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Tém tit - Bai bao nay nghién ctru hidu suit ctia hé théng cang dép
may bay ban chii dong trong diéu kién ha canh theo tiéu chuin
FAR. Mot md hinh dong luc hoc 6 béc tu do cua h¢ thong cang dap
ban chi dong duoc thiét 1ap va tich hop véi bo diéu khién skyhook.
Dé danh gia hidu suit va tim thong sb t6i uru cho bo diéu khién, cac
mb phong ddng thoi dya trén phin mém RECURDYN-MATLAB
duoc thyc hién. Két qua chira ré'lng, hé théng ban chu dong khong
chi cai thién kha nang giam rung dong trén duong bang ma con
giam thiéu céc tac dong tiéu cyc trong qua trinh tiép dat, tir do ting
cudng do an toan va on dinh cho mdy bay. Nho vao nhiing phat
hién nay, hé théng cang dap may bay ban chi dong véi bo diéu
khién skyhook duogc ky vong s tré thanh mot giai phap thay thé hé
théng thu dong, khong chi cai thién hiéu suét ha canh ma con gop
phin nang cao trai nghiém bay an toan cho hanh khéch.

Tl‘; khéa - RECURDYN; MATLAB; mo phong dong luc hoc, hé
thong cang dap may bay; gidm chan may bay.

1. Pat vin dé

B6 nbi trén

Cén pit-tdng

B6 ndi dusi

Banh xe

Hinh 1. Mgt hé thong cing dap may bay dién hinh

Hé¢ thong cang dap 1a mot bo phan quan trong clia may
bay, chiu trach nhiém hép thu phan 16n thé nang va dong
ning trong giai doan tiép dat (touchdown), dong thoi giam
rung dong tac dong vao than may bay khi di chuyén trén
dudng bang (taxing) [1]. Vi vy hé thdng cang dap can didu
chinh luc giam chén sao cho phu hop véi timg giai doan
clia qua trinh ha canh, trong nhiéu diéu kién khac nhau vé
khéi lwong va téc d6 ha canh. Hinh 1 mé td mot hé thng
cang dap dién hinh trong hau hét may bay dan sy va quén
su ¢& nho hién nay, gom ba thanh phan chinh: giam chan,

Abstract - This article adopts the performance of the semi-active
landing gear system for aircraft under FAR standard landing
conditions. A six-degree-of-freedom dynamic model of the semi-
active landing gear system was developed and integrated with a
skyhook controller. To evaluate performance and identify optimal
parameters for the controller, co-simulations using RECURDYN-
MATLARB software were conducted. The results indicate that, the
semi-active system not only enhances vibration damping on the
taxi phase but also minimizes adverse impacts during touchdown,
thereby improving the safety and stability of the aircraft. Based
on these findings, the semi-active landing gear system with a
skyhook controller is expected to become a viable alternative to
passive systems, not only enhancing landing performance but also
contributing to a safer flying experience for passengers.
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b6 ndi trén-dudi va banh xe. Trong d6, hé thdng giam chan
dong vai trd chu yéu trong viée hap thu ning luong. N6
hoat dong dua trén co ché chuyén dong cia mot pit tong tu
do trong xy lanh chura dung dich dﬁu Tuy nhién, h¢ thong
cang dap thu dong voi giam chan ¢ dinh dic tinh chi thoa
min hiéu suat trong mot so truong hop ha canh nhét dinh
[2], [3]. Vi thé, rat nhiéu nghién ctru da phat trién hé thng
chu dong [4] va ban chu dong [5] nhim khic phuc nhing
han ché cua hé théng thy dong.
Lwc Gidm Chén

