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PHUONG PHAP THU'C NGHIEM XAC DPINH
HE SO MA SAT COI QUAY CUA VAN CUNG

Nguyén Céng Thing, Nguyén Thai Hoang
Truong Dai hoc Thuy loi

Tém tat: Trong qud trinh vin hanh hé sé6 ma sdt tai c¢éi quay cira van cung tang lén do nhiéu
nguyén nhan khdc nhau. Sy gia ting hé s6 ma sdt nay da gdy ra nhiéu sw cé nghiém trong dioc
ghi nhdn trén thé gidi ciing nhw tai Viét Nam. Hién nay & nuwde ta phwong phap do dac xdac dinh
hé s6 ma sdt tai coi quay chwa dwoc nghién ciru va dé xudt. Tir két qua nghién civu trang thdi g
sudt bién dang phan céi déng ciia cum coi quay bang mé hinh s6 nhém nghién ciru dé xudt phirong
phap xac dinh hé $6 ma sdt tai hién truong. Két qua tir mo hinh s6 duoc kiem nghiém trén mo hinh
vdt Iy ciia cum coi quay cira van cung cong trinh Ho chira nuwée Cira Dat tir d6 xdy dung quy trinh
do dac tai hién truong.

Tir khéa: coi quay civa van cung, mé hinh s6, hé sé6 ma sdt, trang thdi ing sudt — bién dang, mé
hinh vat ly

Summary: 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 Vietnam 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 simulated results are
then validated with the one obtained from the physical model of the tainter gate in Cua Dat
reservoir. The appropriate measurement procedure on site is then established.

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

1. GIOI THIEU

Ctra van 1a mot bo phan két cau quan trong lién
quan dén d6 an toan va hiéu qua cta cong trinh.
Trong cong trinh ngén song l6n véi mire do yéu
cau cao, hé théng cira van trong qua trinh khai
thac, van hanh phai dép tng rt nhiéu nhiém vu:

van cung c6 kha nang chiu lyc 16n, Iic nang ha
ctra van c6 loi vé lyc vi qué trinh cira van dong
mé quay quanh cdi ban 1& cho nén mot phan
trong lugng cua van dugc truyén lIén tru pin
thong qua cdi quay, ngoai ra nhd ban mat hinh
cung nén c6 thé loi dung strc nude dé giam luc

git nude, thoat 1, ddm bao diéu kién giao
thong thuy qua cong trinh...

Ctra van cung 1a loai cira van c6 mit cat ngang
dang hinh cung tron, tdm cung thuong trung voi
tAm quay cla cira van, phin chin nudc 13 to hop
ban mit lip ghép, thong qua két cdu gian cang
truyén luc 1én tru pin thong qua cdi quay. Ctra
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nang cua van.

Thuc té van hanh céc ctra van trén thé gdi cling
nhu & nudce ta cho thay rat nhiéu hu hai cuia dap
c6 lién quan dén su cO cua van.

Ngay 02/7/1967 mdt trong bdn cira van cung
v6i chiéu cao 12m, chiéu rong 9m, ning 32 tén
tai dap Wachi, Nhat Ban bi cudn troi xuéng phia
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ha Iuvu 136m, nguyén nhan sy ¢ duge xac dinh
1a su mat 6n dinh dong do bién thién cia luc ma
sat tai cbi quay trong qua trinh van hanh ctra van
[3].

Ngay 17/7/1995 mot su c¢b nghiém trong xay ra
tai ddp Folsom (California, My) khi ctra van
cung sd 3 khong thé van hanh din dén dong
nude véi luu lwgng 1135m?/s tran xudng ha luu
trong thoi gian hon 7h. Sy ¢d trén tuy khong
gay ra thi¢t hai nghiém trong nhung 40% lugng
nuée dy trit trong hd chira dung tich 18 dam
vudng di bi mit. Nguyén nhan sau d6 duoc tim
ra Ia do lyc ma sat tai cdi quay da bi bo qua khi
thiét ké cira van vao gitra thap nién 50, theo thoi
gian do hién tugng dn mon trén bé mit tru quay,
do céc tac dong tir moi truong va do khong duoce
bao tri thudng xuyén nén lyc ma sat nay 16n dan
1én dén mirc gay ra pha huy tai cang van. Sau
su ¢b ndy da c6 mot chwong trinh kiém tra toan
dién cac ctra van cung trén pham vi toan nudc
My [2].

