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Tém tét - Nang lwong sach, cu thé 1 nang lwgng gié dang 1a van
d& néng hdi trong bdi canh nang lwgng héa thach dang dan can
kiét, viéc kiém dinh tiéu chuan thiét ké turbine gi6 tr tiéu chuan
chau Au, Nhat Ban trng dung vao diéu kién dia hinh Viét Nam dang
la van @& cap thiét. Bai bao cao nham kidm chirng kha nang chiu
Iwe, va &n dinh cuc bo ctia thap phong dién khi ti [& chiéu cao va
chiéu rong ctia 16 ctra chan thap b/h < 3 nhw trong tiéu chuan chau
Au, va tién hanh kiém tra kha nang chiu lwc, va én dinh cuc bo clia
thap phong dién khi i 1& bé rong va chiéu cao clia 16 ctra chan thap
b/h> 3. Qua dé dé xuat phwong trinh xac dinh hé s6 anh hwéng
clia 16 clra trong tinh toan n dinh thap phong dién.

Tir khéa - turbine gio; méat &n dinh; cuwdng d6 va én dinh tam vo;
Vo try; ly thuyét tam vé.

1. Dit van dé

Nang lugng gi6 hién nay duoc sir dung kha rong réi ¢
cac nudce chau Au, Nhat Ban. O Viét Nam, nang luong gié
clng dugc bét ddu dua vao st dung & mot sé tinh duyén
hai mién Trung nhu Tuy Phong - Binh Thuén. Nhung do
chung ta chua c6 tiéu chudn cu thé vé viée thiét ké turbine
gi6, nén viée tmg dung tiéu chuin thiét ké cta chau Au can
duoc klem chtng lai sao cho phi hop véi didu kién dia li,
thoi tiét ¢ Viét Nam.

Bai bao cdo dé cap dén su pha hoai cua thap tai tiét dién
ctra thap do mét 6n dinh (cuc bo, tong thé) vai cac ti 16 khau
dd cua h/b =2,5; 3; 3,5; 4 tuong Gng voi cac mo hinh thap
¢6 chiéu cao lan luot 1a 35m, 42m, 77m.

2. Ly thuyét tinh toan
2.1. Kha nang chiu luc ciia thap phong dién
Tai trong thiét ké cua thap duoc léy bépg 0,7 lén khé
nang chiu luc cua trudng hop thap vai ti 1€ 10 cira thap nhat
h/b=2,5.
2.2. Tinh todn iing sudt thiét ké ciia thap phong di¢n theo
tiéu chuan chiau Au Eurocode 3
_ St dyng tiéu cl}uén thiét ké chau Au Eurocode 3 thié:t
ke} két cau thép phan 1.6 Cuong d6 va sy on dinh cua keét
cau vo (Eurocode 3: Design of steel structures- Part 1-6:
Strength and Stability of Shell Structures) [1] dé tinh toan
ung suat thiét ké cua vé tru thap phong dién. Hé thong cac
cong thuc dugce st dung trong tinh todn nhu sau:
_ O-x,Rk .
O ki =——(2.1); O\ re = foy,k (2.2)

Vi

Abstract - Clean energy, in particular wind energy, is a hot issue
in a time when fossil fuels are being exhausted. The testing of wind
turbine design standards from European, Japanese standards
applied in Vietnam is an urgent issue.The article aims to verify the
strength and local stability of wind power tower when the ratio of
width and height of the leg holes of tower gate is b/h < 3. The article
also examines the strength, and the local stability of wind power
tower when the ratio of width and height of the leg holes of tower
gate is b/h> 3. Thereby, the article proposes equations to
determine coefficients that affect the stability calculations of
electricity tower.

Key words - wind turbine; buckling; strength and stability of shell
structures; cylindrical shell; shell plate theory.
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%x: 12 hé sb didu chinh mét 6n dinh;

A, =0,2: 14 6 manh giGi han;

A,:1a 4 manh gi6i han tuong ddi;

B: 1a hé sb ving déo: B = 0,6;

ox: 12 hé s6 khiém khuyét dan hoi;

Awy: 12 bién d6 khiém khuyét dac trung;

Q: 1a thong s6 chét lugng gia dinh, dugc cho bdi bang
D.2 phu luc D trong Eurocode 3 phan 1.6.

Bing 1. Thong sé chat hrong gid dinh Q

Lép gid dinh Pic trung Q
Lép A Rét cao 40
Lép B Cao 25
Lop C Trung binh 16

/Tx: D06 manh tuong ddi cua vo thap;
ox.rex: Ung sudt mét 6n dinh t6i han theo phuong ding;
Cy: Phu thudc vao thong sb chiéu dai duong kinh ®.

