BAI BAO KHOA HQC

PHUONG PHAP THUC NGHIEM XAC PINH HE SO MA SAT COI QUAY
CUA VAN CUNG CONG TRINH HO CHUA NUOC CUA PAT

Nguyén Céng Thing', Nguyén Thai Hoang', Nguyén Canh Thai'

Tém tit: Trong qud trinh vin hanh, hé sé6 ma sdt tai céi quay ciea van cung ting 1én do nhiéu nguyén
nhdn khdc nhau. Sw gia tang hé sé6 ma sat nay da gdy ra nhiéu sw c6 nghiém trong dwoc ghi nhan trén
thé gidi ciing nhw tai Viét Nam. Hién nay & nude ta phiong phédp do dac xdc dinh hé sé6 ma st tai coi
quay chua dwoc nghién ciru va dé xudt. Tir két qua nghién civu trang thai tmg sudt - bién dang trén mé
hinh s6 ciia phan céi dong cum céi quay cira van cung cong trinh Cira Pat, nhém nghién civu da dé xudt
phirong phdp xdc dinh hé s6 ma sat tai hién trirong.

Phuong phép dé xudt dwoc dp dung tai hién trieong dé xdc dinh hé s6 ma sdt tai cum céi quay cira van

50 4 cong trinh Ho chira nuoc Cua Pat.

Tir khéa: coi quay ctra van cung, mo hinh s0, h¢ sO ma sat, trang thai ng suat — bién dang.

1. PAT VAN PE

Ctra van 1a mot bd phan két ciu quan trong lién
quan dén d6 an toan va hiéu qua cta cong trinh.
Trong cong trinh ngan song 16n véi miac do yéu
cau cao, hé thong ctra van trong qua trinh khai
thac, van hanh phai dap tng rat nhiéu nhiém vu:
gilt nude, thoat 1ii, dam bao diéu kién giao thong
thuly qua cong trinh...

Ctra van cung la loai ctra van c6 mit cit ngang
dang hinh cung tron, tdm cung thudng trung véi
tAm quay ciia cira van, phan chin nudc 1a to hop
ban mat lap ghép, thong qua két cdu gian cang
truyén luc 18n tru pin thong qua cbi quay. Cira van
cung c6 kha nang chiu lyc 16n, Iuc nang ha ctra
van ¢6 loi vé luc vi cira van déng mé quay quanh
cbi ban 1& nén mot phan trong luong cira van duoc
truyén 1én try pin thong qua cdi quay, ngoai ra nho
ban mat hinh cung nén cé thé loi dung stc nudc
dé giam lyc nang cira van,

Thuc té van hanh cac ctra van trén thé gidi
ciing nhu ¢ nudc ta cho thiy rit nhiéu hu hai cua
dap c6 lién quan dén sy cd ctra van.

Ngay 02/7/1967, mot trong bon clra van cung
v6i chiéu cao 12m, chiéu rong 9m, nang 32 tan tai
dap Wachi, Nhat Ban bi cubn troi Xuéng phia ha
luu 136m. Nguyén nhan sy ¢ dugc xac dinh 1a sy

! Truong Pai hoc Thuy loi

mét 6n dinh dong do bién thién cia luc ma sat tai
cbi quay trong qua trinh van hanh ctra van (Ishii
N, et al 1999).

Ngay 17/7/1995 mot su cd nghiém trong xay ra
tai dap Folsom (California, My) khi ctra van cung
sd 3 khong thé van hanh dan dén dong nudc véi
lwu lugng 1135m’/s tran xudng ha luu trong thoi
gian hon 7h. Su ¢b trén tuy khong giy ra thiét hai
nghiém trong nhung 40% lugng nudce du trir trong
h6é chia dung tich 18 dim vudng d3 bi mat.
Nguyén nhan sau do dugc tim ra la do luc ma sat
tai c¢bi quay da bi bo qua khi thiét ké cira van vao
gitra thap nién 50, theo thot gian do hién tugng an
mon trén bé mit tru quay, do cac tac dong tr mobi
truong va do khong dugc bdo tri thuong xuyén
nén lyc ma sat nay 16n dan 1én dén muc gay ra pha
huy tai cang van. Sau sy ¢b nay dd c6 mot chuong
trinh kiém tra toan dién cac cira van cung trén
pham vi toan nuéc My (Todd R, 1999).

Thang 2 nam 2008, ghi nhan mdt sy cb lién
quan dén ma sat cbi quay cira van cung tai dap
Lenthalls & Queensland. Do luc ma sat 16n, ctra
van khong thé van hanh dan dén nudc tran qua
dinh vdi cao trinh 16n hon muc nude 1i thiét ké
la 1,27m (Henning Fosker, et al 2002).