Thang 2 nim 2008, ghi nhan mot sy ¢b lién
quan dén ma sat cbi quay clra van cung tai dap
Lenthalls ¢ Queensland. Do luc ma sat 16n, ctra
van khong thé van hanh dan dén nudc tran qua
dinh véi cao trinh 16n hon myc nuéc 1 thiét ké
la 1,27m[1].

Tai Na Uy ciing ghi nhan it nhit 5 sy ¢d cira
van cung c6 lién quan dén ma sat tai cdi quay
[1]. Cac nghién ctru sau d6 chira nguyén nhan
1a do sy thiéu hut cling nhu giam chat luong
theo thoi gian ctia chat boi tron dan dén su gia
tang lyc ma sat tai c6i quay. M6 men udn tai
cang van do md men céan tai gbi ban 1& khi kéo
ctra van la nguyén nhan gy ra pha huy cang
van.

Céc ctra van cung trén cac cong trinh 16n hi¢n
nay & nudc ta da phan duoc xdy dung tuong dbi
lau, van dé duy tu bao dudng con chwa duge chi
trong nhiéu. Lién quan tryuc tiép dén anh huong
ctia Iyc ma sat tai cdi quay c6 thé ké dén su ¢
bu 16ng him tryc cbi quay ctra van tran xa lii ho
chira nu6e Ctra Pat bi dut, cac danh gia ban dau

vé nguyén nhan dit bu 16ng ham truc cbi quay
clra van x4 lii hd chit nuéc Cira Pat di xac dinh
nguyén nhan la do mé men cua lyc ma sat tai
cbi quay 16n hon moé men giit truc (theo Bo cdo
Bo cuia hoi dong k§ thuat danh gia nguyén nhan
dut bu 1ong ham truc c¢di quay cira van tran xa
lii cong trinh dau mdi hd chira nuwéc Cua Pat
ngay 13/10/2016).

Trong nghién ctu cia minh [1], Henning
Fosker va cong su da chi ra cac nguyén nhan
gdy ra sy gia ting lyc ma sat tai cbi quay cira
van cung va dé xuét cach xac dinh luc ma sat
nay bang cach do bién dang tai cang van trong
qua trinh van hanh ctra van. Phuong phép nay
tuy chi 4p dung cho mdt trudng hop cu thé
nhung da mé ra mdt hudng méi trong viéc xac
dinh ma sat tai cym cbi quay cira van cung.
Nghién ciru trén cho thiy viéc xac dinh lyc ma
sat tai ¢bi quay bang cach do trang thai tng
suét bién dang c6 tinh kha thi cao va c6 thé tiép
tuc nghién ciru dé hoan thién phuong phap nay
nham ap dung cho céc trudng hop khac.

Hién nay ¢ nudc ta phwong phap do hé s6 ma
sat ctia ¢bi quay tai hién truong van chua dugc
nghién ctru va dé xuat. Trong khudn khd bao
c40 nay nhom tac gia s& trinh bay két qua
nghién ciru trang thai ung suat bién dang phan
cbi dong cua cum cbi quay bang mé hinh sb
tir 46 dua ra phuong phap xac dinh hé s6 ma
sat tai hién truong. Két qua nghién ciru dugc
ap dung trén mo hinh vat 1y cum cbi quay cira
van cung cong trinh hd chira nu6c Ctra Dat.

2.PHUONG PHAP VA KET QUA NGHIEN
CcUU

2.1. Nghién ctru 4nh hwéng ciia ma sat dén
trang thai ing suit bién dang phan co6i dong
trén mé hinh sb va dwa ra phwong phap xac
dinh h¢ s6 ma sat tai hién truong

Mb hinh cum cbi quay dwoc thé hién ¢ hinh 2.1:
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Hinh 2.1: M6 hinh cum céi quay cira van cung

Trong qué trinh van hanh, phan cbi dong chiu
tac dung cua luc doc truc truyén tlr cang van va
m6 men udn do ma sat gy ra. Gid tri ctia thanh
phén mo men udn phu thudc vao do 16n cua luc
doc truc va hé s6 ma sat tai coi quay. Tinh toan
duoc thuc hién tai thoi diém ctra van bit dau
chuyén dong, luc nay lyc ma sat dat gia tri 1on
nhit. Loi giai cta bai toan tng sudt bién dang
khong gian cia cdi quay dong c6 duoc bing
phuong phéap phan tir hitu han (PTHH). Luéi
phin tir cia phin cdi dong dugc thé hién trén
hinh 2.2:

