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UOC TINH DO BIEN DANG CUA THAP TUOC BIN GIO DUA TREN
MAY QUET LASER TREN MAT DAT

ESTIMATION OF WIND TURBINE TOWER DEFORMATION BASED ON GROUND-
BASED LASER SCANNING

Tran Trong Tn', P5 Vin Hién>
!Cong ty TNHH Meso Group
2Khoa Co khi Ché tao may, Truong Pai hoc Cong nghé K§ thuat Thanh phd Ho Chi Minh
Email: tantran.meso@gmail.com,
hiendv@hcmute.edu.vn

TOM TAT

Trong boi canh nhu cau ndng lwong tdi tao ngdy cang gia ting, cdc tuabin gié hién dai
c6 xu hiedng phdt trién véi kich thude 16m hon, dan dén sw gia tang dang ké vé tdi trong dong va
dé phike tap trong ieng xir két cdu cua thap. Do dé, viéc wée tinh chinh xdc dg bién dang cua thap
tuabin gié dong vai tré quan trong trong hé thong quan trdc két cau céng trinh, danh gid hiéu ning
van hanh va kiém chitng cdc mé hinh sé. Bai bdo nay dé xudt mét phwong phdp do khéng tiép xiic
nham xdc dinh a6 bién dang ciia thdp tuabin gié diea trén cong nghé quét laser mdt dat (Terrestrial
Laser Scanning — TLS). Phwong phdp cho phép dong thoi xdc dinh chuyén vi theo phwong truc va
phirong ngang chi tir mot vai vi tri quan sdt, khong yéu cau gdn thiét bi hodc sira doi két cau. Chién
lwoc quét duoc xdy dung dé thu nhdn céc mdt cdt ngang cua thap, tw do do bién dang dwoc xac dinh
théng qua kj thudt xap xi dwong cong. Cdc thi nghiém thiee dia dwege thwe hién trén tuabin gié dang
vdn hanh nham déanh gid tinh kha thi va ¢ chinh xdc ciia phwong phdp. Két qua cho thdy phirong
phap TLS co kha nang do dac dang tin cdy ¢ khoang cdch lon (trén 128 m) va phu hop cho giam
sdt tir xa. Phirong phdp dé xudt mé ra tiém néng vmg dung hiéu qud trong cdc hé thong gidm sat két
cdu va tich hop voi mo hinh s6 hién dai.

Tir khéa: Thap tuabin gi6; Hé thong quan trdc két cau cong trinh; Quét laser mat dat; Do
bién dang khong tiep xiic.

ABSTRACT

With the increasing demand for renewable energy, modern wind turbines are being
designed with larger dimensions, resulting in significantly higher dynamic loads and more complex
structural responses of the tower. Accurate estimation of tower deformation is therefore essential
for structural health monitoring, performance evaluation, and validation of numerical models. This
study proposes a non-contact measurement method for wind turbine tower deformation based on
terrestrial laser scanning (TLS). The proposed approach enables the simultaneous identification of
both axial and lateral displacements from a single observation point, without requiring any physical
modification or instrumentation of the structure. A dedicated scanning strategy is developed to
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acquire cross-sectional profiles of the tower, and the deformation is subsequently determined
through a curve-fitting procedure. Field experiments are conducted on an operating wind turbine
to evaluate the feasibility and accuracy of the method. The results demonstrate that the TLS-based
approach provides reliable deformation measurements at long distances exceeding 128 m, with
good agreement compared to reference data. The proposed method offers a practical and efficient
solution for remote structural monitoring of large-scale wind turbine towers. Its non-invasive nature
and high measurement capability make it a promising tool for integration into advanced structural
health monitoring systems and digital twin frameworks for wind energy applications.

Keywords: Wind turbine tower; Structural health monitoring (SHM), Terrestrial laser

scanning (TLS); Non-contact measurement.

1. GIOI THIEU

Sy gia tdng nhu cau ning luong va cac
cam két giam phat thai khi nha kinh da thuc
day qué trinh chuyén dich sang cc ngudn ning
luong téi tao trén toan thé gio1, trong d6 nang
luong gid dong vai tro dac bi¢t quan trong.
Trong nhitng ndm gan day, cac tuabin gié hién
dai c6 xu huéng ting dang ké vé kich thudc
nham nang cao hiéu sut khai thac ning luong.
Chiéu cao thap va duong kinh roto ngiy cang
16n gitp tuabin tiép can cac 16p gi6 on dinh
hon, tir d6 cai thién san lugng dién nang. Tuy
nhién, su gia ting vé quy mé nay dong thoi lam
gia tang tai trong khi dong va tai trong dong
tac dong 1én két cAu tuabin, dic biét 1a thap
tuabin gio, von dong vai tro 13 bd phan chiu luc
chinh cua hé théng [1-3]. Do d6, viéc theo déi
bién dang va dao dong cua thap tuabin trong
qué trinh van hanh 13 yéu t6 quan trong nham
dam bao do tin cdy, an toan va tudi tho cua
cac hé thong dién gié hién dai. Tai Viét Nam,
nang luong gié dang tré thanh madt trong nhitng
ngudn ning luong tai tao cd tiém nang phat
trién 16n nho diéu kién gi6 thuan loi va duong
bo bién dai hon 3.000 km. Theo cac nghién
ctru danh gia tai nguyén gio, nhiéu khu vuc ven
bién mién Trung va Nam B c6 téc do gio trung
binh phu hop cho phat trién céac trang trai dién
gié quy md 16n [4]. Trong nhitng nim gan day,
cong suét lép dat dién gio tai Viét Nam da tang

nhanh véi nhiéu du an tuabin gi6 trén dat lién
va ngoai khoi dugc dua vao van hanh. Sy phat
trién nhanh chong nay dit ra yéu cau cip thiét
d6i v6i cac phuong phap giam sat va danh gia
trang thai két cdu cua céc tuabin gié, dac biét 1a
d6i v6i cac thap tuabin c6 chiéu cao 16n. Trong
bbi canh do6, viéc phat trién cac phuong phap
do khong tiép xtic dya trén TLS nham xac dinh
chinh x4c bién dang cua thap tuabin gié theo
nhiéu phuong khéc nhau c¢6 ¥ nghia quan trong,
g6p phan nang cao hiéu qua van hanh, dam bao
an toan két cau va hd tro kiém chung cac mé
hinh mé phong cia tuabin gi6 trong diéu kién
van hanh thuc té. Trong bdi canh dé, cac hé
thong quan tric két cdu cong trinh (Structural
Health Monitoring — SHM) da dugc nghién ctru
va trién khai nham dénh gia trang thai lam viéc
cua tuabin gi6 thong qua viéc do cac dai lugng
nhu bién dang, dao dong va cac dac trung dong
luc hoc cua két cau [5, 6]. Cac phuong phap
SHM truyén thong thuong st dung cam bién
nhu cam bién bién dang hodc gia tde ké duoc
lap dat truc tiép trén cau trac thap. Mic du cac
phuong phap nay co thé cung cap dit liéu chinh
xac tai cac vi tri do cu thé, chung lai bi han ché
boi pham vi do cuc b, yéu cau lap dit phirc
tap va chi phi bao tri cao, dac biét ddi véi cac
tuabin gi6 c6 chiéu cao 16n. Do d6, cac phuong
phap do khong tiép xtic dua trén ky thudt quang
hoc da thu hiit nhidu sy quan tdm trong nhing
nim gan day. Trong s& d6, quét laser mat dat
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(Terrestrial Laser Scanning — TLS) dugc xem
1a mot giai phap day tiém niang nho kha ning
thu thap dit liéu hinh hoc ¢6 d6 chinh xac cao tu
khoang cach xa va khong yéu cau lip dit cam
bién truc tiép trén két cdu [7, 8, 9, 10]. TLS da
duoc tng dung thanh cong trong vi¢c theo doi
bién dang ctia nhiéu cong trinh quy mé 16n nhu
cdu, dap va thap cao. Tuy nhién, cic nghién
ctru trude ddy cha yéu tap trung vao viée do
bién dang theo phuong truc cta thap, trong khi
chuyén dong thuc té ctia thap tuabin gi6 thuong
xay ra theo nhiéu huéng khac nhau do su bién
thién lién tuc cua tai trong gio.

Pé danh gia kha ning tng dung cta
phuong phap dé xuit, mot thi nghiém thuc dia
da duoc thuc hién trén mot tuabin gid thuc té
¢6 chiéu cao truc quay 128 m bang cach tién
hanh ca quét ngang va quét doc nhim phéan
tich hinh dang duong bao cua thap. Nguyén
1y ctia phuong phap do va thiét 1ap thi nghiém
lan luot dugc trinh bay trong Phan 2. Cac phép
do TLS duogc thuc hi¢n trén tuabin gié dang
van hanh véi chiéu cao truc 128 m. D¢ lam dit
liéu tham chiéu, chuyén dong hai chiéu cta vo
tuabin dugc do bang cach quan sat video tir
mot camera dit tai chan thap hudng lén phia
v6 tuabin, két hop voi phan mém theo dai diém
anh. Cac két qua do tir TLS sau d6 dugc so sanh
v6i dit liéu tham chiéu trong Phan 3. Ngoai ra,
cac duong dong mirc do dugc cua thap tuabin
gi6 cao cling dugc trinh bay va kha nang do
ludng ciia phuong phap duoc thao luan. Cubi
clng, cac két luan chinh va huéng nghién ciru
trong tuong lai dugc trinh bay trong Phan 4.

2. DU LIEU VA PHUONG PHAP NGHIEN
cUU

2.1. Vi tri thuc hién

Nghién ctru dugc thuc hién tai Khu
cong nghiép Deep C, tip trung vao thap tude

bin. Ban d6 vi tri nghién ctru dugc trinh bay
trén Hinh 1.

(b) Hinh anh thép tuéc bin gié
Hinh 1. Hinh anh thap tuoc bin gio va vi tri
nghién ciru

2.2. Thiét bi thye hién

Thiét bi can thiét cho viéc thu thap va
xur ly dir li¢u trong nghién ctiru nay dugc liét ké
0 bang Bang 1 nhu sau:

Bdng 1. Thiét bj thuc hién

May quét laser mit dat Faro

Phan ciing Focus 3D Premium
a) Faro Stream dung dé xur ly
dam may diém tur cac phép do
bang may quét laser mat dat.
Phan mém c¢) Faro Scene dung d¢ xu 1y va

ghép dir licu.
d) Polyworks Inspection dé
phén tich ddm may diém.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, So6 341, thang 5 nim 2026

cokhivietnam.vn



NGHIEN CUU - TRAO DOI

2.3. Qua trinh thuc hién nghién ciru

Dir liéu TLS duogc xir 1y bang k§ thuat
dang ky dam may, gitip dong b hoa nhiéu thiét
1ap may quét dua trén cac diém chong chéo. Dé
dam bao quy trinh lam viéc hi¢u qua, mot quy
trinh thu thap dir lidu co cau trac da dugc phat
trién. Quy trinh 1am viéc cho qua trinh thu thap
dir liéu trong nghién cutu nay dugc minh hoa
trong so do khdi & Hinh 2.

? Lira el i Ui d'a Kac dinh chuydn s

Lip 4§t va hif= chinh
may quaat Laser

Ay dyfng it cosg
Eriin phiis mdm

Thidi U chif 85 quit Lot nhity v huypis

A5 toa dG
Thu thfip dir B du guaa Tpn ddm
Ao guk 1rink Rage midry diém
ddng cim tus Bn D ol thaip

Hinh 2. So dé qud trinh thuc hién
2.4. Phwong phap nghién ctru
2.4.1. Nguyén ly do cua may quét laser

K§ thuat quét laser mat dat (Terrestrial
Laser Scanning — TLS) x4c dinh khoang céach
s gitra may quét va déi tuong dua trén nguyén
Iy thoi gian bay cua tia laser (time-of-flight —
ToF).

Hinh 3. Hinh chiéu canh can chinh ngang ciia mdy

quét laser voi mot goc nghiéng o.

Trong phuong phap nay, cac xung laser
duogc phat ra tir may quét hudng téi bé mat muc
tiéu. Thoi gian can thiét dé tin hiéu laser truyén
tr may quét dén muc tiéu va phan xa tro lai
dugc do va ghi nhan. Khoang céach s tor may
quét dén muc tiéu co thé dugce xac dinh theo
biéu thirc:

SZ? (1)

Trong do: t 1a thoi gian lan truyén khir
hoi cua xung laser va ¢ 1a van toc anh sang.

Trong ché do quét theo dudng thang
(line-scanning mode), may quét laser mat dat
str dung mot guong quay dé quét chum tia laser
phat ra trén mot goc quét xac dinh 0 voi N bude
gia tang. Tu cac khoang cach do duoc s(n) véi
n=1,...,N, va budc goc da biét AO = /N, céc
diém trén bé mit thap duoc xac dinh ban dau
trong hé toa do cuc. Sau do, cac toa do nay
dugc chuyén doi sang hé toa do Descartes hai
chiéu dé phuc vu cho viéc phan tich hinh hoc va
bién dang cta théap.