Hé théng ban cha dongT  [] He théng cha dong

Van téc giam chan

—— He théng thu dong

Hinh 2. Pham vi tac dong cua hé thcfng gidm chén chii dong,
hé thong ban chu dong, va hé thong thu dong
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Hinh 2 mo ta khac biét giita hé thong cang dap chii dong
va ban chu dong. Hé théng chu dong [6] ¢6 thé didu chinh
lyc giam chan bat ké van toc twong dbi giita pit tong va xy
lanh, nhung n6 doi héi mot hé théng thuy lyc manh mé va
dang tin cdy [7]. Do d6, nhugc diém ciia hé thong nay la
chi phi cao, kich thuéc cong kénh, va nguy co hong hoc
néu bom thay luc gap su cd. Nguoc lai, hé thong ban chii
dong chi c¢6 thé thay ddi luc nhét (viscous force) bang cach
diéu chinh dién ap hodc dong dién [8], [9]. Luc nhét nay
khong duogc ap dung néu dau ctia né ngugc chiéu véi van
téc giam chan, khién cho h¢ thong ban chii dong chi hoat
dong trong mot nira pham vi ctia hé théng chu dong (nhur
trong Hinh 2). Tuy vay, khi phan dién diéu khién gip truc
tric, hé théng ban chu dong sé chuyén sang hoat dong nhu
hé thdng thu dong dam bao tinh an toan cao hon [10]. Nho
vao su an toan va thuan tién trong diéu khién, hé théng ban
chu dong da tro thanh wu ti€n nghién ctu trong nhitng ndm
gan ddy nham thay thé hé thong thu dong [11].

Trong cac nghién ctru trudce day, hiu hét cac nha nghién
ctru chi tap trung vao hanh vi cia cang dap trong giai doan
tiép dat [12], [13] hodc giai doan di chuyén trén duong
bang [14]. Trong giai doan tiép dét, muc tiéu chinh ctia hé
thong cang dap 1a giam tdi da luc ha canh tac dong lén
khung than may bay, va hiéu suat giam chan duoc xem la
yéu t6 danh gia hiéu sut ctia hé thong [15]. Cac thi nghiém
[16] hodc m6 phong [17] tha roi cang dap don da duoc phat
trién va thuc hién dé xac dinh hiéu sudt giam chén nay.
Trong giai doan di chuyén trén duong bang, chirc ning
chinh cua hé théng cang déap 1a giam t6i da rung dong tac
dong 1én than may bay dé dam bao sy thoai mai cho hanh
khach. Root mean square (RMS) cua gia tbc 1a yéu tb chinh
trong viéc phat trién bo diéu khién cho giai doan nay [18].
Viéc phat trién mdt thi nghiém nguyén mau hogc mé phong
¢6 kha nang thyc hién cé hai giai doan tiép dat va di chuyén
trén duong bang 14 rat phirc tap, ton kém va mat thoi gian.
Do d6, c6 rét it nghién ciru 4p dung hé théng cang dap khi
xem xét dong thoi ca hai giai doan nay.

Bai bdo nay tap trung nghién ciru mot hé thdng cang
dap ban chu dong 6 bac tu do, dugc tich hop véi bd diéu
kién skyhook. Hé théng dwoc mo phong qua toan bd qué
trinh ha canh, bao gdm giai doan tiép dat va di chuyén trén
dudng bang, bang cach st dung su lién két giita 2 phan
mém thuong mai la RECURDYN va MATLAB. Nhiéu thi
nghiém mé phong dugc tién hanh nham xac dinh théng sd
t6i wru cho bd diéu khién skyhook, dua theo didu kién ha
canh theo tiéu chuin FAR [19].

2. M6 hinh toan hoc ciia hé théng cang dap ban chi
dong ciia may bay

So d6 don gian cia hé théng cang dap may bay duoc
thé hién trong Hinh 3. Hé thong gdm than may bay va ba
cang déap: cang dép bén trai, cang dap bén phai va cang dap
miii. Trong do6, thdn may bay c6 ba hudng bi han ché 1a
hudng z, hudng goc roll-¢ (roll angle) va hudng goc pitch-
6 (pitch angle). Phuong trinh chuyén dong cua than may
bay c6 thé dwoc thé hién nhu sau:

L@ + FLgl, — FLgl, = 0 (1)
L,,6 — FNyl, + (FLy + FR)l, = 0 )
M# = Mg —FLy — FRy — FNy 3)

Hinh 3. Gian do phan tich he cia hé thong cang dép

Cac pit-tong cua giam chan trong cang dap chuyén
dong tinh tién theo hudng z cua xi lanh. Nén phuong trinh
dong luc hoc cia cac giam chan la:

mZzy + FNy; — FNr =mg 4)
mZ, + FL; — FLy = mg &)

Do d6, toan bo hé théng banh dap mdy bay bao gbm 6
bac m'do [20]. Ngoai ra, FNr, FLr, FRrlan lugt 1a phan luc
lién két cua banh xe mii, banh xe bén trai, va banh xe bén
phai, dugc tinh theo cong thure:

