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Gian ty nang

Co ciu banh ring - thanh
rang

Ban kinh cong Fillet

Trong qud trinh vdn hanh gian khoan tw ndng phuc vu cho céng tdc khoan
khai thdc ddu khi trén cdc vung bién, mot trong nhitng yéu t6 quyét dinh
dén hiéu qud hoat dong cta gian dé la qud trinh ndng gian lén khi lam
viéc va qud trinh ha gian xudng khi di chuyén. Qud trinh ndng ha gian
dwoc thwc hién nho co cdu bdnh rdng - thanh rdng, cho nén dé bén cua co
cdu thanh rdng - bdnh rdng sé la yéu té quyét dinh dén hiéu qud cta qud
trinh ndng ha gian khoan. D€ ndng cao dé bén ctia cdp thanh rdng - bdnh
rdng ta co thé str dung phwong phdp Fillet dé tinh todn, Iwa chon bdn kinh
goc vdt cong cuia canh thanh rang va bdnh rdng sao cho ttng sudt tai khu
vwre tiép xic nay la nhé nhdt. Nghién ctru dworc thwe hién thong qua sw mé
phédng vé chuyén dong dn khép gitea bdnh rdang thanh rdng bang cdc phén
mém chuyén dung Solidworks va phdn mém mé phdéng Abaqus.

© 2019 Truong Dai hoc M6 - Bia chit. T4t ca cac quyén dwoc bao dam.

1. M& dau

Sau khi hoan thanh cong viéc thi than gian sé
dwoc ha xudng mit nwéc, sau dé chan gian duoc

Gian khoan ty ning la dang cong trinh bién
di dong phuc vu cho cong tac khoan khai thac dau
khi va mot sd linh vuc khac trén bién. Gian sé di
chuyén dén vi tri khoan nh¢ phwong tién tau kéo,
con trong qua trinh lam viéc thi cac chan gian
dwoc ha xuéng cdm vao day bién dong thoi phan
than gian trén dé la san cong tac dwoc nang lén
khoi mit nwéc védi mot chiéu cao thiét ké tao ra
mot dién tich 1am viéc giong nhw gian ¢ dinh
(Hoang Anh Diing, 2007; Ng6 Tuin Diing, 2013).

“Tdc gid lién hé
E - mail: hoanganhdung@humg.edu.vn

rut khoi day bién va nang 1én véi mot do cao nhit
dinh va lic nay gian tw nang sé lai & trang thai ndi
dé co6 thé di chuyén sang vi tri khoan khac nho
phwong tién tau kéo. Chinh vi vay ma gian tw
nang c6 do 6n dinh cao hon cac gian di ddng khac
vi séng bién chi tic dung vao phan chin cot c6
kich thudc nhé va do chin séng bé.

Trong qua trinh nang ha gian khoan thi co
ciu banh rang - thanh rang luén chiu ng suit
cao khi lam viéc. P3c biét diém tiép xdc gitra cac
rang ctia banh ring va thanh rang sé thay do6i doc
theo bién dang ctia cac rang va luon phai chiu
rng suit rat 1ém cé thé dan dén sw pha hiy do
moi cao hon nhirng viing khiac trong co cdu banh
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rang - thanh rang (Hinh 1) (Ng6 Hitu Hai, 2017;
Ngb6 Tuén Diing, 2018).

2. Hién twong mon héng banh ring - thanh
rang do moi.

Trong qua trinh lam viéc thi diém tiép xuc
gitra banh rang va thanh rang sé thay doi lién tuc
trong mot khoang nhit dinh dan dén vat liéu ché
tao cac rang la kim loai sé xuat hién hién twdng
moi, dac tinh thong thudong cia kim loai sé dwoc
biéu thi qua dwong cong o - N, biéu do dwoc vé
dwa vao (rng suit tuan hoan (o) va chu ky sw pha
hiy (N). Kha nang chéng lai sw pha hiy dudi tac
dung cta luwc theo chu ki dwoc goi d6 bén moi
(Hinh 2).

Su pha hiy kim loai do méi thwong gay ra
bdi sw xudng cap cia bé mat kim loai. Bé mat kim
loai bat d4u xuit hién nhirng vét nitt do mai, ban
dau nhitng vét nirt nay it va nhé nhwng sau khi
chi tiét phai chiu tai trong lém va lap lai lién tuc

thi nhitng vét nitt nay sé lén hon va nhiéu hon
c6 thé giy pha huy chi tiét.