Tai Na Uy ciing ghi nhén it nhat 5 su c6 cira
van cung cé lién quan dén ma sat tai cdi quay
(Henning Fosker, et al 2002). Cac nghién cuu
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sau d6 chi ra nguyén nhan 1a do sy thiéu hut
cling nhu giam chat lugng theo thoi gian cia
chat bdi tron dan dén su gia tang lyc ma sat tai
cdi quay. M6 men udn tai cang van do mé men
can tai géi ban 1& khi kéo cira van 1a nguyén
nhan gay ra pha huy cang van.

Cac ctra van cung trén cac cong trinh 16n
hién nay & nuéc ta da phan dugc xay dung
twong dbi 1au, vin dé duy tu bao dudng con
chua dugce chu trong nhiéu. Lién quan truc tiép
dén anh huéng cua lyc ma sat tai cdi quay c6
thé ké dén sy cb bu 16ng ham truc cdi quay cira
van tran xa I hd chira nu6e Cura Pat bi dit. Cac
danh gia ban dau vé nguyén nhin dat bu 16ng
ham truc cdi quay cira van xa lii hd chira nudc
Ctra Bat da xac dinh nguyén nhan la do mé men
cua lyc ma sat tai cdi quay 16n hon md men git
truc (theo Bao cao BO cua Hoi déng k¥ thuat
danh gia nguyén nhan dat bu 16ng ham truc cdi
quay ctra van tran xa lii cong trinh dau mdi hod
chtra nuéc Cira Dat ngay 13/10/2016).

Trong nghién ctru cia minh (Henning Fosker,
et al 2002), Henning Fosker va cong su da chi ra
cac nguyén nhan gay ra sy gia tang lyc ma sat tai
c¢di quay ctra van cung va dé xuat cach xac dinh
luc ma sat nay bang cach do bién dang tai cang
van trong qud trinh van hanh ctra van. Phuong
phap nay tuy chi ap dung cho mét trudong hop cu
thé nhung da moé ra mét huong moi trong viéc
xac dinh ma sat tai cum cdi quay cira van cung.
Nghién ctu trén cho théy viéc xac dinh lyc ma
st tai cOi quay bang cach do trang thai Gng suat -
bién dang c6 tinh kha thi cao va cé thé tiép tuc
nghién ciru dé hoan thién phuwong phap nay nhim
ap dung cho cac truong hop khac.

Hién nay ¢ nudc ta, phuong phap do hé sd
ma sat cua cbi quay tai hién trudng van chua
duoc nghién ciru va dé xuat. Trong khudn kho
bai bao nay, nhom tac gia s& trinh bay két qua
nghién ciru trang thai ing suit - bién dang phan
cdi dong ctia cum cbi quay bang md hinh s, tir
d6 dua ra phuong phap xac dinh hé sé ma sat tai
hién truong. Két qua nghién ctru trén mo hinh sé
duoc ap dung dé xac dinh hé s6 ma sat tai cum
cdi quay ctra van s 4 cong trinh HO chira nudc
Cura Dat.

2.PHUONG PHAP VA KET QUA NGHIEN CUU

2.1. Nghién ctru dnh hwong ciia ma sat dén
trang thai wng suit bién dang phan cbi dong
trén md hinh sé va dé xuat phwong phap xac
dinh hé s6 ma sat tai hién truong

Mo hinh cum cbi quay cira van cung cong trinh
Hb chira nuGe Ctra Pat duge thé hién ¢ hinh 2.1:

Hinh 2.1. M6 hinh cum céi quay cira van cung
cong trinh Cua Pat

Trong qua trinh van hanh, phan c6i dong chiu tac
dung cua luc phan b truyén tir cang van va mé men
udn do lyc ma sat gy ra. Gid tri clia thanh phan mo
men udn phu thuoc vao dd 16n cua luc doc truc va
hé s6 ma sat tai cdi quay. Tinh toan dugc thuc hién
tai thoi diém cira van bat dau chuyén dong, lic nay
lyc ma sat dat gia tri 1on nhit. Bai toan ung suat -
bién dang khong gian ciia phan c¢bi dong duoc giai
bang phuong phép phan tir hitu han (PTHH) thong
qua phin mém ANSYS.

Anh huéng cua hé s6 ma sat dén trang thai ing
sut bién dang cua cdi dong dugc thé hién qua 5
truong hop tinh toan voi 5 gia tri hé sb ma sat k lan
luot bang: 0,1; 0,2; 0,3; 0,4; 0,5. V&i hé truc toa do
oxyz ¢o truc x tring véi truc cta phan cbi dong nhu
trén hinh 2.3, két qua phan bd mg sudt phap theo 3
phuong cua hé truc toa d§ vdi truong hop hé s6 ma
st bang 0,1 duogc thé hién 6 hinh 2.3,2.4 va 2.5:

Hinh 2.2. H¢ truc toa do oxyz
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Hinh 2.6. Vi tri cdac mdt cdt nghién cuu
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Hinh 2.7. Biéu do phén bé ciia thanh phan
ing sudt phap o (Pa) tai mdt cat 1-1 véi 5
truong hop hé sé6 ma sat

Hinh 2.4. Biéu do phén bé ung sudt phdp o,, Pa Chib cap e i tho phumey,m
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Hinh 2.8. Biéu d6 phén bé ciia thanh phan
ung sudt phdp o, (Pa) tai mdt cdt 2-2 véi 5
truong hop hé sé6 ma sdt.

