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Tom tat

Bai bao nay trinh bay viéc tinh toan va lya chon
lap ghép tiéu chudn gi#a &o truc va truc chan vit
cua tau thuy dya trén &p luc riéng can thiét cua
bé mat ldp ghép. Pong thoi, bai bdo ciing gidi
thi¢u cach xay dung mét chuong trinh tu déng tinh
toan dé lira chon ldp ghép phu hop.

Tir khoa: Ao truc, truc chan vit, ldp ghép, dé doi.
Abstract

This article presents the calculation and selection
of standard fit between the propeller shaft and its
sleeve of a ship based on the allowed pressure of
the mounting surface. The article also introduces
how to build a program that allows automatically
looking up the tables to select appropriate fitting.

Keywords: Shaft sleeve, propeller shaft, fit,
interference.

1. Pit van dé

Truc chan vit tau thuy thuong duoc boc bai mot
dng kim loai, goi la 4o truc. Ao truc bao vé truc khi
lam viéc trong moi truong nude bién hoic dau nhon
ap luc, dong thoi, tranh cho truc khong bi ma sat khi
tiép xUc truc tiép véi bac dd truc. Cac phan truc con
lai c6 thé dugc boc bang éng ddng vai chiéu day nho
hon hodc quan mét I6p bao vé (bang chat déo, vai soi
thay tinh hoic bang composite), bao vé truc khoi bi
mai mon do tiép xuc tryc tiép voi nude bién véi muc
dich khong cho nuéc bién lot vao bé mat truc, dac biét
tai chd chuyén tiép gitta hai mép 4o truc véi tryuc, dong
thoi dé thuan tién cho lap rap va sira chira (Hinh 1).

Khi lam viéc, 4o truc khong dugc phép truot
tuong ddi véi truc, vi vay lap ghép giita chung phai
1a 14p ghép c6 do doi. Dua theo d6 doi nay, lip ghép
phu hop s€ duogc lya chon nhdm dam bao diéu kién
lam viéc binh thuong cho mbi ghép, ciing nhu do
bén cua 4o tryc.

Hién nay, viéc lya chon lip ghép giira 4o truc va
truc chan vit tu thuy van chua c6 co sé khoa hoc rd
rang, chu yéu van la dya theo kinh nghiém ciia nganh

Hinh 1. Ao truc va I6p vé boc truc:

1-do truc; 2 - lop vé boc

dong tau Viét Nam va Nga (Lién X6 cti) [4, 5, 7] ma
khong dua theo d6 doi tinh toan can thiét cia mdi ghép.

Dé lya chon Idp ghép cho méi ghép giira 4o truc
va truc chan vit, trudc tién ching ta can xac dinh ap
suit trén bé mat Iap ghép, tir d6 xac dinh do doi can
thiét va tir 46 doi ny, ching ta tra cac bang tiéu chuan
vé dung sai ldp ghép dé chon lap ghép phu hop, dam
bao diéu kién lam viéc binh thuong cua mdi ghép. Lap
ghép duoc chon ngoai viéc dam bao cho 4o truc va
truc khong dich chuyén tuong d6i véi nhau con phai
dam bao khong gay bién dang dan hoi qua 16n co thé
gay hong 4o truc va truc. Bai bdo nay chi trinh bay
viéc tinh toan va lua chon Iip ghép (goi tit la tinh
chon) gitra 4o truc va truc chan vit tau thay, dua trén
ap luc riéng can thiét cho trude, con viée xac dinh ap
lyc riéng can thiét nay da duoc trinh bay trong [1].

