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TOM TAT: Bai bao trinh bay phuong phap gidi,
thuat todn va két qud thu duoc khi ung dung
phuong phap tinh toan biéu tuong vao bai toan xac
dinh phan luc géi d& hé truc tau thdy nham fim
duoc céng thuc gidi tich clia phan luc tai cac gdi
dd theo cac théng sé dau vao. Xuat phat t& mé
hinh todn viét cho ddm siéu tinh nhiéu nhip 1a két
qud cla viéc mé hinh hoéa tU két cau thuc té cla hé
truc tau thdy, nhém tac gid xady dung mét phuong
phap gidi va thuat todn mdi dé gidi mé hinh toan
nay. Khac véi cac phuong phap gidi da biét 1a su
dung cac phuong phap s6, phuong phap giai trinh
bay trong bai bao nay s& dung mét phuong phap
tinh todn mdi - phuong phap tinh todn biéu tuong.

TU KHOA: Tinh toan biéu tuong, céng thic gidi
tich, phan luc géi d& hé truc tau thay.

ABSTRACT: The paper presents the solution
method, algorithm and obtained results when
applying the symbolic computation method to
the problem of determining the bearing reaction
forces of a ship's shaft system in order to find
the analytical formula of the reaction force at the
supports in terms of the input parameters. Starting
from the mathematical model written for multi-
span superstatic beam model which is the result
of modeling from the actual structure of the ship's
shaft system, the authors built a new solution
method and algorithm to solve this mathematical
model. Different from known solutions that use
numerical methods, the solution method presented
in this paper uses a new computation method -
Symbolic computation method.

KEYWORDS: Symbolic computation, analyfical
formula, bearing reaction force of ship's shaft system.

1. DAT VAN BE
Tinh toan phan luc tai cac goi d& la bai toan quan
trong khi tinh nghiém bén hé truc trong qua trinh thiét ké
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dong mdi, thiét ké hoan cai hoac sra chira [6n tau thay. Hé
phan luc g6i d& phan anh muic d6 téi uu clia hé tai trong
tdc dung trén cac bac d& cling nhu quyét dinh dén tinh
lam viéc an toan, tin cdy cla hé truc vua thiét ké ra, déng
thai cling cho biét c6 kéo dai dugc tudi tho clia hé truc
hodc cai thién dugc chi sé thiét ké hiéu qua nang luong
(EEDI - Energy Efficiency Design Index) clia tau hay khong.

Theo Quy chuan ky thuat quéc gia cta Viét Nam hién
nay, duong kinh cac doan truc ctia hé truc tau thay dugc
tinh todn theo diéu kién truyén mé-men xoan [1], sau dé
dugc tinh nghiém lai theo cac diéu kién chiu kéo/nén, chiu
uén, chiu xoan... Trong d6, hé phan luc tai cac goi d& can
dugc xac dinh théng qua cac phuang phép s6 gan dung.
Do vay, khi muén danh gia anh hudng clia mot yéu to
nao dé dén hé phan luc nay sé phai thuc hién nhiéu lan
chubi cong viéc: Thiét 1ap gia tri ban dau cla yéu t6 can
xem xét anh hudng = tinh toan hé phan luc g6i d6 - thay
déi gia tri chia yéu t6 anh hudng > tinh toan lai hé phan
lyc g6i dd. Tuy nhién, cac két qua thu dugc nay cling thiéu
tinh truc quan va khé khan trong phan tich, danh gia anh
hudng cta né.

Trén thé giGi hién nay, phuong phédp tinh toan
biéu tugng (tam dich tu thuat ngr ti€ng Anh: Symbolic
Computation) dang dugc nghién cu va Uing dung rong
rai trong cac bai toan ky thuat can cac tinh toan chinh xac
cao. Theo phuong phép nay, cac bai toan ky thuat trong
thuc té sé dugc tinh toan st dung biéu tugng xa téi muc
6 thé, t6t nhat la dua ra dugc cac cong thic giai tich cudi
cung. Can clr trén cac cong thuc gidi tich d6 sé c6 thé phan
tich, danh gia cac yéu t6 anh hudng mot cach chinh xac,
truc quan hon hodc néu can thay s6 thi cling sé cho két
qua sé chinh xac hon.

