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Abstract: This article proposes the calculation and preliminary design of a
thrust measurement test stand for an electric Propulsion Ducted Fan (eDPF) -
a propulsion device currently widely researched in Urban Air Mobility (UAM)
and electric Vertical Take-Off and Landing (eVTOL) aircraft. Initially, a 3D model
of the thrust test bench is used to study the structural mesh independence
according to the maximum von Mises stress and evaluate the mesh quality
parameters. Using a commercial structural numerical simulation package, the
investigated model is improved by several changes in geometric dimensions
such as heights and positions. After comparing the maximum von-Mises stress
of the test bench with values like ductile strength and tensile strength, the
results indicate that the improved model performs well under a 2000 N thrust
condition. After simulation, the improved model yields a maximum von Mises
stress of 119.5 MPa, which is lower than the aluminum's yield strength of 259
MPa. Numerical analysis allows us to develop a recommended model of the
test stand to put into further production and conduct experiments to measure
eDPF thrust according to rotation speed. In addition, the problem of reducing
vibration caused by the test stand and integrating additional measurement
parameters such as torque, acoustic, etc. also be noted in the future.
Keywords: eDPF, Test Bench, Structural Simulation, von-Mises stress,
Deformation.
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Tom tat: Bai viét nay dé xuét viéc tinh toan va thiét k& so bo bo dirng thir
nghiém do lwc ddy cho déng co day dién sir dung dng huéng dong (eDPF) -
mot thiét bi déy hién dang dwoc nghién ctru rong rai trong linh vwe van tai hang
khong d6 thi (UAM) va may bay cét ha canh thang dirng bang dién (eVTOL).
Ban dau, mot mé hinh 3D cuia khung thtr nghiém do lwc day dwoc siv dung dé
nghién ctu d6 doc lap lwdi dwa trén (ng suat von-Mises cuc dai. S¢ dung
phan mém mé phéng sb cu tric thwong mai, mé hinh dwoc nghién ciru dwoc
cai tién théng qua mot sb thay ddi vé kich thuwéc hinh hoc nhw chiéu cao va vi
tri. Sau khi so sanh &ng suét von-Mises cuc dai clia khung thr nghiém v&i cac
gia tri nhw d6 bén déo va dd bén kéo, két qua cho thdy mé hinh cai tién hoat
dong tét & diéu kién lwc day 2000 N. M6 hinh cai tién sau khi mé phéng cho
két qua &ng suét von-Mises cuc dai la 119.5 MPa, nhé hon gi¢i han d6 bén
déo ctia nhém 1a 259 MPa. Phan tich sb cho phép chuing ta phat trién mét md
hinh d& xu4t cho khung thtr nghiém dé dwa vao san xuét tiép theo va tién hanh
céac thir nghiém do lwc day eDPF theo téc do quay. Ngoai ra, van dé giam rung
gay ra b&i khung thir nghiém va tich hop cac théng sé do bd sung nhw momen
x0&n va am hoc ciing dwoc ghi chi d& nghién cu trong twong lai.

T khéa: Dong co day dién c6 6ng hwéng dong, Khung thir nghiém, Mé phéng
céu tric, 'ng suét von-Mises, Bién dang.

1. Gi&i thiéu

Nhitng ndm gan day, nhu ciu ngay cang
manh mé dbi v&i cac phwong tién bay st dung
nang lwong sach da kéo theo yéu cau can phai
phat trién mét loai ddng co phu hop. Véi ngudn
nang lwong st dung la dién, dong thdi co nhivng
wu diém vwot trdi so véi cac dong co truyén thdng
st dung nang lvgng hoéa thach nhw: hiéu suét cao,
gidm tiéng 6n va kha nang tich hop vao cac thiét
ké may bay v&i kich thwéc nhé va trong lwong nhe,
Electric Propulsion Ducted Fan (eDPF) la mét
trong nhirng dang déng co phu hgp v&i nhirng yéu

