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Tom tit

Véi két cdu céanh roi va ldp véi bau bang mai
ghép buldng (vit) nén buléng lap ghép canh chan
vit bién buréc 1a chi tiét rat quan trong. Luc siét
cua nhom buldng lap ghép danh hwong truc tiép
toi dé ben, kha nang lam viée, va dé tin cdy cua
ca chan vit. Luc siét néi chung phy thugc vao tdi
trong ngoai. Tuy nhién, tdi trong tac dung lén
nhom buléng canh lgi vd cung phuc tap, ching
bao gom CAc lire va mémen do trwong phan bo ap
suat trén canh chan vit gay ra. Trong bai bao nay,
nhom tac gid dwa ra phuwong phdap xdc dinh tai
trong tac dung va tinh toan lyc siét can thiét cho
buléng ghép canh chan vit canh roi. Ap dung tinh
toan cho chan vit ldp trén tau c6 cong sudt may
chinh 155CV vdéi dwong kinh chan vit 1m.

Tir khéa: Chan vit bién buéc, chan vit canh roi,
buléng, tinh todn d¢ bén.

Abstract

With the structure of detachable blades fitted to
the hub with bolts, the bolts of controllable pitch
propeller are very important. The tightening force
of the bolt group directly affects the durability,
working ability, and reliability of the propeller.
The tightening force generally depends on
external loads. However, the loads acting on the
blade bolt group are extremely complex. They
include the forces and moments caused by the
pressure distribution field on the propeller blade.
In this paper, the authors propose a method to
determine the effective load and calculate the
necessary tightening force for the bolts of a
built-up propeller. Applying for the calculation
of the propeller of the ship with the main engine
capacity of 155CV and the propeller diameter
of 1 meter.

Keywords: Controllable pitch propeller, built-up
propeller, bolt, strength analysis.
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1. it van dé

Ngay nay, chan vit bién budc duoc st dung rong
rdi trong nganh k¥ thuat tau thuy, dic biét 1 trén cac
tau ki thuét cao nhu tau quén sy hay tau quét ngu 16i.
Chan vit bién budc ciing dugc st dung trén mot sé
tau ki thuat tho so hon chéng han nhu tau c4, tau kéo,
tau pha bang,... V& mat cong nghé, chan vit bién
budc co nhiéu loi thé trong qua trinh ché tao, dic
biét 1a ddi véi cac chan vit c6 ti s mat dia Ion, tac 1a
chan vit ¢6 hinh chiéu cac canh xudng mit phing
vudng goc véi duong tdm hé truc ¢6 phan giao nhau.
Do d6 phtc tap vé hinh dang két ciu cuia cac chan vit
c6 ti s6 miat dia 16n, cac chan vit canh lién loai nay
thuong duoc gia cong trén cdc mdy CNC 4 hoac 5
truc. Qua trinh céng nghé ché tao tré nén don gian va
dé& dang hon nhiéu di véi cac chan vit bién budc khi
ma cac chi tiét canh c6 thé thdo roi ra. Theo do,
ching ta c6 thé duc va gia cong tirng bd phan trén
cac may CNC 3 tryc théng thuong nham ting ning
Suit san xuat ciing nhu giam gia thanh ché tao, va
sau do tién hanh lap ghép cac chi tiét lai voi nhau dé
¢6 duge cum chi tiét hoan chinh.

Mac du chan vit bién budc ¢6 nhiéu wu diém nhu
dugc dé cap ¢ trén, viéc lap ghép céc canh véi bau
chan vit nhu thé nao dé dam bao do bén cua chan vit
trong d6 c6 nhom buléng 14p ghép khi 1am viéc 1a
mot van dé can duoc quan tam.

Trén thyc té, thuong co hai phuong an lip ghép
canh véi bau tuong @ng véi hai dang ciu tao cua
chan vit bién buéc nhu dugc minh hoa trén Hinh 1
va Hinh 2. Phuong 4n 1 (Hinh 1), bau chan vit dwoc
chia 1am hai ntra, canh va b phan diéu khién buéc
lam lién khéi. Phuong 4n 2 (Hinh 2), bau chan vit
duoc 1am lién khéi, canh va bo phan diéu khién budc
tach roi va ghép lai bang cac buldng. Bai bao nay dé
cap dén phuong phap tinh toan lyc siét can thiét cho
nhém buldng lip ghép canh va bau trong phuong an 2.