2.4.2. Phuwong phadp do

Nhu d3 trinh bay trong [6], phép do bién
dang cua thap c6 thé duoc thuc hién bang may
quét laser mat dat hai chiéu sir dung nguyén
1y thoi gian bay. Trong qua trinh do, may quét
laser ¢6 thé duoc cdn chinh theo hai cach khéc
nhau so véi truc cua thap, bao gdm can chinh
theo phuong thang dimg va cin chinh theo
phuong ngang. So d6 b tri thi nghiém may
quét laser dugc minh hoa trong Hinh 3.
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Hinh 4. Thiét ldp may quét laser dé do bién dang

thap tuabin gio tai hién truong

Chuyén dong cua thap tuabin gid dugc
phan tich bang cach st dung ca hai cdu hinh
can chinh ctia may quét laser. My quét s€ duogc
can chinh theo phuong thing dtmg va phuong
ngang, may quét dugc b tri sao cho mit phing
quét song song véi muc nude bién nhu Hinh 4.
Viéc két hop hai cdu hinh do nay cho phép phan
tich chuyén dong cua thap tuabin gi6 theo ca
phuong truc va phuong ngang. Nho do, phuong
phap TLS c6 thé cung cap thong tin hinh hoc va
dong hoc chi tiét cua thap tuabin gio tor mot vi
tri quan sat dat trén mat dét, hd trg hiéu qua cho
cac nghién ctru hé théng quan tric két cdu cong
trinh cta hé théng tuabin gio.

2.5. Xir Iy dir liéu TLS va xac dinh bién dang
thap

Dir liéu thu duogc tir hé théng quét laser
mit dat bao gom tap hop cac diém do khoang
cach cung vdéi céc goéc quét tuong tng. Tu
cac thong tin nay, toa do cua cac diém trén
bé mit thap duoc xac dinh trong hé toa do
Descartes hai chiéu. Cu thé, d6i v6i mdi diém
do n, khoang cach do duoc s(n) va goc quét
0(n) duoc st dung dé chuyén ddi sang toa do
Cartesian thong qua cac quan h¢ hinh hoc thich
hop. Két qua 1a thu duoc mot tap hop cac diém
biéu dién hinh dang mit cat cia thap tai vi tri
quét.
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Hinh 5. Vi tri dat may scan dé thu thap dit liéu tai
hién truong

Pé xéac dinh vi tri hinh hoc dic trung
clia mat cat thap, cac diém do duoc xir Iy bang
phuong phéap khép duong cong theo nguyén ly
binh phuong tbi thiéu (least-squares fitting). Do
mit cat cua thap tuabin gi6 c¢6 dang gan tron,
mot duong cong thich hop (vi du cung tron hodc
duong cong bac hai) dugc khédp voi tap hop cac
diém do trén bé mit thap. Tir duong cong khdp
nay, vi tri dac trung ciia mat ct thap, chéng han
nhu tdm hodc diém cuc tiéu cua duong cong,
duoc xac dinh va duogc su dung lam dai dién
cho vi tri ctia thap tai thoi diém quét twong tmg.

Hinh 6. Hinh anh ghép dir li¢u cua cac phép quét
lién tiep va sai so ghép dir liéu

Bing cach thyc hién phép quét lién tiép
theo thoi gian, su thay d6i vi tri ciia mat cat thap
¢6 thé duge xac dinh. Tir d6, chuyén dong cua
thap theo phuong truc (doc theo dudng ngim)
va phuong ngang (vudng goc véi duong ngim) &
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duogc tinh toan. Phuong phép nay cho phép xac
dinh bién dang va dao dong cua thap trong qua
trinh van hanh cua tuabin giéo ma khong can lap
dat cac cam bién truc tiép trén cau trac.

b) Hinh chiéu bang

a) Hinh chiéu dirng
Hinh 7. Dam may diém thu dwoc bang TLS

Ngoai ra, dé giam nhiéu do va cai thién
d6 chinh xac cua két qua, cac bude xur Iy dir
liéu bo sung nhu loc nhiéu, loai bo cac diém
ngoai lai va lam mugt dir li¢u theo thoi gian co
thé duoc ap dung. Thong qua qua trinh xtr Iy
nay, cac dac trung dong luc hoc cua thap, bao
gdm bién d6 dao dong va tan sé rung, co thé
duoc xéac dinh tir dir 1iéu TLS thu dugc. Phuong
phap dé xuat do d6 cung cap mot cong cu hiéu
qua dé theo ddi va danh gia bién dang cua thap
tuabin gi6 trong diéu kién van hanh thyc té.

Angie Tarbare cylisl ¥e 5ass plare
P Faabrn Coler e burbora
Fager ma ples
e ims P Toma

30 Ang 1 1)

WV e AN

VT drg LI

208 ke 1004
g dean ¢ 4

Hinh 8. Hinh anh danh gia hinh hoc cua thdp

Turbine

3. KET QUA VA THAO LUAN
3.1. Két qua xir Iy dir liéu TLS

Dir liéu dam may diém TLS thu dugc
tai hién truong da dugc xir Iy bang phan mém
Faro Stream thong qua quy trinh dang ky dam
may diém. Tong cong ¢ 11 vi tri thiét 1ap may
quét duoc st dung, bao g6m 9 vi tri thiét lap
cho Turbin gi6. Sau khi dang ky, tap dir li¢u
dugc xir Iy trong phan mém Faro Scene dé loai
b6 cac dbi tuong khong can thiét. Quy trinh xur
1y nay da tao ra tap dir liéu dam may diém cudi
cung cho Turbin gi6 nhu Hinh 7.

Sau khi dir liéu d3 loai bo cac ddi tuong
khong can thiét s& dugc dwa vao phan mém
chuyén dung dé phan tich va danh gia cac thong
s6 hinh hoc cua thap Turbine.

3.2. Danh gia do chinh xac

Danh gia do chinh xac hinh hoc 13 diéu
can thiét trong cac hoat dong do luong dé dam
bao d¢ tin cdy cua dir li¢u thu thdp dugc. Mot
phuong phéap thuong dugc st dung 13 Sai sb
binh phwong trung binh gbc (RMSE), tinh toan
su khac biét binh phuong trung binh gitra cac
gia tri do duoc va gia tri tham chiéu. RMSE
cang nhd thi d6 chinh xac cang cao. Cac cong
thirc danh gia do chinh xac dugc sir dung trong
nghién ctru nay dugc trinh bay bén dudi.

iz (Vi — 91)?
n

RMSE = )

Két qua danh gia hinh hoc cta thap sau
khi hoan hién dugc trinh bay ¢ hinh 8.

4. KET LUAN

Hé théng do luong dua trén TLS duoc
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dé xudt c6 kha ning mé ta chuyén dong cua cac
thap tuabin gi6 cao theo hai hudng va tan sb
cha dao cua chuyén dong dé tir mot diém truy
cap duy nhét. Didu nay dat dugc bing cach dat
may quét laser & khoang cach do hon 128 m so
v6i thap. May quét laser dugc nghiéng lén trén
dé do bién dang ¢ dau trén cung cua thap. Vi
su trg gitp cua phuong phap khép binh phuong
nho nhét thong qua cac diém dit liéu do dugc va
trich xuét cac gia tri cyc tiéu cho mdi lan quét,
c¢6 thé xac dinh chuyén dong cua thap khong
chi theo hudng tryc (dudng ngdm) ma con theo
huéng ngang (vudng goc voi dudng ngim). <
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Ngay phan bién: 27/3/2026

Tai liéu tham khao:

[1]. Paul Veers, Katherine Dykes, Eric Lantz,
Stephan Barth, and Ryan Wiser, “Grand
challenges in the science of wind energy”.
Science, 366(6464), 2019.

[2]. Pierre Tchakoua, Ren Wamkeue, Mohand
Ouhrouche, Fouad Slaoui-Hasnaoui, Tommy
Tameghe, and Gabriel Ekemb, “Wind Turbine
Condition ~ Monitoring:  State-of-the-Art
Review, New Trends, and Future Challenges”.
Energies, 7(4):2595{2630, 2014.

[3]. Pang Thi Hai Linh, Hoang Xuan Co, Ta Van
Da, Nguyén Thu Ha, Dinh Manh Cudng, Trinh
Thi Mai, Tran Thanh Phong, “Nghién citu mgt
s6 diéu kién phat trién dién gio tai Viét Nam
trén co 56 dy an Nha may Phong Dién I - Binh
Thuan”.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 341, thang 5 nim 2026

[4]. Tran Thuc, Ta Vin Pa, Nguyén Vin Théng
(2012), “Ndang lwong gié ¢ Viét Nam - Tiém
nang va khd nang khai thac”. NXB. Khoa hoc
va K¥ thuat, Ha Noi.

[5]. Muammer Ozbek, Fanzhong Meng, and
Daniel J. Rixen, “Challenges in testing
and monitoring the in-operation vibration
characteristics of wind turbines”. Mechanical
Systems and Signal Processing, 41(1-2):649-
666,2013.

[6]. M E Tjahjadi, L A Parsamardhani and K
T Suhari, “Bridge Structural Deformation
Monitoring Using Digital Camera”. 10P
Conference Series: Earth and Environmental
Science. 1051-012009, 2022.

[7]. Mukupa, W.; Roberts, G.W.; Hancock,
C.M.; Al-Manasir, K., “4 review of the use
of terrestrial laser scanning application for
change detection and deformation monitoring
of structures”. Survey Review. 2016, 1-18.

[8]. Ozbek, M.; Meng, F.; Rixen, D.J., “Challenges
in testing and monitoring the in-operation
vibration characteristics of wind turbines”.
Mechanical Systems and Signal Processing.
2013, 41, 649-666.

[9]. Paula Helming, Axel von Freyberg, Michael
Sorg, and Andreas Fischer, “Wind Turbine
Tower  DeformationMeasurement — Using
Terrestrial Laser Scanning on a 3.4 MW Wind
Turbine”. Energies, 14(11):3255, 2021.

[10]. Ahmet U. Dilek, Ali D. Oguz, Furkan Satis,
Yigit D. Gokdel, and Muammer Ozbek,
“Condition monitoring of wind turbine blades
and tower via an automated laser scanning
system”. Engineering Structures, 189:25-
34,2019.

cokhivietnam.vn



NGHIEN CUU - TRAO DOI

WO'C LUONG NHIEU BANG MANG NO-RON NHAM NANG CAO
HIEU NANG BO DIEU KHIEN PID CHO CO' CAU BON KHAU
BAN LE

NEURAL-NETWORK-BASED DISTURBANCE ESTIMATION FOR ENHANCED PID
CONTROL OF A FOUR-BAR LINKAGE

Trinh Tuin Dwong
B mon Co dién tur, Khoa Co khi, Truong Pai hoc Giao thong van tai

TOM TAT

Bai bdo nay dé xudat mét phieong phap diéu khién két hop giita PID va mang no-ron nham
cdi thién kha nang bam quy dao cia co cau bon khdu trong diéu kién c6 nhiéu. Trong cdc hé co khi
thue té, cac yéu 16 bat dinh nhw ma sat khép, thay doi tdi va nhiéu tir méi truong cé thé lam suy
giam ddng ké d chinh xdc diéu khién. Dé khdc phuc van dé nay, mét mang no-ron dwoc sir dung dé
woc luong nhiéu dia trén trang thai hé va tin hiéu diéu khién, sau d6 duoc dung dé b vao tin hiéu
diéu khién PID theo thoi gian thue. Mot mo hinh dong luc hoc rut gon cua co cau bon khdu duwgc sir
dung dé danh gid phwong phdp dé xudt. Nhiéu dirgc mé hinh héa bao gom cd thanh phan bién thién
theo thoi gian va thanh phcfn ma sat phu thuéc van féc, giup phan anh 16t hon cdc ddc tinh cia hé
co khi. Két qua mé phong trong nhiéu truong hop nhiéu cho thay phirong phdp PID két hop mang
no-ron givp giam dang ké sai s6 bam quy dao so véi PID truyén thong. Piéu nay khang dinh hiéu
quda ciia phwong phdp bii nhiéu bang mang no-ron trong viéc ndng cao dé bén viing va hiéu ning
diéu khién.

T khéa: Mang no-ron; Diéu khién PID; Co cdu 4 khéu.

ABSTRACT

This paper presents a neural-network-assisted PID control approach for improving
trajectory tracking performance of a four-bar linkage under disturbance. In practical mechanical
systems, uncertainties such as joint friction, load variations, and external disturbances significantly
degrade control accuracy. To address this issue, a neural network is employed to estimate the
disturbance based on system states and control inputs. The estimated disturbance is then used to
compensate the PID control signal in real time. A simplified dynamic model of the four-bar linkage
is adopted to evaluate the proposed method. Disturbances are modeled to include both time-
varying components and velocity-dependent friction, providing a more realistic representation of
mechanical uncertainties. Simulation results under multiple disturbance scenarios demonstrate that
the proposed PID+NN approach significantly reduces tracking error compared to conventional PID
control. The results confirm the effectiveness of neural-network-based disturbance compensation in
enhancing robustness and tracking performance.

Keywords: Neural-network, PID control; 4 bar linkage.
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1. PAT VAN PE

Trong cac hé co khi va robot, nhiéu va
bat dinh 1a nhirng yéu t6 khong thé tranh khoi
va c¢6 anh huong dédng ké dén hiéu ning dicu
khién [2]. Cac ngudn nhiéu phd bién bao gdm
ma sat tai cac khdp, sai s6 mo hinh, thay d6i tai,
va cac tac dong tor moi truong nhu rung dong.
Pic biét, nhiéu thanh phﬁn nhiéu trong hé co
khi c¢6 tinh phi tuyén va phu thudc trang thai,
chéng han nhu ma sat kho va ma sat phy thudc
van tdc, khién viéc mo hinh héa chinh xéac tr&
nén kho khian [6]. Néu khong duoc xir 1y hidu
qua, cac yéu td nay co thé 1am suy giam dang
ké do chinh x4c va 6 6n dinh ctia h¢ diéu khién

[5].

