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TOM TAT

Ouy trinh cong nghé thiét ké, san xudt, gia cong va ldp rdp hé thong dwong éng trong cdc
nganh céng nghiép, ddc biét trong nganh céng nghiép dong tau cé ti trong két cdu Iom, cé dé phirc
tap cao, doi hoi tinh chinh xac, on dinh. Viéc du doan duoc cac kha nang sai 56 ¢6 thé xay ra khi gia
cong ong cho phép dé xudt cdc phirong dn diéu chinh va bii hoa sai sé khi ldp rdp ong ngay trong
giai doan thiét ké, théng qua do tang cwong tinh chinh xdc ldp rdp va ndng cao ti 1é ong gia cong
theo bdn vé thiét ké. Bai bdo tdp trung nghién civu anh hwdng ciia qud trinh uén ong, xdy ding mé
hinh todn mé ta toa do thuc té cia 5ng cO tinh t0i cdc sai léch khi gia cong, la co so dé xac dinh
mién sai s6 cia doan ong trong cdc giai doan thiét ké va gia cong.

Tir khéa: Hé thong dwong ong; Sai sé; Thiét ké tau thity; Quy trinh cong nghé; M6 hinh
toan.

ABSTRACT

The technological process of designing, manufacturing, processing and assembling pipeline
systems in industries, especially in the shipbuilding industry, has a large structural proportion,
high complexity, and requires accuracy and stability. Predicting possible errors that may occur
during pipe processing allows proposing solutions to adjust and compensate for errors during pipe
assembly right in the design stage, thereby increasing the accuracy of assembly and increasing the
rate of pipes processed according to design drawings. The article focuses on studying the influence
of the pipe bending process, building a mathematical model describing the actual coordinates of
the pipe taking into account the deviations during processing, which is the basis for determining the
error domain of the pipe section during the design and processing stages.

Keywords: Piping system; Error, Ship design; Technological process, Mathematical
description.
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1. PAT VAN PE

Ong thép véi nhitng wu diém ndi bat vé
kha nang chiu luc tdt, chiu dugc bao mon va ap
sudt cao dugc tng dung phd bién trong nhiéu
nganh cong nghiép. Trong nganh cong nghlep
dong tau, dng thép chiém vai tro va ti trong két
cau 1on, c6 mat trong hau hét cac hé thong churc
nang trén tau thity nhu hé thdng bom va cung
cép nhién liéu, hé théng nudc dén, hé théng
ctru hoa, hé théng hiat khé va cac hé thong
chuyén dung khac. Pac biét, cung vdi yéu ciu
ngay cang da dang trong linh vyc van tai duong
thuy, cac con tau dugc thiét ké va dong méi
c6 xu hudéng ngay cang hi¢n dai va mang tinh
chuyén moén héa cao, dugc trang bi nhiéu hé
thong phirc tap, trong d6 hé théng duong dng
dong vai tro quan trong. Mirc do phuc tap trong
qué trinh thiét ké tau thiy ngay cang ting kéo
theo mat d6 phan bd dng ngay cang 16n, doi hoi
hé théng duong dng phai c6 do chinh xac cao
trong ngay trong qua trinh thiét ké, gia cong va
1ap rap.