2. Tinh toan, lya chen lip ghép tiéu chuén cho
méi ghép

Chon kiéu lap chit tiéu chuan cho mdi ghép gitra
40 truc va truc chan vit tau thuy can dam bao hai diéu
kién sau:

- Ao truc khéng dich chuyén twong di vai truc khi
chiu tac dung cuia ngoai luc (Piéu kién bén cua mdi
ghep);

- Bam bao d6 bén cua 4o truc va truc, nghia 1a bé
mit tiép x0c cua chdng khong bi pha hong hay bién
dang du qua 16n do tac dung cua d6 doi qua lon (Do
bén cua c4c tiét may trong mdi ghép).
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Diéu kién thir nhit cho phép xac dinh d6 doi can
thiét Ne du dé truyén lyc (md men xoan, md men
ubn va luc doc truc). Diéu kién thir hai cho phép
xéac dinh do doi cho phép 16n nhét [Nimax], dam bao
khong gay bién dang déo bé mat lap ghép dudi tac
dong cua do doi.

Trinh ty tinh chon Idp ghép nhu sau [8]:

- Tinh d¢ doi tinh toan trén bé mat 1ap ghép Ny,
Xuét phat tir ap lyc riéng p di cho (Hinh 2). Theo cong
thirc La mé vé 1y thuyét dng day, gitta d6 déi trén bé
mit tiép xuc va ap luc riéng c6 hé thirc [10]:

N, =10°pd(C, /E, +C, /E, ) (um), (1)
C1, C; - cac hé sé dugc tinh nhu sau:
C, = (d*+d})/(d* —df) —p;
C, =(d; +d*)/(d; —d*) +p,,

Trong d6: E1, E2 Va w1, p2 - mo dun dan hoi va hé
sb Poét x0ng cua truc va 4o truc; d - duong kinh danh
nghia cua méi ghép, di - duong kinh trong cua tiét
may bi bao (dbi véi truc chan vit dic d; = 0); d; -
duong kinh ngoai cua ao truc.
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Hinh 2. Ap luc riéng va lc ma sat riéng trén bé mat
tiép xdc cia moi ghép dp doi
- Tinh d6 d6i can thiét N.. Sau khi l4p rap, nhiing
dinh nhip nhd bj san phang mot phan, nén do ddi tinh
toan (d6 ddi lam viéc) nhoé hon do ddi can thiét ban
dau. Vi vay do doi can thiét phai 1a do doi tinh toan
duoc b thém mot lwong bang phan bi san phang:
N, =N,+L2(R, +R,,), 2
Trong d6: Ry, Ry2 - chiéu cao cac map md té vi cua
b mit ngoai cua truc va bé mat trong cua 13; 1,2 - hé
s6 an toan [8].
- Tinh &p lyc riéng 16n nhét pmax dam bao khong
phét sinh bién dang déo trén bé mit tiép xuc giira 40
truc va truc, I gié tri nho hon trong hai gia tri sau [8]:

{pl = 0,580, (1~ (d, /d)?);

K 3)
P, =05580,,(1(d/d,)?),

Trong d6: p1, P2 - &p huc riéng cho phép trén bé mat
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ngoai cua truc va bé mat trong cua 4o truc. DI voi
truc, duong kinh trong di = 0; Geny, ocnz - gidi han chay
cua vat liéu truc va 4o truc.

- Tinh d6 ddi tinh todn 16n nhat Nigmax tir ap luc
riéng 16n nhat pmax, theo cong thirc La mé [10]:

Nttmax:lo3pmaxd(C1/El+C2/E2) (H’m) (4)

- Tinh d6 d6i cho phép 16n nhit [Nimax] (P9 ddi cho
phép trude khi lap rép):

[Novax] = Nema +L2(R 1 +Ryz): ®)

- Tra bang tiéu chuan vé dung sai lap ghép [8] dé
chon kiéu l4p thoa man diéu kién:

Nmin > Nc'
N, <[N

max —

(6)

max]’

Trong d6: Nimin, Nmax - 46 d6i nho nhat va do doi
I6n nhét cua lap ghép duoc chon.

Néu khéng c6 lap ghép nao thoa man diéu kién (6)
nghia 1a tri s6 &p luc riéng p da cho 1a khong phu hop,
can thay doi két cau mdi ghép (kich thudc va vat ligu
truc va 4o truc) dé thay doi tri s6 p. Néu cé nhiéu lap
ghép duoc chon thi can chon Iap ghép ¢6 Nmax nho
nhét dé tang do bén cua 4o truc.