Trong thuc té, bd diéu khién PID
(Proportional-Integral-Derivative) van duoc
sir dung rong rii nho cdu tric don gian va kha
ning trién khai d& dang [1]. Tuy nhién, PID
thudng nhay v6i nhidu va sai s6 mo hinh, dic
biét trong cac hé phi tuyén hodc khi ton tai cac
thanh phan bat dinh phtrc tap. Do d6, viéc nang
cao kha ning chéng nhidu ciia PID ma khong
lam ting dang ké do phirc tap ctia hé thong la
mot van dé dugc quan tam.

Trong nhiing nim gan ddy, mang no-
ron (neural network — NN) da dugc nghién
ctru nhu mot coéng cu hiéu qua dé xir 1y tinh
phi tuyén va bat dinh trong hé diéu khién [3],
[4]. Mot hudng tiép can dang chu ¥ 1a str dung
mang no-ron nhu mot bo uée luong nhiéu, cho
phép hoc truc tiép mbi quan hé giira trang thai
hé va cac thanh phan nhiéu chua biét. Nho do,
tin hiéu nhiéu c6 thé duoc udc lugng va bu
vao luat diéu khién theo thoi gian thuc, gitp
cai thién hiéu ning ma khong can xay dung mo
hinh toan hoc chinh x4ac cua nhiéu.

Trong bai bdo nay, phuong phap trén
duoc &p dung cho mot doi tuwong co khi cu thé
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1a co ciu bon khau ban 1& (four-bar hnkage)
Pay 1a mot co cau pho bién trong cac hé truyen
dong va robot, véi dic diém dong hoc phi tuyén
va chiu anh hudng 16 rét cia cac yéu td nhu
ma sat va tai ngoai. Viéc diéu khién chinh xac
chuyén dong cta co cdu bdn khau trong diéu
kién c6 nhiéu 1a mot bai toan c6 y nghia thuc
tién cao.

Cu thé, bai bao d& xuat mot phuong
phap diéu khién két hop gitra PID va mang
no-ron cho co cdu bén khau trong diéu kién ¢
nhiéu. Trong phuong phap nay, mot mang no-
ron duoc huin luyén dé uoc lugng nhiéu dua
trén trang thai h¢ va tin hi¢u diéu khién PID.
Gia tri nhiéu wéc lugng sau d6 duoc sur dung
dé bu vao tin hiéu diéu khién, nham cai thién
kha nang bam quy dao cua he théng. Mo hinh
nhidu dugc xay dung bao gébm ca thanh phan
bién thién theo thoi gian va thanh phan ma sat
phu thudc van téc, giup phan dnh sat hon cac
dic diém cua hé co khi thuc.

Céc dong gop chinh cua bai bao bao gom:

« D& xuat mot cach tiép can két hop
gitta PID va mang no-ron dé bu nhicu trong hé
co khi phi tuyén;

« Ap dung phuong phéap néu trén cho co
cau bon khau véi mo hinh dong hoc phi tuyén
va mo hinh ddng lyc hoc rut gon;

» Xay dung cac tmong hop nhiéu co y
nghla vat 1y, bao gdom nhiéu tuan hoan, nhiéu
bién thién nhanh va nhiu c6 thanh phan léch;

* Thuc hién m6 phdéng va so sanh, cho
thay phuong phap dé xuat cai thi¢én dang ké

hiéu ning so voi PID truyén thong.

Phan con lai cta bai bao dugc to chire

nhu sau. Muc 2 trinh bay mo hinh cua co cau &
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bdn khau, bao gém dong hoc va mo hinh dong
luc hoc rGt gon. Muc 3 md ta bd diéu khién
PID. Muc 4 gidi thiéu phuong phap udc lugng
nhiéu bang mang no-ron va cach tich hop vao
ludt diéu khién. Myc 5 trinh bay két qua mo
phong va so sanh hi€u ndng trong cac truong
hop nhidu khac nhau. Cubi cung, muc 6 dua ra
két luan va hudng phat trién trong tuong lai.

2. MO HINH HOA HE THONG

2.1. Mo hinh dfng hoc va dong luc hoc co
ciu 4 khiu bén 18

Lugc dd oo ciu 4 khiu bam b

- - -inpet
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Hinh 1. Liegc d6 mé phong co cdu 4 khdu ban 1é

Co cdu bon khau ban 1& (four-bar
linkage) 12 mot hé co khi phiang gdm bdn khau
cting ndi v6i nhau bang cac khép quay. Trong
nghién ctru nay, co ciu duoc méd ta boi bon
doan c6 chiéu (’1£1i lan luot la r,r, I, I, trong
d6 r, 1a khau c6 dinh (ground link), r, 1a khau
vao (input link), r, 1a khau trung gian (coupler),
var, la khau ra (output link).

Ky hi¢u cac goc quay twong ting la 6,

0., 0,, trong d6 6, 1a goc vao, va 0, 1a goc ra can

diéu khién. Quan h¢ dong hoc cua co cu duoc
xac dinh thong qua phuong trinh vong kin:

i8 By — i8
r,e’"z +rpe’s =r, +r,e"s

Tach thanh phan thyc va o, ta thu dugc
hé phuong trinh phi tuyén dé giai bai toan:

r,cosB, +rycosB; =r, +rycos0,

r,sin@; +rysinB; = r,sin B,

Trong nghién clru nay, mdt md hinh
dong luc hoc rut gon dugc st dung véi khau
dau ra nham tap trung vao viéc danh gia hiéu
nang diéu khién nhu sau:

J8, +bb, =u+d(t8,)

Trong do:

- J 1a moment quén tinh tuvong duong;
-blahésd giam chin;

- u 12 mé-men diéu khién;

- d(t, 8,) 13 thanh phan nhiéu va bét dinh.

Mo hinh nay gia dinh rang anh huéng
ctia cac khau con lai va cac lién két dong hoc
duoc gdp vao cac tham s6 hiéu dung J va b,
cling nhu thanh phan nhiéu. Cach tiép can nay
cho phép don gian hoa bai todn ma van giir
duoc cac dac tinh quan trong cua h¢, dac biét la
tinh phi tuyén va anh huong ctia nhidu.

2.2. M hinh nhiéu va bt dinh

Trong hé co khi thyc, nhiéu thuong bao
gd6m nhiéu thanh phan khac nhau, bao gdbm ma
sat khdp, tai ngoai va cac tdc dong moi truong.
Dé phan anh cac dic diém nay, nhidu trong
nghién ctru dugc mo hinh héa dudi dang:
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d(t,8,) = d () + de(6,)

Trong do:

- d(t) 1a thanh phan bién thién theo thoi
gian, mo phong rung dong hodc tai thay doi;

- d¢(8.) 13 thanh phan phu thudc van
tdc, md phong ma sat tai khop.

Thanh phan d(t) duoc xay dung voi
nhiéu truong hop khac nhau nhim danh gia do
bén viing cua bo diéu khién, bao gom nhiéu
tuan hoan, nhiéu bién thién nhanh va nhiéu c6
thanh phan léch (bias).

3. BO PIEU KHIEN PID

Bo diéu khién PID (Proportional—
Integral-Derivative) dugc st dung lam phuong
phap diéu khién co s¢ trong nghién ctru nay
do céu triic don gian va tinh tng dung, d6 phd
bién cao trén thyc té&. Muc tiéu diéu khién 1a
dam bao goc khau ra 0, bam theo quy dao tham
chiéu 0.

Sai s6 diéu khién duoc dinh nghia 1a:

E(tj == EII‘EF_ Elq_

Luat diéu khién PID duoc biéu dién
nhu sau:

|

uppp (1) = Kpe(t) +K; J. e(t)dr+ Kyé(t)
o

Trong do, K, K, K, lan luot 14 cac hé

s6 ty 18, tich phan Va vi phan

Bo diéu khién PID dong vai tro lam
phuong phép co sé dé so sanh v6i phuong phap
dé xuét co tich hop mang no-ron. Trong diéu
kién ton tai nhiéu va bat dinh, hiéu nang cua
PID c6 thé bi suy giam, tir d6 tao co s& dé danh
gla hiéu qua cua phlrong phap bu nhidu duoc dé
xut trong cac phan tiép theo.
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4. UOC LUQNG VA BU NHIEU BANG
MANG NEURON

4.1. Nguyén 1y bu nhiéu

Nhu da trinh bay & Muc 2, h¢ dong luc
hoc cta khau ra chiu anh huong cua thanh phan
nhidu va bat dinh d(t, ,)> bao gbém ca thanh
phan bién thién theo thoi gian va thanh phan
ma sat phu thuéc van téc. Viec mo hinh hoa
chinh x4c thanh phan nay la kho khan trong
thuc té.

Pé khic phuc van dé nay, nghién ciru
de xuat sit dung mot mang no-ron dé udc lugng
nhicu theo thoi gian thuc [3], [4] nhu sau:

d(t) = £y (8,(1),8,(1), e(t), upy (1))
Véi a(t) 1a gi4 tri nhiéu udc lugng bai
mang no-ron.

4.2. Kién triic mang no-ron

Trong nghién ctu nay, mit mang
no-ron truyén thang nhiéu 16p (Multi -Layer
Perceptron MLP) duoc str dung dé uéc luong
nhiéu. Mang bao gom:

* Lop dau vao voéi cac bieén: 0,, 9, €,

PID?

« Hai 16p 4n gdm 32 no-ron mdi 16p,
v6i ham kich hoat phi tuyén tanh (hyperbolic
tangent);

« Mot 16p dau ra biéu dién gia tri nhiu
udc luong d).

Mang dugc huan luyén theo phuong phéap
hoc c6 gidm sat, trong d6 dit liu huén luyén dugc
thu thap tir qua trinh mo phong hé vai b dicu
khién PID. Gi4 tri nhiéu thuc d(t, §,) dugc s &
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dung 1am nhén (target) trong qua trinh huin
luyén. Qua trinh huan luyén dugc thuc hién
bang céch t61 thi€u h6a ham mat mat MSE:

N
L—lzd d.)?
—N__l(-l i)

Viée t6i wu héa dugc thuc hién
bang thuat toan Adam (Adaptive Moment
Estimation), mot phuong phap gradient descent
thich nghi, cho phép hoi tu nhanh va on dinh.

4.3. Luit diéu khién két hop PID + NN

Sau khi huan luyén, mang no-ron dugc
str dung dé wéc lwong nhiu theo thoi gian thuc
va tich hop vao luat diéu khién. Tin hiéu diéu
khién té)ng duoc xac dinh nhu sau:

u(t) = uppp () — d(t)

Trong do:

*u, (1) 1a tin hi¢u dicu khién tir bo PID;
« d(t) 14 nhiéu wdc luong béi mang no-ron.

Cach tiép can nay cho phép bo diéu
khién bu tryc tiép thanh phan nhiéu, tir d6 cai
thién kha ning bam quy dao ctia hé. Dong thoi,
do mang no-ron khong yéu cau mé hinh chinh
xéc cua nhiéu, phuong phap nay c6 thé ap dung
cho cac hé co khi c6 tinh bat dinh cao.

5. PHAN TiCH KET QUA
5.1. Treong hop nhiéu

Pé danh gia do bén viing cua bo didu
khién, ba truong hop nhiéu véi y nghia vat 1y
khéc nhau dugc xdy dung, phan anh cac diéu

kién van hanh phé bién trong hé co khi:

« Trudng hop 1: Nhiéu c6 bién do va tan
sO trung binh;

« Truong hop 2: Nhiéu c6 bién do va tan
sO cao;

« Truong hop 3: Nhiéu c6 thanh phan
hang s.

Hinh 2. Cdc truong hop nhiéu dwoc sir dung trong
qua trinh mo phong.

Ngoai ra, thanh phan ma sat phu thudc
van toc dugc dua vao tat ca cac truong hop
nham phan anh dac tinh phi tuyén cua khdp co
khi.

5.2. Hi€u nang bam quy dao

Hiéu nang ctua hé dugc danh gia thong
qua kha nang bam quy de,}o cua goc khiura 0,
so voi quy dao tham chiéu. Céac hinh 3-5 cho
thiy bo diéu khién PID co thé bam theo quy
dao tham chiéu, nhung bi anh huong manh
boi nhiéu, va khi tich hop mang no-ron dé bu
nhiéu, sai s6 bam quy dao dugc giam dang ké
trong ca ba trudong hop.

Hinh 3. Két qua bam quy dao véi truong hop
nhiéu 1.
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Hinh 4. Két qua bam quy dao véi truong hop
nhiéu 2.

i s

Hinh 5. Két qua bam quy dao véi truong hop
nhiéu 3.

5.3. So sanh dinh lugng

Hiéu niang diéu khién dugc danh gia
dinh luong thong qua sai s6 binh phuong trung
binh (Root Mean Square Error — RMSE), bao
gom:

* RMSE trén toan bg thoi gian mo
phong;
* RMSE sau thoi gian 1s, dé loai bét

giai doan qua do6 ban dau.

Bang 1 va 2 duéi day trinh bay két
qua so sanh gitta PID va phuong phap dé xuat
PID+NN trong ba truong hop nhiéu.

Bdng 1. So sanh két qua giita PID va NN+PID

TH PID RMSE (dog) PID+NN RMSE (dog) PID RMSE sau 1s (deg) PID4NN RMSE sau 1s (deg)

0 TH1 22195 1.0023 2.0950 1.0381
1 THZ 1.5818 1.5399

2 TH3 22 1.0373 1.0291
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Bdng 2. Kha néng dodn nhiéu ciia NN va kha néing cdi
thién do bam quy dao cua b6 NN+PID so voi PID.