(2.15)

o)

.Jo.: Cudng d6 chiu nén t6i han;

E: Médun dan hoi;

F = o.: Ung suat chay cia thép;

r: Ban kinh trung binh thap (tinh dén mép ngoai cua thap)
t: Chiéu day vo thap;

Trong do:

C:He¢ s6 ké dén anh huong ctia 18 ctra, phu thude vao
khau d0 ctra;

r’: Ban kinh trung binh thap tinh dén tam vo try;

Ci: H¢ s6 gigm yéu, tiy thudc vao khdu d¢ cira, phy
thudc vao ti suat chiu luc cua thap.

A, B: Hé b phu thudc géc mé B cua 16 cira, léy theo
bang sau:

Bing 3. Hé s6 géc mo cira

Cxb = 3: Tuong udng véi diéu kién bién trong bang sau: Géc mo B A B
Bing 2. Hé 56 Cxp 20<B <30 1,15-0,01p 2,1x107
Truong hop Mép tru Pidu kién bién Cxb 30<p<60 1,0 - 0,058 (1,8 +0,01B) 10
| Dinh Tam day chiu uon 6 B
Day Co neo 3. Két qua va binh luin
2 %lnh TEA‘CH} mong 3 3.1. M6 phéng mé hinh thip phong dién
ay o neo Dic trung hinh hoc thép phong dién:
Dinh Tam mong
3 Day TAm day, khong neo 1 Bing 4. Dac trung hinh hoc thap
oxe: 1 img sudt thiét ké doc truc; Chidu cao (m) Do day vo t Ban kinh
\ . SO A . £ £ . rung binh (m) trung binh (m)
oxeN: 12 ng sudt thanh phan cia Ung suat o ga xuat phat
tr luc nén doc truc; 35 0,011 1,93
oxem: 12 Gmg suat thanh phin ciia tmg sudt oy gq Xuét 42 0,0175 1,675
phat tir lyc uon cua thap. 7 0,025 3,15

2.3. Téng qudt héa kiém tra én dinh thdp theo tiéu chuén Nhit
So sanh tmg suét thiét ké o, ri v6i g suét cuc b tai
mép ctra nay s€ thu dugc kha nang chiu luc ciia moi thap.
Tur kha nang chiu lyc cuia thap, tién hanh kiém tra 6n dinh
cuc bg cua thap theo tiéu chuan Nhat [3] voi cong thic sau:
G40 o

CX cf;'r

0,72
F sk | <0377( £
1,5 P F

0,72
2,567—5(5)
(\E

2,190

0,72 0,72
khi 0,377[£J <5s2,567[£)
F P F
0,72
;CO'”E x1,5when £>2,567 E
2,25 ‘ F

1/2
cacr’e=0,6E§ 1—0,901{1—exp(—%(§j H (2.14)

(2.12)

0,267F +0,4F

Str dung phﬁn mém Abaqus 6.10, ta mo6 phong dugc su
lam viéc ctia cdc mo6 hinh thép phong dién trén vdi cac
chiéu cao 35m, 42m, 77m vdi cac ti 16 bé rong trén chiéu
cao cua 15 ctra 1an luot 1a h/b = 2,5; h/b = 3; h/b = 3,5;
h/b = 4. Gia str dudi tdc dung cia tai trong ngang, dinh thap
s& chuyén vi ngang 1,5m tmg véi thap cao 35m; 42m, va
chuyén vi 3m tng v&i thap 77m.

Hinh 1. M6 hinh ban dau va chuyén vi ciia thap
3.2. Kha ndng chiu luc
Tai trong thiét ké nhu Bang 5.
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Bdng 5. Tdi trong thiét ké
M0 hinh 35m 42m 77m
Py (kN) 2056 2024 4027
Kha ning chiu lyc bé nhit (twong tng véi mo hinh 16

ctra co ti 1€ 16n nhat b/h = 4) ctia cac m6 Hinh 35m, 42m,
77m nhu Bang 6.

Bidng 6. Kha nang chiu lyc

Mo hinh 35m 42m 77m
Py (KN) 2894 2887 5246
3500 o
<
3000
A o 77'—%“ -
Pl
2500
Y A
2000 >
/l’
1500 7.
......... P1(W/b=2,5)
1000 o — I , Pz(h/bm:),)
=—t—P3(h/b=3,5)
500 ¢ PA(H/b=4)
0 (‘ T T S— ll)tk 1
0 0.5 1 A (m) 1.5 2

Hinh 2. Biéu do tdi trong va chuyén vi thap 35m
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/
0 ‘ : . .

