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Tém tit. Bai bio nay 1a mot budce trong viée tinh toan g xr ctia két cdu manh c6 mit cét phirc tap chiu
tac dong do gi6. Bang k¥ thuat Rayleigh-Ritz va phuong trinh Lagrange, bai bdo md ta cach tinh dao
d6ng riéng cua mot két cau lién tuc dya trén mot h¢ thdng cac phwong trinh vi phan tuyén tinh cip hai.
Phuong phap nay s& dugc ap dung dé phan tich dao dong riéng ciia cot ang ten vién thong.

Tiwr khéa.Dao dong, cot ang ten, Rayleigh-Ritz

APPLICATION OF RAYLEIGH-RITZ TECHNIQUE IN ANALYSIS OF NATURAL
VIBRATION

Abstract The paper is the first step towards the aerodynamic analysis of slender structures to wind
actions. By Rayleigh-Ritz technique and Lagrange equation, the paper describes the vibrationof a
continuous structure though a system of ordinary differential equations in a way more familiar with
structural analysts. This vibration method will be applied to antenna pole for dynamic analysis.
Keywords Vibration, antenna pole, Rayleigh-Ritz.

1 GIOI THIEU

Ngay nay, voi su phat trién rat manh m& cta khoa hoc ky thuét, ciing nhu cac yéu cau tir cudc song,
Viét Nam da va dang xay dung rat nhiéu cong trinh c6 hinh dang kién truc dep, két cdu thanh manh nhu
cac thap cau day ving, day vong, cac dy ving va ddy vong, ong khoi cac nha may nhiét dién, cac cot dng
ten vién thong...

Tuy nhién, nhirng két cdu thanh manh trén thudng kém 6n dinh duéi tac dong cua gié. Ung xir khi
d6ng hoc cua chung trd nén phirc tap va kho kiém soat hon véi cac hién tuong galloping, flutter,... dan
dén két cau dao dong qua bién do cho phép. Vi vay, cac két ciu thanh manh thuong bi pha huy trong gio
bao hodc khong khai thac dugc trong gié bido nhu cau Dubronvik & Croatia dua vao sir dung nam 2002,
trong mot trin bdo nam 2006 dd ghi nhan mot cap diy ving dao dong vuot qua bién do thiét ké. Con &
Viét Nam di co rit nhidu cot dng ten vién thong bi d6 gdy trong bao, gy thiét hai rat 16n vé ngudi va cia.
Bang 1 1a thong ké cac thap dng tén bi d6 sap trong bdo tai Viét Nam trong nhitng nim gan day.

Bdng 1. Thbng ké cot ang ten db trong bio tai Viét Nam [1], [2], [3], [4]

STT Tén cong trinh Chl(emu)cao Thoi gian d6 sap Nguyén nhan

Thap truyén hinh Nam Dinh Bio Son Tinh (gié

! (xay dung nam 2010) 180 28/10/2012 cap 11)

’ Th%p ang ten vién thong tai huyén Pam Ha, tinh 4 03/08/2013 BaoJ eb} (gi6 cap 8
Quang Ninh cap 9)
Cot dién duong day 500 kV tai huyén Yén Y

3 Diing, Bic Giang (xdy dung nam 2015) 30 22/04/2016 Mua 16n va gid loc

4 Qan 710.000 C(:)E dlct}kcac$1oal bi gay, nghiéng tai 27/07/2016 Bao erlnfle (giod cap
cac tinh ven bién mién bac 8, cap9)
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Hinh 1. Cot ang ten cao hon 40m cua buu dién huyen DPim Ha, Quang Ninh b1 do trong bao Jebi.[2]

Mac du thiét hai cua cac cong trinh trong bao la rét 16n, nhung tai Viét Nam hién nay c6 rat it con g
trinh nghién ctru vé dao dong cua két cu dudi tac dong cua gio. Cac nghién ciru ¢ Viét Nam hién chi
dimg lai cac dé tai nghién ctru sinh nghién ctru vé tac dong gi6 1én nha thap tang [5], hay hién tuong
flutter d6i véi dam cau c6 mat cat ngang d6i xung [6]. Trén thé gidi, co rat nhiéu nha nghién ctru nghién
clru hién tuwong ndy tir hon 80 ndm trudc va tiép tuc cho dén ngay hom nay, tiéu b1eu o tai liéu tham khao
s6 [7-10]. Mic du cac nghién ciru d¢3 mang lai nhiéu thanh tyu nhung bén canh d6 van con nhiéu han ché
trong thuc tién hién nay.Cac nghién ciru ly thuyét trudc ddy vé tmg xir cia két cdu manh do gio thuong
chi xét cho cac két ciu co6 tiét dién don gian. Tuy nhién, trong thyc t& c6 nhimng két ciu c6 mat cat rat
phtrc tap, dan dén tng xtr phirc tap cua két cau do gié. Cot anten 1a mot vi du boi nhiéu thanh phan nhu
parabol, ddy cap, thang leo ... dugc gin vao cot lam cho tiét dién két ciu phirc tap hon. Tir d6, cac phuong
phap giai tich truyén thong dé phan tich dong cho két céu c6 thé khong phu hop. Dé phan tich dong cia
loai két cdu nay, Wahrhaftig va Brasil [11] da dé xuat phuong phap tinh dao df)ng riéng cho cft anten
bang phuong phép x4p xi Rayleigh. Tuy nhién, nghién ctru d6 khong binh luén vé d6 hoi tu cua nghiém
va tinh chinh x4c cua két qua phan tich théng qua viéc xap xi Rayleigh.