Hinh 2.2: Luéi phan tir

Anh hudng cia hé sb ma sat dén trang thai ing
suit bién dang cua cdi dong dugc thé hién qua
5 trudng hop tinh toan voi 5 gid tri hé sb ma sat
k=0.1;0.2;0.3; 0.4; 0.5. Két qua phan b ting
sudt phap theo 3 phuong thu duoc dbi voi
truong hop hé s6 ma sat bang 0.1 duoc thé hién
6 hinh 2.3,2.4 va 2.5:
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Hinh 2.3: Phdn bé iing sudt phdp
theo phwong doc truc x, ox

Hinh 2.4: Phén bé g sudt phdp
theo phuong y, oy

Hinh 2.5: Phdn bé iing sudt phdp
theo phuong z, o

Phan b cac thanh phin tng suat phap theo 3
phuong cho thiy cac thanh phan tng suit gy, o,
thay d6i rat it tap trung tai cac vi tri co su bién
thién 16n vé kich thudce, nhiéu vi tri cac gia tri
nay gan bang khong.

Tién hanh nghién ctru phan bd thanh phan mg
sudt phap theo phuong x, o tai 5 mit cit, vi tri
cic mit cat duoc thé hién trén hinh 2.6:
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Hinh 2.6: Vi tri cdc mdt cdt nghién ciru
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Hinh 2.7: Phén bé cia thanh phan irng sudt
phap theo phwong X, ox (Pa) tai mat cat 1-1
voi 5 truong hop hé so ma sat
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Hinh 2.8: Phdn bé cua thanh phan irng sudt
phap theo phwong X, ox (Pa) tai mat cat 2-2
voi 5 truong hop hé so ma sat
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Hinh 2.9: Phén bé cia thanh phan irng sudt
phap theo phwong X, ox (Pa) tai mat cat 3-3
voi 5 truong hop hé so ma sat
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Hinh 2.10: Phdn b6 ciia thanh phan vmg sudt
phap theo phwong X, ox (Pa) tai mat cat 4-4
v6i 5 truong hop hé s6 ma st
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Hinh 2.11: Phdn b6 cua thanh phan vmg sudt
phap theo phwong X, ox (Pa) tai mat cat 5-5
Vv6i 5 truong hop hé sé6 ma st

Két qua tinh toan cho théy, cac diém & khu vuc
giita cac gan trén mat cat 3-3 ¢6 thanh phan tng
sudt phap ox phin bd gin theo quy ludt bac
nhét. Nhu vay tai mat cit 3-3 chi cAn xac dinh
(g suét theo phuong x tai 2 diém bét ky chiing
ta c6 thé xac dinh gan ding phan b tmg suat
phap ox tai mat cat nay.

Phan bd cac thanh phin Gng suit khac tai cac
mit cit 3-3 duoc trinh bay trén cac hinh
2.12+2.14:
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Hinh 2.12: Phdn b6 ciia thanh phan vmg sudt
phap theo phwong Y, oy (Pa) tai mat cat 3-3
v6i 5 truong hop hé s6 ma st
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Hinh 2.13: Phdn b6 cua thanh phan vmg sudt
phap theo phuong Z, oz (Pa) tai mdt cat 3-3
v6i 5 truong hop hé s6 ma sdt
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Hinh 2.14: Phdn b6 cia thanh phan vmg sudt
tiep trén mat phang yz, tw (Pa) tai mat cat 3-3
voi 5 truong hop hé so ma sat

Nhin vio phan b céc thanh phan tng suat khac
tai mat cat 3-3 chung ta thiy tai hai diém ddi
xing voi nhau qua truc y ctia mit cit 3-3 va cach
truc ddi xtmg 0,2m ¢ cac thanh phan mg suat
Gy , 6z va TX gan bang 0, trang thai ing sudt tai
hai diém nay c6 thé xem nhu trang thai ing sut
don. Vi vy tai hai diém nay dé xac dinh thanh
phan tg suét theo phuong x, ox ta chi can do
bién dang doc theo phwong x, ox.
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Hinh 2.15: Biéu do thé hién 1y sé g sudt
phdp ox tai hai diém can do (img sudt phdp
ox tai diém phia dwdi truc doi xing chia cho

ing sudt phdp ox tai diém phia trén)
va hé sé ma sat k
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Sau khi béng thuc nghiém xac dinh duoc gié tri
g suét phap theo phuong x, ox tai hai diém
trén mét cét 3-3 dbi xtng v6i nhau qua tryc y va
cach truc dbi Xing cua mat cit 20cm, xac dinh
ty 1& ing sudt tai hai diém nay va str dung biéu
d6 thé hién trén hinh 2.15 chiing ta c6 thé xéac
dinh duoc hé sb ma sat k.