3. Str dung phwong phap fillet d€ ting d6 bén
moi.

Trong qua trinh niang ha cla gian ty nang sé
tao ra nhirng thay doi dét ngot tai co cdu banh
rang thanh rang va &ng suit 16n nhit sé tip trung
& vi tri tiép xuc tai cac canh rang cia banh riang -
thanh rang. Chinh sy thay déi lién tuc tai trong
gian khoan khién cho banh rang cta co cdu ning
ha bi pha hiy do moi. Vi viy, trong co cdu banh
rang - thanh ring thi quan trong nhit la can phai
c6 nhirng bién phap ting do bén moi tai nhirng vi
tri phdi chiu &ng suit nguy hiém. Mt trong
nhitng phwong phap do6 1a phwong phap Fillet ma
ta sé nghién ctru sau day (Hinh 3).

Phwong phap Fillet sé xac dinh dwgc ban
kinh fillet hop Iy nhat tai hai bén canh rang cta

Hinh 1. Gian khoan tw ndng (1 - Chan dé: 2 - Cdc thanh gidng ctia chan gian; 3 - Thanh rdng; 4: Hé théng

bdnh rdng).
C i
Ok .
\\
Go — -

No N

Hinh 2. Dwdng cong méi thé hién méi quan hé giira o va N.
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co ciu banh ring - thanh ring, khi d6 hai bén
canh cda cic rang sé dwoc gia cong tao thanh
dwong cong chr khong phai géc vudng thong
thwong. Canh rang sau khi dworc vat cong thi trng
suit phan b6 tai khu vy tiép xic gitra banh rang
- thanh rang sé thdp hon khi canh rang la goc
vudng thong thwong. Vi thé viéc tinh toan ban
kinh cta géc vat cong hop ly d€ gidm &ng suét tai
diém tiép xdic nham ting cwong do bén cho co
cdu banh ring - thanh rang la rat can thiét.
Nghién cttru dwoc thyc hién thdong qua sy md
phéng vé chuyén dong dn khép gitra banh rang
thanh ring bang cidc phin mém chuyén dung
Solidworks va phdn mém mé phong Abaqus 6.41.

Ta tién hanh mé phdng truyén dong cua
banh rang - thanh rang trong qua trinh lam viéc
vOi cac thong s6 dau vao dworc gid dinh nhw sau:
Tai trong tac dung lén banh rang - thanh rang
(181,39 tin); Hé s6 ma sat giita banh rang - thanh
riang (0,1); Ap suat gid dinh dit vao mé hinh
thanh rang (6,89 Mpa); Pic tinh cia vt liéu ché
tao banh rang - thanh rang (M6 dun dan hoi:

2.1011 Pa; Khoi lwgng riéng: 7850 kg/ms3; GiGi
han chay: 7,24.108 Pa).

Khi tién hanh xay dung mo hinh tinh toén, ta
str dung phan mém Solidworks thiét ké mé hinh
3 chiéu co ciu banh rang - thanh rang trong qua
trinh lam viéc. Sau d6 st dung phin mém mo
phong Abaqus 6.41 tién hanh m6 phdng trwong
Urng sudt va dai bién dang déo cta co ciu banh
rang - thanh rang twong &ng vdi ban kinh fillet
khac nhau va két qua thu dwoc nhw Hinh 4.

Két qua cta qua trinh m6 phdéng pho Gng
suit tai khu vuec tiép xdc gitta banh rang va thanh
rang cta co ciu nang twong ng véi ban kinh
Fillet (r) khac nhau dworc tong hop tai Bang 1 va
biéu dién moi twong quan trén do thi (Hinh 5).

Két qua ctia qua trinh m6 phong dai bién
dang déo tai khu vuc tiép xic gitra banh rang va
thanh rang ctia co ciu nang twong &ng védi ban
kinh Fillet (r) khac nhau dwgc téng hop tai Bang
2 va biéu dién méi twong quan trén dé thi (Hinh
7) nhu sau:

Hinh 3. a) Hinh dang mé phdng 3D ctia bdnh rdng - thanh rdng khi dn khép; b) Bé mdt rdng ctia bdnh rdng
- thanh rdng khi 2 canh la géc vudng; c) Bé mdt rdng ctia bdnh rdng - thanh rdng khi 2 canh dwoc vdt cong.

Bdng 1. Két qud itng sudt curc dai twrong tng véi bdn kinh Fillet.