TH Disturbance RMSE Cai thién (%) Cai thién sau 1s (%)

0 TH1 0.0775 50.7892 50.4466

0.1219 54,4333 54,4003

0.1123 53.0677 48.3747

Két qua cho thay trong tit ca cac trudong
hop, phuong phap PID+NN déu cai thién déng
ké sai s6 so v6i PID truyén thong. Murc cai
thién dao dong khoang 40-50% tuy theo diéu
kién nhiéu, cho théy hiéu qua ctia viéc bu nhiéu
bang mang no-ron.

5.4. Phan tich két qua

Két qua md phong cho thdy su anh
hudng cia nhiéu va cac yéu té bat dinh lam
giam do chinh xac cia bd diéu khién PID thong
thuong. Mang no-ron c6 kha nang hoc va udc
luong cac thanh phan nhidu, tir d6, khi dugc
tich hop vao luat diéu khién, gia tri nhidu wéc
lugng gitp bu truc tiép cac thanh phan bat dinh,
tlr @6 cai thién do chinh xac clia bd diéu khién.

6. KET LUAN

Bai bao da trinh bay mdt phuong phap
diéu khién két hop gitra PID va mang no-ron
nham cai thién kha niang bam quy dao cua co
cAu bon khau trong diéu kién c6 nhidu. Mang
no-ron dugc str dung dé uée luong truc tiép cac
thanh phan bat dinh dya trén trang thai hé va tin
hiéu diéu khién, thay vi phai c¢6 gang xac dinh
chinh x4c tin hiéu nhiéu.

Két qua md phong cho thiy phuong
phap dé xuét gitp giam dang ké sai sb bam quy
dao so v4i bo diéu khién PID truyén thong trong
nhiéu truong hop nhidu khac nhau vé bién do,
tan sb, hay xuét hién hang s6 trong nhiéu.
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Trong tuong lai, phwong phéap co thé
dugc md rong theo hudng nhu 4p dung cho cac
loai co cdu khéc nhau, trién khai trén hé thuc,
hodc két hop v6i cac bo didu khién khac nham
nang cao hon nita kha ning diéu khién chinh
xac hé thdng dudi tac dong ctia nhiu va cac
yéu t6 bit dinh.
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THIET KE VA PHAN TiCH KET CAU THEP BO KEP GAP GO CUA
MAY PAO MOT GAU

DESIGN AND ANALYSIS OF STEEL WOOD GRAPPLE OF EXCAVATOR

TS. Nguyén Thuy Chi
Truong Pai hoc Giao thong van tai

Email: thuychinguyen mxd@utc.edu.vn
TOM TAT

Bai bdo trinh bay két qud nghién civu thiét ké va phdn tich két cdu thép cia bé kep gdp g6
lip trén mdy dao mot gau truyén dong thiy lyc. Trén co sé phan tich cau tao va nguyén 1y lam viéc
cua bo kep, tac gia xay dung mo hinh tinh toan lyc kep, xac dinh tai trong lam viéc va tién hanh
thiét ké két cau co khi ciia bé kep. Mé hinh 3D dwoc xdy dung trén phan mém SolidWorks va phdn
tich phan tir hitu han (FEA) dwoc thuc hién bang SolidWorks Simulation nham danh gid vmg sudt,
bién dang va hé sé an toan ciia két cdu. Két qua cho thdy phwong dn thiét ké dam bao kha nang lam
viée doi véi diéu kién kep go, dong thoi chi ra cdc viing nguy hiém can gia cwong khi lam viéc véi

tdi trong lon hon.
Tirkhéa: B kep g6, My dao mét gau,; Két cau thép; Phan tich phan tir hitu han; SolidWorks.
ABSTRACT

This paper presents the design and structural analysis of a steel wood grapple mounted on
a hydraulic excavator. Based on the working principle and structural configuration of the grapple,
the gripping force and working loads are determined. A 3D model is developed in SolidWorks
and finite element analysis (FEA) is performed using SolidWorks Simulation to evaluate stress
distribution, deformation, and safety factor. The results indicate that the designed structure satisfies
working requirements under wood handling conditions and highlights critical stress regions for

further optimization.
Keywords: Wood grapple; Hydraulic excavator; Steel structure; Finite element analysis.
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1. PAT VAN PE

May dao mot gau truyén dong thuy luc
1a mot trong nhiing thiét b thi cong phd bién
nhat trong linh vyc xay dung, khai thac va van
chuyén vat liéu. Nho kha nang thay dbi linh
hoat cac bd cong tac, may dao ngay cang dugc
st dung da nang hon trong nhiéu linh vuc nhu
bde xép vat liéu, khai thac g, pha d& cong trinh
va xu ly vat liéu roi. Qua céc tai liéu cong khai,
c6 thé thdy nghién ctru truc tiép vé bo kep gd
gan trén may dao khong nhiéu bang nghién ciru
vé bo cong tac may dao noi chung [1], [2]. Phan
16m cong trinh tap trung vao 4 hudng: (1) phan
tich dong hoc — tinh hoc by cong tac may dao;
(2) phan tich bén va tbi uu két cu tay can, tay
gau, khép, chdt; (3) anh hudng ctia bd cong tac
phu tro va co cau quay/tiltrotator dén tai khong
gian; (4) phat trién cac attachment chuyén
dung nhu grapple, sorting grapple, demolition
grapple log grapple trong khai thac go béc
xép vat liéu va pha d&. Diéu nay cho thiy viéc
nghién ctru tinh thyc tién, nhung phan “khe ho
nghién ctru” van con kha 16n & két cau thép bod
kep gb va kiém tra kha ning chiu luc.

Trong d6, bd kep gip gb (wood grapple)
la mot dang bo cong tac chuyén dung, dugc st
dung rong rii trong 1am nghiép va logistics dé
nang, di chuyén va phan loai g5 Tuy nhién,
phan 16n céc bd kep hién nay déu duoc nhap
khau, chua c6 nhiéu ngh1en cliiu trong nudc veé
thiét ké va phan tich két cau loai thiét bi nay.

Viéc nghién ciu thiét ké bd kep gd
trong nudc cod y nghia quan trong nham:

« Chu dong trong thiét ké va ché tao
thiét bi;

« Giam chi phi nhap khau;

« T6i uu hoa két cau phu hop véi diéu
kién 1am viéc thuc t€ tai Viét Nam.

Trong bai bio ndy, tac gia tién hanh
nghién ctru thiét ké bo kep gd lip trén may dao
mot gau, xay dung mo hinh tinh toan lyc kep va
thuc hién phan tich két cdu bang phuong phap
phan tir hitu han véi sy tro giup cua phdn mém
SolidWorks.

2. NOI DUNG

2.1. Khai niém b kep gip gd lip trén may
dao mét gau

Bo kep gd lap trén may dao mot gau la
bd cong tac chuyén dung dung dé kep, nang va
di chuyén cac vat liéu dang tru nhu than cay
hoiac bo g5. Vé ciu tao, bd kep gém cac bd
phan chinh: tai treo, than kep, hai mé kep, xi
lanh thuy lic, hé théng chdt lién két, bac 16t va
gan tang ctng. Cac bd phan nay dugc thiét ké
nham dam bao kha nang chiu luc, d6 cing va
dd bén trong diéu kién 1am viéc thyc té.

Hinh 1. May ddo thiyy lyc ciing bo kep gdp g6

Tai treo déng vai tro lién két véi can
may dao va chiu toan b tai trong truyén lén
may co sd. Than kep 1a két cau chiu luc chinh,
thudng duoc ché tao tir thép cuong do cao dang
han, c6 b tri gan ting cling tai cic ving chiu
tmg suit 16n. Hai ma kep c6 dang cong dbi
xtmg, pht hgp vé6i hinh dang go, gitp ting kha
ning om giit va on dinh vét lidu trong qua trinh
lam viéc.
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T Wale

Hinh 2. Bg kep gdp g6 thwong ldp trén may dao

ciing bé thdo ldp nhanh

Xi lanh thity luc 13 co cAu chip hanh tao
luc dong/mé ma kep, trong khi hé théng chdt
va bac 16t dam bao chuyén dong quay linh hoat
va giam mai mon. Tong thé, bd kep 1a mot hé
két ciu co khi chiu tai phire tap, doi hoi thiét ké
hop 1y vé hinh hoc va vat liéu dé dam bao hiéu
qua va do bén lam viéc.

2.2. M6 hinh hinh hoc ciia bd kep gip gb

B0 kep gb hoat dong dua trén hé théng
thuy lyc cia may dao, trong do xi lanh thay luc
dong vai tro tao luc kep thong qua co cdu ban
1&. Khi dau ap suit cao dugc cip vao xi lanh,
piston dich chuyén lam hai ma kep quay quanh
chdt va khép lai dé kep chat vat liéu; nguoc lai,
khi xa dau, ma kep mo ra dé nha vat. Luc gilr
vat dugc hinh thanh tir lyc ép phap tuyén cia
ma kep két hop v6i luc ma sat tai bé mat tiép
xuc va hiéu trng 6m hinh hoc cia ma cong. Nho
d6, bd kep c6 thé giir 6n dinh vat liéu trong qua
trinh nang, xoay va di chuyén.

1. Khung bé gdp g6, 2, 3. Tay gdp go. 4. Co ciu
quay bo kep, 5, 7. Thanh day; 6. Xi lanh kep.
Hinh 3. Cau tgo cua b¢ thao lap gau nhanh
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A mim 2040 2077
B mim 467 467
H1 mm 1254 1214
H2 mm 1073 1073
D~ BUONG KINH GO HHG HHAT mm 154 154

Hinh 4. Kich thude hinh hoc bé kep gdp g6 ciia
may dao

L

Hinh 5. M6 hinh 3D ciia b kep gdp g6 trong phan

mém Solidworks
2.3. Xay dung mo hinh tinh toan luc kep
2.3.1. Tdi trong vdt kep

- Xac dinh thé tich khuc gd, ta coi khuc gb 1a
hinh tru:

m.D? 1.0,85% .
V== L=—"7— x12=0,6809 (m?)
Voéi:



NGHIEN CUU - TRAO DOI

D - Pudng kinh ctia than gb: D = 850 mmy;
L - Chiéu dai ctia khiic gd: L= 1,2 m.

- Khéi luong khuc gb:
m, = p.V, = 850 X 0,6809 = 578,7 (kg)

p - Trong luong riéng clia gd: p = 850
kg/m3.

- Tai trong tinh toan, [3]:
Gy = ka.Gy = ka.my.g = 1,3 X 0,5787x 9,81 = 7,38 (KN)

k,- H¢ so tai trong dong: k, = 1,3.

- Xac dinh lyc ép yéu cau cia mot ma kep:

m 12,65 (kN)

k, - Hesodutrukep kb—12
1t - Hé s6 ma sét thép-go: = 0,35.

kG =12x
b

2.4. Phan tich phan tir hitu han b kep gip gb
2.4.1. Pdc diém vt liéu

Vit liéu ma tac gia chon cho céc phﬁn
tir ctia bo kep gap gb thép Q355 cho than va ma
kep va thép hop kim cho chét ¢ cac dic tinh
nhu sau: M6 dun dan hoi: E =2,1.10" (N/m?),
Hé sd Poissons: p = 0,28, o, =355 (MPa).
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Hinh 6. Bang thong $6 vét liéu chon cho bo kep

gdp g6

2.4.2. Phan tich phén tir hitu han

Pé xac dinh noi luc bén trong bo kep
gip gd trong cac qua trinh 1am viéc, tac gia st
dung chuong trinh phén tich phan tir hitu han
Solidworks [4]. Qu4 trinh phén tich cy thé nhu
sau:

2.4.2.1. Sy tao lwdi b kep gdp g6
+ Téng sb nut: 537239.

+ Tong sb phan tir: 306491.
+ Kich thudc phan tir: 13,6368 mm.
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Hinh 7. M6 hinh bé kep gdp g6 sau khi dwoc
tao luoi

2.4.2.2. Piéu kién bién va luc tac dung

Trong md hinh phan tich phan tir hitu
han, diéu kién bién duoc thiét 1ap nham phan
anh dang trang thai lam viéc thuc té cia bd
kep. Tai treo duoc gia thiét 1a lién két cb dinh,
dai dién cho su lién két cing voi can may
dao. Luc xi lanh thuy luc dugc dat tai vi tri
chét lién két véi ma kep, mo phong luc truyen
tir hé thong thuy luc. Pong thoi, tai tiép xuc
dugc phan bd tai bé mat ma kep, twong ung
voi luc tac dung tur vat kep Vol gia tri N =
12650 N (Hinh 8). Cac diéu kién nay cho phep
danh gia chinh Xac trang thai img suat va bién
dang cua két cdu trong qua trinh lam viéc.
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Hinh 8. Ddt diéu kién bién cho truong hop bé gdp
@6 chiu tai I6n nhdt

2.4.3. Cdc két qud thu dwoc sau khi phén tich
phén ti hivu han

Hinh 9. Ung sudt phin bé trén bé kep gdp g6
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Hinh 10. Chuyén vi ciia b kep gdp g6
Nhan xét:

Két qua phan tich phan tir hitu han cho
thay trang thai lam viéc cta bd kep go twong
d6i 6n dinh va dam bao yéu cau vé do bén.
Phan bd mg suét trén toan bo két cdu khong
dong déu, trong d6 gié tri tmg suat 16n nhét tap
trung tai cac vi tri co su thay ddi hinh hoc va
truyén luc truc tiép nhu gbec méa kep va cac 16
chét lién két. Day la nhfrng khu vuc chiu tac
dung dong thoi cua luc udn, luc cit va tai trong
tap trung, do d6 d& xuét hién tap trung Gng suét
v6i tmg suat 16n nhét o .= 148,7 (MPa) (Hinh
9). Tuy nhién, gié tri Gng suat cuc dai van nho
hon tng suit cho phép cua vat liéu [6] = 355
(MPa), chtng to két cau dap tmg diéu kién bén
trong qua trinh lam viéc.