2.2 Thwe nghiém trén mé hinh vat ly va xay
dung quy trinh do dac tai hién trudng

Mb hinh cum cdi quay kich thude du nho duoc
ché tao dé mo phong cac qué trinh do dac xac
dinh hé s6 ma sat. Trén co s cac hé théng may
gia tai hién c6 ctia Phong thi nghiém Strc bén -
Két cau Truong Dai hoc Thuy lgi, nhdm tac gia
da lya chon mo hinh thi nghi¢m c6 kich thudc
bang 1:20 so véi kich thude thuc cta cum cdi
quay cong trinh hd chira nude Ctra Pat. Vat liéu
ché tao mo hinh can lya chon loai vat liéu c6 do
ctng nho va d6 bén cao, qua nghién ciru tim
hiéu nhom tac gia Ira chon nhom 6061,

Qua trinh thi nghiém st dung may gia tai GT-
20K c¢6 20 kénh gia tai v6i cac cap ap luc khac
nhau. Dé do bién dang nhom nghién ciru su
dung cac thiét bi do v&i thong sb ki thuat nhur
sau:

a) May do bién dang dong TMR-200
- Gi4 tri do bién dang nhd nhat: 1mst
- Khoang do: 0-20.000mst

- Téc d6 1y mau tbi thiéu: 1000Hz

- S6 kénh do: 32

b) Pau do bién dang dong (tAm cam bién dién
tr¢ Strain Gauge)

- Chung loai: dung cho vat li¢u thép, Xuét xu
Nhat Ban.

- Chuén do: 5-20mm
- Gié tri bién dang 16n nhit do dugc: 2000mst

St dung 2 cam bién dién tré dan theo phuong
doc truc coi dong tai 2 vi tri dugc xac dinh tu
mo hinh so.
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Bien dang diem phia trén Bien dang diem phia duci
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Hinh 2.18: Két qua do bién dang iing voi
cap tai P=770kg

Hinh 2.16: Vi tri cam bién dién tré trén mé — Bién dang diém phia trén  —Bién dang diém phia dui
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Hinh 2.18: Két qua do bién dang iing voi
cap tai P=1115kg
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Hinh 2.17: Hinh anh qua trinh gia tai va do 50
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Hinh 2.18: Két qua do bién dang iing voi
cap tai P=1540kg
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Hinh 2.18: Ké’t, qud do bién dang img voi Hinh 2.18: Két qua do bién dang iing voi
cdp tai P=383kg cdp tii P=1925kg
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Két qua do bién dang theo phuong doc truc cdi
dong tai thoi diém bat dau nang ctra van trng véi
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cac nam cép tai khac nhau dugc thé hién & bang
tong hop sau:

Bang 2.1: Két qua do bién dang trén mé hinh vat ly

Chp tai Thay ;téi t;ién dang Thayqdéi pién dang tai Ty 1&

tai diem so 1 (Ael) diem s0 2 (Ag2) Agl/ Ag2
1 — P=385kg 93 9,9 0,939
2 - P=770kg 19,8 21,2 0,934
3 - P=1155kg 28,6 30,6 0,935
4 - P= 1540kg 35,2 37,5 0,938
5-P=1925kg 42,3 453 0,934

Tir két qua thi nghiém ta nhéan thiy rang ty 18
giita hai sd gia bién dang gan bang nhau, khong
phu thudc vao tai trong. Két qua thi nghiém trén
md hinh vat 1y chimg minh két qua thu dugc tir
md hinh s6 13 chinh xac. Str dung d6 thi Hinh
2.15 ta ¢ thé xac dinh duoc hé s6 ma sat tai mod
hinh cbi quay k =0,2.

3. KET LUAN

Bai bdo da trinh béy qua trinh nghién ctru anh
hudng cua ma sat dén trang tha1 g suit bién
dang phan cbi dong cua cum cbi quay cira van

TAI LIEU THAM KHAO

cung tir 46 dé xuét phuong an xac dinh hé s6 ma
sat tai hién truong.

Két qua tinh toan tr mo hinh s6 duoc kiém
nghiém trén mé hinh vét Iy cum c6i quay cira van
cung cong trinh hd chira nude Cira Pat nhim xay
dung quy trinh do dac tai hién truong.

Céch tiép can tir mo hinh s6 két hop véi do
trang thai (mg sudt bién dang dé xac dinh lyc
ma sat tai cdi quay c6 tinh kha thi cao va ¢o
thé 4p dung cho nhiéu loai ctra van cung khac
nhau.
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