Trong khuén khé bai béo nay, nhém tac gia trinh bay
cac can c’ clng nhu két qua dat dugc cua viéc Ung dung
phuaong phép tinh toan biéu tugng vao bai toan tinh toan
phan luc g6i d& hé truc tau thay nham dat dugc két qua
chinh xac hon ciing nhu tao thuan Igi, dé dang trong
nghién clu cac yéu té anh hudng dén hé phan luc goi dé
clia hé truc tau thay.
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2. XAC DINH CONG THU'C GIAI TICH CUA PHAN LUC
GOI PG HE TRUC BANG TiNH TOAN BIEU TUONG

2.1. Giéi thiéu phuong phap tinh toan biéu tugng

Thuc hién tinh toan biéu tuong c6 nghia la st dung
may mac, chang han nhu may tinh, dé xir ly cac phuong
trinh va biéu thuic toan hoc & dang biéu tugng. Cac biéu
tuong xuat hién dudi dang ky hiéu cé thé biéu thj céc
s6 nhu s6 nguyén, sé hlu ti, sé thuc va sé phc, cac doi
tugng todn hoc nhu da thic va ham s6, hé phuong trinh
va tham chi cac cau tric dai s6 triru tugng hon nhu nhom,
vanh va cac phan t clia chung. Cac phép tinh biéu tugng
dugc thuc hién chinh xac theo cac quy tac dai sé thay vi st
dung phép tinh gan dung dau phdy doéng nhu trong tinh
toan sé. Tinh toan bi€u tugng nam & ranh giéi gidra linh
vuc toan hoc va khoa hoc may tinh. Cac déi tugng duac
thao tac la cac thuc thé toan hoc, nhung cac y tudng thuéat
toan thudng dén ti khoa hoc may tinh. Nhiéu tén goi
khac dugc st dung dé chi tinh toan biéu tuong (Symbolic
Computation) trong cac tai liéu hién c6 nhu dai s6 may
tinh (Computer Algebra), tinh toan biéu tuong va dai s6
(Symbolic and Algebraic Computation), tinh toédn todn hoc
biéu tuong (Symbolic Mathematical Computation), tinh
toan ban s6 (Semi-numerical Computation), thao tac biéu
tugng va dai s6 (Symbolic and Algebraic Manipulation) va
thao tac cong thuc (Formula Manipulation).

Phan mém hodc cong cu thuc hién tinh toan biéu tuong
dugc goi la Hé théng dai s6 may tinh (CAS - Computer
Algebraic System). CAS hién dai c6 thé dugc chia thanh hai
nhom: Hé thong cé muc dich dac biét (chuyén dung) va hé
théng c6 muc dich chung. CAS c6 muc dich dac biét dugc
thiét ké dé gidi quyét cac van dé trong moét nhanh cu thé
clia vat ly, toan hoc hoac ky thuat. CAS c6 muc dich chung
dugc thiét ké dé c6 thé thao tac nhiéu loai cau tric di liéu
va déi tugng toan hoc va thudng c¢é gang bao quat cang
nhiéu linh vuc tng dung khac nhau cang tét.

Mot s6 CAS b muc dich dac biét da biét duoc st dung
trong vat ly va toan hoc bao gém: SCHOONSCHIP dé sir
dung trong vat ly hat, CAMAL dugc st dung d€ tinh toan
trong co hoc thién thé va thuyét tuong ddi rong, CoCoA
dugc st dung trong dai s giao hoan va SINGULAR dé st
dung trong hinh hoc dai s6 va dai s6 giao hoan. Trong khi
d6, MACSYMA, REDUCE, Maple, Mathematica va MuPAD
la nhitng CAS c6 muc dich chung dién hinh va ndi tiéng.
Trong d6, MUPAD chinh la nhan (Core Engine) clia géi céng
cu Symbolic Math Toolbox trong MATLAB.

Cac khd nang chinh ctia moét CAS dién hinh c6 thé
duagc liét ké nhu sau [2]:

-Thuc hién céc phép tinh tuong tac bang céch sttdung
Notebook;

- Thuc hién nhiéu phép toan, chadng han nhu don gian
hda, nhan tir héa, ma réng, 1dy vi phan, tich phan, thay
thé... duéi dang biéu tuong;

- Thuc hién cac phép tinh s6 vai do chinh xac bat ky;

- Giai cac phuong trinh dai s6 cling nhu cac phuong

trinh vi phan bang ky hiéu va sé hoc;

- Thao tac véi vector va ma tran;

- Nhap va xuat dit liéu & nhiéu dinh dang khac nhau;

- Vé cac dé thi 2D va 3D;

- Thao tac, truc quan héa va phan tich dir liéu;

- Chuyén ddi cac biéu thirc sang nhiéu dang khac nhau;

- Phucvu nhumét ngdn nglilap trinh hiéu qua va truc quan;

- Cho phép st dung va phat trién cac géi tién ich bé sung;

- C6 thé dugc st dung nhu moét phuaong tién sép chi
va xuat ban.

