 liéu, ta thdy tng suat &
cac by phan nhu tam trung tam trén, tam trung tam dum co gia tri hé s6 an toan cao. Didu nay
chung to khung Quadcopter thira bén dé chiu tai nén can dugc loai bo bt ket cau du thira. Dya
trén két qua phan tich trén, khung Q2 duoc tao ra bang cach cit khoét mot sb khu vuc trén hai
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tam trung tam cua khung Q1, khung Q3 duoc tao ra dya trén sy thay thé canh tay c6 thé gap gon

cho Quadcopter. Cac két qua tinh toan cho cac mau khung duogc trinh bay trong cac bang, biéu do

va nhan xét nhu dudi day.

Biang 2. Chuyén vi I6n nhdt (mm) trén cdc b6 phan Bang 3. Tho”nig ké ket qui ANS\QS cho ing suat lon
cia 3 mau khung Q1, 02 va Q3 nhat (MPa) cia 3 mau khung

Chuyén vi Max Q1 Q2 Q3 Ung suat Max Q1 Q2 Q3

Tém than trén  0,70937 0,72193 070664  lamthantrén 15944 1,4187  1,5829
TAmthan dudi  0,71178 0,72193 070876  lamthandudi — 1,3836 12639 1,5461
Arm 0,70238 0,70973  0,70252 AM 49817 51991 58891
Pé ditdong co 0,53877 0,54008  0,52203 Dedatdongeo 39285 3,8028  3,9604
Chantiép d4t  0,1888 0,1891  0,18656  Chan tiép dat 5,8952 7,7265 7,842

Ong T 0,11953 0,12003  0,11833 OngT 11,818 11,38 10,995
Gia do dé 052772 052988 051118  Gia do dé 5,8168 6,2814 59184
Gia gitarm  0,70165 0,7088 Gia giit arm 6,691 6,7175

FX45 0,70332  FX45 1,7818
X45 0,70107  X45 5,1853

Tu Bang 2, ta thu dugc cac bjéu dd so sanh vé chuyén vi 16n nhét cua khung Q1, Q2 va Q3.
Hinh 9 biéu dién cac gia tri chuyén vi I6n nhat trong tieng bo phan.

Chuyén vi (mm)
08 5Q1 ®=Q2 DQ3

)

0,6

04

02 £k

k e
TTwén TT  Arm  Dédat Chan OngT Giads Giagit FX45  X45
dudi dong co tiep dat de arm

Hinh 9. Biéu do so sanh mirc chuyén vj trong 3 mau khung Quadcopter

Két qua thu duoc cho théy chuyén vi cua ting b6 phan trong cac khung chénh 1éch nhau
khong dang ke Gia trj chuyén vi rat nhé hon 0,8 mm. Trong ca ba mau, vj tri chuyén vi 16n nhit
nam & cac tdm trung tim — noi chiu ngoai luc tac dong Ion nhét trén toan h¢ khung. Gia tri nay
I6n hon 6 1an gi4 tri chuyén vi nho nhat & chi tiét 6ng T. Panh gia vé chuyén vi, ta nhan thiy
chuyén vi caa ca 3 mau khung khong c6 su khac biét qua nhidu vé do 16n nén chua thé xac dinh
duoc mau khung nao ti wu hon.

Ung suat 16n nhat trong tung bo phén cua 3 mau khung Q1, Q2 va Q3 duoc liét ké trong Bang
3 va Hinh 10. Vi mau khung Q1, tng suat I6n nhét trén dng ndi T cao gap 8,5 lan ung suat 1on
nhat & tAm trung trung tim dudi. Vi mau khung Q2 va Q3, ti 1& nay 1an luot 13 9 va 7,1. Két qua
cho thay wng suit 16n nhat caa mau khung Q3 giam 7% so véi mau khung Q1, giam tir 11,818
Mpa xuéng con 10,995 MPa.

Muc tiéu toi uu duoc dat ra 1a giam bét trong luong két cau khung dé Quadcopter dam bao
chiu lyc trong qua trinh van hanh. Tir két qua phan tich & trén, ta nhan thdy mau khung tdi wu
dugc lya chon 1a mau khung Q3. Mau nay c6 cac vu diém sau:

* Pat myc tiéu nang vat nang 2 kg.

« Khéi lwong giam 2,67% so v6i mau khung Q1 (Hinh 11).
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« Gia tri tng suat trung binh nhé nhat trong ba mau khung. Gia tri tng suat 1on nhét ciing thap
hon khupg Q1 va Q2. ~
* Thé tich cat chira khung Q3 giam 66% so vai hai mau khung Q1 va Q2.

Ung suit 16n nhit (MPa)

12 - oQl Q2 0Q3
10
8 7
6 = N
4 =pry
@00l Ig :
0 N
TTtrén TT dudi Arm be dat Chén Ong T Gia  Gia gitr FX45 X45
dong co tiep dat dode arm
Hinh 10. Biéu do so sanh g sudt 16n nhdt trong 3 mdu khung Q1, Q2 va Q3
Thé tich khéng gian cét chira (cm”3) Khéi lwong két ciu (kg)
1,11E+05 1,11E+05
120000 LE+ Et 0,65 0,63206 0 50036 0.61462
100000 06 !
80000
0,55
60000
3,75E+04 0,5
40000
20000 é 0,45
0 0,4
Q2 Q3 Q1 Q2 Q3

Hinh 11. Thé tich khéng gian cdt chira va khoi heong cua 3 mau khung Q1, 02 va 03
4. Két luan

Nghién ctru nay da dé xuit giai phap t6i vu hoa két cau khung Quadcopter dap g yéu cau
mang tai trong 2 kg. Quy trinh tinh toan t6i wu dya trén cac cong cu md phong sé va phuong
phap phan tir hitu han dwoc giéi thiéu chi tiét. Két qua cho thay trong lugng khung giam 2,76%
s0 VoI mau ban dau, dong thoi thé tich giam toi 66% khi gap canh tay. Mau khung nay dam bao
cac tiéu chudn vé& do bén, ung suit va chuyén vi, phu hop dé san xuat Quadcopter dap ung nhu
cau van chuyén hang hoéa tai Viét Nam. Han ché cua nghién ciru 13 cac két qua cha yéu dua trén
md phong phan mém ma chua c6 thir nghiém vat 1y dé kiém ching do bén va hiéu suit ciia mau
khung UAV trong diéu kién van hanh thyc té. Trong thoi gian t6i, nhoém s& thyc hién ché tao
nguyén mau va tién hanh cac bai kiém tra thuc té v& kha nang chiu tai, hiéu suit bay va d6 on
dinh. Song song véi do 1a so sanh dbi chiéu két qua thuc nghiém vai két qua tinh todn mé phong
dé cai thién va hiéu chinh mé hinh tinh toan tir 46 hoan thién quy trinh ché tao may bay khong
nguoi lai thuong mai.
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