
KHOA HOC ^ E I M I E i I l 

PHlTONG PHAP THlTC NGHIEM XAC DINH 
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Tru&ng Dgi hgc Thuy lgi 

Tdm tat: Trong qud trinh van hdnh hi sd ma sdt tgi coi quay cua van cung tdng len do nhiiu 
nguyen nhdn khac nhau. Su gia tang he so ma sdt ndy da gdy ra nhieu su co nghiim trgng dugc 
ghi nhgn tren the gi&i cUng nhu tgi Viet Nam. Hien nay & nu&c ta phuang phdp do dge xae dinh 
he so ma sdt tgi coi quay chua dugc nghiin cieu vd de xudt. Tie kit qud nghien cieu trgng thdi 
ung sudt biin dgng phdn coi dpng cita cum coi quay hdng mo hinh so nhom nghien cuu dixudt 
phuang phdp xdc dinh he so ma sdt tgi hien tru&ng. Kit qud tie mo hinh so dugc kiim nghiem 
tren mo hinh vgt ly cua cum edi quay eua van cung cong trinh Ho chira nu&c Cua Dgt tie do xdy 
dung quy trinh do dge tgi hiin trudng. 

Tir khoa: coi quay cua van cung, mo hinh so, hi so ma sdt, trgng thdi img sudt - bien dgng, mo 
hinh vgt 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. G i d l THIEU to hgp ban mat lap ghep, thdng qua ket cau 

Clia van la mdt bd phan kdt ciu quan trong ^^"^ ^= "̂8 ^"^y^" '^^ '̂ "^ ^ ^ P"^ t^^°^g ^^^ ^^^ 
lien quan ddn dd an toan va hieu qua ciia cdng 1^^^- ^^^ ™ '^""g c*̂  kha nang chiu luc ldn, 
trinh. Trong cdng trinh ngan song ldn vdi mirc ^^"^ "^"8 ^^ '^"^ ^^" ""^ ̂ ^̂  ^^ ^^^ ^^ qua trinh 
dd yeu ciu cao, he thdng cira van trong qua ^"^ ^^" ^"^S "^^ ^^^y ^^^^^h cdi ban le cho 
trinh khai thae, van hanh phai dap irng rit nen rapt phan trpng lugng eua van dugc truyen 
nhidu nhiem vu: giii nude, thoat lu, dam bao ^^^ ^ru pm thong qua cdi quay, ngoai ra nhd 
didu kien giao thdng thiiy qua cdng trinh... ^^" • " ? ^ ^ ^^"g ^^n cd the lgi dung siic 

nude de giara luc nang cua van. 
Cira van cung la loai cira van cd mat cat ngang 
dang hinh cung trdn, tara eung thudng triing ^huc te van hanh cac ciia van tren the gdi 

vdi tam quay ciia cua van, phin chin nude la ^^"8 "^^^ ^ ^^*^^ ta cho thay rat nhieu hu hai 
Clia d^p cd lien quan den su cd cira van. 

Ngay 02/7/1967 rapt trong bdn cua van cung 

vdi chieu eao 12ra, chieu rdng 9ra, nang 32 tan 
Ngay nhan bai: 25/7/2019 
Ngay thong qua phan bien: 15/8/2019 
Ngay duyet dang: 20/8/2019 t^i dap Wachi, Nhat Ban bi cudn trdi xudng 
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phia ha luu 136ra, nguyen nhan sy cd dugc 
xac dinh la sy mit dn dinh ddng do bien thien 
Clia luc raa sat tai cdi quay trong qua trinh van 
hanh cira van [3]. 

Ngay 17/7/1995 mdt su cd nghiem trpng xay 
ra tai dap Folsom (California, My) khi cira van 
cung sd 3 khdng the van hanh dan den ddng 
nude vdi luu lupng 1135m/s tran xudng ha 
luu trong thdi gian ban 7h. Sy ed tren tuy 
khdng gay ra thiet hai nghiem trpng nhung 
40% lugng nude dy tru trong hd chiia dung 
tich 18 dam vudng da bi mat. Nguyen nhan sau 
dd dugc tim ra la do lye ma sat tai cdi quay da 
bi bd qua khi thiet ke ciia van vao giiia thap 
nien 50, theo thai gian do hien tugng an radn 
tren be mat try quay, do eac tac ddng tir mdi 
trudng va do khdng dugc bao tri thudng xuyen 
nen lye ma sat nay ldn dan len den miic gay ra 
pha buy tai cang van. Sau su cd nay da cd mdt 
chuong trinh kiem tra toan dien cac cira van 
cung tren phara vi toan nude My [2]. 