Hién nay, vi¢c ing dung cac cong nghé,
phan mém hién dai cho phép thiét ké hé thng
duong dng trén tau thiy mot cach chi tiét. Toan
bo 6ng riéng 1é cua hé théng duong ng duoc
mo ta thong qua cic ban v& véi ddy du kich
thudce cu thé. Mic du vay, van con ton tai mot
luong 16n cac dng khong thé gia cong truc tiép
theo ban v& thiét ké [1-3]. Van dé trén xudt phat
tir viéc trong giai doan thiét ké khong thé dy
doan dugc céc sai s6 c6 thé phat sinh trong qua
trinh gia cong va lap rap duO'ng 6ng [4, 5]. Vi
vay, viéc phan tich cac yeu t anh huong to1 do
chinh x4c gia cong va lap rap duong ong, dong
thoi danh gia dugc anh huéng cua ching dén
kich thudc cubi ciing ctia dng co ¥ nghia trong
viéc ra quyét dinh phuong an gia cong, giup
giém ti 1¢ gidn doan va nang cao hi€u qua san
xuat.
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Trong bai bao, tic gia dé xut nghién
ctru anh hudng cua cac quy trinh cong nghé,
dac biét 1a qua trinh uén t6i d§ chinh xdc gia
cong 4ng, thong qua do xay dung mo hinh toan
nham x4c dinh mién sai s6 phat sinh trong qué
trinh gia cong, cho phép du doan cac phuong
an bu hoa sai s6 va ting cudng tinh chinh xac
lap rap cua hé thdng duong éng ngay trong giai
doan thiét ké.

2. QUY TRINH CONG NGHE GIA CONG
ONG THEP TAU THUY

2.1. Quy trinh cdng ngh¢ gia cong ong thép
tau thuy

Quy tr1nh cong ngh¢ gia cong ong thép
tau thiy bao gdm cac cong doan cit, udn va
cac cong doan phu trg khac nham tao hinh § ong
thép theo kich thudc toa do tir ban v& thiét ké.
Céc bude gia cong bao gdm dy tinh tién, udn,
déo chiéu va cit, trong do, mdi cong doan thyc
hién trén cac thiét bi twong tng voi mot sai s6
nhit dinh ndm trong giéi han cho phép. Udn
dng dugc thuc hién trén cac may udn dang didu
chinh thu cong, ban tu dong va tu dong, di kem
qué trinh cit trén cac may cét chuyén dung.

Lo

Hinh 1. Quy trinh cong nghe gia cong ong
a—Pay tinh tién 1; b — Udn; ¢ — Day tinh tién 2;
d — Pdo chiéu; e — Ubn

Sai sO gia cong trong ting cong doan

anh huong tryc tiép t6i sai s6 cudi cung cua &=
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doan ong thanh pham du’orc xac dinh b0’1 toa
d6 diém dau va diém cubi ong. Cac sai s6 duoc
chia thanh hai nhoém chinh, sai $6 do dai lién
quan dén qua trinh cit va déy tinh tién, sai sb
goc lién quan dén qua trinh uén va dao chiéu,
trong d6 céc sai s6 goc phirc tap va khé du doan
hon, dong thcn co anh hudng 16n hon dén toa
d6 diém cudi doan dng.

phi ong.

Hinh 2. Cdc dang sai sé trong gia cong ong.

Qua trinh gia cong tao hinh éng thép
duoc thuc hién bdi téng hop cac cong doan
riéng 1€ voi trinh ty nhat dinh, phu thudc vao
hinh dang doan 0 ong Do do viéc du doan chinh
xac sai s6 ctia diém cudi 6ng trong qua trinh gia
cong la khong kha thi. Mot trong nhitng gidi
phap nham khic phuc van dé trén 1a dé xuat
xdy dung mo hinh toan ctia mién sai s6 ngay
trong giai doan thiét ké, dic biét 1a cac sai sd
phat sinh trong cic cong doan udn ong, qua do
cho phép so b lén phuong an bu hoa mién sai
s0 trong qué trinh lap réap.

2.2. Phén tich dnh hwéng ciia qua trinh uén
t&i do chinh xac gia cong ong thép

Nhiam danh gia chinh x4c anh huong
clia qué trinh udn téi sai s6 gia cong ng, xét
mot doan 6ng c6 hinh dang thiét ké duoc mo
phong trong hé toa do khong gian ba chiéu
XYZ véi gbe toa d6 dat tai diém dau doan éng
(H1nh 3). Poan 6 ong duoc tao hinh véi ba dlem
udn tai cac vi tri s6 2, 3 va 4, trong d6 vi tri sb 4
c6 két hop dao chiéu 6 ong. Trén hinh, vi tri thiét
ké 1y thuyét dugc thé hién bang nét lién dam,

vi tri thyc t€ ciia doan Ong sau gia cong co tinh
dén cac sai so duoc thé hién bdi nét dut.

