Tap chi Khoa hoc Giao théng van tai, Tap 75, Sb 6 (08/2024), 1988-1999

Transport and Communications Science Journal

DYNAMIC ANALYSIS OF MONOPILE RESPONSE DUE TO WIND
TURBINE BLADE BREAKAGE

Huynh Van Quan

Campus in Ho Chi Minh City, University of Transport and Communications, No. 450-451 Le
Van Viet Street, Tang Nhon Phu A Ward, Thu Duc, Ho Chi Minh City, Vietnam

ARTICLE INFO

TYPE: Research Article

Received: 06/05/2024

Revised: 24/07/2024

Accepted: 08/08/2024

Published online: 15/08/2024
https://doi.org/10.47869/tcsj.75.6.5
“ Corresponding author

Email: quanhv_ph@utc.edu.vn

Abstract. Wind turbine structures are usually designed with absolute safety and reliability in
mind. However, incidents like a broken blade while in use are still possible. A broken blade
generates a large force and moment at the top of the foundation due to the tall tower and
heavy blades. This paper proposes a monopile model to study the impact of a broken blade
on the dynamic response of the foundation. The monopile is represented in this model as a
rigid bar that moves in a general plane, including both rotation and horizontal translation.
The model is described by a system of differential equations for planar motion and integrated
using Matlab-Simulink tools. Numerical studies were carried out on a 5 MW offshore wind
turbine supported by a monopile embedded in multi-layered soil. For four instances of broken
blades, the dynamic responses of the model-rotation and horizontal displacement-are
computed and plotted over time. Compared to the finite element method using FP-Multipier
software, the peak responses display a maximum deviation of 7.01%.
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Tom tat. Do tinh chat quan trong trong khai th4c ma cac cong trinh dién gié thuong dugc
thiét ké voi mie d6 an toan va tin ciy gan nhu tuyét d6i. Tuy nhién, cac su ¢ bat thuong,
nhu gdy canh quat trong qua trinh khai thac, van cd thé xay ra. Bai béo phan tich tng xir dong
ctia mong coc don do sy ¢b gdy canh quat dién gié gay ra. Luc va md-men phat sinh do cénh
quat bi gay duoc to hop dén dinh méng, céc gia tri nay rat I6n vi tru thap cao va canh quat
nang. Bai bao dé xuat mot mé hinh gian don dé phan tich cho méng coc don. Md hinh nay 1a
mot thanh cimg tuyét doi, c6 chuyén dong tinh tién ngang va xoay ciia vat ran chuyén dong
song phang Chuyén dong cua mo hinh mong dugc mo ta bang hé phuong trinh vi phan vat
chuyén dong song phang va tich phan bang cong cu Matlab-Simulink. Trong tinh toan so, bai
bao khao sét tru dién gi6 ¢ cong suat 5 MW dat trén hé mong coc don vai dat nén nhiéu 16p.
Chuyén vi ngang va goc xoay theo thai gian cia mé hinh moéng duoc lwong hoa twong tng
véi bdn truedng hop canh quat bi gay. Gia trj cuc dai cia cac phan wng cé do léch 16n nhat 1a
7,01% khi so séanh véi két qua phan tich tir phuong phap phan tir hitu han théng qua phan
mém FP-Multipier.

Tir khéa: dién gio, gdy canh quat, mong coc don, phan tmg dong, song phang.
@ 2024 Truong Pai hoc Giao théng van tai
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1. PAT VAN PE

Ngay nay, ning luong dién tir cac ngudn tai tao nhu 4nh sang mit troi, gio, séng bién, ...
dang duoc chli tam khai thac trén thé gisi ciing nhu tai Viét Nam [1,2]. Thong ké dén thang 5
niam 2024, nudce ta ¢ hon 100 dy 4n dién gié dd duogc khai thac va ding ky thir nghiém dé van
hanh thuong mai [2,3].