cau trén. Tl d6 nhirng nghién ctru vé quat day dién
c6 6ng hwdng dong da va dang duoc tién hanh.
Khai niém “Ducted fan” hay quat c6 str dung
dng hwdng dong, da dwoc Luongo va cac cdng su
[1] kiém tra bang thwc nghiém lan dau tién vao
nhirng nam 1930. C4c thi nghiém va ly thuyét da
dwoc dwa vao dé phat trién va nghién ciru trén loai
déng co nay. Muén nghién ctru va phat trién dong
co day dién cé 6ng hwéng dong, viéc tim hiéu cac
théng sd nhw lwc ddy, mé men xoan, tiéng on... 1a
diéu thiét yéu. Vi vay can thiét phai nghién cuu,
ché tao cac bd khung thir nghiém dé xac dinh cac
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thong sb trén.

Qua tim hiéu, nhém tac gid nhan thay rang
nghién ctru vé khung thtr nghiém cho cac loai dong
co ¢b lwc ddy vira va nhé it dwoc quan tdm, cac
nghién ctru vé cac dong co thudc loai nay chd yéu
tap trung vao hé thdng cam bién dé thu thap div
liéu [2-4]. Tuy nhién cling da cé mét vai nghién ctru
nhw: Ugur Kokal cung cac cdng s [5] da phat trién
va kiém tra khung th&r nghiém lwc dy cho déng co
day plasma cong suét thap hay thiét bj kiém tra lwc
day vi md ctia hé théng day dién siéu am cua
Weiguo He [6] va cac cong sw. Cac nghién clru vé
khung (bé) thr nghiém chi yéu tap trung cho cac
dang déng co cb lyc déy I&n nhw ddéng co tryc
thang, dong co’ tén Itra,...[7-11]. Viéc nghién clru
céu truc khung thtr nghiém cé thé gidp loai b cac
chi tiét khéng can thiét va déng thai tang gidi han
lam viéc. Trong bai bao nay, nhém tac gia sé thiét
ké mét bo khung thir nghiém cho déng co déy dién
VasyFan VF-390 va tién hanh mé phéng sb dé
kiém tra két qua va sau dé cai tién khung thir
nghiém dé no cé thé mé rong gidi han lam viéc va
an toan hon. Két qua nay c6 thé mang lai loi ich
trong viéc nghién ctru, ché tao va cai tién céac loai
dong co day dién c6 dng hwéng dong trong twong
lai.

2. B6i twong nghién clru

Truwong & nnk

Hinh 2. Khung thi* nghiém véi cac kich thuéc co
ban
Bang 1. Vat liéu va khdi lwong ctia khung thiy
nghiém nghién ctru

Vat liéu Khéi lwong (kg)
Khung nhém .
dinh hinh Nhoém A6061 T6 4.4453
Khung nhom < 1 A6061 T6 4.9438
hép
Ktlung thép Thép SS330-JIS 14.299
hop G3101

Céc kich thwéc va hinh dang dwoc thiét ké
cho dong co VasyFan VF-390 (Hinh 1). Nhom tac
gid sé& dé xuat 1 md hinh cho khung th& nghiém
ban dau va s dung 3 loai vat liéu (Bang 1) dé ché
tao la: nhédm dinh hinh, nhém hdp va thép hop. Sau
khi m6é phéng sé chon ra vat liéu thich hop v&i muc
dich str dung nhat dé phat trién tiép. Kich thwéc
tdng quan cta khung thtr nghiém (DxRxC) nhw
sau: 600mmx514mmx415mm. Cac kich thwéc trén
dwoc minh hoa nhw & Hinh 2.

Do hinh dang twong tw nhau ctia thép hop va
nhom hoép, nén ca 2 loai vat liéu nay sé cung co
chung mét mé hinh khung th&r nghiém.