3. Xay dung chwong trinh tw dong tinh toan
lwa chon lap ghép

3.1. Gidi thigu vé ngdn ngir Idp trinh Delphi

Delphi 1a ngdn ngir Iap trinh dua trén nén tang la
ngdn ngir lap trinh hudng dbi tugng Object Pascal, co
céu trc chat ch&, mach lac, rd rang, rat thich hop dé
giai c&c bai toan k¥ thuat [6, 9].

Khi tinh toan lua chon l3p ghép tiéu chuan cho méi
ghép gitra 40 truc va tryc chan vit tau thay, can thuc
hién cac budce tinh toan ddng thoi phai nhidu lan tra
va ndi suy sb liéu tir cac bang tiéu chuin vé dung sai
Iip ghép. Nhiing viéc 1am nay cé thé duoc thyc hién
mot cach tu dong bang céc thu thuat lap trinh twong
ung trong Delphi.

3.2. Xa&y dwng chwong trinh

Chwong trinh tinh chon lip ghép tiéu chuan cho
méi ghép gitra 40 truc va truc chan vit tau thiy duoc
xay dung duya theo &p lyuc riéng p cho truge trén bé
mat lap ghép. Tir &p luc riéng p, viéc chon lp ghép
tiéu chuin duoc tién hanh theo trinh tu da trinh bay
trong muc 2 cua bai bao nay.

Giao dién cta chuong trinh tinh chon lap ghép tiéu
chun giita 40 truc va truc chan vit tau thuy dwoc trinh
bay trén Hinh 3. Chwong trinh tinh toan gdm 4 phan
chinh sau:
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¥ Tinh chon lap ghep tieu chuan giua ao truc va truc chan vit tau thuy 22:31:20 — O X
NHAP DULIEU BAN PAU KET QUA
A'p luc riéng can thict p |3 M5 dun dan hoi 1 Igmooo Cic 50 liéu di nhap la: A~
Buong kinhd 200 Mo dun dan hoi 2 100000 4p lue rieng can thiet trén be mat ghép p= 3 MPa:
i Buong kinh danh nghia cia moi ghép: d = 290 mm;
Budng kinh d2 309 Do nhim cia truc 6.3 Puong kinh ngaai ciia meay o: d2 = 309 mm;
Hé so Poatxong ciia truc: Muyl =0.3;
Hé so Podt xo6ng 1 03 Po nhim cla moay o 1 Hé so Poatxong cia moay o: Muy2 =0.33;
Mé dun dan hoi ciia truc: E1 = 2.1E005 MPa:
He so Pait xong 2 0.33 Gioi han chay cia truc 250 Mo dun dan hoi ciia meay o: E2 = 1E005 MPa:
o ) . Do nham cia truc: Rzl =6.3 Micromet;
Gi6i han chiy cua meay ¢ [200 D6 nhim cia meay o: R22 = 10 Micromet:

Xic nhin cdc so liéu nhap vao |

Gi6i han chay cia truc: Xikmachayl =250 MPa;
Gioi han chay cia moay o: Xikmachay2 = 200 MPa:

Ket qua tinh todn duoc la:
Do déi tinh tadn: Ntt = 143 Micromet;
Bo doéi can thiet: Ne = 162.6 Micromet;

ap luc néng 16n nhat: pmax = 13.83 MPa;
Po doi tinh tadn Ion nhat: Nttmax = 659.3 Micromet:

Bo doi cho phép 16n nhat: [Nmax] = 678.9 Micromet:

I Cic lap ghép duogc chon la:

Close |

TINH TOAN
Po doi tinh tadn Ntt | Do doi tinh todn lon nhat Nttmax |
e | Do doi cho phép lén nhat [Nmax] |
A'p lue riéng 16n nhat Pmax | ‘ Tra bang chon lap ghép
LUA CHON
Ghi ket qua |