Hinh 2.5. Biéu do phan bo ung suat phap o., Pa T o Ol O oy ,
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Tién hanh nghién ctru sy phan bd thanh phin L ) .
Hinh 2.9. Biéu do phan bo cua thanh phan

ing sudt phap o (Pa) tai mdt cdt 3-3 véi 5
truong hop hé s6 ma sat.

ung suat phap oy tai 5 mat cit, vi tri cic mat cat
duoc thé hién trén hinh 2.6:
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Hinh 2.10. Biéu do phdn bé ciia thanh phan
vmg sudt phép oy (Pa) tai mdt cdt 4-4 véi 5
truong hop hé sé6 ma sat
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Hinh 2.11. Biéu do phdn bé cia thanh phan
vng sudt phdp oy (Pa) tai mdt cat 5-5 véi 5
truong hop hé sé6 ma sat

Két qua tinh toan cho théy, cac diém & khu vuc
gilta cac gan trén mat cit 3-3 c6 thanh phin tng
sudt phap o, phan bd gan theo quy luat bac nhit.
Nhu vay tai mat cit 3-3 chi can xac dinh ung suét
theo phuong x tai 2 diém bét ky ching ta c6 thé
xac dinh gan dtng phan bd tng suit phap o, tai
mdt cit nay.

Biéu do phan b cac thanh phin tng suit khac
tai cac mit cit 3-3 dugc trinh bay trén cac hinh
2.12 +2.14:
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Hinh 2.12. Biéu do phdn bo cia thanh phan img
sudt phdp o, (Pa) tai mdt cdt 3-3 voi 5 truong hop
hé s6 ma sat.

Chiéu cao tiét dign thea phuong y, m
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Hinh 2.13. Biéu do phdn bé cia thanh phan
vmg sudt phdp o (Pa) tai mdt cdt 3-3 v6i 5
truong hop hé s6 ma sdt.
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Hinh 2.14. Biéu do phdn bé cua thanh phan iimg
sudt tiép trén mdt phang yz, t. (Pa) tai mdt cdt 3-3
V6i 5 truong hop hé s6 ma sdt

Nhin vao sy phan bd cac thanh phan Gng sut
khac tai mat cat 3-3 chung ta thdy tai hai diém dbi
xtmg voi nhau qua truc y cua mit cit 3-3 va cach
truc ddi ximg 0,2m c6 cic thanh phan mg suat oy, o,
va 1, gin bang 0, trang thai tng suat tai hai diém nay
¢6 thé xem nhu trang thai ing suat don. Vi vay tai
hai diém nay dé x4c dinh thanh phéan tmg suat o, ta
chi can do bién dang doc theo phuong X, &y.

St dung két qua trén mo hinh sb ty so gia tri
g suat phap o, tai diém phia dudi truc d6i xing
chia cho gia tri Gmg suit phap oy tai diém phia trén
truc doi xung voi cac gia tri hé s6 ma sat k khac
nhau ta dugc biéu do trén hinh 2.15. D& dang nhan
thiy ty s6 ndy phu thudc tuyén tinh vao do 16n cua
hé sb ma sat .

Nhu vy, tai hién truong sau khi xac dinh dugc
gia tri ung suit phip theo phuong x, o, tai hai
diém trén mat cit 3-3 ddi xing voi nhau qua truc
X va cach truc ddi xung cua mat cit 20cm, xac
dinh ty 1& Gmng sudt tai hai diém nay va sir dung
biéu d6 thé hién trén hinh 2.15 chung ta c6 thé xéc
dinh dugc hé sb ma sat k.
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Hinh 2.15. Bleu do thé hién ty S0 1tng Suatphap
oy tai hai diém can do (img sudt phap Oy tai diém
phia du6i truc doi ximg chia cho iing sudt phdp o,
tai diém phia trén) va hé $6 ma sdt k.