0 0.5 1 Amls 2
Hinh 3. Biéu dé tdi trong va chuyén vi thap 42m
7000 —
6000 = R =
5000
4000
3000 L/ e P1(h/b=2,5)
P2(/b=3)
2000 + P3(h/b=3,5)
P4(h/b=4)
1000 -+ Ptk
0 4 T T T 1
0 1 2 A(m) 3 4

Hinh 4. Biéu do tdi trong va chuyén vi thap 77m
Nhu vdy, ca ba m6 hinh déu dam bao kha nang chiu lyc.

3.3. Kiém tra én dinh
3.3.1. M6 hinh thap 35m

Ung sudt thiét ké tinh toan theo tiéu chuén Eurocode 3
[1] ta dugc:oxra =254 Mpa. Ung sudt nay duge s dung
lam gi4 tri tham chiéu trong biéu db ung sut - chuyén vi
sau:

600
]
=W
500 = —
400 —
300 /
I
| l:: ......... 61(h/b=2,5)
200 % -« = 2(h/b=3)
F —=— 3(h/b=3,5)
100 J/ o4(h/b=4)
0 ox,Rd
0 0.5 1 15 A(m) ,

Hinh 5. Biéu do quan hé iing sudt - chuyén vi thap 35m

Chuyén vi thu dugc bang cach noi suy tir biéu dd o-A
(Hinh 5) tuong ting voi Gng suat thiet ké oxra= 254 Mpa
nhu sau:

Bing 7. Chuyén vi twong img cdc ti ¢ 16 cira

Mo hinh A (m)
h/b=2,5 0,19
h/b=3 0,17
h/b=3,5 0,15
h/b=4 0,16

3.3.2. M6 hinh thap 42m

Ung sudt thiét ké tinh toan theo tiéu chuén Eurocode 3
[1] ta dugc: oxrda= 340 Mpa. Ung suét nay dugc sir dung
lam gi4 tri tham chiéu trong biéu db ung suit - chuyén vi
sau:

450 =
&
400 3 pESe——————
350 b g
300 i

250 //ﬁ
200 ///
// —s—g1(h/b=2,5)

150 —2(hb=3)
/ o4(h/b=4)

50 7 ox,Rd
0 7+ T T T
0 0.5 1 1.5

Hinh 6. Biéu d6 quan hé img sudt — chuyén vi thap 42m

Am

Chuyén vi thu dugc bang cach ni suy tir biéu dd o-A
(Hinh 6) tuong Gng v6i ing suat thiét ké oxra = 340 Mpa
nhu sau:
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Bing 8. Chuyén vi twong vmg cdc ti 16 16 cira
M6 hinh A (m)
h/b=2,5 0,52
h/b=3 0,46
h/b =3,5 0,43
h/b=4 0,44

3.3.3. M6 hinh thap 77m
Ung sudt thiét ké tinh toan theo tiéu chuén Eurocode 3
[1] ta dugc: oxra=301Mpa. Upg sudt nay dugc str dung lam
gié tri tham chi€u trong biéu do ung suat - chuyén vi sau:
400

350 - -
300
250
200
150 —=—c1(h/b=2,5)
——2(h/b=3)
100 ——03(h/b=3,5)
50 o4(h/b=4)
0 / . . GX’Rd ‘
0 | 2 3 A(m)4

Hinh 7. Biéu d6 quan hé img sudt - chuyén vi thip 77m

Chuyén vi thu dugc bang cach ndi suy tir biéu dd o-A
(Hinh 7) tuwong tng v6i tng suat thiét ké oxra = 301 Mpa
nhu sau:

Bing 9. Chuyén vi twong img cdc 1i ¢ 16 cira

Mb hinh A (m)
hb=2,5 0,93
h/b=3 0,85
hb=3,5 0,9
h/b =4 0,86

Nhu vay trong ca l?a mé hinh, khi ti 18 16 ctra h/b>3 thi
deu cho két qua chuyén vi gidi han dinh thap thap hon so
voi truong hop h/b<3.

3.4. T 5ng qudt héa kiém tra én dinh thép theo tiéu chuin
Nhdat

Thiét 1ap phuong trinh dudng trung binh ti suat chiu luc
cua cac mo hinh thap dua trén kha nang chiu luc tuong tng
véi tung ti 1¢ 10 cira.