Hinh 3. Vi tri thiét ké Iy thuyét va thiee té ciia
doan ong.

Xét cong doan udn tai diém 2 duge thuc
hién xung quanh tryc uén 22 vuéng goc véi
mit phang udn (123). Do 1éch ctia mot diém bat
ky trén doan dng dudi anh huong ciia d6 léch
goc quay udn (a) duge xac dinh trén mit phing
ubn, hodc trén mit phang song song (255°). Bdi
voi cac diém nat, do léch duge xac dinh boi
d6 dai cung quay 33’ ban kinh /23/ d6i voi nat
3, cung quay 44’ ban kinh /24/ dbi voi nit 4
va cung quay 55° ban kinh /2'5/ dbi véi nut 5.
Trong d6 /23/, /24/, /2'5/ dugc xac dinh 1a cac
duong tam ban kinh twong trng véi cac nut 3, 4,
5:/33'/=/23/-a, /44'/ = /24/-a, /55'/ = /2'5/-a.

Cong thirc chung tinh d§ léch tai mot
diém bat ki dugc xac dinh bdi: A = R-a trong
d6 R tuong tmg véi ban kinh tAm quay tai moi
diém.

Do 1éch cua toa d6 diém cubdi doan 6ng
M duoc mo ta bdi vécto A(xa, ya, za), la hi¢u
ctia hai vécto ban kinh udn thuc té va 1y thuyét
R'(X,Y', Z") va R(X-X", Y-Y", Z-Z"):

A=R-R=R—(L-R")

Trong do, cac vécto L(X, Y, Z) va
R"(X", Y", Z") duoc thé hién trén hinh 3.
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Sai sO kich thudc cua diém cuoi doan
ong theo céc chiéu x, y, z dudi anh hudng ciua do
l1éch gbéc uon (a) duogce xac dinh theo cong thure:

xa=X-(X-X"),ya=Y(Y-Y"), za
=7 —(Z-2")

Goi N'(N'x, N'y, N'z) — Vécto phap
tuyén clia mat phang udn, 1a tich c6 huéng cua
hai vécto L (X, Y, Z)vaL(X,Y,,Z):

N'x:Yl'Zz_Zl 'Yz= N'y:ZI.Xz_XI'ZN NlZzXl'Yz_Yl'Xz

Go6c hop boi cac vécto N'(N'x, N'y, N'z)
va L(X, Y, Z) dugc xac dinh bdi cong thuec:

Nx-X+N'y-Y+N'z-Z
IN N N2 XY 4 2P

cos(¢) =
Mat khac, R" =L - cos(¢) voi
L=ANX>+Y*+Z?
Ta nhan dugc phuong trinh:

N'x-X+N'y-Y+N'z-Z

R":
\/N'x2 +N‘y2 +N'Z?

Do cac vécto N'(N'x, N'y, N'z) vaR"(X",
Y", Z") ciing phuong vudng goc voi mit phang
udn, do d6 ta duoc ti 18 tuong Gng cua cac vécto
cung phuong nhu sau:

N
RH N! NF
LZN.}, — Y":N'_}"R
R" NT NF
2Nz gy R
R" N! NF
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Twr cong thirc xac dinh d6 dai:

N'=N'x> +N'y? + N'z2

Ta nhan duoc:

 Nx-(N'x-X+N'y-Y+N'z-2)

* N'xz+N'y2+N'z2

Yo Ny - (N'x-X+N'y-Y+N'z-Z)
N'x? JrN'y2 +N'z2

n_ Nz-(N'x-X+Ny-Y+N'z-Z)

N'x? +N'y2 +N'zZ?