Vi vai tro quan trong trong khai thac cling nhu gia thanh xay dung cao, cac bo phan cua
cong trinh dién gi6 duoc thiét ké dé dam bao hu hong trong van hanh Ia thap nhat. Tuy nhién,
su ¢d hu hong cac bo phan trong qua trinh van hanh 1a khdng tranh khoi [4-8]. Trong hé thng
dién gi6, canh quat 1a bo phan tiép nhan ning lwong tryuc tiép tir gid, hinh dang canh quat co do
manh 16n nén d& bi hu hong. Theo Pérez (2013) [7], Vi tru dién gi6 c6 cong suit 2 MW, chi
phi cho han muyc cénh quat chiém ty trong 24,9% cua cong trinh.

Mic du c6 gi4 thanh cao, tim quan trong 16n nhung thuc té canh quat 6 tan suit hu hong
la cao nhat. Theo Bussel (2001) [9], qua theo di cac su b trong thoi gian bén nam, tan suat
hu hong cua canh quat 1a cao nhat; theo McMillan (2007) [10], véi s6 ligu thdng ké tai nudc
Dric, hu hong caa hop s, may phat, canh quat va tryc d& chiém ty I 67,0%; theo Koutoulakos
(2008) [11], tién hanh nghién ctu véi nhiéu hdng san xuét thiét bi dién gi6 khac nhau, bo phan
canh quat cd ty trong hu hong kha cao; theo Spinato (2009) [12], qua theo ddi s6 liéu trong thoi
gian hon muoi nam tai Pan Mach va B¢, hu hong bo phan canh quat ding vi tri tha hai trong
cac loai sy cd.

Hinh 1. Gay canh quat dién gio tai du an la Le 1-Gia Lai vao thang 4/2024 [13].

Tai Viét Nam, gan day da lién tiép xay ra cac su ¢ gay canh quat, xem hinh 1. Mot s6 du
an co say ra sy cb dugc thong ké ¢ bang 1. Vi duy, trong thoi gian ngan cua thang 11 nam 2021,
hai su c6 gay canh quat dién gi6 lién tiép xay ra tai tinh S6¢ Trang [14]. Trong thang 3 va thang
4 ctia nam 2024, ba tru dién gio tai tinh Bac Liéu va mot tru dién gid tai tinh Gia Lai lai say ra
su ¢ gdy canh quat [13,14].

Khi xay ra sy c6 gy canh quat, yéu t5 bi anh huong truc tiép ngay tirc thi d6 chinh 1a 6
truc d& canh quat va céc 6 truc cua hé thong hop sé chuyén doi tbe do quay do khdi tam cua hé
canh quat bi léch khai vi tri thiét ké. Chuyén vi dot ngot phét sinh do canh quat bi gdy 1am rung
lic manh dinh try thap, c6 thé gay hong cac thiét bi dién tir dat tai vi tri ndy. Luc quén tinh phat
sinh gdy ra dao dong cho céng trinh, c thé 1am nut tru thép, bé, mong. Ngoai ra, dao dong lam
cho hé méng phat sinh bién dang du, cdng trinh c6 thé bi léch khoi vj tri thiét ké, cd thé anh
hudng dén an toan khai théc.
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Bang 1. Mot s6 su ¢b gy canh quat dién gi6 tai Viét Nam.

TT Thoi diém Du 4n dién gio Pia diém
1 Thang 4 nam 2024 laLel Huyén Chu Puh, Tinh Gia Lai [13]
2 Thang 3 nam 2024 Hoa Binh 5 Huyén Hoa Binh, Tinh Bac Liéu [14]
3 Thang 11 nam 2022 bong Hai 1 Huyén Duyén Hai, Tinh Tra Vinh [14]
4 Théang 11 nam 2021 Hoa Bong 2 Thi xa Vinh Chau, Tinh Soc Trang [14]
5 Thang 11 nam 2021 Vinh Hai Thi xa Vinh Chau, Tinh S6c Trang [14]