Bén canh d6, két qua phan tich chuyén
vi cho théy do bién dang cua by kep 1a nho,
khoang 4 mm (Hinh 10) va nam trong gidi han
cho phép, dam bao do cling viing cua két ciu.
Diéu nay ¢ y nghia quan trong trong viéc duy
tri kha nang kep gitr on dinh vat liéu, tranh hién
tuong truot hodc 1éch tam khi van hanh. Nhin
chung, phwong 4n thiét ké di dam bao cac yéu
cau vé d6 bén va do ctng, dong thoi chi ra cac
vi tri can chu ¥ khi t6i wu két cau trong céc

budc nghién ctru tiép theo.
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3. KET LUAN

Bai b4o di trinh bay mot cach hé théng
qué trinh nghién ctru, thiét ké va phan tich két
cau thep ctia bo kep gip gd lap trén may dao
mot gau truyen dong thuy luc. Tren co sO phan
tich dic diém lam viéc va yéu cau ky thuat cua
thiét bi, tac gia da xay dung dugc mo hinh cau
tao hop ly cua bo kep, dam bao tinh déng bo
gitra cac by phan nhu than kep, ma kep, xi lanh
thity Iyc va hé thdng chdt lién két. Pong thoi,
nguyén 1y lam viéc cua co cdu ciing duoc 1am
10, qua do xac dinh duogc co ché hinh thanh luc
kep va cac yéu té anh huong dén kha ning giir
vat liu.

Bén canh do, bai bao da thiét 1ap duogc
mo hinh tinh toan lyc kep dua trén diéu kién
can bang va chdong truot cia vat kep, tir d6 xac
dinh duogc tai trong lam viéc dac trung cua bd
kep trong cac diéu kién van hanh khac nhau.
Trén co s& cac két qua tinh toan, két cau bod kep
da duoc thiét ké vai vat lidu thép cuong do cao,
dam bao kha nang chiu luc va do bén trong diéu
kién lam viéc thuc té.

bac biét, viéc ung dung phU.’O’Ilg
phap phan tir hitu han théng qua phin mém
SolidWorks Simulation da cho phép danh gia
chi tiét trang thai tmg suét va bién dang cta két
céu. Két qua phan tich cho thdy bo kep dap tng
t6t yéu cau vé do bén va do cing, dong thoi xac
dinh duoc céc vi tri nguy hiém nhu gbc ma kep
va 16 chét lién két, 1a co s quan trong cho viée
t61 wu va gia cuong két cau.

Tu cac két qua dat duoc, co thé khéng
dinh rang phuong an thiét ké bo kep gd 1a kha
thi va c6 thé ap dung trong thuc té. Nghién ctru
nay ciing cung cip co s khoa hoc va k¥ thuat
quan trong cho viéc thiét ké, ché tao va phat
trién cac bd cong tac tuong tu trong nudc, gop
phan ning cao kha ning ndi dia hoa thiét bi co
khi xay dung.+
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NGHIEN Cl’U TOI U HOA KET CAU THUNG KiN DANG SONG
CONTAINER TREN XE TAl

RESEARCH ON STRUCTURAL OPTIMIZATION OF CORRUGATED CONTAINER
BOXES FOR TRUCKS

ThS. Nguyén Quang Cudng
B mon Co khi 6 t6, Khoa Co khi, Truong DPai hoc Giao thong van tai

Email: nqcuongoto@gmail.com
TOM TAT

Nganh van tai dwong bé dong vai tro quan trong trong hoat dong kinh té, trong dé xe tdi la
phirong tién chii lwc. Viéc giam khoi lwong ban than thiing xe nham tang tdi trong hang héa va ndng
cao hiéu quad khai théac la mét yéu cdu cdp thiét trong thiét ké hién nay. Méi kilogram khéi leong
két cau tiang thém khéng chi lam giam kha ndng chuyén ché ma con lam gia tang tiéu hao nhién
liéu va chi phi vdn hanh. Bai bdo nay trinh bay nghién civu t6i wu héa két cdu thing kin dang song
container trén xe tdi thong qua phirong phdp phan tir hitu han (FEM) sir dung phan mém Simsolid.
Cdc tham sé thiét ké chinh bao gom chiéu day tén, budc séng va sé hrong thanh gia cwong, ke ting
citng dwoc khdo sat va danh gid trong cdc bai todn toi wu.

Tir khéa: Thing kin séng container; Tén song; Toi wu két cau; Thanh gia cuong; Ke ting
cung; Simsolid.

ABSTRACT

Road transport plays a crucial role in economic activities, in which trucks are the primary
means of transport. Reducing the self-weight of the vehicle body to increase payload capacity and
enhance operational efficiency is an urgent requirement in modern design. Every additional kilogram
of structural mass not only reduces carrying capacity but also increases fuel consumption and
operating costs. This paper presents a study on the structural optimization of corrugated container
boxes on trucks through the Finite Element Method (FEM) using Simsolid software. The main
design parameters, including sheet thickness, corrugation pitch, and the number of reinforcement

bars and gusset plates, are investigated and evaluated in optimization problems.

Keywords: Corrugated container box, Corrugated metal panel; Structural optimization;
Stiffening bar; Stiffener bracket,; Simsolid. &
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1. PAT VAN PE

Trong nganh van tai duong bg, xe tai la
phuong tién chi lyc phuc vu van chuyén hang
hoa véi khéi lugng 16m. Thung xe 1a bd phan
tryc tiép chiu tai va truyén luc xudng khung
gim, do d6 anh huéng tryc tiép dén kha ning
chuyén cho, do bén két cdu va hiéu qua khai
thic ctia phuong tién. Viéc giam khdi lugng
ban than thung xe, dong thoi dam bao d6 bén 1a
yéu cau quan trong trong thiét k& hién nay [1].
Trong thiét ké thung xe, can dam bao dong thoi
cac yéu td nhu: d6 bén, do cung, phan bd tai
hop 1y va an toan khi xe lam viéc trong cac diéu
kién van hanh nhu phanh Va quay vong. Cac
nghién ctru trude day chu yeu tap trung vao toi
vu hé xuong va tiét dién dam nham giam khi
luong va (mg sudt trong két cAu [2]. Tuy nhién,
cac két cdu truyén thong chua khai thac hiéu
qua kha ning chiu lyc cta tim v6 thung. Gan
day, két cau thung dang song duoc nghién ctru
do kha nang tang dd cung hinh hoc ma khong
can ting chiéu day vat liéu, tr d6 glup giam
khéi luong va cai thién hi€u qua két céu [3].
Bén canh do, tai trong tic dung 1én thung xe
khong chi 1a tai trong thang dimg ma con bao
gdm tai doc va tai ngang phat sinh trong qua
trinh van hanh. Do do, viéc danh gia két cau
can duoc thyc hién thong qua phuong phap
phén tu hiru han (FEM) dé xac dinh chinh xac
phan bo g suét va cac ving nguy hiém trong
két ciu [4]. Xuat phat tir cac van dé trén, ba1
béo tap trung vao nghién ctru t6i wu hoa két cdu
thung kin dang song container trén xe tai thong
qua md phong, nham dé xuat phuong an thiét
ké dam bao do bén va téi wu khdi lugng.

2.CO SO LY THUYET
2.1. Muc tiéu

Muc tiéu cua bai toan tdi wu 1a giam
khoi lugng thung xe dong thoi xac dinh vi tri

va gia tri 1'rng suat 16n nhat trong két cau. Didu
chinh thiét ke thung xe dang song container dé
t61 uu hoa vé mit két cdu giam trong lugng va
g suét.

2.2. Phwong phap

Mb hinh hoa két ciu thung xe tai song
container bang phan mém NX, dung phan mém
phan tir hitu han Simsolid phan tich d¢ bén voi
thing nguyén ban va cic truong hop két cau
khac nhau Lap bang phan tich cho céc truong
hop két cdu thay d6i so v6i nguyén ban dé lwa
chon ra bai toan toi wu.

2.3. Piéu kién bién

Hai dam doc day thung duoc ¢d dinh
bang rang budc ngam tai vi tri tiép xtc voi
chassis, gia thiét cac bac tu do dich chuyén Ux,
Uy, Uz bang khong [5].

2.4. Tai trong va ché dé tai trong

Tai trong gom co6 hang hoa va ban than
thung hang, hang hoa dugc phan bo déu trén
san xe. Ché do tai trong tinh toan 1a khi phanh
va khi quay vong. Tai trong dat 1én san xe,
thanh bén, thanh trudc dugc xac dinh theo [6],
[71, [8]:

- San thung chiu 100% hang hoa phan
b6 déu trén san;

- Thanh bén chiu 15% tai trong hang
hoéa (lyc ngang tac dung 1én thanh bén, phan bo
déu);

- Thanh trudce chiu 15% tai trong hang
hoa phan bo déu 1én toan b thanh trudce.
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3. MO HINH VA PHAN TiCH THUNG
NGUYEN BAN

3.1. Thong s6 chi tiét ciia thing nguyén ban
Thong sb kich thudc cua thung dugc

xac dinh theo quy chuan Viét Nam QCVN
09:2024/BGTVT [9] nhu trong bang 1.

Bdng 1. Théng s6 co ban thiing nguyén ban

TT | Théngsb Thee 1 Gig tri
nguyén
Kich thudc long 9800 x 2380
1 | thung: Dai x mm
A x 2560
Rong x cao
Khoi lwong hang
2 hoa chuyén cho ke 7400
3 | Chiéu day tonsan | mm 2,5
4 C’hleu day ton mm 1.8
song
5 K’hoang cach mm 90
song
6 | Kich thudc song mm 45
7 Vg}t liéu lam i CT5
thung

3.2. M6 hinh két cu 3D nguyén ban

M5 hinh két cau 3D nguyén ban dugc thé
hién trén hinh 1 duoc tao ra béng phﬁn mém NX.
Vit liéu thung 13 thép c6 g suét chay cho phép
1a 250MPa; tng suét kéo gi6i han 1a 440MPa;
Céc dac tinh khéc cta vat liéu nhu trong bang 2.
M6 hinh két ciu 3D nhur trén hinh 1.

Badng 2. Ddc tinh vat liéu thung

Mo dun dan Ty 1€ . 5
héi (GPa) Poisson Ti trong (ke/m?)
200 0,3 7860
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Hinh 1. M6 hinh 3D két cdu thing hang xe
nguyén ban

3.3. Dat tdi 1én mo6 hinh

Thung hang kin dang song container
dugc md phong chiu tai bang cach truyén lyc tir
hang hoa ma n6 chuyén chd. Cac yéu td chiu tai
chinh cua thung xe 1a san, thanh phia trudc va
tam chin bén. TAm chan bén va tdm chin phia
trude duogc thiét ké sao cho chiu tai mot phan
khi phanh, quay vong. M6 hinh dét lyc nhu trén
hinh 2.

Hinh 2. M6 hinh dat luc cua thung nguyén ban

3.4. Phan tich két qua tinh toan cho thing
nguyén ban

3.4.1. Ung suit twong dwong ke ting cirng

Thung nguyén ban c6 do day ton song
12 1,8 mm va 01 thanh ngang. Ung suat tuong
duong 1on nhét xdy ra tai vi tri thanh trudc,
phia dudi tim song trude. Gia tri ing suat 16n
nhat 1a 232,7MPa. Hinh dang va phan b6 tng
suat nhu trén hinh 3.

SIMSOLID

Hinh 3. Ung sudt twong dwong
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3.4.2. Bién dang tong thé

Bién dang 16n nhat xay ra trén thanh
trude cua tAm tai vi tri gitra thanh trudc; Bién
dang 16n nhét 1a 12 mm. Hinh dang bién dang
nhu trén hinh 4.

SIMEGLID

Hinh 4. Bién dang tong thé

4. TOI UU HOA KET CAU THUNG SONG
CONTAINER

Dya vao két qua tinh toan thing xe
nguyén ban va kinh nghiém thiét ké, san xut
thue té tién hanh phén tich két cAu thung hang
cho cac két cdu khac nhau dé tim ra trudng hop
két cau toi wu nhat. Voi truong hop nguyen
ban, (mg suat va bién dang 16n nhat déu xay
ra & thanh trudc nén cac bai toan tbi wu chi tap
trung vao toi wu cho thanh trudc.

4.1. Truwong hop 1 (TH1)

Thay d6i do day ton song thanh trude
thing nguyén ban tir 1,8 mm xudng 1,6mm;
s0 luong thanh ngang nguyén ban 1a 01 thanh
duogc nang lén thanh 3 thanh ngang. Gia tri img
suat 16n nhat 1a 204,9 MPa, hinh dang va phan
b tmg suat nhu trén hinh 5. Bién dang 16n nhat
la nhu trén hinh 6.

SIMSOLID

. z
b bt o [
[

Hinh 5. Ung sudt twong dwong THI

SIMSOLID

P |

=Ty

Hinh 6. Bién dang tong thé THI
4.2. Truwong hop 2 (TH2)

Tiép tuc thay doi do day ton song thanh
truée nguyén ban tir 1,8mm xudng 1,4mm; sb
luong thanh ngang trudc tir 01 thanh 1€n 03
thanh. Gia tri ing suét 16n nhat 1a 204,9 MPa,
hinh dang va phéan b6 tmg suét nhur trén hinh 7.
Bién dang 16n nhat 1 nhu trén hinh 8.