H7/t6, Nmax =272 micromet; Nmin =188 micromet;
H7/u7, Nmax =402 micromet; Nmin =298 micromet;
H8/u8. Nmax =431 micromet: Nmin =269 micromet:
H8/x8, Nmax =606 micromet: Nmin =444 micromet;
T7/h6. Nmax =272 micromet: Nmin =188 micromet:
U8/h7, Nmax =431 micromet: Nmin =298 micromet:

Hinh 3. Giao dién ciia Chwong trinh

1) Phan Nhép dir ligu ban ddu:

Cac dir liéu ban dau can nhap 1a: Ap luc riéng can
thiét trén bé mat lip ghép p; duong kinh danh nghia d
ctiia mdi ghép; dudng kinh ngoai d, cua 4o truc; hé s6
Poat x6ng 1, 2 va mo dun dan hoi Ey, E, cia vat lidu
truc va 4o truc; do nham bé mat ngoai truc R, va cua
bé mt trong 4o truc Ryz; gisi han chay oo cua truc
Va Gch2 CUa ao truc. Cac dit liéu dugc nhap vao chuong
trinh bang viéc sir dung déi tugng Editbox ciia Delphi.

2) Phan Tinh toan:

Viéc tinh toan dugc thuc hién nho sir dung dbi
twong Button (NGt nhan) cua Delphi. Bang céch
nhin cac nut twong ng, Chuong trinh sé& ty dong
thuc hién tinh toan céc thong s6 can thiét va sau do
tu dong tra cac bang tiéu chuan va hién thi cac lap
ghép thoa man yéu cau trén Memo & giao dién
chuong trinh. Céc 1ap ghép thoa man diéu kién s&
duoc hién thi ca ky hiéu ldp ghép cung vai tri s6 d6
doi glé'l han Nmax, Nmin Cua Chl’Jng.

Néu khong ¢ lap ghép nao dugc chon nghia 14 véi
ché do tai trong, két cau va vat lidu caa méi ghép
khong thé c6 1ap ghép tiéu chuan nao thoa man yéu
cau. Ngudi str dung can thay d6i cac théng sé trén,
nhap s liéu va thuc hién tinh toan lai. Néu cé nhiéu
lip ghép dong thoi thoa man thi nén chon Ip ghép nao
¢6 Nmax Nho nhét dé khong nhitng dap ung dugc yéu

cau vé lap ghép, ma con ning cao d6 bén ciia mbi ghép.

3) Phan ghi két qua:

Két qua cua toan bo qué trinh tinh toan s& dwoc
hién thi trén Memo két qua cia chuong trinh. Ngudi
str dung c6 thé ghi két qua dudi dang tap tin (file) van
ban bang cach nhan nat Ghi két qua trén giao dién cua
chuong trinh. Khi d6 chuong trinh s& ghi két qua va
luu trix trong folder Két qua di kém véi chuong trinh.

4) Phan Lua chon

Phin nay cho phép nguoi ding lya chon ghi két
qua va thoat chuong trinh.

3.3. Vi du sit dung chwong trinh

Vi dy: Tinh chon ldp ghép tiéu chuin cho mbi
ghép gilta 4o truc va truc chan vit tau chd hang kho
6200 tin v6i cac sb lidu sau: Ap sudt can thiét trén bé
mit ghép p = 3MPa; duong kinh danh nghia ciia mbi
ghép d = 290mm; dudng kinh ngoai cta 4o truc d; =
309mm; hé sé Poat xong cua truc (thép) u = 0,3 va
ciia 40 truc (hop kim ddng) p = 0,33; md dun dan hoi
cua truc E1 = 2,1.10°MPa va 4o truc E, = 10°MPa; d6
nham bé mit ngoai cua truc R, = 6,3um va bé mit
trong cua 4o truc Rz, = 10um; gidi han chay cua truc
oen1 = 250MPa va 4o truc ochz = 200MPa.