Tuy nhién, nghién ciru anh huéng do su ¢d hu hong céc thiét bi, vi du nhu su ¢b gdy canh
quat, dén phan &ng ctia cong trinh dién gié chua dugc cac tac gia quan tam. Véi cong trinh dién
gi6 xa bd, giai phap moéng coc don kha phd bién. Nghién ciu ndy thuc hién véi trudng hop tru
dién gi6 xa bo dat trén mong coc don, vi chiing c6 @& manh khéa 16n nén dé bi anh huong khi
canh quat bi gay. V¢ tai trong gy ra dao dong dot ngot cho cong trinh, bai bao dat ra su ¢b mot
phan cua canh quat dién gi6 bi gay. Khi d6, hé mét can bang vé luc do phét sinh lyc quén tinh
tac dung 1én cong trinh. Cac lyc nay duoc té hgp dén dinh méng trong miat phang khao sét, cac
luc khac nhu song bién, tai trong dong dat chua duoc khao sat ddng thoi vai hé luc quén tinh
trong nghién ctru nay Méng dugc mé hinh dudi dang thong ) tap trung, duwoc mo phong biang
hé phuong trinh vi phan ctia vat ran chuyén dong song phang. Bang cong cu Matlab-Simulink,
g xu cua mong dudi dang chuyen Vi ngang va goc xoay duoc phan tich va biéu dién theo thoi
gian. Két qua mo phong sb dugc kiém chang bang phuong phap phan tir hiru han cia phan mém
FP-MultiPier.

2. XAY DUNG MO HINH NGHIEN CcUU
2.1. Luc phat sinh tir sw ¢é gay canh quat

Theo Tavner (2006) [4] va Pérez (2013) [7], tai Pan Mach va Puc, s6 canh quat cia mot
tru dién gi6 duoc quy dinh phai la ba canh. Xu hudng ba canh quat la cong nghé hién dai ma
cac hang dang san xuat (Schubel, 2012) [15] va duoc cac du an dién gid tai Viét Nam dang ap
dung [2]. Chinh vi vay, bai bdo nay thuc hién phan tich cho mé hinh tru dién gié co6 ba canh
quat nhu hinh 2.

_____

(a) Khi chua xay ra sy cd (b) Kh| canh quat (1) bi gy

Hinh 2. Hé luc quéan tinh tac dung 1én céc canh quat.
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Khao sét chuyén dong cua h¢ gom ba canh quat gan chit nhau nhu hinh 2 (a), cac canh
quat 6 cAu tao nhu nhau, dong chat, khdi luong m, khéi tam tai C; (i = 1;2; 3) cach truc quay
O mot doan u, chuyen dong cung van téc goc w va gia toc goc e. Tai thoi diém khao sét, khbi
tam C; 6 véc-to gia toc dg; = d%; + dv;, twong ng Véi véc-to luc quan tinh duoc hinh thanh
theo nguyén Iy Pa-lam-be R} = R} + RX*. Trong d6, @%; va agi twong ung 1a véc-to gia tc
phép tuyén va tiép tuyén cua canh quat thir i. Gid tri a; = uw? va a%; = ue. Rpft = —mad%,
va RiI" = —may; la véc-to luc quan tinh phap tuyén va tiép tuyén, R27° va qut
ar va dy;, R = mal; = muw?, R =maf; = mue. Ba canh quat duoc lap dat can ddi
trén hinh tron (géc 360°) nén cac canh quat tao goc 120° véi nhau. Tai thoi diém bt ky, canh
quat (1) va (2) twong ung tao goc a (rad) va a — /3 (rad) so véi phuong thang dang. Trong
khi d6, canh quat (3) tao g6c a@ — /6 (rad) so v4i phuong ngang, xem hinh 2 (a).

nguoc chiéu

Tong hinh chiéu céc luc quan tinh 1én tryc x va truc y nhu phuong trinh (1) va (2), cac luc
quan tinh tao thanh hé lyc can bang.