Thang 2 nara 2008, ghi nhan mdt su cd hen 
quan ddn ma sat edi quay cira van cung tai dap 
Lenthalls d Queensland. Do lye ma sat ldn, 
cua van khdng the van banh dan den nude tran 
qua dinh vdi cao trinh ldn hon mye nude lii 
thiatkdlal,27ra[l]. 

Tai Na Uy ciing ghi nhan it nhit 5 sy cd cua 
van cung cd lien quan den ma sat tai cdi 
quay [1]. Cac nghien ciiu sau do chi ra 
nguyen nhan la do sy thieu hut ciing nhu 
giam chit lugng theo thdi gian cua chit bdi 
tron din dSn sy gia tang luc ma sat tai cdi 
quay. Md men udn tai cang van do md men 
can tai gdi ban le khi keo ciia van la nguyen 
nhan gay ra pha huy cang van. 
Cac eua van eung tren cac cdng trinh ldn hien 
nay d nude ta da phan dugc xay dung tucmg 
ddi lau, vin de duy tu bao dudng cdn chua 
dugc chii trpng nhieu. Lien quan true tiep den 
anh hudng cua luc ma sat tai cdi quay cd the 
kd ddn su cd bu Idng hara true cdi quay ciia 
van tran xa IQ hd chua nude Cira Dat hi diit. 

cac danh gia ban dau ve nguyen nhan diit bu 
Idng ham true cdi quay cira van xa lia bd chir 
nude Cira Dat da xac dinh nguyen nhan la do 
rad raen cua lye ma sat tai cdi quay ldn hon 
rad raen giU true (theo Bao eao Bd ciia hdi 
ddng ky thuat danh gia nguyen nhan dut bu 
long ham true cdi quay cira van tran xa lu cdng 
trinh dau mdi hd chiia nude Cira Dat ngay 
13/10/2016). 

Trong nghien ciru ciia minh [1], Henning 
Fosker va cdng sy da chi ra cae nguyen nhan 
gay ra sy gia tang lue ma sat tai cdi quay cira 
van cung va de xuat each xac dinh lye ma sat 
nay bang each do bien dang tai cang van 
trong qua trinh van hanh cira van. Phuong 
phap nay tuy chi ap dung cbo mot trudng hgp 
cu thd nhung da rad ra mdt hudng mdi trong 
viec xac dinh raa sat tai cum cdi quay cira van 
cung. Nghien ciiu tren cho thay viec xac dinh 
luc raa sat tai edi quay bang each do trang 
thai irng suat bien dang cd tinb kha thi cao va 
cd the tiep tyc nghien cieu de hoan thien 
phuang phap nay nhara ap dung cbo cac 
trudng hop khac. 

Hien nay d nude ta phuong phap do he sd 
raa sat ciia cdi quay tai hien trudng van chua 
dupe nghien ciiu va de xuat. Trong khudn 
khd bao cao nay nhdm tac gia se trmh bay 
kdt qua nghien cuu trang thai iing suat bien 
dang phin cdi ddng eiia cura cdi quay bang 
md hinh sd tir dd dua ra phuong phap xac 
dinh he sd raa sat tai hien trudng. Ket qua 
nghien ciiu dugc ap dung tren rad hinh vat ly 
cum cdi quay cira van cung cdng trinh hd 
chira nude Cira Dat. 

2. PHU'ONG PHAP VA K£T QUA 
NGHIEN CUU 

2.L NghiSn cii-u anh hudng cua ma sat den 
trang thai irng suit biln dang phan coi ddng 
tren mo hinh sd va dua ra phucmg phap xac 
djnh he sd ma sat tai hien trirdng 

Mo hinh cum cdi quay dugc the hien d hmh 2.1: 
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Hinh 2.1: Mo hinh cum coi quay eiea van eung 
Trong qua trinh van hanh, phan cdi ddng chiu 
tac dung cua luc dpc true truyen tir cang van 
va md men udn do ma sat gay ra. Gia tri cua 
thanh phan md men udn phu thudc vao dp ldn 
cua luc dpc true va he sd ma sat tai cdi quay. 
Tinh toan dugc thuc hien tai thdi diem cita van 
bat dau chuyen ddng, liic nay luc ma sat dat 
gia tri ldn nhat. Ldi giai cua bai toan irng suit 
bien dang khdng gian cua cdi quay ddng ed 
dugc bang phuong phap phin tii hiiu han 
(PTHH). Ludi phan tu ciia phin cdi ddng dugc 
the hien tren binb 2.2: 