3. M6 phéng sé

Ly thuyét phan t& hiru han (The Finite-
Element Method) da dwoc tac gia Richard G.
Budynas dé cap trong quyén Shigley’s Mechanical
Engineering Design [12]. Day la co s& va tién dé
virng chac dé xay dung bai toan md phéng két cu.
Trong bai toan két ciu, c6 2 thong s6 ma nhom tac
gid khao séat d6 la ing suét von-Mises va bién dang
tbng. Theo tac gid Ferdinand P. Beer cla quyén
Mechanics of Materials [13], hai théng s nay dwoc
xac dinh b&i cac cong thirc nhuw sau:

(ng suét von-Mises:

2 2 2
(01-02)"+ (02-03)"+ (03-01)
Y 2 Ve
Trong dé: 04, 05, 03 lan lwot la cac wng suét theo

3 phuwong x, y, z.
Bién dang tong:

€= /€§+€§+€§
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Trong do, €, €, €, lan lwot la cac thanh phan bién
dang theo 3 phwong x, y, z.

Trong phan tich CAE (Computer-Aided
Engineering), phan tich (rng suét von-Mises duoc
st dung dé danh gia do bén cla két cau. Vai tro
chinh ctia phan tich nay la: danh gia d6 bén chung
dé xac dinh xem liéu két cu c6 da manh dé chju
dworc tai trong hodc diéu kién 1am viéc khéng. Bang
cach tinh toan rng suat von-Mises, cac khu vuc cod
nguy co cao hon clia két ciu co thé dwoc xac dinh.
Diéu nay gilp nhan biét cac diém yéu va tbi wu héa
thiét ké dé cai thién dd bén. Ngoai ra phan tich (rng
suéat von-Mises cung cap mét phwong phap dé so
sanh trng suét thuc té trong két cau voi gi¢i han do
bén cla vat liéu giip ddm bao rang két ciu khéng
vuot qua gidi han do bén dwoc chap nhan.

3.1. Thiét 1ap mé hinh mé phéng

(a) Nném dinh hinh  (b) Nhém hdp va thép hop
Hinh 3. M6 hinh khung nhém dinh hinh, nhém
hép va thép hép
Bang 2. Thay ddi vi tri cac thanh phan ctia khung

thir nghiém
Hi (mm) Hz(mm) L (mm)
Gia tri g6c 135 250 275
Lén nhéat 285 250 375
Nhé nhat 135 50 175
Bw&c nhay 50 50 50

Truwong & nnk

Hinh 4. Cac théng sbé hinh hoc thay dbi

Viéc thiét k& mod hinh, chia lwéi, thiét [ap mo
hinh mé phdng va xt ly két qua déu dwoc thuc
hién trén phan mém ANSYS WorkBench 19.1 [14].

Nham don gidn hoa bai toan, cac chi tiét nho
va déng co sé dwoc loai bd. M6 phdng sé chi tap
trung vao két cau khung thtr nghiém (Hinh 3). Sau
khi chon dwgc mé hinh, mé hinh khung thtr nghiém
sé dwoc cai tién theo cac thong sb trong Bang 2.
Cac kich thwéc H1, H2, L dwgc minh hoa trong
Hinh 4. Cac cap thanh twong wng voéi cac kich
thwéc trén sé dwoc di chuyén dé khao sat.
3.2. Chia lwéi

Dbi v&i mot bai toan mé phéng, lwéi la tham
sb rat quan trong anh huéng truc tiép dén két qua.
Trong nghién ctu nay, tac gia st dung ng dung
Static Structural dé chia lu&i cho toan bd cac phan
t&r cGia khung. Viéc tién hanh mé phdng dwoc chay
trén phan mém Static Structural, nén viéc chia lwi
trong phdn mém nay gidp viéc kiém soat cac nat
lwdi, cadc mét ciia vat thé mot cach trwe tiép. Hon
nira, trong phan mém ciing cé cac muc cai dat gitp
cai thién chét lwong lwdi trong qua trinh chia va tao
lwai phu hop cho bai toan cau tric. T phan mém
trén, lwdi dwoc tao st dung cac phan t&r Hexa dé
tinh toan mé phéng. CAu tric cta lwéi cé thé dwoc
xem & Hinh 5.