Bdng 10. Kha nang chiu lyc

Wb P(kN)
35m 42m 77m
2.5 954 1699 4371
3 871 1500 4017
3.5 773 1385 4232
4 811 1418 4040
Bdng 11. T7 sudt chiu luc
35m 42m | 77m | Trung binh
2.5 1 1 1 1

3 10913 | 0,883 | 0,919 0,905
3.5 10,810 | 0,815 | 0,968 0,864
4 10851 | 0,835 | 0,924 0,870

Tu Bang 4-7 cho ta biéu dd quan hé ti suét chiu luc cta
thap véi ti 1€ khau do cira.

1.2

1\‘%_/

<o
o]
/
|
|

Ti suat chiu luc %
S
(o)}

04 ——35m
' 42m
0.2 FIm—
0 Trung binh
25 3 35 h/b 4

Hinh 8. Puong ti sudt chju lyc trung binh
Tir d thi trén, ta thiét 1ap dwoc phuong trinh cta dudng
trung binh:
C, =0,1005(h /b)2 -0,7393(h/b)+2,2198
Ci: Hé sb giam yéu, duoc dung dé xac dinh hé sb C
trong cong thire (2.15) o trén.
Kiém tra én dinh

A , < R 2 : O-c + o-b
Cong thirc kiém tra 6n dinh: —— <1[3]
x

cJcr

Bing 12. Ung sudt cuc bé thdp 35m

h/b 2,5 3 3,5 4
C 1 0,905 0,864 0,870
C 0,749 0.678 0.647 0,651
cfer (Mpa) 407 407 407 407
o(Mpa) 254 254 254 254
Kiém tra 0,83 0,92 0,96 0,96
Bing 13. Ung sudt cuc bé thdp 42m
h/b 2,5 3 3,5 4
C 1 0,905 0,864 0,870
C 0,810 0,733 0,701 0,705
cfe(Mpa) 513 513 513 513
o(Mpa) 340 340 340 340
Kiém tra 0,82 0,90 0,95 0,94
Bing 14. Ung sudt cuc bé thdp 77m
h/b 2.5 3 3.5 4
C 1 0,905 0,864 0,870
C 0,860 0,778 0,743 0,748
cfe(Mpa) 460 460 460 460
o(Mpa) 301 301 301 301
Kiém tra 0,76 | 084 | 0,88 0,87
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Nhu vay, cac trudong hop ung suét cuc bo tai chan thap
cua cac mo hinh véi céc ti 1€ ctra déu dam bao diéu kién
kiém tra nho hon 1.

3.5. Binh ludn

Muén tang kha nang on dinh cuc bd cia cac mo6 hinh
thap phong dién véi céac ti 1€ 10 ctra b/h > 3, nén tién hanh
gia cuong mép quanh 10 ctra, & day tac gia kién nghi bién

600

©

' s

v 12

oz 500 <
400

0
,‘

300 A 7

200 1/ ——g(Gia cwdng)

7N

cuwdng)

0 0.5 1 8(m)y 5

Hinh 9. b/h = 1/3,5  Hinh 10. Ung sudt - chuyén vi

4. Két luan

Kha ning chiu lyc va 6n dinh cuc bo (c6 xét dén bién
dang déo cuia thép) ctlia thap phu thudc vao ti 16 ma 16 cira
tai chan thap. Bai bio nhim tii khing dinh nén chon ti 1¢
chiéu cao va bé rong cia 15 ctra nén nhé hon hodc bing 3
khi thiét ké thap phong dién. Ddng thoi qua dé, d& xuét
cach xac dinh hé sb anh hudng cua 15 cira C tai chan thap
trong tinh toan 6n dinh, va bién phap gia cudng mép cira
khi ti 1€ h/b >3.

phép ting cudng chidu day (t = 25mm) cua mép xung
quanh 15 cira. & day tién hanh khao sat cho thap cao 35m
Vi cac ti 18 16 cira h/b = 3,5 va h/b = 4.

Tir biéu d6 Ung sudt - chuyén vi (Hinh 10, 12) nhan
thiy tng suit cuc bd quanh mép cira giam dang ké sau khi
tién hanh gia cudng quanh mép cira.

\

)

N

%4 D
o o
o o
bai

0 :

n o

é ‘ m 300 17

= 1/

i 200 —— o(Gia cwong)
| | 100 J/—=—o(Chua gia cuong)
’ ! ox,Rd

0 # : , A (m)

0 0.5 1 15 2

Hinh 11. b/h = 1/4  Hinh 12. Ung sudt - chuyén vi
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