Hinh 2.3: Phdn bo ungsudtphdp 
theo phuang dge true x, Ox 

Hinh 2.4: Phdn bo ungsudtphdp 
theo phuang y, Oy 

Hinh 2.2: Lu&i phdn tu 

Anh hudng cua he sd ma sat ddn trang thai iing 
suat bien dang ciia cdi dpng dugc the hien qua 
5 trudng hpp tinh toan vdi 5 gia tri he sd ma 
sat k = 0.1; 0.2 ; 0.3; 0.4; 0.5. Kdt qua phan bd 
ling suat phap theo 3 phuang thu dugc ddi vdi 
trudng hgp he sd ma sat bang 0.1 dugc thd 
hien d hmh 2.3,2.4 va 2.5: 

Hinh 2.5: Phdn bo ungsudtphdp 
theo phuang z, a^ 

Phan bd cac thanh phan iing suit phap theo 3 
phucmg cho thay cac thanh phan iing suat ffy, 
fjz thay ddi rat it tap trung tai cae vi tri cd su 
bien thien ldn ve kich thudc, nhidu vi tri cac 
gia tri nay gin bing khdng. 

Tien hanh nghien cuu phan bd thanh phin iing 
suat phap theo phuang x, ff^ tai 5 mat cat, vi tri 
eac mat eat dugc the hien tren hinh 2.6: 
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Hinh 2.6: Vi tri cdc mat cdt nghiin cieu 

Hinh 2.7: Phdn bo eua thdnh phdn ung sudt 
phdp theo phuang X, ox (Pa) tgi mat cdt l-I 

v&i 5 trudng hgp he sd ma sdt 

Hinh 2.8: Phdn bo ciia thdnh phdn iing sudt 

phdp theo phuang X, ox (Pa) tgi mat cdt 2-2 
v&i 5 tru&ng hgp hi so ma sdt 

Hinh 2.9: Phdn bo ciia thdnh phdn ung suat 
phdp theo phuang X, ax (Pa) tgi mat cdt 3-3 

v&i 5 tru&ng hgp he so ma sdt 

Hinh 2.10: Phdn bo eua thdnh phdn img sudt 
phdp theo phuang X, ox (Pa) tgi mat cdt 4-4 

v&i 5 tru&ng hgp hi so ma sdt 

Hinh 2.11: Phdn bd cita thdnh phdn ung sudt 
phdp theo phuong X, ox (Pa) tgi mat cdt 5-5 

v&i 5 tru&ng hgp hi so ma sdt 

Ket qua tinh toan cho thay, cac diera d khu 

vyc giira cac gan tren mat cat 3-3 cd thanh 

phan ling suat phap ox phan bd gan theo quy 

luat bac nhit. Nhu vay tai mat cat 3-3 chi can 

xac dinb iing suat theo phuang x tai 2 diem bat 

ky chiing ta cd the xac dinh gan diing phan bd 

dng suat phap ox tai mat cat nay. 

Phan bd cac thanh phan iing suat khac tai cac 

mat cat 3-3 dugc trinh bay tren cac hinh 

2 .12 -2 .14 : 

Hinh 2.12: Phdn bS eua thdnh phdn ieng sudt 
phdp theo phuang Y. ay (Pa) tgi mat cat 3-3 

v&i 5 trudng hgp he so ma sdt 
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Hinh 2.1: Mo hinh cum eoi quay eiia van cung 
Trong qua trinh van hanh, phan cdi ddng chiu 
tac dung cua lye dpc true truyen tir cang van 
va md men udn do ma sat gay ra. Gia tri eua 
thanh phan md men udn phu thudc vao dp ldn 
ciia luc dpc true va he sd ma sat tai cdi quay. 
Tinh toan dugc tbyc hien tai thdi diera cira van 
bat dau chuyen ddng, liic nay lye raa sat dat 
gia tri ldn nhat. Ldi giai cua bai toan irng suat 
bien dang khdng gian cua cdi quay ddng cd 
dugc bang phucmg phap phan tir hiiu ban 
(PTHH) Ludi phan tu cua phan cdi ddng duoc 
the hien tren hinh 2 2 

Hinh 2.3: Phdn bo ieng sudt phdp 
theo phucmg dgc trite x, o> 

Hinh 2.4: Phdn bo img sudt phdp 
theo phuang y, o> 

Hinh 2.2: Luai phdn tu 

Anh hudng cua he sd raa sat den trang thai iing 
suat bien dang ciia cdi dgng dugc the hien qua 
5 trudng hgp tmh toan vdi 5 gia tri he sd raa 
sat k = 0.1; 0.2 ; 0.3; 0.4; 0.5. Kdt qua phan bd 
ung suat phap theo 3 phuang thu dugc ddi vdi 
trudng hgp he sd raa sat bang 0.1 dugc thd 
hien d hinh 2.3,2.4 va 2.5: 

Hinh 2.5: Phdn bo img sudt phdp 
theo phuang z, Oz 

Phan bd eac thanh phan iing suit phap theo 3 
phuang cho thay cac thanh phan itng suat Oy, 
CTz thay ddi rat it tap trung tai cac vi tri cd sy 
bien thien ldn ve kich thudc, nhieu vi tri cac 
gia tri nay gan bang khdng. 