(b) Lwéi khung nhém hép va thép hép
Hinh 5. CAu trac lwéi khung nhém dinh hinh,
nhdém hop va thép hép
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3.3. Diéu kién bién

Lwc day, twong tac bé mat gitra cac vat thé
va tinh chét cac loai vat liéu dwoc thé hién qua
Bang 3 va Bang 4. D liéu cia nhom A6061 T6
dwoc lay tlr thw vién cia phdn mém ANSYS
WorkBench 19.1 va thép SS330-JIS G3101 duwoc
ly tr nén tang trwc tuyén Matmatch [15].

Hinh 6 cho thay kich thuwéc va clu tao théng
qua mét cat ngang cta thanh nhém dinh hinh. Véi
nhém hop va thép hop sé co kich thwéc mét cat
ngang la 30x30mm, dé day la 3mm.

Bang 3. Diéu kién bién

Lwc day dong co t6i da 1000N
Trong lwong dong co 250N
Twong tac bé mét vat thé Bonded

Bang 4. Théng s6 vat liéu nhém A6061 T6 va
thép SS330-JIS G3101

Nhom Thép
A6061 T6 S$S330-JIS

G3101
Khoi lwong rieng 2710 kg/m® 7800 kg/m?3
M6 dun Young 68.3 (GPa) 200 (GPa)

Hé s6 Poisson 0.33 0.29
D6 bén déo 259 (MPa) 205 (MPa)
Do bén kéo 313 (MPa) 430 (MPa)

-
D 7(1\/[8)‘_%_8‘20 g

| 1

Hinh 6. Kich thuéc hinh hoc cda bién dang nhém
dinh hinh 30x30 [16]

4. Két qua va thao luan
4.1. Khao sat sw anh hwéng cua lwéi

Anh hwéng cliia sb lwong phan to lwdi dén
(ng suét von-Mises cwc dai trén khung dwoc thé
hién théng qua dd thi trén Hinh 7. Dbi véi khung
nhém dinh hinh két qué &ng suét von-Mises cuc
dai & Iwoi dwgc chon so v&i lwdi min hon chi thay
ddi 0.181%, két qua trén v&i khung nhém hop va

Truwong & nnk

thép hop 1an lwot 14 0.240% va 0.309%.

Dé& dadm béo d6 chinh xac ciing nhw van gi
duwoc sb lwong lwéi khong qua Ién nham tiét kiém
tai nguyén va thoi gian tinh toan, lwéi véi sé lwong
nat nhw dwoc mé ta & Bang 5 sé duwoc chon dé md
phong.

154

- Ung suit von-Mises

150
148 "
Ludi dugce chon
146

144

Ung sudt von-Mises cuc dai (MPa)

140
8 9 10 11 12 13 14 15 16 17
Nt ludi (x109)

(a) Khung nhém dinh hinh

120
118
116
114
112
110
108
106
104
102
100

Ludi duoc chon

-+Ung suit von-Mises

Ung suit von-Mises cuc dai (MPa)

7 9 11 13 15 17 19 21 23 25 27
Nt luéi (x10°)
(b) Khung nhém hép

122

120
118
116
114 Ludi dugc chon
112
110
108

L6 - [ng suit von-Mises
]

Ung suit von-Mises cyc dai (MPa)

104
7 9 11 13 15 17 19 21
Nut luéi (x106)

(c) Khung thép hop
Hinh 7. D6 thi danh gia chat lvong lwdi

23 25 27

Bang 5. Gia tri lwdi cua tirng khung thir nghiém

Nhom Nhom Thép hop
dinh hinh hop
S6 nat lwéi 14503049 21968872 21968872
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4.2. Panh gia két qua

Tw két quad & Bang 6, ta thay réng gia tri (rng
suét von-Mises cwc dai trén méi khung déu bé hon
gia tri d6 bén déo cua vat liéu dwoc st dung dé ché
tao. Do d6, ca 3 khung déu hoat dong tét & diéu
kién hoat dong t6i da cla dong co. Két qua mod
phdéng vé (ng suét va chuyén vi cia 3 trudng hop
trén dwoc dwa ra qua Hinh 8 va Hinh 9.