RI =Y F¥ = —R} cosa + R} sina + R{" cos(a — m/3) — R sin(a — /3) —

RY" sin(a — m/6) — RRJ* cos(a m/6) =0 (1)
th =Y th = R sina + RpI cos a — Rid’ sin(a — m/3) — Ryt cos(a —
n/3) — qut cos(a — /6) + Rp* sin(a — w/6) = 0 2)
R0t gon biéu thie (1) va (2), ta duoc:
Rgt = —mas[cos a — cos(a — m/3) + sin(a — n/6)] + maw?[sin a — sin(a — 7/3) —
cos(a —m/6)] =0 3)

Rgt = mae[sina — sin(a — n/3) — cos(a — /6)] + maw?[cos a — cos(a — /3) +
sin(a —m/6)] 4)
Xet truong hop mét phan canh quat (1) bi gdy dot ngot nhu hinh 2 (b), khi d6, khéi tam C;
doi vé vi tri €', cach O mét doan uy = kqu, khéi Iwong con lai cua canh quat 1a m, = k,m,
Vi (kq, ky) < 1 Khi d6, Iyc quan tinh tiép tuyén va phap tuyen cua canh quat (1) sé€ giam dot

ngot, hé lyc quan tinh trong 2 canh quat con lai van khong doi nén phuong trinh (3) va (4) s&
mat can bang. Luc quan tinh tac dung 1én cong trinh duge xac dinh nhu sau:

th —muelk,k, cos a — cos(a — m/3) + sin(a — w/6)] + maw?[k k,sina —

sin(a — m/3) — cos(a — m/6)] (5)

Rgt = muelk,k,sina — sin(a — n/3) — cos(a — w/6)] + maw?[k k,cosa —

cos(a —m/3) + sin(a — m/6)] (6)

Canh quat lién két V6i tua-bin 1a truc quay, nén duge mo hinh dudi dang ban 1& (khap ndi).
Lién két khap khéng truyén md-men nén tai trong quén tinh thu gon vé truc quay O cua tru thap
chi ¢6 luc quan tinh RZ* va ﬁgt. Do chi khao sat chuyén dong theo phuong ngang va chuyén
dong goc xoay nén to hop luc quan tinh vé dinh mong nhur cong thic (5), h 12 khoang céch tur
dinh thdp O dén dinh mong A.

{ H, =R}

.
M =R h ")
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2.2. M phéng chuyén ddng ciia md hinh méng

Khao sat mot cong trinh dién gi6 xa bo, dat trén moéng coc don, c6 md hinh hé dat nén-
mong dudi dang thdng sb tap trung nhu hinh 3 (a) [16-18]. Md hinh méng c6 mit cit chinh 1a
mat cit thuc cia méng coc don, chiéu dai tinh tir day bién va kéo dai sau xuong dudi mot doan
Lc. Theo Gazetas (1991) [19], L¢ duoc goi la chiéu dai c6 hiéu. Theo @0, chuyén vi ngang cua
coc ndm phia dudi chiéu dai Lecogiatr rat bé nén co the bo qua. Giatri L xac dinh theo cong
thac (8); c6 do ciing tuyét ddi; luc thu gon tai dau coc gdbm luc cit H, va md-men M; c6 chuyen
vi ngang x va goc xoay 6; co lién két tai dau coc 1a mot thiét bi can xoay c6 hé sé can Cy xéc
dinh theo cdng thic (9), lién két tai chan coc gom mat 10 xo thing c6 do cing k, xac dinh theo
cong thire (10) va mot 10 xo xoén c¢6 d6 cing ky xac dinh theo cong thirc (11). Cac tham sb nay
c6 thé dugc xac dinh bang két qua phan tich theo phuong phap phan tir hitu han nhu Carswell
(2015) [16] hoic xac dinh bang cac céng thirc c6 san nhu dugc dé xuat boi Gazetas (1991) [19].
Trong d6, E;, phan ning luong nhot bi tiéu tan, f 12 tan sé cua tai trong; x,,, x¢ Va x; twong tng
la chuyén vi ngang tai dinh coc-diém A4, tai khdi tim caa md hinh-trung diém € va tai chan mo
hinh-diém B, xem hinh 3 (b).