Hién nay viéc tinh toan thiét k& chan vit bién
budc néi chung va nhém buldng lap ghép canh chan
vit n6i riéng do mot sé hang chuyén vé thiét ké va
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ché tao chan vit bién budc thyc hién, va gan nhu
khong duoc cong bd ra ngoai. O Viét Nam, cong
thirc tinh dwong kinh buldng ghép canh chan vit bién
bude duoe d& cap trong Quy chuin québc gia vé phan
cép va dong tau bién vo thép QCVN21:2015 [1], tuy
nhién cong thic nay khong phan biét dic diém lip
ghép (Iap c6 khe ho hay khong c6 khe ho) va dic
biét 1a khong dé cap dén viéc xac dinh luc siét can
thiét cho céc buldng.

Bai bao nay nhém tac gia dé& xuit phuong phap
tinh toan lyuc siét can thiét cho nhém buldng lp ghép
canh cua chan vit canh roi néi chung va chan vit bién
bude noi riéng dé 1am co sé cho viéc tinh toan kich
thude hay nghiém bén nhém buldng néi trén.

Eo05

Hinh 2. Bdu chan vit lién khéi
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2. Co sé ly thuyét
2.1. bwong loi tinh todn chung

Ching ta xét mot canh duoc Iap ghép vai bau cua
chan vit bién budc nhu trén Hinh 3. Khi dé, tai trong
tac dung lén nhém buldng lap ghép giira canh va bau
chan vit chinh 1a 4p suét thiy dong cua chat long tac
dung Ién canh chan vit. Trong thuc té, 4p suat thuy
dong cua chit long tac dung Ién canh chan vit phan
bé phirc tap trén toan bo bé mat cua canh. Ching ta
chon hé quy chiéu géan véi canh chan vit sao cho géc
toa do dt tai trong tdm mdi ghép buléng, truc Z va
X nam trong mat phing lip ghép, truc Z clng
phuong v6i dudng tdm hé truc chan vit, truc Y vuéng
géc voi bé mat lip ghép (Hinh 3). Khi quy doi
truong ap suat phan bé nay vé mat phing lap ghép ta
nhén duoc céc lyc tap trung theo 3 phuong Fx, Fy, F;
dat tai trong thm cua mdi ghép va cac mdmen tap
trung My, My, M.

Cho téi nay, mot so phuong phap tinh toan thay
dong hoc cua chan vit di dugc dé& xuat, bao gdom

Y

!

Hinh 3. H¢ truc tea dp tinh toan
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nhitng phuong phap sau ma theo d6 muc d6 phuc tap
ciing tang dan, chang han nhu: 1y thuyét dong luong
(momentum theory), phuong phap duong chiu tai
(lifting-line method), phwong phap bé mat nang
(lifting surface method), phuong phap phan tir bién
(boundary element method), phuong phap truong
(field method)...[4]. Trong bai bao nay, nhom tac gia
sir dung phan mém Ansys dé md phong va tinh toan
&p suét trén bé mat canh chan vit. Tir d6 xuét ra két
qua cac luc va moémen tai trong tam cua mdi ghép.

Chlng ta chia cac luc va moémen tac dung Ién
nhém buléng ghép canh va bau chan vit thanh hai
nhom. Nhém 1 1a cac luc va mémen tac dung trong
mat phiang ghép bao gdom cac luc Fy, F, vd mdmen
M,. Céc lyc va mdmen trong nhém nay lam hai bé
mat ldp ghép co xu huéng truot trong ddi véi nhau.
Néu 1a buldng lip khdng khe hé thi than buldng truc
tiép tiép nhan tai trong va ngan khong cho hai mat
phing ghép truot tuong ddi voi nhau. Néu buldng lip
c6 khe hg thi can tinh luc siét Vi dé dam bao mdi
ghép khong bi truot. Nhém 2 1a cac luc va mdmen
tac dung trong mit phing vudng goc véi mat phang
lip ghép bao gom lyc Fy, cac mdmen My, M, va luc
quan tinh ly tdm Fc. Cac luc va mdmen trong nhém
nay ¢6 xu hudng lam tach ho hai bé mat ghép. Nhu
vay ta can xac dinh lyc siét buléng dé dam bao méi
ghép khdng bi tach ho.

