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PHUONG PHAP THUC NGHIEM XAC DINH
HE SO MA SAT COI QUAY CUA VAN CUNG

Nguyén Céng Thing, Nguyén Thii Hoang
Truong Dai hoc Thiy loi

Tom tit: Trong qud frink vin hanh hé s6 ma sét tai cdi quay cira van cung tang lén do nhiéu
nguyén nhéan khac rhau. Sie gia tang hé s6 ma sat nay da gay ra nhiéu su cé nghiém trong dirgc
ghi nlmn trén thé glm ciing nhir tai Vigt Nam. Hién nay. o mroc 1a phlrofng phap do dac xdc dinh
hé s6 ma sat 1gi ¢oi quay c/lu’a diuge nghién cuu va dé xudt. Tir két qua nghién ciru tr ang thai
vmg sudt bién dang phan cm dpng ciia cum céi quay /Jang mé hinh sé6 nhom nglnen ctru dé xudt
phirong phap xac dinh hé s6 ma sét tai hién nwomg. Két qua tic mé hink 58 dugc kiém nghiém
trén mé hinh vét ly cua cum c6i quay cira van cung cong trinh H6 chira medc Crra Pat tir do xay
dung quy trinh do dac tai hién trieong.

Tir kKhéa: coi quay cita van cung, mé hink s6, hé s6 ma sal, frang théi img sudt —
hinh vat ly

bién dang, mé

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

1. GIG1 THIEU

Cira van 2 modt bd phan két chu quan trong
lién quan dén d an toan va hiéu qua cua cong
trinh. Trong cdng trinh ngan séng l6n vai mic
do yéu chu cao, hé théng cia van trong qua
trinh khai thac, vdn hanh phai dap (g rit
nhiéu nhiém vu: git nuéc, thoat la, dam bao
diéu kién gjao thong thiy qua cong trinh...

t6 hop ban mit lip ghép, théng qua két céu
gian cang truyén lyc Ién try pin théng qua cbi
quay. Cira van cung ¢6 khd nang chiju Irc 16n,
hic nang ha cira van c6 lgi vé lyc vi qua trinh
cira van dong mé quay quanh cdi ban 1& cho
nén mét phin trong lugng cira van duge lruyén
1én tru pin théng qua cbi quay, ngoai ra nhd
ban mit hinh cung nén cé thé lgi dung sirc

) o o nuéc dé giam lye nang cira van.
Cira van cung 14 loai clra van ¢6 mit cit ngang

dang hinh cung tron, tdm cung thudng tring
vOi tam quay cua cira van, phin chan nudc Ja

Thye té vin hanh cac cita van trén thé géi
ciing nhu & nude ta cho thay tét nhiéu hu hai
cha dap ¢o lién quan dén sy ¢b cira van.

Ngay 02/7/1967 mot tr
Ngdy nhn bai: 25/7/2019 8ay mot trong bén cira van cung
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v6i chidu cao 12m, chiéu rong 9m, nang 32 Lan
tai ddp Wachi, Nhit Ban bi cuébn trdi xubng
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phia ha lru 136m, nguyén nhan sy c6 duoc
xic dinh 12 sy mit 80 dinh dpng do bién thién
cba lyc ma sat tai céi quay trong qua trinh vin
hanh ctra van [3].

Ngay 17/7/1995 mét su ¢b nghiém trong xay
ra tai ddp Folsom (California, My) khi cira van
cung sb 3 khong thé vin hanh din dén dong
nuée véi luu lugng 1135m’/s tran xuéng ha
luu trong thai gian hon 7h, Sy ¢é trén tuy
khong gdy ra thiét hai nghiém trong nhung
40% luong pudce du triy trong hd chira dung
tich 18 dam vuéng da bj mat. Nguyén nhan sau
d6 duge tim 2 la do Juc ma sat tai cbi quay da
bi bo qua khi thiél ké cira van vao giita thap
nién 50, theo thoi gian do hién tugng &n mon
trén bé mit try quay, do céac tac dong tir méi
truong va do khong duge bao tri thudng xuyén
nén lyc ma sit nay Ién dan 1én dén mic gdy ra
pha huy tai cang van. Sau sy cb nay da co mét
chuong trinh kiém tra todn dign céc cira van
cung trén pham vi toan nudec My [2].