SIMSOLID

L

- !-.
-
-

Ml

-

e e | B © L

ey

Hinh 7. Ung sudt twong dwong TH2

i SIMSOLID

1 R ]

— ] O e

Hinh 8. Bién dang tong thé TH2
4.3. Truwong hop 3 (TH3)

Thay ddi do day ton song xudng 1,4
mm; s6 luong thanh ngang truéc 1a 3 thanh.
Khoéang cach song thay d6i tir 90mm xudng
con 60mm. Két qua tinh toan tng suat va bién
dang nhu trén hinh 9 va hinh 10.
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e SIMSOLID

— SIMSOLID e
— =
B E
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Hinh 9. Ung sudt twong diwong TH3 Hinh 11. Ung sudt twong dwong TH4
— I o SIMSOLID
= o E=
E
e I : 1 1T) .
-.-:-. r_f": Ewiie il 1 | St | ;_,
Hinh 10. Bién dang tong thé TH3 . » P . -
Hinh 12. Bién dang tong thé TH4
4.4. Trudmg hop 4 (TH4) 5. TONG HQP KET QUA THAY POI KET

CAU VA THAO LUAN

Thay d6i do day ton song xubng 1,2
mm; sd luong thanh ngang trude 1a 3 thanh
Khoang cach song thay d6i tir 90 mm xuong
con 60mm. Két qua tinh toan (mg suét va bién
dang nhu trén hinh 11 va hinh 12.

Téng hop két qua khdi lu’ong, ung suét
va bién dang véi cac truong hop két ciu khac
nhau nhu trong bang 3.

Badng 3. Tong hop két qua tinh todn trong cdc trieong hop két cau khdc nhau

rhi | Besing | Dgoiycim | sbonn | LILCRR | QOETE |
(kg) (MPa) (mm)
THI1 90 1,6 03 138,6 204,9 10,6
TH2 90 1.4 03 128.,4 217.0 1.2
TH3 60 1,4 03 131,5 208,0 10,1
TH4 60 1,2 03 120,4 247,0 11,7
Nguyén ban 90 1,8 01 133,7 2327 12,0
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Nhan xét: T két qua tinh toan thay
rang truong hop TH3 1a tot nhat, tiét kiém duoc
khéi lugng thanh trude 1a 2,2 kg; Ung suét 16n
nhat giam duogc 24,7 MPa; Bién dang 16n nhat
giam duoc 1,9 mm.

6. KET LUAN

Tur cac két qua phan tich va t6i vu hoa
két cau thung kin dang song container, c6 thé
rut ra cac két luan chinh nhu sau:

Két cAu thung nguyén ban véi ton song
day 1,8 mm va 01 thanh ngang co Gng sut
16n nhat dat 232,7 MPa va bién dang l6n nhét
khoang 12 mm, tdp trung chii yéu tai thanh
trudc.

Viéc ting sb lu:ong thanh ngang 1é€n 03
thanh giap giam dang ké ing suat va bién dang,
voi gid tri U:ng sudt giam xuong khoang 204 9
MPa. Khi két hop giam chiéu day ton xudng
1,4+1,6 mm, két cAu van dam bao do bén néu
bb tri thanh ngang hop 1y.

Anh hudng cia budce song 1a 16 rét; khi
giam tir 90 mm xudng 60 mm, Gng suét va bién
dang tiép tuc giam, cho thiy kha ning ting do
ctng cyc bd cia tim song.

Phuong 4n t0i wu (TH3) v6i bude song
60 mm, chiéu day ton 1,4 mmva 03 thanh ngang
cho thdy hiéu qua tot nhit, véi timg suét giam
khoang 24,7 MPa va bién dang giam khoang
1,9 mm so v6i két cau ban dau, dong thoi cho
phép giam khéi luong.

Két qua nghién ctu khing dinh ring
két cdu ton song tham gia chiu lyc cing véi
hé xuong, va viéc tdi wu can dua trén sy phéi
hop hop 1y gitra hinh hoc séng va hé gia cuong
thanh ngang, thay vi chi ting chiéu day vat
liu. <
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NGHIEN CU'U MO PHONG VA TiNH TOAN KET CAU THEP CAC
DOAN ONG LONG CUA CAN TRUC BANH LOP TRUYEN DONG
THUY LUC

A STUDY ON SIMULATION AND STRUCTURAL ANALYSIS OF STEEL
TELESCOPIC BOOM SECTIONS OF HYDRAULIC TRUCK-MOUNTED CRANES

ThS. Pham Anh Tuén, TS. Poan Vin Th*
Truong Dai hoc Giao thong van tai
*Email: doantugtvt] 89@gmail.com

TOM TAT

Bai bao trinh bay nghién cieu tinh todn va mé phong két cau thép cdc doan ong ldng cua
can truc banh 16p truyén dong thuy luc. Nghién cueu si dung phuong phap phan tir hitu han két hop
phan mém Autodesk Inventor dé ddanh gid ung sudt va bién a’ang ciia két cau trong cdc diéu kién lam
viéc khac nhau. Két qua cho thay két cau dam bao diéu kién bén va do cung. Viéc xdc dinh duoc cac
viing tdp trung vmg sudt, ving bién dang I6n dé biét tinh hinh chiu lyc ciia timg doan éng lam co s¢
t6i wu héa thiét ké.

T khéa: Can truc banh lop; Ong long; Két cau thép; M6 phong; Ung sudt.
ABSTRACT

This paper presents a study on the calculation and structural simulation of the telescopic
boom segments of a hydraulically driven rubber-tired crane. The research employs the finite element
method in combination with Autodesk Inventor software to evaluate stress and deformation of the
structure under various working conditions. The results indicate that the structure satisfies both
strength and stiffness requirements. The identification of stress concentration zones and regions
of large deformation provides insight into the load-bearing behavior of each telescopic segment,
serving as a basis for design optimization.

Keywords: Truck-mounted crane; Telescopic boom, Steel structure; Simulation, Stress.

1. PAT VAN PE

Nhirng nim gin day, kha ning tinh toan
va gia cong ché tao cac két cAu mdy cua cac
don vi san xuét trong nude da dugc nang cao,
ho ¢6 thé chu dong, tu chu dugc trong viéc tiép
can nhirng cong ngh¢ mdi, khoa hoc k¥ thuat
moi. Trong do, viéc nghién ctru, tinh toan cac
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loai hinh két cu thép ciing tré 1én d& dang va
pho bién. Tuy nhién, linh vyc can tryc dang ong
10ng thudng duge nhap khau nguyén chiéc vé
Viét Nam, sau d6 chi 1am cong tac lap dat trén
xe 0 t0, hodc la cong tac stra chita cac doan can
bi cong vénh, dut gady... Qua khao sat va tim
hiéu, nhom tac gia thdy mudn chi dong cho san

xuat thi phai di tir nghién ctru thiét ké tinh toan, &

cokhivietnam.vn
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ung dung cac phan mém tién tién trg gitp khau
1ap mo hinh va tinh toan la can thiét va hitu ich.

Viéc tinh toan két cAu cac doan 6ng
16ng trén can tryc banh 16p duoc nhiéu tac gia
trén thé gidi dé cap t6i. Theo [1] tac gia sit dung
phuong phap phan tir hitu han dé phén tich su
thay d6i img suat cua cac doan Ong 1dng trén
can truc banh 16p TD-6/8. Con [2-6] lai sir dung
phan mém mé phong dé tinh toan phan tich cac
loai két cAu thanh moéng nhu cac doan can trén
thiét bi di dong. Con [7] lai phan tich cach xac
dinh tai trong dat 1én cac doan éng sao cho hop
ly, sau d6 dung cac cong thirc toan hoc dé giai.

Trong khi d6 ¢ trong nudce, da c6 mot $6
cong trinh nghién ctru lién quan dén két ciu can
tryc, nhung phan 16n méi dimng lai & miic mod
ta chung hoac tip trung vao toan by hé théng
nang, chua di siu vao phan tich chi tiét ng suét
tai cac doan 6ng 16ng — déc biét 1a trong diéu
kién 1am viéc thuc t& va mé hinh hoa thay luc,
chua ap dung cac phdn mém tinh toan chinh
x4c va md phong truc quan cac doan ong 16ng
khi chiu tai trong. Theo [8] dua phuong phap
tinh todn cAn hop cua can truc bang phuong
phap phan tich timg doan két cau, dat tai va giai
bang chuong trinh may tinh ty 1ap nhu Excel.

Do d6, viéc nghién ctru mé phong tinh
toan két cdu cac doan dng 16ng can truc banh
16p o thé cho thdy su phan bd tng suit truc
quan, rd nét, tir 46 danh gia phan tich lam két
qua tham khao cho cong tac san xuét ché tao
can truc trong nudc hodc trong cong tic sira
chita can truc. Nhom nghién ctru lya chon mat
loai can truc duoc sir dung phé bién & Viét Nam
13 loai Unic 343 lam d6i tuong nghién ciru.

Hinh 1. Tong quan két cdu 6 t6 lap thém bé

can truc
2. NOI DUNG CHINH

Can truc duoc lép trén O tO tai, khi
khong lam viéc thi méce cau s€ dugc gitr c6 dinh
v6i két cau can dé tang su on dinh, an toan khi
di chuyén hodc khong di chuyén xe. Khi lam
viéc, cac dbt can duoc dudi ra, tiry theo goc dod
nang ha hang can truc ¢ thé nang ha duoc tai
trong tuong ing. Do do, khi nghién ctru va tinh
toan khd nang chiu luc ctua cac doan 6ng 16ng
nay, ta xem xét mo hinh hoa so d6 nhu sau:

Hinh 2. M6 hinh két cdu cdc doan ong long trén
can truc:
1. Xi lanh ndng can; 2. Chét dudi can; 3. Poan
5ng s6 1; 4. Poan 5ng s0 2;
5. Poan 6ng s6 3; 6. Puly ddu can

2.1. CAc gia thiét khi 1ap mé hinh tinh

- Chi xac dinh truong hop tai tinh tac
dung 1én can;

- Chua tinh dén truong hop tai trong gio
anh huong dén khi nang ha;
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- Chua tinh dén trang thai quay can tryc
khi mang hang;

- Khong xét dén tinh 6n dinh cta can
truc khi nang hang ciing nhu tinh dan héi cia
16p anh huong dén qua trinh nang ha hang.

Lap hé toa do xoz cua can truc khi nang
hang.

Hinh 3. M6 hinh dat tai theo phwong dirng khi cac
dot can dudi hét va can nang nghiéng goéc 20°

Tai trong nang hang Q dugc xac dinh

theo bicu do0 strc cau tam véi cia can truc, tai

trong nay ludn c6 phuong vudng géc véi mat

dat may dung.

Tai trong nay ludén dugc dat doc theo
chiéu dai cua can.

Téi trong ban than cia can dugc xac
dinh theo phan mém.

b

le—iba »
Ty

Hinh 4. Bé tri céc thanh ti cia hai doan dot can

Khi cac doan d6t can kéo ra hay thut
vao déu tya trén cac thanh ti bén trong va ngoai
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clia 2 ddt, vira c6 tac dung giam ma sat khi 1am
viée, vira chiu tic dung tap trung tng suét khi
can dudi ra hét. Do do, phan két cau giira 2 dot
can nay rat quan trong, né anh hudng dén kha
nang chiu lyc chung cua toan bo can.

2.2. Xac dinh cac thong s6 co ban cia cac
doan 6ng lﬁng

- Tiét dién mit cat ngang cac doan éng
16ng: Ong 1: b x h x L = 270 x 470 x 3000
(mm); Ong 2: b x h x L =240 x 440 x 2555
(mm); Ong 3: b x h x L=21 x 409 x 2555 (mm).

- Chiéu day thanh 6ng: ¢ = 10 mm;
Chiéu day thanh ti: 6 = 5 mm.

2.3. Xdc dinh tai trong tic dung 1én két cau

- Tai trong ban than: Khéi luong ban
than dugc xac dinh trong phan mém.

- Tai trong nang hang danh nghia ¢ dau
can: Q=m.g=730.9,81 =7161 N

- Tai trong cang cap khi kéo hang:

S=1.Q==.7161= 3580 N
=797 a ’

- Tai trong gi6: Chua xét dén trong bai
todn nay.
2.4. Lap mé hinh md phéng, tinh toin két
cau thép cua cac doan ong long cia can truc
theo goc nang can 20° so v4i mat dat trén

phan mém Inventor

Cac budc xay dung mo hinh két cau va
tinh toan trén phan mém Inventor:

Budc 1: Lap cac ban ve chi tiét cac doan

ong long.
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Budc 2: Lap ghép cac doan dng lai voi
nhau thanh cum can ong 10ng.

Budc 3: Khéi tao modul tinh toan, phan
tich md hinh keét cau.

- Xay dung mé hinh trong phan mém;

- Xac dinh tai trong va t6 hop tai trong
tac dung 1én két ciu;

- Gan tai trong 1én dau can;

- Chay chuong trinh, xuat két qua.

_.d-f"‘!)ﬁl

/ i

By

Hinh 5. Gan tdi 1én mé hinh khi cac dét dudi hét
goc ndng 20°

Budc 4: Panh gia, phan tich két qua
trén biéu do g suat, bién dang cua két cau.

2.5. Két qua tinh toan theo goc 20 dd

Sau khi dat lyc vao céc vi tri va chay
chuong trinh tinh toan trén phan mém Inventor,
ta thu dugc két qua nhu sau:

Hinh 6. Tong thé vmg sudt phdn bé trén két cu
thép cdc doan ong long

- Hinh 6 thé hién cac ving phan bd tng
suat trén két cau khi gid tri gio1 han bi€u hién

{ng suit dugc ha xudng 50MPa. Tir day, ta thay
duoc doan ong so 1 va tru ding chiu phan bo
ung suat déu nhat.