T6m lai néu 1a buldng Idp khdng khe ho thi lyc
siét can thiét 1a luc siét dé chong tach ho mdi ghép:

VESVAS (1a)

Néu 1a buldng lap c6 khe ho thi khi tinh toén ta
phai xac dinh dugc lyc siét buldng V can thiét dé vira
dam bao khi 1am viéc cac bé mat ghép khong bi xé
dich vira dam bao mdi ghép khong bi tach ha. Tur
diéu kién chong xé dich mdi ghép ta xac dinh duoc
lyc siét can thiét Vy, tir diéu kién chdng tach ho méi
ghép ta xac dinh dugc luc siét can thiét V. Vay luc
siét can thiét la gia tri 16n trong hai gia tri lyc siét n6i
trén [2]:

V = Max{Vu;Vin} (1b)
Chan vit dugc nhdm tac gia ap dung tinh toan cu
thé trong nghién cau nay sir dung nhom buléng lap
ghép cd khe ho.
2.2. Tinh toan luc siét can thiét theo diéu kién
chong truot
Trong mit phing ghép tong hop luc Fxz cta hai
luc Fx va F, c6 xu huéng lam 2 bé mat ghép dich
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chuyén theo phuong ciia nd, mémen My c6 xu huéng
1am bé mat ghép xoay tuong dbi véi nhau.

Goi sb buldng trong nhom 1a Z. Lyc Fr do Fx, téc
dung 1én mdi buléng cting phuong va nguge chidu voi
luc Fxz, va c6 tri s& nhu sau:

/F2+F2
Fp= D237 @

A Z

Do céc buldng ldp ghép duoc bd tri theo dudng
tron ban kinh r nén lyc Fm do mémen My tac dung 1én
mdi buléng co phuong vudng goc v6i dudng ndi tim
buldng téi tim mdi ghép, ¢6 chiéu ngugc voi chiéu
clia md men My, va c6 tri s6 tinh theo cong thirc sau:

Fu= 77 ©)

rZ
Luc tong hop tac dung 18n mdi buléng trong mat
phing ghép la:
F = F+Fy (4)
Tri s6 cua Ft  c6 thé tinh theo cong thuc sau:

F = \/ F2+F2+2F.F, cos(F.;F,) (5

Luyc siét can thiét theo diéu kién chéng truot Vi
duoc tinh theo Fi:

Vy =— (6)

Trong do:

k - hé s6 an toan chdng truot, k = 1,3+2 [2];

f - hé s6 ma sét cua cap bé mat lip ghép.
2.3. Xdc dinh luc siét can thiét theo diéu kién
chong tach hg mai ghép

Khi chua c6 tac dung cua ngoai luc, luc siét Vi,
tao ra &p sut (rng suét dap) trén cac bé mat ghép.
Coi &p suat trén cac bé mat ghép phan b déu, tri sé
cua né duoc tinh theo cdng thic sau:

V,Z
A

Trong d6: A - dién tich bé mat ghép.

Khi Iam viéc, céc luc Fy, Fc va cd&c mdmen My,
M. lam giam &p suit trén bé mat ghép va lam cho
mbi ghép c6 xu hudng bi tach ho.

Luc Fy va Fc lam &p suét trén bé mat ghép giam
di mét lugng:
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A

Trong dé:
% - hé s6 phan b6 ngoai luc, né phu thudc vao

vat liéu va két cdu cua buldng ciing nhu chan vit. Hé
s6 nay thong thuong kha nho vi @ mém cua buldng
I6n hon nhiéu cac tim ghép. Dé an toan va thuan loi

cho viéc tinh toan luc siét ta c6 thé coi  y = 0;

Fc - lyc quan tinh ly tdm do khéi lwong canh gay
ra khi chuyén dong, Fc dugc tinh theo cdng thirc sau:

F. =mR (%) ©)

Trong do:
m - khéi lugng 1 canh;

R - khoang céch tir trong tdm canh dén tam truc;
N - s6 vong quay cua chan vit trong 1 phdt.