Goc udn ly thuyét dugce xac dinh boi goc
hop boi cac vécto N(Nx, Ny, Nz) va R(X-X",
Y-Y", Z-Z"):

Nio(X = X"+ Ny (¥ —¥Y")+ Nz (Z - Z")

(9) =
e VN NP N (X - X (- (2 -2

Trong do, N(Nx, Ny, Nz) — Vécto phap
tuyén cua mit phang hop boi L(X, Y, Z) va
N'(N'x, N'y, N'z):

Nx=Y-N'z-Z-N'y, Ny=Z-N'x-X-N'z, Nz=X-N'y-Y-N'x

Go6c uon trén thuc té cé bao gom cac sai
s0 uon duogc xac dinh bdi cong thirc:

P'=a+to

Vay:
T T S\ & e e G LU )
NeZ £ Ny2 V22 (X=X 4 (7 -1 +(Z - 2")? 1
Nx-X'+Ny-Y'+Nz-Z' ( )

N2+ T Nz X2yt

Mit khac, do ban kinh uén t6i diém
cudi doan ong la khong thay doi, nén:

R=R" = J@x-x)+@-1+z-27 =Vx*r?z? (2)
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Phuong trinh mat phang udn dugc xac
dinh boi phuong trinh mat phang qua hai vécto
N(Nx, Ny, Nz) va R(X-X", Y-Y", Z-Z"):

X' Y' VA
Nx Ny Nz [=0 (3
X _ X” Y _ Y" Z _ Z"

Giai hé phuong trinh (1), (2), (3) véi céac
bién sd X', Y', Z' cho phép xac dinh toa dd thuc
té ctia diém cudi doan 6ng, da du:(yc tinh toan
v6i anh huong cua cong doan ubn, thong qua
do €0 thé xac dinh duoc mién sai sb cua dlem
cubi doan dng c6 thé xay ra trong qua trinh udn.

Trong truong hop tong quat, do 1éch
(A) d6i voi mot diém bat ky trén doan ong véi
toa do 1y thuyét diém cudi doan & ong M(x,y,z)
dudi anh hudng cua do 1éch goc udn (a,) (hinh
4) dugc xac dinh bdi phuong trinh vécto:

xa; X' X X"
A| ya; |=RY'|-|L| Y |[-R"T" ||
za; VA VA Z"
X!
Trong do, vécto R'| Y' | cho phép xac
Z!

dinh toa do thuc té cta diém cudi doan 6ng la
nghiém cua hé phuong trinh:

[ (N-(LR)]] N-R
Cos| a; + arccos = .
[N[-|Z R :

‘L .y R
R'N-(L-R")=0

X = Xi
—Vin |

Zit+1

(L'XLHI)'L;

RH Y!I
IL;x L

NNy-

Nz

= (Lx(L;x Liyy))

z+1‘

Hinh 4. Anh huéng cia qua trinh uén toi kich
thuoc toa do doan 5ng.

4. KET LUAN

Noi dung nghién ctru tap trung danh gia
anh hudng cua cac quy trinh cong nghé toi1 sai
s6 gia cong dudng 6ng thép tau thuy, diac biét
phan tich anh huéng ciia qua trinh uén téi do
chinh xéc cta kich thuéc dng. Két qua nghién
ctru duogce thé hién trong cac ndi dung sau:

- Phan tich quy trinh ~cong ngh¢ gia
cong 6ng thép va cac loai sai sd phat sinh.

- Xay dyng m6 hinh toan hoc cho phép
danh xac dinh toa do thuc t& va mién sai sb
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ctia doan 6ng sau qua trinh gia cong, dudi anh
huong tir sai s6 ubn.

Két qua nghién ciru 1a co s& nham xdy
dung cac phuong 4an bu hoa sai s gia cong
ngay trong giai doan thiét ké, cho phép ning
cao ti 1 éng duogc gia cong truc tiép theo ban
v& thiét ké, nang cao tinh chinh xac trong qua
trinh lap rap hé thong dudng dng noi riéng va
thi cong dong tau nodi chung.
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