Tien hanh nghien ciiu phan bd thanh phan iing 
suat phap theo phuang x, a^ tai 5 mat cit, vi tri 
cac mat cit dugc the hien tren binh 2.6: 
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Hinh 2.6: Vi tri cdc mat cdt nghien cieu 

Hinh 2.7: Phdn bo cua thdnh phdn img suat 

phdp theo phuang X, ax (Pa) tgi mat cdt 1-1 
vai 5 truang hgp he so ma sat 

Hinh 2.8: Phdn bd cua thdnh phdn iing sudt 
phdp theo phuang X, ox (Pa) tgi mat cat 2-2 

v&i 5 truang hgp hi so ma sdt 

Hinh 2.9: Phdn bo cua thdnh phan img sudt 

phdp theo phuang X, ax (Pa) tgi mat cdt 3-3 
v&i 5 tru&ng hgp hi so ma sdt 

Hinh 2.10: Phdn bo cita thdnh phdn ting sudt 
phdp theo phuang X, ox (Pa) tgi mat cdt 4-4 

v&i 5 truang hgp he so ma sdt 

Hinh 2.11: Phdn bo cua thdnh phdn img sudt 
phdp theo phucmg X, ox (Pa) tgi mat eat 5-5 

v&i 5 truong hgp he so ma sdt 

Ket qua tinh toan cho thay, cac diera d khu 
vuc giira cac gan tren mat cat 3-3 cd thanh 
phan ling suat phap ox phan bd gan theo quy 

luat bac nhat. Nhu vay tai mat cat 3-3 chi can 
xac dinh irng suat theo phuong x tai 2 diem bat 
ky chung ta cd the xac dinh gan diing phan bd 
ling suat phap ax tai mat cat nay. 

Phan bd eac thanh phan irng suat khac tai cac 
mat cat 3-3 dugc trinh bay tren cac hinh 

2 .12 -2 .14 : 

Hinh 2.12: Phdn bo ciia thdnh phan irng sudt 
phdp theo phuang Y, oy (Pa) tgi mat cdt 3-3 

v&i 5 tru&ng hgp he sd ma sdt 
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Hinh 2.13: Phdn bo cita thdnh phdn iing sudt 
phdp theo phuang Z, az (Pa) tgi mat eat 3-3 

v&i 5 tru&ng hgp hi so ma sal 

Hinh 2.14: Phdn bo cua thdnhphdn ung sudt 

tiip trin matphdngyz, TX (Pa) tgi mat cdt 3-3 

v&i 5 tru&ng hgp hi so ma sdt 

Nhin vao phan bd cac thanh phan iing suat khac 

tai mat cat 3-3 chimg ta thay tai hai diera ddi 

xiing vdi nhau qua true y cua mat cat 3-3 va 

each true ddi xirng 0,2ra cd cac thanh phan iing 

suat ay , oz va TX gan bang 0, trang thai img 

suat tai hai diem nay ed the xem nhu trang thai 

irng suat don. Vi vay tai hai diem nay de xac 

dinh thanh phan img suat theo phuang x, ox ta 

chi can do bien dang dpc theo phuong x, ox. 

Hinh 2.15: Biiu do thi hien ty so ung sudt 

phdp ax tgi hai diim cdn do (ung sudt phdp 

ax tgi diem phia dual true doi xung chia cho 

img sudt phdp ax tgi diem phia trin) 

vd hi so ma sdt k 

Sau khi bang thue nghiem xac dinh dugc gia 
tri img suat phap theo phuang x, ox tai hai 
diem tren mat cat 3-3 ddi xiing vdi nhau qua 
true y va each true ddi xirng cua mat cat 20cm, 
xac dinh ty Ie irng suat tai hai diem nay va su 
dung bieu do the hien tren hinh 2.15 chiing ta 
cd the xac dinh dugc he sd ma sat k. 