Mac du khung nhém hop va thép hdp cho két
qua tét hon nhiéu so v&i nhém dinh hinh. Cu thé,
khung thép hop cho gia tri bién dang téng cuc dai
thap nhét do tinh dan héi ctia thép kém hon nhém
va khung nhém hop cho két qua gia tri (’ng suét
von-Mises cwc dai bé nhat. Nhwng do kich thwédc
cta ca 3 khung kha coéng kénh (600x514x415mm)
nén viéc st¢r dung nhém dinh hinh cho phép ta cé
thé thao roi cac bo phan cta khung gitp cho viéc
van chuyén dwoc thuan tién hon. Trong twong lai,
khi muén diéu chinh kich thwdec, vi tri cac thanh
phan cla khung ta hoan toan cé thé thao roi, di
chuyén va thay thé cac thanh phan trén ma khong
gay tdn hai dén khung. Hon nira, khung nhém dinh
hinh ciing 1a khung c6 khéi lwong nhe nhéat trong 3
khung va két qua sau khi mdé phdng ctia khung
ciing nam trong pham vi hoat déng tét véi trng suét
von-Mises cuc dai 1a 143.8 MPa bé hon dd bén
déo ctia nhém A6061 T6 la 259 MPa.

Bang 6. Két quéa mé phdng cho cac truéng hop
cua khung thtr nghiém

Nhém Nhém Thép
dinh hinh hép hop
Ung suat von-
Mises cwc dai 14380 11630  119.42
(MPa)
Bien dang tong ) o134 021208 007269

cwc dai (mm)

-\
N,

(a) Khung nhém dinh hinh

Truwong & nnk

(b) Khung nhém hép

- -

150 175 85 . 52.5 20
133.75 101.25 68.75 36.25 /]

(c) Khung thép hép
Hinh 8. Két qua (ng suét von-Mises lan lwot cla
khung nhém dinh hinh, nhém hép va thép hdp

(a) Khung nhém dinh hinh

(b) Khung nhém hép
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0387 0301 0215 0129 0043
043 0344 0258 0172 008 0

(c) Khung thép hop
Hinh 9. Két qua bién dang téng 1an lwot cta
khung nhém dinh hinh, nhém hép va thép hp

4.3. Cai tién mé hinh

Dé an toan ta phai tinh toan t&i hé sb an toan
khi lam viéc ctia khung thtr nghiém. Hé sé an toan
la 2 dwoc lwa chon dé kiém nghiém. Diéu nay c6
nghia |4 ta sé téng lwc ddy ctia ddng co tlr 1000N
thanh 2000N. K&t qua md phang & luc day 2000N
nhw sau: bién dang téng cuc dai la 0.88371mm,
&ng suét von-Mises cuc dai la 299.18 MPa. Ta sé
tién hanh thay déi vi tri va kich thwéc cha cac thanh
sau va tinh toan két qua cho trwdng hop hé sé an
toan bang 2.
4.3.1. Thay déi vi tri thanh 1

TharJh 1

i ]
i 1
:

Hinh 10. Khodng cach thay dbi vi tri cia thanh 1
Bang 7. Két qua thu dwoc sau khi thay dbi v tri

Truwong & nnk

do, ta sé& chon két qua tai Hy = 235mm lam gia tri
tham chiéu dé tinh toan cho trwéng hop thay dbi vi
tri thanh 2.

4.3.2. Thay d6i vj tri thanh 2

Goi Hz la khoang cach gilra thanh 2 va thanh
ngan nhw trén Hinh 11.

Ta sé thay dbi gia tri ciia Hz theo Bang 2 voi
gia tri tham chiéu Hs= 235mm. Két qua khi thay dbi
gia tri H2 dwoc dwa ra trén Bang 8. Két qua cho
thdy rdng (rng suét von-Mises dat gia tri cuc tiéu
tai Ho= 100 mm. Ta sé lay gia tri nay lam két qua
tham chiéu cho trwdng hop thay déi vi tri thanh 3.