Théng 2 nim 2008 ghi nhén mét su cb lién
quan dén ma sat cdi quay cira van cung tai ddp
Lenthalls & Queensland. Do lyc ma sét lon,
cira van khng thé van hanh din dén nuée tran
qua dinh vdi cao trinh 16n hon myc nudc 1a
thiét ké 14 1,27m [1].

Tai Na Uy ciing ghi nhan it nhit 5 sy ¢b cira
van cung c6 lién quan dén ma sat tai cdi
quay [1]. Cac nghién ciru sau d6 chi ra
nguyén nhin la do sy thiéu hut ciing nhu
giam chit lrgng thco thai gian cua chét boi
tron din dén sy gia tang luc ma sat tai cbi
quay. Mé men udn tai cing van do md men
can tai gbi ban I& khi kéo cira van la nguyén
nhén gay ra pha hiy cang van.

Céac cira van cung trén céc cong rinh Ion hién
nay o nuéc ta da phan duge xdy dung tuong
déi l4u, van dé duy tu bao dudng con chua
dugc chu trong nhiéu. Lién quan truc nep dén
anh hudng cua lyc ma st tai cbi quay c6 thé
ké dén su cé bu long ham truc cdi quay cira
van tran xa 10 hé chira nuée Cira Dat b dirt,
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cac danh gia ban dau vé nguyén nhan din bu
1ong ham tryc cbi quay cura van xa 1o hé chir
nude Cira Dat da xac dinh nguyén nhén la do
md men cia lyc ma sat tai cbi quay lon hon
md men gilt truc (theo Bao cdo B cua hoi
dbng ky thuit danh gid nguyén nhan dut bu
long hiam tryc cbi quay cira van tran xa I cong
rinh ddu mdi hd chia nuéc Cira Dat ngay
13/10/2016).

Trong nghién clru cia minh [l], Henning
Fosker va cdng sy da chi ra cic nguyén nhén
gy ra sy gia tang lwc ma sat tai cbi quay ctra
van cung va d& xuét cach x4c dinh Tyc ma sat
nay bing cich do bién dang tai cang van
trong qua trinh van haph cira van. Phuong
phép nay tuy chi 4p dung cho mét trudng hop
cu thé nhung d3 m& ra mét huéng mdi trong
viée xac dinh ma sat tai cum ci quay cira van
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cung. Nghién ciru trén cho thdy viéc xac dinh
luc ma sat tai cbi quay bing cich do trang
thai ing suét bién dang cé tinh kha thi cao va
¢6 thé tiép tuc nghién ciru dé& hoan thién
phuong phéap nay nhim 4p dung cho cic
truong hop khac.

Hién nay & nuéc ta phuong phép do hé s6
ma st cia cbi quay tai hién truong van chua
duge nghién ciru va dé xuit. Trong khuén
khd bo cdo ndy nhom tAc gia s& trinh bay
két qua nghién ctu trang thai Gog sudt bién
dang phan cdi déng cua cum cbi quay bang
md hinh sé tir d6 dwa ra phuong phép xac
dinh hé sb ma sét tai hién truong. Két qua
nghlen clru duge ap dung trén mé hinh vat ly
cum cbi quay cira van cung céng trinh hd
chira nuée Cira Pat.

2. PHUONG PHAP VA KET QUA
NGHIEN CUU

2.1. Nghién ciru dnh hwéng ciia ma sat dén
trang th4i éng suit bién dang phin cbi dong
trén md hinh s6 va dua ra phuong phap xac
dinh h¢ s6 ma sat tai hién truong

Ma hinth cum ¢6i quay duge thé hién & hinh 2.1:
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Hinh 2.1: M6 hinh cum c6i quay cira van cung

Trong qué trinh vén hanh, phﬁn cbi dong chiu
tac dyng cua hrc doc truc truyén tir cang van
va md men ubn do ma sat gay ra. Gia trj cia
thanh phin mé men udn phu thuée vao dé lon
ciia lue doc tryc va hé s6 ma sat tai ¢di quay.
Tinh toan dugc thyc hién tai thoi diém cira van
bat ddu chuyén dong, lic ndy lyc ma sat dat
gid tri lon nhét. Loi giai cia bai toan umg suit
bién dang khong gian cta cbi quay dong co
duge bing phuong phap phdn tir hiru hao
(PTHH). Luéi phan tir cia phin ¢bi déng duoc
th hi¢n trén hinh 2.2:

Hinh 2.2: Lugi phan fir

Anh huémg ciia h¢ s6 ma sat dén trang thai ing
sudt bién dang cua cdi dong duoc thé hién qua
5 truong hop tinh toan véi 5 gia tri hé sb ma
satk =0.1;0.2 ;0.3; 0.4; 0.5. Két qua phan bb
tmg suét phap theo 3 phuong thu duoc dbi voi
truomg hop hé sb ma sat bing 0.1 dugc thé
hién & hinh 2.3,2.4 v3 2.5:

Hinh 2.3: Phdn bé mg sudt phdp
theo phueong doc truc x, o,

Hinh 2.4: Phén bé vmg sudt phap
theo phuomg y, o,

Hinh 2.5: Phdn bé tmg sudt phdp
theo phirong z, o

Phan b céc thanh phén ing suét phap theo 3
phuong cho thdy cic thanh phin tmg sudt oy,
o, thay dbi rét it 1ap trupg tai cac vi tri c6 sy
bién thién 16n vé kich thuéc, nhidu vi tri cic
gid tri nay gan bing khéng.

Tién hanh nghién ciru phin b thanb phén ing
suat phap theo phuong x, oy tai 5 mit cét, vi tri
cac mit cit dugc thé hién trén hinh 2.6:
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Hinh 2.6: Vi tri cée mt cét nghién cirm
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Hinh 2.7: Phan bé ctia thanh phan img sudt
phadp theo phwong X, ox (Pa) tai mdt cdr 1-1
V6i 5 truomg hop hé sé ma sat

o1 oa e ex 1 1r 1 e ux

Hinh 2.8: Phan b6 cua thanh phdn img suét
phdp theo phuong X, ox (Pa) tai mat cat 2-2
véi 5 truong hop hé $6 ma sat

T
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Hinh 2.9: Phdn bd ciia thanh phén tmg sudt
phiéip theo phitong X. ax (Pa) tai mdt cdr 3-3
voi S truong hop hé s6 ma sat

o
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Hinh 2.10: Phdn b6 cuia thanh phan vmg sudt
phap theo phirong X, ox (Pa) tai mgt cat 4-4
véi S truomg hgp hé s6 ma sat

Hinh 2.11: Phdn b6 cia thank phdn tmg sudt
phadp theo phirong X, ox (Pa) tai mt cat 5-5
v6i 5 truomg hop hé sé ma sdt

Két qua tinh toan cho thdy, cic diém & khu
vire giita cac gan trén mat cit 3-3 ¢6 thanh
phin img suit phap ox phan bd gén theo quy
luat bac nhét. Nhur vy tai mit cét 3-3 chi cin
xédc dinh ng suét theo phuong x tai 2 diém bat
ky chitng ta ¢6 thé x4c dinh gin ding phin bd
{rng suét phap ox tai mit cit nay.

Phan bb cac thanh phan irng suit khac tai cic
mat cat 3-3 dugc (rinh bay trén cdc hinh
2.12+2.14:
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Hinh 2.12: Phdn bé ciia thanh phan tmg suét

phdp theo phicong Y, ay (Pa) rai mat cé1 3-3
voi S truomg hop hé 56 ma sat
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Hinh 2.1: M6 hinh cum ¢6i quay cira van cung

Trong qué trinh van hanh, phin cbi déng chiu
tac dung cba lyc doc tryc truyén tir cang van
vi m6 men ubn do ma sat ghy ra. Gia trj cua
thanh phin md men uén phu thuge vao dé 16n
cba lyc doc truc va hé s6 ma sat tai cbi quay.
Tinh to4n duoc thuce hién tai thoi diém cira van
bit ddu chuyén déng, lic nay lyc ma sat dat
gi4 tri 16n nhit. Loi giai ciia bai toan img suft
bién dang khong gian cua cbi quay déng cb
duge bing phuong phap phan tir hitu han
(PTHH). Lui phén tir ctia phin c6i dong duge
thé hién trén hinh 2.2:

Hinh 2.2: Lidi phan e

Anh huéng cia hé sé ma sat dén trang thai ung
sudt bién dang cia cdi dong dugc thé hién qua
5 trudmg hop tinh todn v&i 5 gia tri hé s ma
satk =0.1;0.2 ;0.3; 0.4; 0.5. Két qua phan b
{mg suat phap theo 3 phuong thu dugc déi véi
trudng hop hé s6 ma sit bing 0.1 duge thé
hién & hinh 2.3,2.4 va 2.5:

Hinh 2.3: Phén b6 vmg sudt phdp
theo phwong doc truc X, oy

Hinh 2.4: Phén bé img sudt phap
theo phuong y, o,

Hinh 2.5: Phén b6 vmg sudt phdp
theo phuong z, o,

Phan b6 cic thanh phin ing suit phap theo 3
phuong cho thdy céc thanh phan img suat gy,
o, thay dbi rt it t8p trung tai cac vi tri c6 su
bién thién 1én vé kich thuéc, nhidu vi tri cac
gi4 tri nay g?m bang khong.

Tién hanh nghién ciru phan bd thanh phén tng
sudt phap theo phurong x, o tai 5 mat cat, vj tri
cac mat cit dugc thé hién trén hinh 2.6:

96  TAP CHKHOA HOC VA CONG NGHE THUY LOI SO 55 - 2019



CONG NGHE

| raxn -

Hinh 2.10: Phdn bé ciia thanh phan tmg sudt

e phdp theo phirong X, ox (Pa) tai mdt cit 4-4
Hinh 2.6: Vi tri cac mdf cdt nghién ciru voi 5 truomg hop hé 56 ma sdt
e w m e e § W o W W o .

[

Hinh 2.7: Phdn bé ctia thinh phan img sudt
phap theo phicong X, ox (Pa) tai mgr cét 1-1 Hinh 2.11: Phédn bé ciia thanh phan mg sudt

voi 5 truong hop hé 56 ma st phap theo phwong X, ox (Pa) tai mét cdt 5-5
a0 - véi 5 truong hop hé sé ma sat

Két qua tinh toan cho thiy, cac diém & khu
T2 wuc gitta cac gan trén mit cht 3-3 ¢ thagh
=2 phin (mg sudt phap ox phin bb gin theo quy
lut bac nhat. Nhu vay tai mit cit 3-3 chi cin
xéc dinh (g sudt theo phuong x tai 2 diém bat
ky ching ta ¢6 thé xac dinh gan ding phan bé
img suét phap ox tai mat cit nay.

Hinh 2.8: Phdn bé ctia thanh phan img sudt
phap theo phwong X, ox (Pa) tai mat cat 2-2
V6i 5 trung hop hé sé ma st

Phan bd cac thanh phin (ing suat khéc tai cac
mat cét 3-3 duge trinh biy trén cac hinh
2.12+2.14:

loom
| ¢ o1 es  oe ex 4 a3 1a e oam

1oxa
70000 -
|

>0 0 o—y
oo -—cas

——vay
[soa0r oae
|voa o —as
7 oo

wox.on

oy -

[1sccn =

Hinh 2.9: Phén b ctia thanh phdn ing sudt  Hinh 2.12: Phén b6 ciia thanh phén img sudt
phap theo phiwong X, ox (Pa) tai md cdt 3-3 phap theo phrong Y, ay (Pa) tai mt cér 3-3
véi 5 truong hop hé sé ma sat V6i 5 truomg hop hé 56 ma st
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Hinh 2.13: Phan b4 ciia thanh phﬁn tmg sudt
phap theo phieong Z, oz (Pa) tgi mdt cdr 3-3
V6i 5 truomg hop hé s6 ma st

00 | - S —

R - — <

Hinh 2.14.: Phén b6 ctia thanh phan img sudt
1iép trén mdt phing yz, t (Pa) tai mdt cét 3-3
V6i S truomg hop hé s6 ma sat
Nhin vao phan b céc thanh phan img suat khac
tai mat cit 3-3 ching ta thiy tai hai diém déi
ximg voi nhau qua tryc y clia mat cét 3-3 va
céch truc @5 ximg 0,2m ¢6 c4c thanh phin img
sudt oy , 6z va tx gin bing 0, trang thai tng
suat tai hai diém nay co thé xem nhu trang thai
tng suét don. Vi vay tai hat diém nay dé xac
dinh thanh phin img suét theo phuong x, ox ta

chi cn do bién dang doc theo phuong x, ox.