FNT == kTZN; FLT = kTZL; FRT = kTZR (7)

FLa, FR4, FN, 1an luot 1a luc giam ’ch?'m cua cang dap
chinh trai, phai, va mii. Lyc giam chan cua cang dap 1a
tong hop cta lyc nhot thuy luc (Fy), luc khinén (Fy), va lyc
dicu khién ban chu dong (F,), do d6 lyc giam chan dugc
tinh la:

Fa=F,+F, +E ®)
E,=Cs )

F,=A o)
a = ApPo VO—ApS

Trong d6, cac thong s6 dugc cho trong Bang 1.

(10)

Dé giam rung dong trong cc tng dung dan dung va
cong nghiép, rat nhidu bo didu khién da dugc quan tdm nhu
bd diéu khién thich nghi [21], bo didu khién mo [22], bd
diéu khién LQR [23]. Tuy nhién, b diéu khién Skyhook
dugc st dung phé bién vi dic tinh don gian va <o thé nhan
ra mdi quan hé giita bién diéu khién va hiéu suit dau ra. Vi
vay n6 da dugc st dung trong cac nghién ciru tai giai doan
tiép dap [24], [25] va giai doan di chuyén trén duong bang
[26]. Tuy nhién, chua c6 nghién ciru cy thé danh gia ca qua
trinh ha canh bao gom tiép dat va di chuyén trén duong
bang. Trong nghién ctru nay b diéu khién Skyhook dugc
ap dung voi phuong trinh 1a:

_ (CsySif s2>0
F”_{ 0if $2<0 (1n

Trong d6, Cy, 14 d6 loi cta bo diéu khién Skyhook. Dé
xac dinh gia tri toi wu ctia d6 loi nhim dat hiéu suit giam
chin tdi da, can giai cac phuong trinh dong luc hoc theo
diéu kién ha canh tiéu chan FAR [19] va xét dén d6 nhip
nho bé mat cia dudng bang [27]. Trong nghién clru nay,
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phuong phép giai sir dung nhiing phan mém mé phong
RECURDYN-MATLAB da dugc ap dung.

Bing 1. Cic théng s6 ciia hé thong dirge dé xudt

Ki Tén soi Gi tri/
hiéu g¢ Pon vi
A, |dién tich mit cit ngang cua pit tong | 2,6x107> m?
C  |hé sb giam chin 7,0 kNs/m
g |gia tdc trong truong 9,81 m/s?
M |khdi luong may bay 2250 kg
m  |khdi lwong cang dap may bay 18 kg
chuyén vi twong déi theo phuong z cia
s X L A m
cang dap may bay so vdi than may bay
. |van tdc twong ddi theo phuong z ciia
N 5 o A o, m/s
cang dap may bay so vdi than may bay
V, |thé tich ban d4u ciia budng khi 6,92x1073 m®
khoang céach giita mat phing tim
I, |cua trong tAm may bay va cang dap 1,5m
phai, trai
khoang cach giita mat phang tam ciia
la |, S A , 1,73 m
cang dap miii va trong tim may bay
khoang cach giita mat phing tam cua
I | B . 5 0,87 m
cang chinh va trong tam may bay
I, |md men quan tinh chinh truc x 79 kgm?
I, |md men quan tinh chinh truc y 2030 kgm?
@ |goc lan (roll angle) do
6 |go6c nghiéng (pitch angle) do
po |ap suét khi ban dau 10 bar
.. chuyén vi theo phuong z 1an luot
z’ zL cua trong tam may bay, cang dap m
B =N \trai, cang dap phai va cang dap mii
5 |van toc cua trong tim may bay theo m/s
phuong z
. . |gia tdc theo phuong z 1an lugt cia
Z, ZL' A , \ r re 2
.. .. |trong tdm may bay, cang dap trai, m/s
Zr 2N | cang dap phai va cang dap mii
kr |hé sé dan hoi cua banh xe 412 kN/m