- ||l Piém di

chuyén
Ho = 2
Thanh | S
o2 o

Piém . -

cddinh ~ 44| H;
. / |

Hinh 11. Khodng cach thay dbi vi tri ctia thanh 2
Bang 8. Két qua thu dwoc sau khi thay dbi vij tri
thanh 2

H. Biéndang tong  Ung suat von-Mises

thanh 1
H, Bién dang tong  ('ng suat von-Mises
(mm) cwc dai (mm) cwc dai (MPa)
285 0.7566 174.18
235 0.68021 189.44
185 0.70805 234.52
135 0.88371 299.18

Goi H1 la khoang cach gitra thanh 1 va thanh
ngang nhw trén Hinh 10.

Két qua khi thay dbi gia tri ciia Hi nhw da dua
ra & Bang 2 dwoc dwa ra trén Bang 7. Vay vi tri clia
thanh 1 tai Hy = 235mm c6 bién dang cwc dai thap
nhéat, khi Hy I&n hon gia tri nay, (ng suét tiép tuc
gidm trong khi chuyén vi bt dau tang tr& lai. Do

(mm) cwc dai (mm) cwc dai (MPa)
250 0.68021 189.44
200 0.48661 165.02
150 0.37096 144.17
100 0.31795 121.58
50 0.28951 149.13

4.3.3. Thay déi vi tri thanh 3

Goi L 1a khoang cach gitra dau thanh chéo va
thanh ngang nhu trén Hinh 12. Ta sé& thay dbi gia
tri cia L v&i gia tri tham chiéu Hi= 235mm, H,=
100mm. Sau khi thay déi gia tri L nhw da dwoc dwa
ra & Bang 2, két qua dwoc néu & Bang 9.

Két qua cho thdy rang &ng suét von-Mises
dat gia tri cwc tiéu tai L= 175 mm. Sy thay ddi cha
bién dang tdng cwc dai trong cac truéng hop trén
la khéng dang ké, vi vay trwong hop cho két qua
(rng suat von-Mises cwc dai tbt nhat sé dwoc chon.
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Diém
cO dinh
Diém di
chuyén

N

Hinh 12. Khoéng cach thay ddi vi tri ctia thanh 3
Bang 9. Két qua thu dwoc sau khi thay dbi vi tri

Truwong & nnk

thanh va cac thanh & phia duw®i cung sé chia sé
lwe tac ddng véi toan bd khung tét hon trwdng hop
gbéc. Bién dang tdng xuét hién trén khung ciing
gidm vé gia tri dd 1&n cling nhw dién tich bj bién
dang.
Bang 10. So sanh két qua trwdc va sau khi cai
tién khung thi nghiém

Gia tri Trwéc cai tién  Sau cai tién
Ung suat von-
Mises cwc dai 299.18 119.5
(MPa)
Bién dang té
' dang 1ong 0.88371 0.31837

cwc dai (mm)
D6 bén déo cua
nhém A6061 T6 259

thanh 3
L Bién dang tong  ('ng suat von-Mises

(mm) cwc dai (mm) cwc dai (MPa)
175 0.31837 119.5

225 0.31877 121.27

275 0.31795 121.58

325 0.31751 120.97

375 0.31863 121.74

4.4, Panh gia két qua sau cai tién

Sau khi kiém tra cac truéng hop cai tién, két
qua cho thay rang khung tét c6 két ciu tbt nhat tai
H1= 235mm, Ho= 100 mm, L=175 mm. Két qua rng
suat von-Mises cuc dai sau cung la 119.5 MPa,
thdp hon rat nhidu so v&i nguwdng bién dang déo
cta vat liéu nhém A6061 T6. Dong thoi két qua nay
ciing th4p hon gia tri ('ng suét von-Mises cuc dai
& trwdng hop chwa cai tién véi hé sb an toan 13 1.
Két qua so sanh c6 thé dwoc thay rd rang & Bang
10.