2.2 Thue nghiém xic dinh hé s6 ma sat tai
cum cbi quay cira van s6 4 cong trinh Ho chira
nuéc Cua Dat

Véi két qua thu duge, nhom nghién ctru tién
hanh thuc nghlem truc tiép tai hlen truong nham
xac dinh hé sb ma sat tai cum cbi quay ctra van sd
4 cong trinh Hd chira nudc Cira Dat. Tai hién
truong nhom nghién ctru st dung cac thiét bi do
v6i thong sb ki thuat nhu sau:

a) May do bién dang dong TMR-200

- Gi4 tri do bién dang nho nhit: 1mst

- Khoang do: 0-20.000mst

- Tc d6 14y mAu tbi thiéu: 1000Hz

- S6 kénh do: 32

b) Pau do bién dang dong (tim cam bién dién
tro Strain Gauge)

- Chung loai: dung cho vat liéu thép, xuit xu
Nhat Ban.

- Chuan do: 5-20mm

- Gia tri bién dang lon nhit do duge: 2000mst

Két qua do bién dang tai hai vi tri dugc xac
dinh trudc theo md hinh sé trong qua trinh nang
ha ctra van thu dugc tor may do TMR-200 dugc
thé hién & hinh 2.16 va 2.17:

——Bién dang diém phia dudi

——8ién dang diém phia trén

Bién dang, £10°

b b 4 & b A L N A o

0 05 1 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85
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Hinh 2.16. Két qua do bién dang cum coi quay
bén trdi cira van s6 4

—Bién dang diém phia tréen ——Bién dang diém phia duoi
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Hinh 2.17. Két qua do bién dang cum c6i quay
bén phdi cira van s6 4

Bing 2.2. Két qua do bién dang cum
¢di quay cira van s6 4

Thay d6i | Thay ddi Ty lé
bién dang bién dang | Ag)/ Ag,
tai diém | tai diém
phia trén | phia dudi
Ag; (mst). | Ag, (mst)
Cum cbi
quay bén 4,1 4,3 0,953
phai
Cum cbi
quay bén 2,1 2,3 0,913
trai

Sir dyng dd thi Hinh 2.15 ta c6 thé xac dinh
duoc h¢ so ma sat tai cum cdi quay bén pha1 cua
clra van s6 4 1a 0,1, hé sb ma sat ciia cum cbi quay
bén trai cira van s6 4 14 0,3.

3. KET LUAN

Bai bao da trinh bay qua trinh nghién ctru anh
hudng ctia ma sat dén trang thai Gmg suit bién
dang phan cbi dong ciia cum cbi quay cira van
cung cong trinh hd chira nudc Cira Pat tir d6 dé
XUuét phuong phap xac dinh hé¢ s6 ma sat tai hién
trudng.

Két qua do dac tai ctra van sd 4 cong trinh Ho
chtra nude Cira Pat da xac dinh duoc hé sd ma sat
tai cum cdi quay bén phai 13 k = 0,1, hé s6 ma sat
tai cum cbi quay bén trai 1a k = 0,3. Su khac nhau
16n vé hé s6 ma sat tai hai cum cdi quay c6 thé 1a
nguyén nhan giy ra céac tiéng dong ghi nhan duoc
trong qua trinh van hanh ctra van sb 4.

Céch tiép can tir mo hinh s6 két hop vai do dac
trang thai ung suit - bién dang dé xac dinh luc ma
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sat tai c¢bi quay c6 tinh kha thi cao va c¢6 thé ap  “Nghién ctru cong nghé phat hién sém nguy co sy
dung cho nhiéu loai ctra van cung khac nhau. cb dé song, dap dat, dap d4, dap bé tong trong luc

LOI CAM ON: Bai bdo dugc hoan thanh va dé xut giai phap xur 1y”. Céc tac gia xin trin
dudi sy hd trg cua d& taii DTPL.CN-04/16, trong cam on.

TAI LIEU THAM KHAO

Ishii N., Imaichi K. (1980), "Dynamic Instability of Tainter-Gates," in Practical Experiences with Flow-
Induced Vibrations, Springer-Verlag, Berlin,1980.

Henning Fosker, Halvard Bjorndal, Terje Ellefsrod, “Strain gauge measurements of friction on radial
gate bearings”, Orkot Hydro, 2002.

Todd R. (1999), “Spillway Tainter Gate Failure at Folsom Dam”, Waterpower 99, pp.1-10.

Abstract:
AN EMPIRICAL METHOD FOR DETERMINING THE FRICTION COEFFICIENT
AT THE TRUNNION BEARING OF CUA DAT’ TAINTER GATE

The friction coefficient at the trunnion bearing increases rapidly during operation of the gate due to a
variety of reasons. Many serious failures have occurred in the world as well as in Vietnam due to
increased bearing friction. However, there is a lack of research in Vietham on measurement method to
examine this friction coefficient. Within this research, the authors propose an empirical method for
determining the friction coefficient at the trunnion bearing by analyzing the stress and strain state
simulated/obtained from the numerical model.

The proposed method is adopted for the case study of a tainter gate in Cua Dat reservoir.

Keywords: trunnion bearing of tainter gate, numerical model, friction coefficient, the stress and
strain state.
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