3.M6 hinh hoa bing chwong trinh RECURDYN-
MATLAB

May bay ma dugc st dung trong nghién ctru nay la loai
may bay c&d nhd co tén 1a Beechcraft Baron [28]. M6 hinh
ba chiéu ctia may bay dugc vé boi viée sir dung phan mém
RECURDYN dugc thé hién trong Hinh 4. Trong mé hinh
nay than may bay dugc xem nhu cac phan tir réin, duoc gén
cac thong s trong Bang 1 nhu diéu kién ban dau va cac
phuong trinh tir 1 dén 10 dwoc khai béo tai cc lién két giira
may bay véi cac cang dap nhu so dd Hinh 3. Ngoai ra,
duong bing duge thé hién nhu mot mit phing tiép xuc voi
banh xe ¢6 d6 nhap nhd bé mit theo tidu chuén cia FAA
[27]. RECURDYN la mot phan mén chuyén dung duoc
phat trién dé nghién ctru da dang cac van d¢ lién quan dén
dong luc hoc va di dugc sir dung rong rdi. Tuy nhién, phan
mém nay gip han ché trong viéc thuc hién cac tac vu phuc
tap, chang han nhu tim kiém thong s t6i wu ctia hé thong.
Dé khic phuc van dé nay, RECURDYN d3 phat trién mot
md-dun lién két, cho phép chia s& dit liéu va twong tac trong

qué trinh md phong voi phan mém MATLAB.

Hinh 4. M6 hinh hod hé thong cang dép mdy bay

MATLAB

RECURDYN

Cam bién chuyén vi
(Cang dap phai)
Cam bien chuyéen vj
(Cang dap trai)

Tin higu

B didu khién

Hinh 5. M6 hinh lién két giita MATLAB va RECURDYN

MATLAB 14 mé6t phan mém thwong mai ndi tiéng,
dugc st dung dé tinh toan s, 1ap trinh va hién thi di liéu.
Phan mém nay c6 kha ning dugc 1ap trinh dé giai quyét cac
bai toan phirc tap, chang han nhu tim thong s6 t6i wu. Trong
nghién ctru ndy, tit ca cdc md phong dugce thyuc hién thong
qua sy két hop gitra hai phin mém RECURDYN va
MATLAB nhu dugc minh hoa trong Hinh 5. Hai phan
mém nay hoat dong déng b9, chia s€ dir liéu trong qua trinh
mé phong. MATLAB duoc st dung dé xuat cac hinh anh
b thi, trong khi RECURDYN thuc hién giai cac bai toan
dong lyc hoc va cung cép céc tin hiéu dau ra, chéng han
nhu gia toc ciia thin may bay va chuyén vi ciia cic cang
dap. Nhiing tin hiéu nay twong tu nhu céc tin hiéu cam bién
trong thuc té. Pong thoi, MATLAB cung cip mdi truong
dé tinh toan t5i wu cac thong sb diéu khién.

4. Két qua mé phong

Hai théngrsé dé danh gia hiéu qua cta qué trinh 13 hiéu
sudt giam chan cua cang dap (shock absorber efficiency)
va RMS (root mean square) gia toc cua thin may bay. Hi¢u
suat giam chan dugc dinh nghia nhu sau:

[ Fyds

_ 0
1 max(F,;) max(s)

(12)
Trong do, tu s6 duoc miéu ta 1a phﬁn dién tich gach chéo
thé hién nang luong ciia cang dap hap thy trong mot chu ki
dau tién nhu trong Hinh 6; va mau sb 14 phan dién tich hinh
chir nhat tao boi gia tri 16n nhat ctia Iyc giam chan va gia tri
16n nhat ciia chuyén vi ctia cang d4p, phan dién tich nay thé
hién nang lugng t6i da ma cang dap co thé hap thu. Hidu suat
giam chén lac nao cling nhd hon 1, gia tri cang 16n thi hiéu
sut giam chén cang tot. Hiéu suat giam chén dat gia trj toi
da khi gié tri lyc tai “DPinh 17 bé’mg véi gia tri tai “Dinh 27,
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Hinh 6. Hiéu sudt giam chan
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Trong rung dong, RMS cua gia toc thong thuong duoc
s dung d€ danh gia mirc d6 rung dong cua mét phuong
tién van chuyén trén duong. RMS dugc dinh nghia nhu la:

RMS(%) = % (13)

Pé tim ra thong sd toi wu ciia bo dicu khién Skyhook
nhiéu mé phong véi cac gia tri khac nhau cia do 1gi cua bo
diéu khién Skyhook trong diéu kién ban diu cta vén tdc ha
canh 1a 3m/s theo tiéu chuan FAR part 25 [19]. Két qua md
phong duoc trinh bay trong Hinh 7-11 va Béng 2.