Le = % (®)
Co = 29125:;2,‘ ©)
s = iz (10)
kg === (11)

M hinh coc-dat dang
> théng s6 tap trung

u thap

777
Je

CUfng tuyét doi

Myc nudc bién || Déy bién - -- 2
L)
20m Két c&u phan dudi
Déy bién v . 1
[l DPoan coc ciing .
T LW tuyét dai i
6m —|
34m P Coc dan ke /b _
l Chan coc l
(a) (b)
Hinh 3. (a) Tru dién gi6 xa bo va md hinh méng coc don, (b) So d6 chuyén dong song phang ciia mo

hinh moéng.

Trong cac nghién ctru cua Carswell (2015) [16], Page (2017) [17] va Aasen (2017) [18],
md hinh méng trong hinh 3 (a) chi 1a mot phan tir ndt. Trong dé, nut duoc dai dlen bang mot
ma trin d6 ciing, kich thudc ma tran 1a 3x3 hoic 6x6, dit ngay tai chan cua két cau phan trén.
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Qua trinh tinh toan duoC CAC téc gia nay thuc hi¢n thong qua phan mém ADINA, FAST va
INFIDEL ma chua xét dén khoi luong coc.

Trong thuc té, md hinh coc don c6 kich thudc va khdi lwong cia chinh doan coc duoc khao
sét, duoc coi nhu thanh ran, ¢ cac dic trung cua vat ran chuyén dong song phang (chuyén dong
tinh tién theo phuong ngang cing véi khéi thm va quay quanh khdi tam €) va chiju tac dung
cua hé luc 1a (H,, M) nam trong mat phang do.

Méng coc don duge md hinh duéi dang vat ran chuyén dong song phing di dugc Quan
(2022) [20] @& xuat, kiém chiing so véi cac cdng cu phan ti hitu han va cho két qua déng tin
cdy. Chinh vi vay, bai béo tiép tuc sir dung dé xuét caa Quan (2022) [20] dé khao sat mé hinh
coc don trong hinh 3 (b). Ngoai luc tac dung 1én hé 1a (H,., M), cac luc lién két (R, Mro, Mco)
cling dugc coi 1a ngoai lyc. Khi d6, phuong trinh vi phan chuyén dong cua coc theo bac ty do
chuyén vi ngang va theo bac tu do géc xoay, c¢6 dang nhu sau:

Mcic = Hy — Rix
J

= L L
c0 =M+ Hy =+ Ry S — Mg — Mg

(12)

Véi H, va M 1a két qua thu gon hé lec quén tinh vé dinh méng trong cong thac (7), Mg =
koO, Mg = Co0, Ry = ko = ky (xc - %9 ) M_ va ] trong tng 1a khéi lugng va mé-men
quéan tinh khéi lwong caa md hinh.

Cong thuc (12) duoc viét dudi dang phan ly bién sb cua phuong trinh vi phan cép 2 nhu
cong thac (13) va dang véc-to nhu cong thac (14).

Fex kxLc

.. H
e = =3 X + ZMCH +M—’;
g =— C_eé + kxLc X, — ky(Lc)*+4kg 0 + 2M+HxLc (13)
Jc 2]c 4]c 2Jc
0 0 -z A By
Xc) _ Xc Mc¢ 2M¢ X, Mc
¢ 2Jc 4Jc 2Jc