-
e T

Hinh 7. Ung sudt phdn bo cia két cdu

= a ki

e = -
Ira "". ;‘1

Hinh 8. Chuyén vi ciia két cdu

Trén Hinh 8 ta thiy duoc bién dang
tong thé cua két ciu theo mau sic, mau do 1a
thé hién gia tri 16n nhat va gia tri nay 1a 21,31
mm & cudi doan 6ng s6 3.

Pé thé hién cu thé viéc phan bd ung
suét cuc bo va cac gia tri cua bién dang, duoi

day 1a mot s6 két qua tinh toan duoc nhu sau:

- Ving tap trung Gmg suét:

Hinh 9. Ung sudt gita ong 1 va éng 2
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e

Hinh 10. Ung sudt gitta ong 2 va éng 3

Do bién dang tuyét déi gitta cac doan
ong long:

Bién dang gitta doan 6ng s6 3 va s 2:
AL =21,87 - 12,45 =9,42 mm.

Bién dang giita doan ong s6 2 va sd 1:
AL =12,45-5,96 = 6,49 mm.

Bién dang doan 6ng s6 1: AL=5,96 mm.

o -

Hinh 11. P bién dang & cdc ong
* Panh gia:

Duya trén két qua mé phong, tinh toan
cua phan mém Inventor dugc xuat ra, cé thé
dua ra cac nhan xét sau:

1. Theo tng suit Von Mises: Gid tri
tmg suat dao dong tir 18,17 MPa dén 112,6
MPa. Ving gia tri ing suat ndy van nim trong
ngudng cho phép sir dung ciia vat lidu két cau,
tham chi con thira bén nhiéu, chua tan dung hét
duoc vat liéu.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 341, thang 5 nim 2026
cokhivietnam.vn

2. Phéan bé tmg suit: Ung suét van phan
bd déu trén than ciu kién chinh, tap trung nhiéu
hon & vung két ndi, nhung khéng c6 diém nao
vuot mirc canh bao (ving d6 van chua xuét
hién). Tuy nhién, nhan thay cac vung tiép xtc
giita cac doan 6ng thi g suét thuong 16n hon
cac chd khac va phan b ciing déu hon, nhiéu
hon. Ung sudt & doan éng s6 1 va tru d& ciing
chiu tai 16n hon cac doan 6ng khac.

3. DPanh gia do bién dang: Voi gia tri
bién dang tuyét d6i 16n nhat 1a 9,42mm duoc
tinh toan va thong ké & trén, ta thay két cu
hoan toan dam bao diéu kién do cung khi lam
viéce.

3. KET LUAN

Bai bao da néu r6 duoc tinh can thiét
cua deé tai, kha nang nghién ctru tinh toan két
cau thép loai can truc ong 1ong pho bién nay.

- Pdng thoi bai béo ciing da xay dung
duoc trlnh tu phuong phap, mo hinh tinh toan
két cau trén phan mém Inventor.

- Céc két qua tinh toan dugc cho thay
két cau hoan toan théa man cac yéu cau ve do
bén, do bién dang trong gidi han cho phép.

- Dya vao su phan bd ng suit, cac gia
tri tng sudt 10n nhét, bién dang 16n nhat trén
cac doan 6ng dé ta biét rd su 1am viéc cla cac
doan 6ng trong trudng hop xét ndy nhu thé nao.

- Thiét ké hién tai rat an toan - nhung
khong hiéu qua vé mat sir dung vat liéu, ling
phi vat liéu. Phuong 4n dua ra 13 c6 thé giam
chleu day hodac chon vat liéu khac phu hop hon
néu muén t6i vu trong lugng va chi phi.
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Kién nghi:

Trén co s& két qua nghién ctru dat dugc,
tac gia mong mudn tinh toan thém cac truong
hop can véi cac goc nghiéng khac nita, tir 6
tong hop dua ra thiét ké hop 1y va c6 thé téi uu
hoa két ciu dé giam bot khdi lwong thép & cac
doan chiu tai it, ting thém kha nang chiu lyc
toan dién cta két ciu. <%

Ngay nhan bai: 26/3/2026
Ngay phan bién: 06/4/2026

Tai liéu tham khao:

[1]. Mile Savkovi¢a, Milomir Gasi¢, Goran
Pavlovi¢, Radovan Bulatovi¢, Nebojsa
Zdravkovi¢, “Stress analysis in contact zone
between the segments of telescopic booms
of hydraulic truck cranes”. Thin-Walled
StructuresVolume 85, December 2014, Pages
332-340.

[2]. Hiroki  Fujita, Hiroyuki Sugiyama,
“Development of flexible telescopic boom
model wusing absolute nodal coordinate
formulation sliding joint constraints with
LuGre friction”. Theoretical & Applied
mechanics letters 2, 063005 (2012).

[3]. Damian Derlukiewicz, Grzegorz Przybylek,
“Chosen aspects of FEM strength analysis of
telescopic jib mounted on mobile platform”.
Automation in Construction 17 (2008) 278-
283.

[4].

[5].

[6].

[7].

[8].

Akhilesh  Chandgude, Akshit Agarwal,
Clint Mathew, Sai Chavan, “Design and
Analysis of Telescopic Boom for Mobile
Cranes”. International Journal of Advanced
Engineering Research and Science (IJAERS),
Vol-3, Issue-4 , April 2016, ISSN: 2349-6495.
Vilas Randive, Prof. D.P.Kamble, Prof.
Ashish Pawar, “Finite Element Analysis of
Inner Boom for 3Tonn Telescopic Forklift”.
International Research Journal of Engineering
and Technology (IRJET), Volume: 05 Issue:
07 | July 2018.

Wilhelm Rust, “Finite element limit load
analysis of thin-walled structures by ANSYS
(implicit), LS-DYNA (explicit) and in
combination”. Thin-Walled Structures, July
2003.

Navneet Kumar, Mohd. Parvez, “Force
distribution on telescopic boom of crane”.
International ~ Journal of  Mechanical
Engineering and Robotics Research India,
ISSN 2278 — 0149, Vol. 1, No. 2, July 2012 ©
2012.

Duong Truong Giang, “Nghién cieu phwong
phdp tinh todn can hop ong long trén can truc”.
Khoa hoc K¥ thuat Thuy lgi va M6i truong -
S6 dic biét (10/2019), Hoi nghi KHCN lan thi
XII - CLB Co khi - Bong lyc.

ISSN 2615 - 9910 (ban in), ISSN 2815 - 5505 (online)
TAP CHI CO KHI VIET NAM, S6 341, thang 5 nim 2026
cokhivietnam.vn



NGHIEN CU’U - TRAO DBOI

KHAO SAT ANH HUONG CUA SO LUONG BUO'C SONG PEN TY
SO PO CU’NG NEN-UON TRONG CAU TRUC ZIGZAG PHANG

INVESTIGATION OF THE STIFFNESS RATIO IN ZIGZAG STRUCTURES AS A
FUNCTION OF THE NUMBER OF WAVELENGTHS

Hoang Tung Lam"", La Pirc Viét?
'Trung tam Viét Nhat, Pai hoc Cong nghi¢p Ha Noi
2Vién Co hoc, Vién Han 1am Khoa hoc va Cong nghé Viét Nam
*Email: hoangtunglamhauil@gmail.com

TOM TAT

Bai bdo nay nghién ciu anh hwong cia sé leong bude song dén ddic tinh co hoc ciia cdu
triic zigzag phdng iing dung trong hé cdch ly dao dong. Cu thé, nghién civu tdp trung vao sw bién
thién cua ty sé giita do citng nén va do citng uon khi thay doéi cau hinh hinh hoc. M6 hinh cdu tric
dwge xdy dung va phan tich bang phan mém phan tir hitu han méa nguon mé ElmerFEM, trong do
tam zigzag dwrge roi rac héa bang cdc phan tir mang tam gide dé dam bao tinh chinh xdc trong viéc
tinh todn cdc thanh phan g sudt va bién dang. Két qua khdo sdt cho thdy khi ting s6 lwong budc
song, dj cieng nén cia cau triic giam nhanh hon dang ké so véi toc dp giam ciia dé cimg uon. Sw
thay doi ciia ty s6 do cimg theo sé burdc séng cung cap mot thong soé thiét ké quan trong, cho phép
diéu chinh linh hoat tan sé tw nhién ciia hé cach ly ma khong can thay doi vt liéu ché tao.

T khéa: Cdu tric zigzag; ElmerFEM; Phan tir mang tam gidc; DY cieng nén; P cimng
uon, Cdch ly dao déng.

ABSTRACT

This paper investigates the influence of the number of wavelengths on the mechanical
characteristics of planar zigzag structures for vibration isolation applications. The study focuses
on the evolution of the ratio between compression stiffness and bending stiffness as the geometric
configuration changes. The structural model is developed and analyzed using the open-source finite
element software ElmerFEM, where the zigzag sheet is discretized using triangular shell elements
to ensure precision in calculating stress and strain components. The numerical results demonstrate
that as the number of unit cells increases, the compression stiffness decreases significantly faster
than the reduction in bending stiffness. The variation of the stiffness ratio relative to the number of
wavelengths provides a critical design parameter, enabling flexible tuning of the isolator's natural
frequency through geometric modification without altering the constituent material.

Keywords: Zigzag structure; ElmerFEM, Triangular shell elements;, Compression stiffness;
Bending stiffness, Vibration isolation.
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1. GIOI THIEU

Trong céac linh vyc k¥ thuat hién dai
nhu co khi chinh xac, hang khong vii tru va vi
co dién tu (MEMS), bai toan cach ly dao dong
dong vai tro then chdt nham bao vé cac thiét bi
nhay cdm khoi cac tdc dong rung dong co hai tur
moi truong. Muc ti€u bt 161 cia mot hé cach ly
dao dong hi¢u qua la dat duoc dd cung tinh du
16n dé nang d& tai trong, nhung dong thoi phai
c6 d6 climg dong thap dé ha thap tan sb ty nhién
ctia hé thong, hudng t6i trang thai d6 cting gan
bang khong [1-5].

Nhiing nim gan day, cau tric zigzag da
ndi 1én nhu mot giai phap day trién vong nho
vao cac dac tinh co hoc doc dao. Khac voi cac
c4u tric thanh thang truyén thong, hinh hoc ubn
luon cua zigzag cho phép chuyén hoa céc tng
suit nén hoic kéo doc truc thanh céac bién dang
u6n va xoan tai cac phan doan cong. Pic diém
nay gitip ciu triic c6 kha nang bién dang 16n
trong khi van duy tri duoc sy 6n dinh két cau,
mot yeu t6 cuc ky quan trong trong cac U:ng
dung dién tir co gidn va hé thong giam chin
thong minh.

Mot trong nhiing théng s6 quan trong
quyét dinh kha nang tmg dung cta tim zigzag
trong hé cach ly dao dong da hudng 1a ty sd
giita do ctng nén va do cimg udn. Tuy nhién,
phan 16n cic nghién ctru hién nay thuong tip
trung vao kha nang co gian toan cuc hodc dac
tinh truyén song trong cac mang tinh thé, ma it
chu trong dén viéc dinh luong su thay ddi cﬁa
ty so do cu’ng nay theo quy mo lap lai ctia ciu
truc. Vlec hiéu 16 ty s6 bién thién nhu thé nao
theo s lugng budc song s& cho phép cac ki su
diéu chinh linh hoat tan s6 lam viéc ctia by cach
ly chi bang cach thay d6i cdu hinh hinh hoc ma
khong can thay ddi vat liéu ché tao.

Bai bao nay thyc hién khao st chi tiét

anh hudng cua so lugng buorc song dén ty sd
d6 clrmg nén va udn cua ciu trac zigzag phang.
Nghlen clru str dung phuong phép mo phong
s6 trén phan mém phan tor hitu han ma nguon
md ElmerFEM [6]. Két qua ctia nghién ciru ky
vong s& thiét 1ap duoc quy luat bién thién cua
do cung theo $6 luong don vi cAu trac, tao co
s& khoa hoc cho viéc thiét ké cac hé cach ly dao
dong co6 kha nang diéu chinh trong thyc tién.

2. GIAI PHAP

Dbi tugng nghién ctru 1a két cau zigzag
phang dugc mo ta bang ludi phan tir tam giac
trong ElmerFEM (Hinh 1).

Hinh 1. M6 td phan tir hitu han tam zigzag véi 10
mat xich

Mot ddu cua tAm duoc ¢b dinh con dau
co lai chiu tdc dong cua luc kéo va luc udn.
Chuyén vi cia diém dat lyc s& xac dinh do
cing ctia tim theo cic phuong kéo va ubn.
Céc thong sd cua tAm zigzag nhu sau: Chiéu
cao dim: 100mm, do day vat li€u: Smm, chiéu
dai tong thé: 200mm, vat liéu st dung: thép
thong thuong, lyc tac dong vao dau dam theo 2
phuong c6 gia tri bang nhau va bang 500N/m.
S6 lwong mit xich zigzag dugc thay d6i dé
khao sat. Két qua dugc xuét ra bao gdm chuyén
vi ctia diém dit luc theo 2 phuong, do cung kéo
nén va do ctimg udn, ty sb giira 2 d6 ctng.