Hinh 7 thé hién gia trj luc diéu khién ban cha dong
tuong Gmg vai gia tri do 1gi Cy, tir 0 dén 80000 Ns/m. Khi
do loi bé‘mg 0, hé théng hoat dong theo co ché cua hé théng
thu dong. Nguoc lai, khi do lgi dat 80000 Ns/m, hé théng
¢6 kha nang tao lyc diéu khién téi da 1én dén 10000 N. Hinh
8 thé hién chuyén vi cia trong tim may bay theo phwong z
tuong tng véi cc gia tri khac nhau ciia d6 loi Cy,. Két qua
chi ra rang, hé thong ban chu dong hoat dong hi€u qua trong
viéc giam rung dong trén bé mit duong gob ghé. Cuy thé, khi
gia tri d9 loi tang, bién d6 lon nhit cta z giam dan, dong
thoi hé thong dat trang thai 0 6n dinh nhanh hon.

c_ =0
sky

Cc_ =10000
sky

C_ =20000
sky

C_ =40000
sky

C_ =60000
sky

C_ =80000
sky’

Force (kN)

0.3 0.4 0.5
Time (s)

Hinh 7. Lyc diéu khién ban chi dong

03r

0.25

e _ S
0.2

Cc_ =0
sky

C_ _=10000
sky

Eoas} |

N | C_, =20000
sky’

| C,,=40000
| sky

0.1r/ C_, =60000
sky

C_,_=80000
sky.

0.05

Time (s)
Hinh 8. Chuyén vi cia trong tdm ciia mdy bay
Hinh 9 minh hoa gia tdc thdn may bay twong tng voi
cac gia tri d¢ loi Cyg, tr 0 dén 80000 Ns/m. “Dinh 1” dai
dién cho gia tri luc tai thoi diém 0,1 gidy, trong khi “Pinh
2” dai dién cho gia tri luc tai thoi diém 0,2 giay. Khi gia tri
do loi tang, gia tri “Pinh 1” giam déu, nhung “Pinh 2” lai
tang déu. Piéu nay dan dén gia tri RMS giam dan khi Cy,

tang tir 0 va dat gia tri cuc tiéu RMS = 4,29 tai Cy,, = 40000
Ns/m. Sau do, gid tri RMS ¢6 xu hudng tang tr¢ lai, nhu
duoc the hién trong Bang 2.

10

5l
/\ P
0 / \W\/\ A\ AAANAN
\ / v V o
N |
€ o0 Cay™0
< \\ Cy,=10000
2 -10f =
5 0 | C,,=20000
o C_, =40000
8 asb sky
g Cy,=60000
C_,_=80000
" sky
20 -
0y
250 W
30 . . ,
0 0.5 1 15

Time (s)
Hinh 9. Gia téc ciia may bay theo phwong z

Hinh 10, 11, va 12 14n luot biéu dién gian d6 hiéu suét cia
cang dap mili, cang dap bén trai va cang dap bén phai. Do muc
d6 ghd ghé khong dong déu cua mat dudng bang, cac cang
dap co thoi gian tiép dat va hiéu suat giam chan khac nhau,
dac biét rd rét gilra cang dap miii va cang dap chinh. Tuy vay
ca ba gian d6 déu thé hién chung xu hudng khi thay ddi gié tri
d6 lgi Cyyy.. Cu thé, khi gié tri do loi tang, “Dinh 17 ting déu,
trong khi “Pinh 2” giam déu. Nho d6, hiéu sudt giam chin
tang din dén va dat gi4 tri t6i da tuong tng;: 0,78 +£0,01 dbi
v6i cang dap mii, 0,86 +0,01 d6i v6i cang dap bén trai va
0,86 40,01 dbi véi cang dap bén phai khi, Csty = 20000 Ns/m.
Néu tiép tuc tang do loi vurgt mirc ndy, hiéu suat giam chin s&
giam, nhu dugc trinh bay trong Bang 2.