Bai bao nay 1a mot budc dau trong dy 4n nghién clru Umg xu cua két ciu manh phuc tap chiu tac
dong cua gio. Trong do, nghién ctru tai liéu tham khao ) [12] cta dy 4n nay da dé xuat phuong phap so
dé xay dung mo hinh tong quat c6 thé dé phan tich dong cho két cdu manh co xét dén do 1éch tam cua tiét
dién két cau. 0 do, ky thuét Rayleigh-Ritz va phuong trinh Lagrange dugc su dung dé mo ta dao dong
ctia két cau lién tuc bang mot phurong trinh vi phan thudng. Bai bao nay Aap dung phuong phap dé xuét ¢
[12] @& phan tich dao dong rleng cho mot cot anten. Bai bao sir dung két ciu nay duge mo ta ¢ tai liéu
tham khao s6 [11] dé so sanh két qua phén tich.

2 PHAN TiCH PONG BANG PHUONG PHAP RAYLEIGH-RITZ

Phuong phap Rayleigh-Ritz trong viéc phan tich dong da duoc trinh bay chi tiét & tai liéu tham khao
50 [12] va dugc tom luge & myc ndy trong bai béo.

Xét mot cu tric thanh manh co6 chidu dai £ c6 mat cat ngang chiu gi6 voi van toc U. Goi Oxyz 1a h¢
toa Dé cac, trong do goc O dit tai trong tAm d9 climg ctia mit cat. Cac truc x va y 1a truc nim ngang, truc
z tring véi truc két cau.

Céc thanh phan chuyén vi do tai trong gay ra dugc biéu dién dudi dang vector sau nhur:

r.(z,t)
r(z, t) = {n(zt) (1
r(zt)
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trong do: ) i
ry va ry 1a chuyén vi thang theo phuong x va y.
r. 1a chuyén vi xoay quanh truc z.
t 1a thoi gian.
St dung phuong phap Rayleigh-Ritz, mdi thanh phan chuyén vi ¢6 thé dugc tinh xap xi nhu sy t6
hop tuyén tinh nhu sau: )
ra(z,8) = Ni=a 95 (2 (8) ©)
trong do:
gg () 1a ham chuyén vi tong quat chura biét.
¢z (z) 1a ham dang.
Thé phuong trinh (2) vao phwong trinh (1), chuyén vi ciing c6 thé viét dugc dudi dang ma tran:

r(z,t) = @(2)Q(t) 3
trong do:
¢.(z) @ @
@)= @ &2 O [vad.(2)=I[08= ¢5@E .. ¢2(=)] 4@
)] @ (2
Q.(5) gy (t)
Q) ={ Q@O va Q) =192t (%)
Q:(t) gZ(t)

Tir phwong trinh (2), ta thiy cac ham dang@ (z) quyét dinh dén sy chinh xac cta phép tinh xap xi.
Trong khi d6, céc chuyén vi tong quat g (£) s& dugc xéc dinh thong qua cdc phuong trinh chuyén dong.
Cac phuong trinh chuyén d(_")nT nay s€ dugc xay dung tir phuong trinh Lagrange:

d | éTi) | aT(r) Vit) _ na
dt ] 6q§|:r} aqg(t} - Fk (t] (6)

3q2(t)

voi: k=1LN,a=x,y,z
trong do:
T'la dong nang,
V' 1a the nang.
F1a tong tai trong.
Véi T, Vva ¥ duoc xac dinh nhu dudi day:

T(t) = Z () "
T,(t) = % f [m,(2)#2(z,t)]dz (8)
(L)
V= ) %O ©)
a=XV.E
1 a2r(z )]
0 =5£ Ta [%] dz (10)
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FE(t) = f falz, t) g (2)dz (11)
(L)
voi:
m,(z) = my(z) = m(z) 1a khdi luong trén mdt don vi chiéu dai.
mz(z) = I,;(z) 1a md men quan tinh d6i v6i tim khoi lugng M.
J« = EL,(2) va ], = EI.(2)la d6 cting chdng udn.
J= = GI.(z)la do cing chdng xodn.