Két qua md phéng cho trwdng hop cai tién
dwoc trinh bay trén Hinh 13.

Ta c6 thé thay tr két qua mé phdng trén Hinh
13, sau khi cai tién phan bd trng suét trén toan
khung da co sy thay dbi. Cu thé, cac khu vuc noi
giao nhau gitra cac thanh c6 ng suét cao hon céc
khu vwe khac & trwedng hop cai tién da co dién tich
nhé hon nhiéu so v&i trwdng hop gbc. Phan bb
(rng suat & cac vung ciing co sw thay déi. O trwdng
hop cai tién, (rng suét phan b déu hon gitra cac

(MPa)

—
- 1

150 1175 85 525 20
133.75 101.25 68.75 36.25 0

(a) Phan bd (rng suét von-Mises trén toan bo
khung

I
0.387 0.301 0.215 0129 0.043
043 0.344 0.258 0172 0.086 0

(b) Phan bé bién dang téng trén toan khung
Hinh 13. K&t qua md phdng cta khung tho
nghiém sau khi cai tién
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5. Két luan

Nhw vay, sau khi cai tién khung thir nghiém
da dat dwoc yéu ciu dé ra ban dau va cho két qua
tét hon rat nhiéu so véi trwdng hop gbc. Cu thé &
trwdng hop khi chwa cai tién, tng suét von-Mises
cwc dai trén khung 1a 299.18 MPa va bién dang
tdng cwc dai la 0.88371 mm. Gia tri (rng suét nay
I&n hon gia tri d bén déo clia nhém A6061 T6 14
259 MPa, diéu nay c6 nghia 1a khung da bi bién
dang déo. Tuy nhién sau khi cai tién, gia tri irng
suéat von-Mises cyc dai 1a 119.5 MPa gidm 60.06%,
bién dang t6ng cwc dai co gia tri 1a 0.31837 mm
gidm 63.97%. T két qua néu trén thay rang trng
suat von-Mises cuc dai thu dwoc sau cai tién da
nhé hon gié tri 46 bén déo cha vat liéu nhém A6061
T6 rat nhiéu. Diéu nay cho thay rang khung du sirc
hoat déng tét & diéu kién lwc day 2000N, dat dwoc
muc dich thiét ké dé ra.

Dé khung thir nghiém ngay cang hoan thién
va an toan hon, trong twong lai nhom tac gia dé
xuét cac y sau dé cé thé dwa vao san xuét ché tao
khung va tién hanh kiém tra thuc nghiém. Nhém sé
tién hanh mé phdng c4u tric va giai bai toan rung
dong dé dam bao dd 6n dinh cta khung, thiét ké
thém cac hé théng do di kém véi khung dé co thé
do dwoc nhiéu théng sb cia déng co hon nira.
DPéng thai cling sé& nghién ciru va thiét ké cac hé
thdng an toan cho khung th&r nghiém dé bao vé
ngudi thao tac thi nghiém nhu: cac kinh chén béo
hé quanh khu viee thir nghiém, cac day dai an toan
gan vao khung va dong co,... Cubi cing nhém sé
tién hanh nghién clu va phat trién khung tho
nghiém am hoc két hop véi khung thir nghiém lyc
d4y cho doéng co dé kiém tra cac d&c tinh am hoc.
L&i cam on

Nghién ctru nay duoc tai trg béi Bo Giao duc
va Dao tao trong dé tai ma sé B2023-BKA-11.

(This research is funded by the Ministry of
Education and Training (MoET) under Project No.
B2023-BKA-11).