rocm

o1 o1 () o1 o3 |

Hinh 2.15: Biéu do thé hién 1y s6 ting sudt
phap ox tai hai diém cdn do (img sudt phap
ox tai diém phia duwoi truc déi xirng chia cho

tmg sudt phdp ox tai diém phia trén)
va hé $6 ma sat k

Sau khi bing thyc nghiém x4c dinh dugc gia
tri img suét phap theo phuong x, ox tai hai
diém trén mat cAt 3-3 déi xtmg voi nhau qua
truc y va cach truc 46i xirng ciia m3t cit 20cm,
xéc dinh 1y 1¢ {mg sudl tai hai diém ndy va si
dung biéu dd thé hién trén hinh 2.15 ching ta
6 thé xéc dinh dugc hé s6 ma sét k.

2.2 Thuc nghiém trén mé hinh vit ly va xay
dyng quy trinh do dac tai hién trudmg

M6 hinh cum cbi quay kich thuée di nhé duoc
ché tao d& md phong cac qua trinh do dac xac
dinh hé sb ma sat. Trén co s& cac hé thdng
may gia tai hign cé ciia Phong thi nghiém Sic
bén - Két céu Trudng Dai hoc Thay lgi, nhém
tic gia da lya chon md hinh thi nghiém co6 kich
thuéc bing 1:20 so vi kich thudc thyc cia
cum cbi quay cbng trinh hd chira nuée Cira
Dat. Vit liéu ché tao mé hinh cén lya chon loai
vat liéu c6 46 cimg nho va d§ bén cao, qua
nghién ciru tim hiéu nhém téc gia lra chon
nhém 6061.

Qua trinh thi nghiém sir dung may gia tai
GT-20K ¢ 20 kénh gia tai véi cac cip ap
Iyc khic nhau. D& do bién dang nhém nghién
ciru st dung cac thiét bi do véi thong sb ki
thuat nhu sau:

a) Mdy do bién dang dgng TMR-200

- Gi tri do bién dang nhé nhat: 1mst

- Khoang do: 0-20.000mst

- Td¢ b 1dy mau tdi thidu: 1000Hz

- 86 kénh do: 32

b) Déu do bién dang déng (tim cam bién dién
tro Strain Gauge)

- Chung loai: ding cho vat liéu thép, xuat xir
Nhét Ban,

- Chuén do: 5-20mm
- Gié tri bién dang 16m nhét do dugc: 2000mst

Str dung 2 cam bién dién tré dén theo phuong
doc truc cbi dong tai 2 vi tri duge xac dinh tir
m6 hinh s6.
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Hinh 2.18: Két qua do bién dang img véi
cap tai P=770kg

Hinh 2.16: Vj tri cam bién dién 1v6 trén mé —Bién dang diém phia rén  — Bién dang: chim phia dudn
hinh co1 djng
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Hinh 2.18: Két qua do bién dang img véi
cdp 1Gi P=1115kg
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Hinh 2.17: Hinh énh qud trinh gia tai va do
dac bién dang s

Hinh 2.18: Két qué do bién dang img voi
cdp 1ai P=1540kg
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Hinh 2.18: Két qua do bién dang img voi

; . : . II . d Iy d , i
cdp 16i P=385kg Hinh 2.18: Két qua do bién dang img véi

cap tai P=1925kg
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Két qua do bién dang theo phuong doc truc cbi
déng tai thoi diém bt diu ndng cira van ing
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vai che nim cdp tai khac nhau duge thé hién &
bang téng hep sau:

Bang 2.1: Két qua do bién dang trén mé hinh vit Iy

Cip i Thay qéi pién dang Thayldéi t:ién dang tai Ty lé

tai diém s 1 (Agl) diem s0 2 (Ag2) Acl/ 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
= 1925kg 423 453 0,934

Tir két qua thi nghiém ta nhin thiy ring ty 1§
gita hai s6 gia bién dang gin bing nhau,
khong phy thudc vio tai trong. Két qud thi
nghiém trén md hinh vit 1y chimg minh két
qua thu duge tir mé hinh sé 1a chinh x4c. Sir
dung d4 thj Hinh 2.15 ta c6 thé xac dinh duge
hé s6 ma sat tai md hinh ¢6i quay k =0,2.

3. KET LUAN

Bai bao di trinh bay qua trinh nghién ciru dnh
hudng cua ma sat dén trang thal {ng sut bién
dang phén cbi djng ctia cum cbi quay cira van
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