Bing 2. Két qua mé phong

Hiéu suét |HE théng| HE théng ban chii djng djng (Csy)
giam chan |thy dpng| 10000 | 20000 | 40000 | 60000 | 80000
Cangdip | 94 | 078 | 078 | 0,78 | 0,76 | 0,74
mut
Cangdap | 74 | 085 | 086 | 0,83 | 0,77 | 0,77
bén trai
Cangddp |75 | g82 | 086 | 0.82 | 077 | 0.77
bén phai®
RMSP 483 | 456 | 439 | 429 | 434 | 437
a che gid tri hidu sudt gidm’chaxn véi sai 56 0,01
b cdc gid tri RMS véi sai so 0,15
30
25
2 NN
g
=
s
g “ c_ =0
10 ‘ 02:1:10000
“ C,,=20000
54 C,y, 740000
‘X Csky=60000
1 Csky=80000
O0 0.;}5 Of1 0.‘15 0?2 0.‘25

Stroke s1 (s)

Hinh 10. Gian d6 hiéu sudt ciia cdng dap & miii



36

Lwong Quédc Viét, Nguyén Tran Ngoc Nién, Pham Huy Hoang

25

20

Force FML (kN)
=

c_ =0
'sky
C_,,=10000
‘sky
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Nhu vay, d6 1oi t6i uu cho bo diéu khién Skyhook phuc
vu cho muc tiéu cu thé cua hé théng. Néu uu tién giam rung
dong va nang cao sy thoai mai cho hanh khach, gia tri 4
loi phut hop 1a Cy, = 40000 Ns/m. O mirc nay, hé thong c6
thé giam rung dong 1én dén (4,83-4,29)/4,83 = 11% +0,15
so voi hé théng thy dong. Nguoc lai, néu muc tiéu 1a giam
luc tac dong vao than may bay va cai thién hiéu suat giam
chén, gia tri do loi tdi wu 1a Cyty = 20000 Ns/m 1a gia tri phu
hop. O mirc nay, hé théng ban chu dong c6 thé ting hiéu
suat giam chan 1én dén 0,86-0,74 = 12%+0,15 so v&i hé
thong thy dong.

5. Két luan

Bai bao nay da trinh bay nghién ciru mo phong hé
thong cang dap may bay ban chii dong 6 bac tu do, tich
hop ca qua trinh ha canh va chay trén duong bang theo
tiéu chuan FAR. Dé danh gia hiéu suét hé théng va xac
dinh thong sé t6i wu cho hé thong didu khién skyhook
nhiéu md phong dugc thyc hién bé’mg su két hop gitra hai
phan mém RECRUDYN va MATLAB. Két qua mo
phong cho thiy, hé thong ban chii dong cai thién hiéu suit
giam chan hon 12% va giam RMS hon 11% so v&i hé
thong thy dong. Tuy nhién, véi mbi muc tiéu cu thé tuong
ung voi mot gia tri tdi wu khac nhau cua do loi bd diéu
khién Skyhook. Ngoai ra, nghién ctru chua xem xét anh
huong cac cac thong sb khac, nhu khéi lugng, van téc,
nhiéu hé théng. Do 6, viéc phat trién hé thdng cang dap

may bay véi cac bo didu khién tién tién hon, ching han
nhu by diéu khién thich nghi, LQR, thong minh, 13 cin
thiét trong twong lai dé cai thién hiéu suat ha canh trong
cac diéu kién khac nhau.

Loi cam on: Nghién ctru ndy do Truong Pai hoc Cong
Thuong Thanh pho H6 Chi Minh bao trg va cap kinh phi
theo Hop dong so 26/HD-DCT ngay 17 thang 01 nam
2025.

TAI LIEU THAM KHAO

[1] J.Pytka et al., “Determining Wheel Forces and Moments on Aircraft
Landing Gear with a Dynamometer Sensor”, Sensors, vol. 20, no. 1,
p. 227, Dec. 2019, doi: 10.3390/5s20010227.

[2] R. Pecora, “A Rational Numerical Method for Simulation of Drop-
Impact Dynamics of Oleo-Pneumatic Landing Gear”, Applied
Sciences, vol. 11, mno. 9, p. 4136, Apr. 2021, doi:
10.3390/app11094136.

[3] P. Sonowal, K. M. Pandey, and K. K. Sharma, “Design and static
analysis of landing gear shock absorber of commercial aircraft”,
Materials Today: Proceedings, vol. 45, pp. 6712—6717, 2021, doi:
10.1016/j.matpr.2020.11.1032.