Ap suat trén bé mat ghép do mdmen M, va My
gdy ra thay ddi theo biéu dd twong ty tng suat uén
[2]. Téng hop hai mémen My va M, ta nhan duoc
moémen téng M:. Mat phing tac dung ciia mémen nay
duoc xéac dinh dya vao tri s6 va chiéu cia My va M..

« = arctan (&j = arctan [%J (10)
Mx

O-Mx

Trong dé:

o - goc giita mat phiang tac dung cia My va M;
OMx VA Om; - Ap SUat 16n nhat do My va M, gay ra.

Bo qua tri s& y, ta cd thé xac dinh duogc tri s6
gidi han cua &p sut trén bé mat ghép do M. gay ra:

M- M JM,2+ M, (11)

M W, W, W

u u u

Trong do:
W, - mémen can uén cua tiét dién bé mat ghép.

Biéu dd phan b ap suat trén bé mat ghép tai mat
phing tac dung cia M; c6 dang nhu Hinh 5.

Ap suat nho nhit trén bé mat ghép l1a:
Omin =0y —0p —Op (12)

bé dam bao moi ghép khong bi tdc hg thi
C.in 20,hoic o, =20 +0y,.

Dé an toan ta lay:
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o, =k(o- +0,,) (13)
Trong dé:

k - hé sb an toan chdng tach ha, thong thuong k =
1,3-2[2].

Tir d6 ta tinh dwoc luc siét Vi, can thiét dé chéng
tach ha méi ghép:

v, = Aoy (14)

L)

Ov

o LTI T T

Owm KI/I/I/IT
O: W Cimin

Omax

Hinh 5. Biéu d6 phan bé ap sudt trén bé mdt ghép
2.4. Tinh todn mémen siét can thiét

M6 men siét can thiét tuong tng c6 thé tinh toan
theo cbng thirc sau [6]:

_V.P,
2zn

M, (15)
Trong do:
Ma - moémen siét can thiét;
P; - budc ren cua vit lip ghép;
1 - hiéu suat ké dén anh huong cua ma st khi siét
buldng.

3. Vi du tinh toan

Trong phan nay, chdng tdi tinh toan cho chan vit
bién budc lip trén tau c6 cong suat may chinh la
H = 155 CV, sb vong quay trong mot phdt cia chan
vit khi lam viéc & ché do toan tai 1a N = 629
vong/phut, van toc khai thac cua tau la v = 10 hai
ly/gi. Chan vit c6 duong kinh D¢ = 1m, sé canh n =
3, canh chan vit duogc thiét ké theo SeriB. Canh ghép
véi bau chan vit bang mbi ghép buldng cé khe ho.

Str dung phin mém ANSYS FLUENT dé md
phong truong &p suat trén canh va tir d6 xac dinh tai
trong tac dung 1&n nhom buldng lip ghép. Két qua
tinh toan nhan duoc nhu sau:

SO 63 (8-2020)
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Fx =1134,89 N; Mx =870,97 Nm;
Fy=194,97 N; My =5,85Nm;
Fz =-2712,68 N; Mz = 374,75 Nm.
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Hinh 6. Vi du tinh toan luc theo phwong X

Két qua tinh toan dugc thé hién trong Bang 1:

Bdng 1. Két qud tinh toan

Iip rép

q Ky 5 b
STT Thong sé N Cong thirc Kétqua | "
hiéu Vi
1 | Sébuléng Zy 6 | chiéc
) buong kinh bé mat D 192 mm