3. PHAN TICH SO

3.1. Céac thong sé ciia mo hinh

Theo Carswell (2015) va Jonkman (2009) [21], cong trinh dién gi6 ngoai khoi vdi cong
sut 5 MW c6 cac kich thudce co ban nhu hinh 3 (a). Tru dién gio dat trén méng coc don, méng
coc ¢6 dang hinh éng try tron, chiéu dai coc 1a 34 m, duong kinh ngoai cua coc 1a D,, = 6 m,
bé day thanh coc la t,, = 0,09 m. Do ké dén khéi luong cua 16p son bao vé va bu-16ng ma trong
luong riéng cua coc duoc xac dinh 1a y = 85 kN/m®. Dia chat dat nén xung quanh méng la hé
ba 16p. Lop dét thi nhat, tinh tir day bién, c6 chiéu sdu 14 m, md-dun chiu cit G, = 20 MPa,
cuong do chiu cat khong thoat nuée S, = 33 kPa, hé sb Poat-xéng v = 0,498; 6p dat ké tiép
sau 10 m, G, = 100 MPa, S, = 125 kPa, v = 0,490; I6p dat cudi cing sau 28 m, G, = 600
MPa, S,, = 500 kPa, v = 0,470. Céc lép dat déu cd trong luong riéng 1a 20 kN/m®.

Bang 1. CAc théng s6 tuong duong ciia hé dat-coc don [19].

Pai lugng L¢ (m) k., (KN/m) kg (kNm/rad) Cg (KNms/rad)
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Gia tri 7,60 3,89x10° 1,14x108 9,34x10°

Véi didu kién dia chat dit nén va kich thugc mong nhu trén, Carswell (2015) [16] thuc
hién phan tich bang phan mém ADINA dé suy ra céc thong s6 cua md hinh nhu bang 1, cac
thong s6 nay ciing dugc Song (2020) [22] tin cay st dung. Bai bao nay sir dung lai cac thong
s6 & bang 1 @é thyc hién cho cac tinh toén tiép theo.

Véi céc thdng s & trén, suy ra duong kinh trong cia moéng coc D, = D, — t,, = 6 —
0,09 = 591 m; khdi lugng cua mod hinh coc, m, = LC%(D,ZL — D3y =7,6 X g x (6% —
5,912) x 8500 = 54357,12 kg; md-men quan tinh khéi lwong caa md hinh coc ddi vai khéi
tamC, J. = mC% = 54357,12 X 71—622 = 261638,94 kgm?; chiéu cao tir dinh moéng A dén dinh
thap O, h = 90 + 20 = 110 m.

Theo Song (2020) [22], du an dién gi6 ngoai khoi c6 cong suat 5 MW c6 van téc goc =

0 12,1X2x%3,14 NV ” , , . N A - A
]:Z;i = ————— = 1,27 rad/s, bai béo khao st véi trudng hop w = const nén gia toc

goc cua canh quat € = CZ—‘;’ = 0, twong ung véi goc quay a = wt (xem hinh 3). Gia s canh quat
(1) bi gy tai thoi diém co dudng truc nam triing vaéi truc y, goc a = 0.

Theo Jonkman (2009) [21], m&i canh quat c6 khéi lwong m = 17740 kg, chiéu dai 61,5
m. Khoang céch tir khéi tam dén chan canh quat 1 23,06 m, khoang céch tir chan canh quat dén
tryc quay O cua tua-bin 1 1,5 m. Do d6, khoang céch tir khdi thm mdi canh quat dén truc quay
Olau=23,06+1,5=2456m.

Nhu da dé cap ¢ muc 2.1, khi canh quat bi gay, phan con lai cua canh quat nay duoc xac
dinh bang cach nhan véi hé sb triét giam kqk,. Hé 6 k, k, vira triét giam vé kich thudc (chiéu
dai canh quat) va vira triét giam vé khdi lugng cua canh quat. Khi phan canh quat bi gay cang
dai thi phan khéi lwong mét di cang 16n. Bai bao khao sat bdn truong hop (TH), véi gia tri k, k,
dugc liét ké nhu bang 2. Gia tri k4 k, ty 1& nghich vai phan canh quat bi gay, nén tir TH 1 dén
TH 4 tuong tng la cac trudng hop canh quat bi gdy it nhat dén nhiéu nhét.

12,1

Bang 2. Céac trudng hop kqk, du kién xay ra.