Thay phuong trinh (7), (9), (11) vao phuong trinh (6) va mot s6 phép bién dbi toan hoc, phuong trinh
Lagrange c6 thé dugc viét thanh:

MQ(t) + KQ(t) = F(t) (12)
trong do:
M. @ @ K. @ @
M=|® M, @lwxawK=|0 K, @ (13)
@ © M © © K
x(t)
F(t) = {F,(t) yF,(t) = [F*(®) Ff(@E) .. EE@IT (14)
z(t)
Phan tir (i, j) trong ma tranM, Mg, K cta phuong trinh (13) duoc cho boi
(Ka)i; = ki (Ko)i; = k§; (15)
trong do:
m = [ ot @es@az (16)
(L)
msE = ks = d? qbz (z)d* ¢“(2)
k= [ 122 (7

(L)
Cudi cung, lién quan dén ma tran giam chan C, phuong trinh chuyén dong dy du ba chiéu co thé
dugc viét nhu sau:
MQ(1) + €Q(1) + KQ(t) = F(t) (18)
Nhu vdy, nho sy xép xi Rayleigh-Ritz va phuong trinh Lagrange, su chuyén dong ctia mot két cau
lién tuc dwoc didu khién bai mot hé phuong trinh vi phan tuyén tinh cap 2 (ODE) nhu trong phuong trinh
(18) thay vi phuong trinh vi phan ting phan (PDE).Day la mot hé co vo so bac tu do giam xudng hé co
3N béc tu do. Tuy nhién, cac dic trung két cdu van dugc gitr nguyén, chang han nhu sy lién tuc cta hinh
dang hay chuyen vi ma khong xuét hién & nhiéu béc tu do. bay 1a mét uu diém khi phan tich dong hoc
ctia hé théng qua hé ODE trong phuong trinh (18), vé co ban 1a quen thudc va dé& dang véi k¥ su hon
PDE. Sy chinh xé4c ciia phuong phap nay di duoc ching minh va thao luan & tai lidu tham khao s6 [12].

3 Vi DUSO

Cot angten cao 30m duge mo ta & tai lidu tham khao s6 [11] duoc dung dé phan tich cac dic trung
d6ng hoc theo phuong phép di trinh bay & muc 2. Két qua tinh toan tin sé dao dong duoc iy tir chwong
trinh matlab va phan mém Midas civil va so sanh véi két qua tir tai lidu tham khao s6 [11].

Két ciu cot dng ten trong tinh toan vi du 1a: Cot ang ten hinh tru rdng cao 30m, c6 duong kinh ngoai
& day va dinh 1an luot 1a 82 cm va 52 cm nhu hinh 2. Doc theo chiéu cao cdt ¢6 gan ¢ chéo dng ten tai
cac vi tri: dan dng ten I nang 880 kg o dinh cdt, dan ang ten Il ndng 228 kg & dd cao 27 m va dan ang ten
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Il ning 924 kg & d6 cao 20m. Pudng kinh ngoai ®ey va chidu day t thay ddi theo d6 cao theo Bang 2 vai
cac thong sb tinh toan dic trung cua vat lidu va khdi luong tac dung 18n cot dng ten & Bang 3.

Tac gia lap trinh matlab dé tinh dao dong ctia cot dng ten theo 1y thuyét & muc 2 ctia bai bao nay.

Dé so sanh két qua tinh dao dong theo 1y thuyét & muc 2 cta bai bao nay, ngoai két qua tir tai lidu
tham khao sb [11], tac gia md phong tinh toan dao dong cua két ciu bang phan mém Midas civil. Cot ing
ten dugc mo hinh hoa 12 mot cot co mot dau ngam, mot dau tu do gom 33 phan tt, chiu khéi lugng tap
trung tai cac nut tuong rng vdi cac do cao 20m, 27m va 30m véi mo hinh tinh todn nhu hinh 2c.

Danangtenl,
" 52 h=30m
t=0.60

Dan angtenl,
h=27m

590

[=]
&l e
b i t=1.2

580

Danangtenli,
h=20m

g. Var
[ t=1.2
Var
QL t=0.6
o~

3000
580

t=1.52

Var
| t=0.76

580

i Var
k| t=1.52
Var

590

t=0.76

(a) Két cAu cot ang ten ngoai thuc té (b) M6 hinh 2D ¢t ang ten (c) Mo hinh 2D c6t ang
ten trén Midas