3.KET QUA
Mot hinh anh bién dang (phong dai)

dién hinh cta két cdu zigzag duoc thé hién trén
hinh 2, cung v61 véc-to thé hién chuyén dich.
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Hinh 2. Bién dang ciia két cau zigzag

Két qua khao sat theo sb mat xich dugc cho trén bang 1:

Bdng 1. Két qua khdo sat

o Chuyén vi theo | Chuyén vi theo | D§ cl'rngo kéo f,)@ cfrgg Ty s6 dd cirng
S6 mit xich | phwong ngang | phwong ding nén phang uon phang kéo trénﬁ{)
(mm) (mm) (x 10°N/m?) (X 10* N/m?) cirng uon
3 0.0575 -5.64 8.69 8.87 97.96
4 0.117 -7.39 4.26 6.77 63.01
5 0.166 -8.83 3.02 5.66 53.34
6 0.208 -10 241 4.98 48.32
7 0.246 -11 2.03 4.54 44.84
8 0.282 -11.8 1.78 4.23 41.99
9 0.316 -12.5 1.58 4.01 39.46
10 0.348 -12.9 1.44 3.87 37.11
11 0.38 -13.3 1.31 3.77 34.87
12 0.412 -13.5 1.22 3.72 32.7
13 0.442 -13.5 1.13 3.70 30.6
14 0.472 -13.5 1.06 3.71 28.53
15 0.503 -13.3 1 3.75 26.53
16 0.533 -13.1 0.94 3.82 24.57
17 0.563 -12.8 0.89 3.92 22.66
18 0.595 -12.4 0.84 4.05 20.77
19 0.629 -11.9 0.8 4.20 18.93
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Hinh 3, 4 thé hién su suy giam 2 do
cung khi téng s mat xich. Hinh 5 thé hién su
suy giam ty so do ctng kéo nén trén do cling
udn khi ting sé mat xich.

1.E+07

8.E+06 \

6.E+06

Do cling

4. E+06

2.E+06

0.E+00 . T
SO miat xich
3 8 13 18

Hinh 3. S suy giam do cieng kéo nén theo s6

mat xich

1.E+05

9.E+04

8.E+04 \
an
§ 7.E+04
< 6.E+04 \

5.E+04

4E+04 S~ —

3E+04 ——

S6 mit xich
3 8 13 18

Hinh 4. S suy giam dj cirng uon theo sé6 mdt xich

1.LE+02
1.E+02
8.E+01
6.E+01
4.E+01 -
2.E+01
0.E+00

Ty s do cung nén/uén

S6 mit xich
3 8 13 18

Hinh 5. S suy giam ty s6 dé cimg theo so mdt xich

Két qua khao sat cho thdy do cimg nén
va d6 ctmg ubn déu giam nhung d6 cing nén
giam nhanh hon din t6i ty s6 d¢ cing nén/uén
giam Xuong Diéu nay cho phép két cau zigzag
¢6 thé chiu duoc ta1 trong tmh gay ubn trong
khi tro thanh mét cau tric mém vé mit co hoc
khi chiu kéo nén, tir d6 dan tdi kha nang cach
ly dao dong.

Ta c6 thé giai thich hi¢n tuong nay dua
trén co ché bién dang. Khi kéo nén, thay vi cac
thanh doc chiu nén thuan tay, cau tric zigzag
chuyén hoa luc kéo nén thanh cac chuyén dong
udn va xodn tai cac diém ndi va doan udn.
Puong din Iyc cang dai va cang nhiéu khuc
quanh thi kha ndng co gian nhu mdt 10 xo cang
16n, dan dén do cung kéo nén giam nhanh.
Nguoc lai, khi udn, do cting uén cua toan bo
két cu phu thudc nhiéu vao mé-men quan
tinh mit cit va su lién két gitta cac thanh phan.
Du d6 cing udn ciing giam khi ciu trac thanh
manh hon, nhung téc do giam thudng cham
hon so v6i @9 cimg nén do hinh hoc zigzag van
duy tri dugc mot khung lién két nhat dinh theo
phuong ngang. Trong bai toan kéo nén, sy hinh
thanh luc dan hdi do cac thanh dtng chiu udn.
Nguoc lai, trong bai toan udn, luc dan hoi hinh
thanh do thanh ngang chiu uén. Khi ting s6
mit xich, s6 thanh ngang chiu udn cé ting lén
nhung lai ngén di. Nguoc lai, s6 thanh ding
chiu uén ciing ting 1én nhung lai khong thay
d6i chiéu dai. Do d0, sy suy giam cta do cliing
kéo nén nhanh hon.

4. KET LUAN

Bai bao da thyc hi¢n khao sat chi tiét
anh hudng cua s6 lugng mat xich dén dic tinh
d6 ctng cua cau trac zigzag phing thong qua
mo phong phan ta hiru han Tt cac két qua thu
duge, ¢ thé rat ra mot sé két luan chinh sau
day:

Su suy giam d6 cing: Khi s6 lugng mit
xich tang 1én, ca d0 cung kéo nén va do cing
ubn cua ciu trac déu giam xudng. Tuy nhién,
tbc do suy giam cua do cting kéo nén dién ra
nhanh hon déng ké so v6i do ctimg udn.

Quy luat cia ty s6 d6 cung: Ty s6 do
cung kéo nén trén do cting uon giam dan khi
tang sO luong mat xich. Két qua thuc nghiém
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s6 cho thay ty s6 nay glam manh tir muc 97 96
khi c6 3 mét xich xudng con 18.93 khi s6 mit
xich tang lén 19.

Co ché bién dang: Sy khac biét vé toc
d6 suy giam do cimg dugc giai thich qua co ché
bién dang dic thu cta ciu trac zigzag. Trong
bai toan kéo nén, lyc dan hoi hinh thanh do
cac thanh dung chiu ubn véi chiéu dai khong
d6i khi tang mat xich. Nguoc lai, trong bai
toan uén, Iuc dan hdi hinh thanh do cac thanh
ngang chiu udn, von c6 xu huéng ngén lai khi
s0 lwgng mat xich tang 1én, gitp duy tri khung
lién két theo phurong ngang t6t hon.

Kha nang ng dung: Quy luat bién thién
nay khang dinh tiém ning cua cau tric zigzag
trong viéc thiét ké cac hé cach ly dao dong.
Bang cach diéu chinh s6 lwong mit xich, ngudi
thiét ké co thé tao ra cac két ciu c6 do cung kéo
nén thap (mém vé mit co hoc) dé cach ly rung
dong hiéu qua trong khi van dam bao do ctng
udn can thiét dé chiu tai trong tinh.

Két qua nghién ctru nay dong vai tro 1a
co s¢ khoa hoc quan trong cho viéc to1 uu hoa
cau hinh hinh hoc cua cac bg cach ly dao dong
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LILAMA 10 ciing c6 niing lwc quan tri,
hwdéng téi muc tiéu phat trién bén virng

thuong nién nam 2026 véi su tham du dong du cua céac cd dong, dai dién ddi tac va nha dau

tu chién lugc. Pai hoi khong chi tong két nhitng két qua ndi bat trong hoat dong san xuat
kinh doanh nim 2025 ma con dé ra nhiéu dinh huéng quan trong nham nang cao ning luc quan tri,
cung ¢ vi thé doanh nghiép trong linh vuc ldp may va xay dung cong nghiép tai Viét Nam trong
thoi gian toi.

Cong ty C6 phan LILAMA 10 vira t6 chic thanh cong Pai hoi dong c6 dong (DHDPCD)

Pai hoi dong coé dong thuwong nién nam 2026.

Mot trong nhitng ndi dung dugc quan tam tai Pai hoi 1a bao cao két qua hoat dong san xuét
kinh doanh nam 2025 va phuong huong, nhiém vu nam 2026. Theo do, trong bbi canh canh tranh
ngay cang gay gt va thi tru’orng ¢6 nhiéu thach thirc, LILAMA 10 van duy tri 6n dinh hoat dong san
xudt kinh doanh, tiép tuc khang dinh ning luc thi cong cic cong trinh cong nghiép trong diém.

Doanh nghiép da phat huy thé manh trong Iinh vuc ché tao, lép dat thiét bi cong nghiép,
tham gia nhiéu dy 4n quan trong thudc céc linh vyc ning lugng, xi mang, hoa chat va ha tang cong
nghiép. Viéc duy tri tién do, dam bao chat lugng cong trinh va tdi vu hoa hiéu qua thi cong di gop
phan ning cao uy tin thuong hiéu LILAMA 10 trén thi truong.

Song song voi hoat dong san xuét kinh doanh, Hoi dong quén tri Cong ty ciing trinh bay bao
cao hoat dong nam 2025 va phuong huéng nhiém vu nim 2026. Noi dung béo cao nhin manh viéc
t1ep tuc d6i méi cong tac quan tri doanh nghiép theo hudng chuyen nghi¢p, minh bach va hiu qua;
dong thoi ting cuong kiém soat rii ro, nang cao nang lyc didu hanh va kha niang thich tng trudc
nhirng bién dong cta thi truong.
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Poan Chii tich diéu hanh dai hoi.

Dai hoi ciing da thong qua béo céo tai chinh da dugc kiém toan nim 2025 cung ké hoach
tai chinh, tin dung nam 2026. Céac ndi dung nay thé hién dinh huong diéu hanh tai chinh than trong
nhung linh hoat ctia doanh nghiép nhdm dam bao can déi ngudn von phuc vu san xuat kinh doanh,
dau tu va phat trién bén viing.

Dang chu y v phuong an phéan phdi loi nhuan va chi tra ¢6 tirc nam 2025 nhan dugc sy dong
thuan cao tir cac c6 dong. Piéu nay cho thiy nd hIc cua Ban lanh dao trong viéc hai hoa glua muc
tiéu ting truong doanh nghiép va dam bao quyén loi cta cd dong. Trong bdi canh nhidu doanh
nghiép trong nganh van gip kho khan vé dong tién va ap luc chi phi, viéc duy tri chinh sach ¢6 tirc
6n dinh dugc xem 1a tin hiéu tich cuc d6i voi nha dau tu.

Lién quan dén cong tic nhan sy, Pai hoi dd xem xét va thong qua phwong 4n tién luong, thu
lao ctia Hoi dong quan tri, Ban kiém soat va can bd quan 1y nam 2025; dong thoi thong qua phuong
an tién lwvong nam 2026. Viéc xay dung co ché tién luong phu hop duoc danh gia 1a giai phap quan
trong nham nang cao hiéu qua quan tri va tao dong luc cho doi ngii quan 1y diéu hanh.

Dac biét, cong tac kién toan bd may quan tri nhan dugc sy quan tdm lon cia céac cd dong.
Dai hdi da thong qua viéce mién nhiém 03 thanh vién Hoi déng quan tri nhi¢m ky 2022 - 2027 theo
nguyén vong ca nhan. Pong thoi, Pai hoi tién hanh bau bo sung 02 thanh vién Hoi dong quan tri va
01 thanh vién Hoi1 déng quan tri doc l1ap nhiém ky 2022 - 2027.

Viée bo sung nhén sy cap cao dugc ky vong sé gitip LILAMA 10 tiép tuc ning cao chét
luong quan tri doanh nghiép, tang cuong néng luc hoach dinh chién lugc va mé rong co hoi hop
tac trong giai doan phat trlen moi. Trong bdi canh nganh xay dung cong nghlep dang budc vao giai
doan canh tranh manh mé vé cong nghé, chat luong va tién do, viéc cing ¢ doi ngii lanh dao c6 ¥
nghia quan trong d6i voi dinh hudng phat trién dai han cia doanh nghiép. &
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Héi dong quan tri nhiém ky 2022 - 2027 ra mat Pai héi dong c6 dong.

Phat biéu tai Dai hoi, Ban lanh dao Cong ty khang dinh s& tiép tuc phat huy truyén thong
doan két, chu dong thich Gmg v6i bién dong thi truong, dong thoi ddy manh tdi wu hoa ngudn luc dé
nang cao hiéu qua san xuat kinh doanh. Bén canh d6, doanh nghiép s& tap trung tim kiém va nim
bét cac co hoi méi trong linh vire cong nghiép, ning lwong va ha ting nhim mé rong thi truong va
nang cao nang luc canh tranh.

Theo dinh hudng dugc théng qua tai Dai hoi, LILAMA 10 sé tiép tuc chu trong dau tu vao
cong nghé, nang cao chat luong ngudn nhan luc va cai thién ning suat lao dong. Pay duoc xem
1a nhitng yéu t6 then chét gitip doanh nghiép dép tng yéu ciu ngdy cang cao cia cac dy an cong
nghiép hién dai, dac biét trong cac linh vuc ning luong sach, cong nghiép ché bién va ha tang ky
thuat.

Dai hoi dong cd dong thudng nién nam 2026 ciia LILAMA 10 khép lai trong khong khi doan
két, thong nhat va déng thuan cao. Nhitng quyét nghj duoc thong qua khong chi tao nén tang quan
trong cho hoat dong diéu hanh trong nam 2026 ma con mé ra ky vong vé mot giai doan phat trién
moi v6i nhiéu co hoi ting truong bén viing.

Vi nén tang kinh nghiém nhiéu nam trong linh vuc lap may va xay dung cong nghiép, cting
chién lugc quan trj linh hoat va tam nhin phat trién dai han, LILAMA 10 tiép tuc khang dinh vi thé
la mat trong nhu’ng doanh nghi¢p hang dau ciia nganh co khi lip may Viét Nam. Trong bbi canh nén
kinh té dang diy manh dau tu ha tang va phat trién cong nghlep, doanh nghlep duoc ky vong s€ tlep
tuc dong vai trd quan trong trong nhiéu dy an trong diém qudc gia, gop phan thuc day sy phat trién
cta nganh cong nghiép Viét Nam trong giai doan mai. <

PV
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