TH1 TH?2 TH3 TH 4
0,95 0,90 0,85 0,80

Thay cac thong s6 ciia md hinh phan tich vao cong thac (5) va (6). Khi do, lyc quan tinh
thu gon vé dinh coc trong phuong trinh vi phan chuyén dong cia mong, cong thic (14), tré
thanh:

H, = 6,89 x 103[k,k,sin 1,27t — sin(1,27t — n/3) — cos(1,27t — n/6)] (KN) (15)
M = 0,76 X 10°[k,k,sin 1,27t — sin(1,27t — /3) — cos(1,27t — m/6)] (KNm) (16)

V§i van toc géc cuia canh quat w = 1,27 rad/s, thoi gian dé ro-to quay dugc 1 vong (mot
chuky) laT = 2 x 3,14/1,27 = 4,94 s. Quan sat sy ch cua tru dién gid trong [23,24] cho thay,
sau khi mot phan céanh quat bi gy, hé canh quat van tiép tuc quay. Do d6, véi tai trong tuan
hoan nhu trong cong thic (15) va (16), dé thuan loi cho quan sét trén bicu do, bai béo thyc hién
phén tich vai thoi gian 2 vong quay, tuong ung 2T = 4,94 X 2 = 9,88 s.

Theo Chopra (1995) [25] khi t|nh toan vai tai trong dong theo chu ky (T), dé dam bao tinh
chinh xéc cua tich phan sé, yéu cau budc thoi gian téi thiéu co gia tri 12 At,,, = 0,1T =

1995
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0,1 X 4,94 = 0,494 s. Trong nghién ctiu nay, phuong trinh (14) dugc tich phan s6 biang phuong
phap Euler cua phan mém Matlab-Simulink. Bai bao chon budc thoi gian phan tich At =
0,0001 s, gia tri nay bé hon rat nhiéu so véi At,,;, = 0,494 s.

3.2. Két qua sbé

V6i céc théng sb ciia mo hinh va cong cu md phong da trinh bay ¢ muc 3.1, tich phan s6
phuong trinh (14) 1a phan ¢ng caa coc dudi dang chuyén vi ngang cua khéi tam x, va goc xoay
6. Khi d6, chuyén vi tai dinh va chan méng coc (x4, x5) xac dinh theo quan hé: x, = x + 79

Va xp = xc — %9. Twong tng véi 4 trudng hop phan tich, két qua dwoc biéu dién theo thoi

gian nhu hinh 4 va hinh 5. Gi4 tri cuc dai caa cac phan ung duoc tong hop trong cot (3) va (6)
cua bang 3.

Két qua phan tich cho thay, véi bon trudng hop phan tich, phan canh quat bi gdy cang nhiéu
thi cac chuyén vi cta coc cang I6n, TH 2 ting gan nhu 100% so véi TH 1. Chuyén vi tai chan
mo hinh (diém B) rat bé, vai 4 truong hop nghién ciu, gid tri cuc dai chi 1a 3,55x10°° m, gia tri
nay Xap xi gan bang khdng. Két qua nay pht hop véi gia thiét cia mo hinh nhu da trinh bay &
muc 2.2: tai chdn mo6 hinh (dlem B) chuyen Vi ngang van ton tai nhung co gia tri rat bé, nén
trong md hinh c6 lién két gdi dan hdi chéng cat va chong xoay.

-3
%107 x10

Chuyén vi (m)
Chuyén vi (m)

Thei gian (s) Th&i gian (s)
(@) TH1 (b) TH 2
0.015
0.01
0.01 1
0.005
. 0.005 |
E £
; >
c 0 “5 Q=== e e e
@ >
> = Y 7
2 G -0.005 <3N
Q Biém A ' > \ Diém A
-0.005 | N> - Digm G N\ - Didm ©
—---Diém B 0.01 ~ e Didm B
-0.01 -0.015
0 2 4 6 8 10 0 2 4 6 8 10
Thoi gian (s) Thai gian (s)
() TH3 (d) TH4

Hinh 4. Chuyén vi ngang cia mé hinh coc.
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%107

1.5

o
e

Goc xoay (rad)
(=]

Thoi gian (s)
Hinh 5. Chuyén vi gc xoay ciia mé hinh coc.