[4] H. Wang, J. T. Xing, W. G. Price, and W. Li, “An investigation of
an active landing gear system to reduce aircraft vibrations caused by
landing impacts and runway excitations”, Journal of Sound and
Vibration, vol. 317, no. 1-2, pp. 50-66, Oct. 2008, doi:
10.1016/j.jsv.2008.03.016.

[5] A.A.Gharapurkar, A. F. Jahromi, R. B. Bhat, and W.-F. Xie, “Semi-
active control of aircraft landing gear system using H-infinity
control approach”, in 2013 International Conference on Connected
Vehicles and Expo (ICCVE), Las Vegas, NV, USA: IEEE, Dec.
2013, pp. 679-686. doi: 10.1109/ICCVE.2013.6799877.

[6] S.-K. Kwak, G. Washington, and R. K. Yedavalli, “Active and
Passive Vibration Control of Landing Gear Components”, in
Adaptive Structures and Material Systems, Nashville, Tennessee,
USA: American Society of Mechanical Engineers, Nov. 1999, pp.
269-275. doi: 10.1115/IMECE1999-0554.

[71 M. Zarchi and B. Attaran, “Improved design of an active landing
gear for a passenger aircraft using multi-objective optimization
technique”, Struct Multidisc Optim, vol. 59, no. 5, pp. 1813-1833,
May 2019, doi: 10.1007/s00158-018-2135-8.

[8] L. Zoccolini, E. Bruschi, S. Cattaneo, and V. Quaglini, “Current
Trends in Fluid Viscous Dampers with Semi-Active and Adaptive
Behavior”, Applied Sciences, vol. 13, no. 18, p. 10358, Sep. 2023,
doi: 10.3390/app131810358.

[9] Z.Wang, C. Liu, X. Zheng, L. Zhao, and Y. Qiu, “Advancements in
Semi-Active Automotive Suspension Systems with
Magnetorheological Dampers: A Review”, Applied Sciences, vol.
14, no. 17, p. 7866, Sep. 2024, doi: 10.3390/app14177866.

[10] L. Koutsoloukas, N. Nikitas, and P. Aristidou, “Passive, semi-active,
active and hybrid mass dampers: A literature review with associated
applications on building-like structures”, Developments in the Built
Environment, vol. 12, p. 100094, Dec. 2022, doi:
10.1016/j.dibe.2022.100094.

[11] Y.-T. Choi et al., “Analysis and Control of a Magnetorheological
Landing Gear System for a Helicopter”, j am helicopter soc, vol. 61,
no. 3, pp. 1-8, Jul. 2016, doi: 10.4050/JAHS.61.032006.

[12] J.-Y. Yoon, B.-H. Kang, J.-H. Kim, and S.-B. Choi, “New control
logic based on mechanical energy conservation for aircraft landing
gear system with magnetorheological dampers”, Smart Mater.
Struct., vol. 29, no. 8, p. 084003, Aug. 2020, doi: 10.1088/1361-
665X/ab%el 1.

[13] B.-H. Kang, J.-Y. Yoon, G.-W. Kim, and S.-B. Choi, “Landing
efficiency control of a six-degree-of-freedom aircraft model with
magnetorheological dampers: Part 1-Modeling”, Journal of
Intelligent Material Systems and Structures, vol. 32, no. 12, pp.
1290-1302, Jul. 2021, doi: 10.1177/1045389X20942578.

[14] G. Liu, L. Pei, L. Feng, and Z. Wu, “A Mathematical Model for



ISSN 1859-1531 - TAP CHi KHOA HOC VA CONG NGHE - DAl HOC DA NANG, VOL. 23, NO. 5A, 2025

37

Dynamic Vibration Analysis of a Landing Aircraft”, J. Vib. Eng.
Technol., vol. 12, no. 3, pp. 41494162, Mar. 2024, doi:
10.1007/s42417-023-01112-2.

[15] N. S. Currey, Aircraft Landing Gear Design: Principles and
Practices. in AIAA Education Series. American Institute of
Aeronautics &  Astronautics, 1988. [Online]. Available:
https://books.google.com.vn/books?id=XMpdOeWeqq8C
[Accessed Dec 17, 2024].

[16] Q.-V. Luong, B.-H. Jo, J.-H. Hwang, and D.-S. Jang, “A Supervised
Neural Network Control for Magnetorheological Damper in an
Aircraft Landing Gear”, Applied Sciences, vol. 12, no. 1, p. 400,
Dec. 2021, doi: 10.3390/app12010400.