Ban kinh Fillet (mm) 0,00 2,50

5,00 6,25 6,85 75 | 825 | 10,00

U'ng suat curc dai (108 Pa) 7,53 7,2

7,1 6,98 695 | 701 | 706 | 7,19
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Hinh 4. Phé ttng sudt ctia co’ cdu bdnh rdng - thanh rdng twong tng véi bdn kinh cong Fillet (1) khdc
nhau. a) Phé ting sudt khi bdn kinh Fillet (r = 0 mm); b) Ph6 teng sudt khi bdn kinh Fillet (r = 2.5 mm); c)
Phé'ting sudt khi bdn kinh Fillet (r = 5 mm); d) Phé trng sudt khi bdn kinh Fillet (r = 6.25 mm); e) Phd ttng
sudt khi bdn kinh Fillet (r =6.85mm); f) Ph6 ttng sudt khi bdn kinh Fillet (r = 7.5 mm); g) Phé teng sudt khi
bdn kinh Fillet (r = 8.25mm); h) Ph6 teng sudt khi bdn kinh Fillet (r = 10mm).
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Hinh 5. D6 thi biéu dién tng sudt cwc dai theo bdn kinh Fillet khdc nhau.

Hinh 6. Ddi bién dang déo twong trng véi bdn kinh Fillet (r) khdc nhau. a) Ddi bién dang déo khi bdn kinh r = 0
mm; b) Ddi bién dang déo khi bdn kinh r = 2.5 mm; c) Ddi bién dang déo khi bdan kinh r = 5 mm; d) Ddi bién
dang déo khi bdn kinh r = 6.25 mmy; e) Ddi bién dang déo khi bdn kinh r =6.85mm;; f) Ddi bién dang déo khi bdn
kinh r = 7.5 mm; g) Ddi bién dang déo khi bdn kinh r = 8.25mm; h) Ddi bién dang déo khi bdn kinh r = 10mm.
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Bdng 2. Bj bién dang déo cwc dai twong ting vdi bdn kinh Fillet.
Ban kinh Fillet (mm) 0,00 250 | 500 | 625|685 | 75 | 825 | 10,00
Do bién dang déo cwc dai (10-2) 6,92 500 | 466 | 4,21 | 413 | 423 | 443 | 498
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Hinh 7. D6 thi biéu dién dé bién dang déo cwc dai theo bdn kinh Fillet khdc nhau.

Két qua cia qua trinh mdé phdéng thé hién
trén hinh 4, 5, 6 cho thay (g suit va do bién
dang déo tai diém tiép xtic cta co cdu banh ring -
thanh rang thay déi theo ban ban kinh fillet va gia
tri cia ban kinh fillet (r = 6,85 mm) la t6i wu nhat
vi khi d6 ca rng suit cuc dai ome= 6,95.108 Pa va
dé6 bién dang déo cuc dai la 4,13.10-2 déu dat gia
tri nhé nhit cho nén da han ché dwoc sy pha hiy
tai diém tiép xic cua cac ring trong co ciu banh
rang - thanh rang khi lam viéc

4. Kétluan

Dé khic phuc tinh trang mon héng ring cta
banh rang - thanh rang do hién twdéng mébi trong
qua trinh lam viéc, ta c6 thé str dung phin mém
Solidworks thiét k&€ mo hinh 3 chiéu co cdu banh
rang - thanh rang trong qua trinh lam viéc. Sau dé
st dung phan mém mo phong Abaqus 6.41 tién
hanh mo phdéng truedng rng suat va dai bién dang
déo tai diém tiép xuc gitra cac ring cia co ciu
banh rang - thanh rang twong &ng véi ban kinh
fillet khac nhau. Phin tich két qua cta qué trinh
mo phong da tim ra dwgc ban kinh Fillet t6i wu la
r=6.85 (mm) sé cho rng suat cwc dai va do bién
dang déo cuc dai tai diém ti€p xdc 1a nho nhit
nham han ché kha ning pha huy rang cta co ciu

banh ring - thanh rang, dap tng t6t kha nang lam
viéc cta co ciu nang ha gian nham ning cao hiéu
qua hoat dong cta gian ty nang.
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ABSTRACT

Appication of Fillet method to improve durability of the rack and
pinion mechanism during the elevation of jack - up rigs

Dung Anh Hoang, Thinh Van Nguyen
Faculty of Oil and Gas, Hanoi University of Mining and Geology, Vietham

The operation of a jack - up rig serving for offshore petroleum drilling and production is governed
by performance determinants such as the lifting and lowering processes due a to rack and pinion
mechanism. Therefore, the durability of the rack and pinion system is considered as a decisive factor for
the working efficiency of the jackup. In order to improve this parameter, we take advantage of the Fillet
method to probperly calculate and select the radius of curvature between tooth surface and the tooth
root (or filler radius) so that the stress and deformation at the contact area this is minimized. Numerical
calculations in the specific sofware Solidworks software and Abaqus are employed to simulate the joint
motion between rack and pinion. Simulation results allow to determine the optimal fillet radius in the
pursuit of reducing stress and plastic deformation at contact areas of the teeth and improving the life
span of the rack and pinion system.