2.2 Thirc nghiem tr6n mo hinh \%t ly va x3y 

dmig quy trinh do dac tai hien trirdng 

Md hinh cym cdi quay kich thudc dii nhd dugc 
chd tao de md phdng cac qua trinh do dac xac 
dinh he sd ma sat. Tren co sd cac he thdng 
may gia tai hien cd ciia Phdng thi nghiera Siic 
ben - Ket cau Trudng Dai hgc Thiiy lgi, nhdm 
tac gia da lya chgn rad hinh thi nghiem cd kich 
thudc bang 1:20 so vdi kich thudc tbyc ciia 
cum cdi quay cdng trinh hd chiia nude Cira 
Dat. Vat lieu che tao md hmh can lya chpn loai 
vat lieu cd dp eiing nhd va dp ben cao, qua 
nghien ciiu tim hieu nhdra tac gia lya chpn 
nhdm 6061. 

Qua trinh thi nghiem sir dung may gia tai 
GT-20K cd 20 kenh gia tai vdi cac cap ap 
luc khac nhau. De do bien dang nhdm nghien 
ciru sir dung cac thiet bi do vdi thdng sd ki 
thuat nhu sau: 

a) Mdy do hiin dgng dpng TMR-200 

- Gia tri do bien dang nhd nhit: Imst 

- Khoang do: 0-20.000mst 

- Tdc dp lay mau tdi thieu: lOOOHz 

- Sd kenh do: 32 

b) Dau do bien dang ddng (tam cam bien dien 
trd Strain Gauge) 

- Chiing loai: diing cho vat lieu thep, xuat xii 
Nhat Ban. 

- Chuan do: 5-20mm 

- Gia tri bien dang ldn nhat do dugc: 2000mst 

Sir dung 2 cam bien dien trd dan theo phuong 

dpc true cdi ddng tai 2 vi tri dugc xac dinh tir 

md hinh sd. 
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Hinh 2.18: Kit qud do bien dgng img vdi 
cdp tdi P^770kg 

Hinh 2.16: Vi tri cdm bien dien tr& trin mo 

hinh coi dpng 

Hinh 2.18: Kit qud do bien dgng img v&i 
cap tdi P^llISkg 

Hinh 2.17: Hinh dnh qud trinh gia tdi vd do 

dgc biin dang 

m phis duoi Bieii diulg diem phu In 

Hinh 2.18: Kit qud do biin dgng ling v&i 
cdp tdi P^1540kg 

' *¥pV'*<HwUv*Vv-Vb 

Htnh 2.18: Kh qud^ do biin dgng ieng v&i ^^^^^ ^ j ^ . ^^^ ^^^ ^^ ^-^^ ^ ^ „ ^ ^ ^ ^^,-
cdp tdi P=385kg cdp tdi P^ 1925kg 
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Ket qua do bien dang theo phuong dpc true cdi 
ddng tai thdi diem bat dau nang cira van iing 

vdi cac nam cap tai khac nhau dugc the hien d 
bang tdng hop sau: 

Bang 2.1: Kit qua do bien dang tren md hinh vat 1;̂  

Cap tai 

1 - P = 385kg 

2 - P= 770kg 

3 - P = 1155kg 

4 - P = 1540kg 

5 - P = 1925kg 

Thay doi bien dang 

tai diem so 1 (Ael) 

9,3 
19,8 

28,6 

35,2 

42,3 

Thay doi bien dang tai 
diem so 2 ( A E 2 ) 

9,9 

21,2 

30,6 

37,5 

45,3 

Tyle 
A 6 1 / A E 2 

0,939 

0,934 

0,935 

0,938 

0,934 

Tir ket qua thi nghiem ta nhan thay rang ty le 
giiia hai sd gia bien dang gan bang nhau, 
khdng phu thudc vao tai trgng. Ket qua thi 
nghiera tren md binh vat ly chiing minh ket 
qua thu dugc tir md hinh sd la chinh xac. Su 
dung dd thi Hinh 2.15 ta cd the xac dinh dupe 
he sd ma sat tai md binh cdi quay k ^0,2. 

3. KET LUAN 

Bai bao da trinh bay qua trinh nghien ciiu anh 
hudng eua ma sat den trang thai irng suat bien 
dang phan cdi ddng eiia cum cdi quay cira van 

cung tir dd de xuat phuang an xac dinh he sd 
ma sat tai hien trudng. 

Ket qua tinh toan tir rad hinh sd dugc kiSm 
nghiem tren md hinh vat ly cum cdi quay cua 
van cung cdng trinh hd chiia nude Cita Dat 
nhara xay dung quy trinh do dac tai hien trudng. 

Cach tiep can tir rad hinh sd ket hgp vdi do 
trang thai iing suat bien dang de xac dinh luc 
ma sat tai cdi quay cd tinh kha thi cao va cd 
the ap dung eho nhieu loai ciia van cung 
khac nhau. 
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