C. Han, B.-G. Kim, B.-H. Kang, and S.-B. Choi, “Effects of
magnetic core parameters on landing stability and efficiency of
magnetorheological damper-based landing gear system”, Journal of
Intelligent Material Systems and Structures, vol. 31, no. 2, pp. 198—
208, Jan. 2020, doi: 10.1177/1045389X19862639.

A. S.Yildiz and S. B. Eker, “Semi-active control implementation in
aircraft landing gear systems using hardware-in-the-loop test
bench”, Eng. Res. Express, vol. 6, no. 3, p. 035529, Sep. 2024, doi:
10.1088/2631-8695/ad68c3.

FAA, “AC 25.723-1 - Shock Absorption Tests”, AC 25.723-1 -
Shock Absorption Tests. [Online]. Available: https://www.faa.gov/
regulations_policies/advisory_circulars/index.cfm/go/document.inf
ormation/documentid/22663 [Accessed Dec 19, 2024].

[20] F. A. A. (FAA)/Aviation S. & A. (ASA), Airplane Flying
Handbook: FAA-H-8083-3C. in ASA FAA Handbook Series.
Ashland: Aviation Supplies & Academics, Inc, 2021.

[21] M. Javanbakht, S. Cheng, and F. Ghrib, “Semi-active adaptive
control of stay cable vibrations using MR dampers”, Structural
Contr & Hith, vol. 29, no. 12, Dec. 2022, doi: 10.1002/stc.3121.

[17]

[18]

[19]

[22] K. Choi, S. Cho, H. Jung, and L. Lee, “Semi-active fuzzy control for

[23

[24

[25

[26

[27

[28

—

—

]

[}

]

[t}

seismic response reduction using magnetorheological dampers”,
Earthq Engng Struct Dyn, vol. 33, no. 6, pp. 723-736, May 2004,
doi: 10.1002/eqe.372.

J. Zhang, G. Hu, C. Yang, L. Yu, and W. Zhu, “NSGA-II-TLQR
Control of  Semi-active Suspension System  with
Magnetorheological Damper Considering Response Time Delay”, J.
Vib. Eng. Technol., vol. 12, no. S1, pp. 825-838, Dec. 2024, doi:
10.1007/s42417-024-01448-3.

G. Papaioannou, D. Koulocheris, and E. Velenis, “Skyhook control
strategy for vehicle suspensions based on the distribution of the

operational conditions”, Proceedings of the Institution of
Mechanical Engineers, Part D: Journal of Automobile Engineering,
vol. 235, no. 10-11, pp. 2776-2790, Sep. 2021, doi:

10.1177/09544070211006517.

B.-H. Kang, C. Han, and S.-B. Choi, “A sky-ground hook controller
for efficiency enhancement of aircraft landing gear with MR
damper”, in Active and Passive Smart Structures and Integrated
Systems XIII, A. Erturk, Ed., Denver, United States: SPIE, Mar.
2019, p. 3. doi: 10.1117/12.2513843.

H. Lee and J. Hwang, “Study on the Taxing Mode Control of MR
Damper Landing Gear”, Journal of Aerospace System Engineering,
vol. 13, no. 6, pp. 43-51, Dec. 2019, doi:
10.20910/JASE.2019.13.6.43.

FAA, “Airport Pavement Roughness Research”, Airport Pavement
Roughness Research. Accessed. [Online]. Available:
https://www.airporttech.tc.faa.gov/Airport-Pavement/Nondestructive-
Pavement-Testing/AirportPavementRoughnessResearch  [Accessed
Nov. 24, 2024].

Textron Aviation, “Baron G58”, Baron G58. [Online]. Available:
https://beechcraft.txtav.com/en/baron-g58 [Accessed Dec 17, 2024



https://books.google.com.vn/books?id=XMpdOeWeqq8C
https://www.airporttech.tc.faa.gov/Airport-Pavement/Nondestructive-Pavement-Testing/AirportPavementRoughnessResearch
https://www.airporttech.tc.faa.gov/Airport-Pavement/Nondestructive-Pavement-Testing/AirportPavementRoughnessResearch
https://beechcraft.txtav.com/en/baron-g58