Hinh 2. So db cAu tao cot ang ten 30m

Bang 2. So dd cAu tao cot ang ten 30m

h (m) Dy (cm) t (cm) h (m) Dy (cm) t (cm) h (m) Dy (cm) t (cm)
30,0 52,0 0,6 20,0 62,0 0,6 10,0 72,0 0,76
29,0 53,0 0,6 19,0 63,0 0,6 9,0 73,0 0,76
28,0 54,0 0,6 18,1 63,9 0,6 8,0 74,0 0,76
27,0 55,0 0,6 17,9 64,1 0,6 7,0 75,0 0,76
26,0 56,0 0,6 17,0 65,0 0,6 6,1 75,9 0,76
25,0 57,0 0,6 16,0 66,0 0,6 5,9 76,1 0,76
24,1 57,9 0,6 15,0 67,0 0,6 5,0 77,0 0,76
23,9 58,1 0,6 14,0 68,0 0,6 4,0 78,0 0,76
23,0 59,0 0,6 13,0 69,0 0,6 3,0 79,0 0,76
22,0 60,0 0,6 12,1 69,9 0,6 2,0 80,0 0,76
21,0 61,0 0,6 11,9 70,1 0,76 1,0 81,0 0,76

0,0 82,0 0,76
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Bdng 3. Céc thong sb tinh toan cho cot dng ten 30 m

Thong s6 Gia tri Pon vi
M6 dun dan hdi cua thép, E 205 Gpa
Khéi lugng riéng cua thép, p 7850 kg/m?3
Khéi lwong tap trung & dinh dng ten (dan dng ten I) 880 kg
Khéi lwgng tap trung & d6 cao 27m (dan dng ten II) 228 kg
Khéi lugng tap trung & d cao 20m (dan dng ten I1I) 924 kg
Khéi lugng phan b trén mot don vi chiéu dai 40 kg/m
Gia téc trong trudng, g 9,81 /s>

Tan s6 dao dong cua cot ang ten duoc thé hién ¢ Bang 4.

Bang 4. Tén s dao dong cua cot ang ten 30m

Tén s6 dao dong (Hz) Sai 56 so voi [11] (%)
Theo [11] 0,550
Theo Midas civil 0,547 0,55
Theo 1y thuyét trinh bay & muc 2 cua bai bao 0,470 14,55

Tir Bang 4 ta thdy: sir dung phuong phap di trinh bay ¢ muc 2, tan sd dao dong co ban cua cot dng
ten 30m 1a 0,47 Hz. Trong do, cac ham dang dugc st dung trong tinh todn 1a cdc ham da thuc bac cao va
cho két qua hoi tu tdt trong khoang tir 0,47 Hz dén 0,55 Hz.

Két qua tinh todn theo tai liéu tham khao sd [1 1] cua tan s6 dao dong cot ang ten 30m 14 0,55 Hz (sai
s6 0 ,56%) va tu phan mém Midas 13 0,547 Hz (sai 6 0 ,55%). Nhu véy, dung phuong phéap Rayleigh dé
tinh xAp xi chuyén vi trong tai liéu tham khao s [11] cho két qua tuong tu v6i phuong phap phan tir hitu
han.

Su khéc biét trong két qua tinh toan cua phuong phéap Rayleigh va phuong phap phan tir hitu han voi
Xap xi Raylelgh Ritz 1a 15%. Nguyén nhan cé thé tir viéc st dung ham dang. Do tai liéu tham khao sO
[11] va phan mém Midas (phuong phap phan tir hitu ‘han) chi sir dung 1 ham dang luong giac dé xap xi
chuyén vi va khong nhéc ti tinh hoi tu ctia nghiém x4p xi khi chi sir dung 1 ham dang. Vi vay, két qua tir
bai bao nay dang tin cay hon.

4 KET LUAN

Bai bao da ap dung mot phuong phéap hiéu qua dé phan tich dong cho ket céu manh. Bang phuong
phap Rayleigh-Ritz, phuong trinh dao dong dugc biéu dién dudi dang tuyen tinh bac 2. Phuong phap
dugc ap dung dé xac dinh dic trung dong hoc ciia mot ¢t angten thyc co tiét dién phue tap. Két qua phan
tich dang tin cay hon phuong phéap cta cac tac gia khac.

Phuong phéap phan tich trong bai bao nay la mét budc trong viéc phén tich ung xur cua két cAu manh
chiu tac dong do gio. Tu phuong trinh dao dong dé duoc xay dung s& cho phép. thiét 1ap phuong phép tinh
thuan ti€n hon bai toan bét 6n dinh cua két cau do gio vdi cac két cau c6 mit cat phuc tap. Viéc phan tinh
bat 6n dinh nay s& dugc trinh bay trong cac bai bao tiép theo.

LOI CAM ON

- Cac tac gia cam on “Chuong trinh Vuon uvom sang tao khoa hoc va cong nghé tré” - Trung tdm phat
trién khoa hoc va cong ngh¢ tré - Thanh doan thanh phé H6 Chi Minh dé ho tro kinh phi nghién ciu
thong qua dé tai: “Phan tich ung xu khi dong hoc cua két cau thanh manh nhay cam véi gié” nam 2017.
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