Str dung chwong trinh da xay dung dwoc dé tinh
cho vi du & trén, Kkét qué thu dugc nhu sau:
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Céc sb lidu da nhap la:

Ap lyc riéng can thiét trén bé mat ghép: p = 3MPa;
Puong kinh danh nghia ciia méi ghép: d = 290mm;
Puong kinh ngoai cta 4o truc: d> = 309mm;

Heé sb Poat xong cua truc: py = 0,3;

Hé sb Poat x0ng cua 4o truc: e = 0,33;

M6 dun dan hoi cua truc Eqx: = 2,1.10°MPa;

M6 dun dan hoi cta 4o truc: Ez = 10°MPa;

Do nham bé mat ngoai cua truc: R,1 = 6,3um;

D06 nham bé mit trong cua 4o truc: Ry = 10um;
G6i han chay cia vat liéu truc: o = 250MPa;
Gidi han chay cua vat liu 4o truc: och2 = 200MPa.
Két qua tinh toan dugc la:

Do doi tinh toan: Ny = 143um;

Do doi can thiét: N¢ = 162,6pum;

Ap lyc riéng 16n nhat: pmax = 13,83MPa;

D6 doi tinh toan 16n nhit: Nimax = 659,3um;

Do doi cho phép 16n nhit: [Nmax] = 678,9um.

Céc lap ghép duoc chon la:

H7/16, Nmax =272um;  Npin = 188um;

H7/u7, Nmax=402um; Nmin = 298um;
H8/u8, Nmax =431um; Nmin = 269um;
H8/x8, Nmax =606um; Nmin =444 um;
T7/h6, Nmax =272um; Nmin = 188um;
U8/h7, Nmax=431um; Nmin = 298um.

Nhu vdy ¢é sau lap ghép duoc chon, thoa man yéu
cau da cho. Pé nang cao do bén cua mdi ghép cin
chon lip ghép c6 d6 doi 16n nhéat Nimax nho nhat d6 1a
hai lip ghép H7/t6 (Lip ghép trong hé thong 15) va
T7/h6 (Lép ghép trong hé thdng truc). Trong hai lép
ghép nay nén chon lip ghép trong hé thong 16 H7/t6
dé gia cong thuan tién va gia thanh ré hon lip ghép
trong hé thong truc.

Két qua tinh toan bang chuong trinh & trén hoan
toan trang lap vdi két qua tinh toan bang phuong
phap thu cong di dugc kiém chimg lai. Didu nay
minh chirng cho tinh chinh xac cua chuong trinh da
xay dung.

4. Két luan

Bai bao trinh bay viéc tinh toan lya chon lip ghép
tiéu chuan cho méi ghép giira 4o truc va truc chan vit
tau thuy dua trén ap luc riéng can thiét trén bé mat tiép
xUc ciia moi ghép nay. Vi cling mot tri sb &p luc nay
c6 thé co nhiéu lip ghép thoa man. Lap ghép duoc
chon 12 lip ghép c6 d6 ddi I6n nhat Nmax nho nhat dé
tang d6 bén cua mbi ghép. Néu cé hai Iip ghép cing
dic tinh (nhu trong vi du trén) thi nén chon lap ghép
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trong hé thong 15 dé thuan tién cho qué trinh gia cong
va ha gia thanh san pham. Néu khéng c6 ldp ghép nao
duoc lya chon, nghia 1a tri s6 &p luc riéng p cho truéc
1a khong hop 1y, can thay doi cac yéu td vé kich thudc
va vat ligu cua mdi ghép dé thay doi tri sd p, tir d6 s&
lya chon duoc lip ghép thoa man yéu cau.

Bai bdo cling da trinh bay viéc xay dung va su
dung mot chuong trinh tinh toén va tra bang ty dong
dé tim lap ghép, thay thé cho phwong phap tinh toan
va tra bang thu céng. Chuong trinh cho phép thyuc hién
tinh toan nhanh chéng, chinh xac, tranh nham lan,
giam duoc thoi gian cong sire, dac biét la viéc tra bang
thuong rat mét thoi gian, sai s6t va bét tién vi ludn
phai mang theo va tra ctru cac bang tiéu chuan.
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