Vit liéu buléng

SUSF
304

Theo tiéu chuan dang kiém

Khéi lugng canh

2309 | kg

Khoang céach gita
trong tdm cénh va
duong tam truc

23,308 cm

10 | Luyc li tam

Fc

2
Fc=mR ﬂ
30

2.3421,943

11 | Puong kinh chén vit

Dc 1 m

13 Va:[ Ile.u canh va dia cUL-4

chan vit

Puong kinh 16 ghé
14 | PUOngKINNIoGREp |y 15| mm

buléng
15 Vat liéu dia xoay | SUSF

canh 304

Mo dun dan hdi vat

16 | .
liéu dia xoay canh

Eq

1,93.105 | Mpa
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Ky b
STT Théng s6 . Ay Cong thirc Két qua on
hiéu Vi
17 Cﬂhleu, day lap ghép I 13 nm
cua canh
Chiéu dai phan ren
1 . | 12
8 | buléng bit vao dia d mm
19 | B6 mém buléng Ao Ab = Ib/(Eb.Ab) 6,3.10" | mm/N
20 DucAmg kinh  dau Day 21 om
buldng
buong kinh tinh toan
21 - D D,=D,+(l_+1,)/4
15 ghép t i =D+l +l) 2725 MM
Dién tich bién dang 2 42
22 i ' A =xz(D°-d_)/4 2
bich va dia cénh w | A=m(D'-d;) 0649 | M
D6 mém cua cac tim I I
23 9 M Ay =m| ——+— 4,3.107 | mm/N
ghép ’ ? (ECAQ EsAg
24 | Hé sb tai trong ngoai X 0,403
26 | Ap suitdo My gayra Ouix 0,75 | Mpa
27 | Ap suitdo M, gay ra Omz 0,54 | Mpa
Ap suit do lyc ly tam
og | 7P suatdoucly O 081 | Mpa
gay ra
Ap suit do luc Fy ga
29 rap suat do luc Fy gay | 0,007 | Mpa
Géc gitra phuong ap
31 | suit téng 16n nhét véi a o =arctan [mj 35,788 Do
truc X T
Ap suit Ion nhat tai
2 (o} 1 M
3 trong ngoai gay ra gMax /69 pa
33 I-!e 505 an toan chong Ke, 15
tach ho
34 Luc Sle,t chong tach ho Ve 12,237,389 N
moi ghép
Hé sb an chd
35 ¢ so an toan chong K, Chon 15
truot
36 | Luc ngang tong Fn 2.940,51 N
37 Lyc Fn ta0 véi tryc X B ﬂ:arctan&:arctani 67,30 Do
mot goc My Fy i
38 | LucdoFngayra Fe 490,09 N
2M
39 | Luc do My gay ra Fumy Fuy =57 10,16 N
\
G6c nho nhat giira 2 s .
4 \ Xa h ba h hap vé 0 24 bé
0 lyc thanh phan ac dinh bang phuong phap vé so do 9, 0
41 | Téng hop luc 16n nhat Fov 500,11 N
42 | Hé sb ma sat f 0,22
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Ky b
STT Théng sb Ay Cong thirc Két qua on
hig¢u Vi
43 Hé sé an toan chong K, Chon 15
truot
L iét can thiét KaF,
g4 | DS SUcan ety sy = Det 3.400,857 N
chong truot f
45 | Luc siét can thiét \Y; V = Max(Vi;Vin) 12.237,389 N
46 | Budc ren Pr 2 mm
47 HI&;AU suat khi siét . 0.15
buléng [6]
48 Momerrl siét can thiét Ma 24,969 N
tuong (ng [6]

4. Két luan

Bai bao dd dé xuat phuong phap chung tinh toan
lyc siét can thiét cho buléng lap ghép cénh va bau
cia chan vit canh roi néi chung va chan vit bién
budc noi riéng.

Két qua tinh todn cho chan vit tau c6 cong suit
155 CV cho thay lyc siét can thiét téi thiéu Ia
V = 12237,3989 N, mémen siét tuong Gng la
Ma = 24,969 Nm. Chon mdmen siét theo Tiéu
chuan Viét Nam TCVN 1916:1995 vé Buldng, vit,
vit cdy va dai 6c - Yéu cau ky thuat thi ta c6
Ma = 25,35 Nm.

Dung két qua nay dé tién hanh tinh toan kich
thudc bulong theo do bén thi thu dugc duong kinh
buléng theo tiéu chuan 1a M14 hoan toan phu hop
vai duong Kinh buléng tinh theo céng thac trong
Quy chuin qudc gia vé phan cip va déng tau bién vo
thép QCVN21:2015.

Loi cam on

Bai béo 1a san pham cua dé tai nghién ctu khoa
hoc cp trudng niam hoc 2019 - 2020: “Nghién cizu
xdc dinh tdi trong tac dung va tinh bén bu 16ng (vit)
ghép céanh cua chan vit canh roi” duoc hd tro kinh
phi béi Truong Dai hoc Hang hai Viét Nam.
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