Gia tri cyc dai cua tai trong (H,,, M) t6 hop tai dinh coc duoc téng hop trong cot s6 (2) cua
bang 3. Céc gia tri ndy cung véi md hinh mong ¢ trén dugc dua vao phan mém phan tich nén
mong cong trinh FP-MultiPier. Viéc phan tich mo hinh méng bang FP-MultiPier da dugc Quéan
(2022) [20] thuc hién va kiém chiing két qua, bai bao tiép tuc ké thira cac budc mo phong nay
dé tién hanh nghién ciru. Két qua phan tich tir FP-MultiPier duoc trinh bay & cot (4) va (7). Gia
tri & cot (3) va (6) dugc so sanh véi cot (4) va (7), do 1éch gitra hai phuong phéan tich dugc trinh
bay & cot (5) va (8) ciia bang 3. Do léch 16n nhét giita hai phuong phap phan tich 1a 7,01%, ang
vé6i chuyén vi ngang tai dinh mong cua TH 4.

Bang 3. Gia tri phan ung cuc dai cua coc.

Chuyén vj xmax G6c xoay 9™me*
Giatri
max Phl,ron% FP- b6 Ph]:ron% FP- bo
™ H™ (kN) phdpde p\rutipier tech  PMRI Muttipier  lech
M™ax (KNm) Xuat 4 f; Xuat ) i
(x109m) A0°m)O8)  qgapyg (x107rad) (%)
) ) 3) (4) (5) (6) (7) (8)
HM* = 3,46 x 102
1 X 2,73 292 651 3,58 3,76 4,79

M™ax =382 x 10*

HI"* = 6,91 x 102
2 5,45 5,83 6,52 7,14 7,51 4,93
M™ax = 7,62 x 10*

HJ' = 10,35 x 10°
3 8,16 875 674 10,70 11,30 531
M™% = 11,42 x 10*

HJ' = 13,80 x 107
4 , 1088 1170 701 1427 1500 4,87
M™* = 15,22 x 10

4. KET LUAN

Bai bao da thanh 1ap dugc cac cong thuc xac dinh lyc quén tinh tac dung 1én cong trinh
dién gi6 khi c6 sy cb gy canh quat. Tai trong phat sinh do sy ¢ gdy canh quat dugc t6 hop
dén dinh méng, tir d6 thanh 1ap duoc hé phuong trinh vi phan chuyén dong ctia mong coc don
dang chuyén dong song phang. Trong vi du tinh toan sb, bai bao di khao sat cong trinh dién gid
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xa bo ¢6 cong suat 5 MW dit trén mong coc don, nén dat nhiéu 16p. Luc quan tinh phat sinh
tuong tmg véi bon truong hop gdy canh quat khac nhau da duoc luong hoa. Thong qua tich
phan sb cua phan mém Matlab-Simulink, cic phan tng ciia mong coc dudi dang chuyén vi
ngang va goc xoay da dugc xac dinh. Gia tri cuc dai duoc so sanh v6i két qua phan tich tir
phuong phap phan tir hitu han thong qua phan mém FP-MultiPier, d6 1éch 16n nhat giira hai
phuong phap 1a 7,01%. Bén canh cac tng xir theo phuong ngang va goc xoay cua mong, su c¢d
gdy canh quat con gdy ra hiéu tng 1am hu hong cho cac thiét bi khac. Luc phat sinh tir su ¢d
gdy canh quat co thé két hop voi cac loai tai trong dong khac nhu song bién hodc tai trong dong
dat. Cac diéu kién dia chit nén dit va méng thay ddi ciing anh huong dén g xir ciia hé. Do
d6, bai bao dé xuit can thuc hién cac ndi dung ndy & cac nghién ciru tiép theo.
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