Tai liéu tham khao
[1] C.A. Luongo, P.J. Masson, T. Nam, D. Mavris,
H.D. Kim, G.V. Brown, and D. Hall. (2009). Next

Truwong & nnk

generation more-electric aircraft: a potential
application for hts superconductors. In IEEE
Transactions on Applied Superconductivity.
Vol. 19 pp. 1055-1068.
https://doi.org/10.1109/TASC.2009.2019021

[2] R. Przysowa, P. Majewski, J. Sleczek, D.
Grundas, and M. Wachtaczenko. (2023).
Health monitoring of the shaft bearings in a
micro turbojet based on vibration analysis. In
Journal of Physics: Conference Series. Vol.
2526. Institute of Physics.
https://doi.org/10.1088/17426596/2526/1/0120
70

[3] AJ. Brezina, and S.K. Thomas. (2013).
Measurement of static and dynamic
performance  characteristics of electric

propulsion systems. In 51st AIAA Aerospace
Sciences Meeting including the New Horizons
Forum and Aerospace Exposition 2013.
https://doi.org/10.2514/6.2013-500

[4] J.C. Thomas, J.M. Stahl, G.R. Morrow, and E.L.
Petersen. (2016). Design and characterization
of a lab-scale hybrid rocket test stand. In 52nd
AIAA/SAE/ASEE Joint Propulsion Conference,
2016. American Institute of Aeronautics and
Astronautics Inc, AlAA.

[5] U. Kokal, E. Saridede, and M. Celik. (2023).
Development and tests of a thrust stand with an
in-situ null position adjustment and calibration
method for low power plasma thrusters. Results
in Engineering. Vol. 18.
https://doi.org/10.1016/j.rineng.2023.101219

[6] W. He, F. Wang, X. Liu, and D. Guo. (2022).
The first micro thrust measurement of the
ultrasonic electric propulsion system. Acta
Astronautica. Vol. 196, pp. 147-156.
https://doi.org/10.1016/j.actaastro.2022.04.012

[71 M. Wojtas, P. Wyszkowski, M. Madro, M.
Osiewicz, and P. Kmita. (2023). Test Stand for

Propellers and Rotors in VTOL Drone
Systems. Transactions on Aerospace
Research. 2023(1), pp. 67-85.

https://doi.org/10.2478/tar-2023-0006
[8] M. Wojtas, and L. Czajkowski. (2019). A



JSTT 2024, 4 (2), 1-10

Prototype Test Stand For Testinginsolated
Rotor Systems. Journal of KONES Powertrain
and Transport. Vol. 26(3). Doi: 10.2478/kones-
2019-0081

[9] A. Samuel, and Y. Lin. (2015). Airvolt Aircraft
Electric Propulsion Test Stand. American
Institute of Aeronautics and Astronautics.
NASA Armstrong Flight Research Center.
Edwards. CA 93523-0273.

[10] M. Wojtas, K. Raczko, and K. Czajkowski.
(2021). Prototype Whirl Tower For Testing
Insolated Rotor Systems In Hover. In 32nd
Congress of the International Council of the

Aeronautical Sciences, ICAS 2021.
International Council of the Aeronautical
Sciences.

[11] Y.J. Choi, S.Y. Wie, and S. Chae. (2022). A
Study on Hover Performance of Ducted Fans

Truwong & nnk

for an Unmanned VTOL Aircraft. International
Journal of Aerospace Engineering, 2022.
https://doi.org/10.1155/2022/4045778

[12] R. Budynas, and K. Nisbett. (2009). Shigley’s
Mechanical Engineering  Design, Ninth
Edition. McGraw Hill Inc.

[13] P.B. Ferdinand, E.R. Johnston Jr., J.T.
DeWolf, and D.F. Mazurek. (2015). Mechanics
of Materials, Seventh Edition.

[14] ANSYS Inc. (2018), ANSYS Mechanical User
Guide 19.1.

[15] Matmatch. (2024). Find Materials.
https://matmatch.com/materials/minfm36568-
jis-g3101-grade-ss330

[16] ANTTEK VIETNAM EQUIPMENT JSC.
(2024). https://anttekvietnam.vn/atv8-3030-01/

10


https://matmatch.com/materials/minfm36568-jis-g3101-grade-ss330
https://matmatch.com/materials/minfm36568-jis-g3101-grade-ss330
https://anttekvietnam.vn/atv8-3030-01/