2.2. M6 hinh toan tinh phan luc g6i d& hé truc tau thay

M6 hinh tinh phan luc géi d6 hé truc tau thay dugc xay
dung tur két cdu clia hé truc tau thay trong thuc té. Trong
dé, toan b cac truc dugc moéd hinh gan ding bang mot
dam dan hai lién tuc khéng cé khaéi lugng. Vi tri clia cac goi
d& trong mo hinh tinh dugc dat tai tdm cta cac g6i d& hé
truc trong thuc té. Gia thiét hé truc mét tau thiy dugc bé
tri gém mot doan truc chan vit va mét doan truc trung gian
va truc chan vit dugc d6 trén hai géi d& con truc trung gian
dugc d& trén mot géi dé thi mo hinh tinh 6 thé dugc xay
dung nhu trén Hinh 2.1 [1, 3]. Trong d6, cac g6i d& 0, 1, 2, va
3 tuong Ung la g6i d& sau truc chan vit, géi d& trudc truc
chan vit, g6i d& truc trung gian va bich néi vai bich ra cda
may chinh hodc hép s6. Sau khi g& bo lién két g6i da, tai méi
vi tri nay c6 hai ngoai luc tadc dung, thir nhat la cdéc mé-men
M. (i=0,1,2,3) va th hai la phan luc g6i R.Trong lugng cla
cac truc va cac thiét bi trén truc nhu bich néi, bu-l6ng noi
bich... dugc mé hinh gan dang bang hé ngoai luc phan bo
dai véi cudng dé luc phan bé la g, g = y(md?)/4, (kG/cm) véi g
la trong lugng riéng vat liéu truc (kG/cm?) va d la dudng kinh
truc (cm). Trong lugng G (kG) clia chan vit dugc coi la luc tap
trung dat tai tdm cda cd chan vit cach g6i s6 0 mot khoang
[a I. Nhu vay, trén mé hinh tinh cho trén Hinh 2.7 thi cac dai
lugng g, G, | va cac | la da biét. Con cac moé-men uén M, va
phan luc g6i d6 R, la cac thong s6 can tim.

G M, M, q M, M;

Hinh 2.1: Mé hinh tinh phan luc géi d& hé truc tau thdy [1]

M6 hinh toén viét cho hé dam siéu tinh nhiéu nhip
dugc mé hinh héa ti hé truc mét tau thuc té€ dugc xay
dung bdng viéc viét cac phuong trinh 3 moé-men cho cac
g6i d& cia dam nhu sau [1]:

ql
M, :[GH?"j, 1)

My I, +2M, (1, +1,)+ M, I, :—%(/f +R), 2

M, 1, +2M, (I, +1,)+ M, I :7%(15 +8), @3)
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g2 +4M,1, +8M,l, =0, @)

Trong do: G, q,1,1,(i=0,1,2,3) la cac thong s6 da biét cla
mo hinh tinh da gidi thich trén Hinh 2.1; M. (i=0,1,2,3) la cac
mo-men udn tai géii can tim.

Giai mé hinh toén tu (1) dén (4) ta sé tim dugc cac mo-
men uén M, tir d6 cho phép tim cac phan luc g6i d& R, theo
cong thic sau day:

RO:(G+qIO)+%+—M1_M°
1

R _Gh Gl MM, MM, )
22 1, I,
R2:£+q_/3+u_u

2 2 I, I,
R:%_Ms_Mz
) I,

2.3. Thuat toan tinh toan biéu tugng tim céng thic
gidi tich cta phan luc géi d& hé truc

M6 hinh toan st dung cho xay dung thuat toan tinh
toan biéu tugng tim cong thiic gidi tich ctia phan luc goi
dd hé truc la hé phuong trinh ti (1) dén (5). Trong d6, toan
bé cac thong s6 cia mé hinh tinh nhu trong lugng chan vit
(G), cudng d6 luc phan bé (q), cac chiéu dai nhip /, 1, /,... r6i
cac an s6 M, va R déu dugc khai bao va st dung dudi dang
ky hiéu toan hoc ma khéng cé viéc thay s6 dé thanh hé
phuong trinh nhu la cac phuong phap sé.

Dé& 6 thé Iap trinh thuan tién trong MATLAB, mé hinh
toan clia bai toan can dugc viét dudi dang ma tran chinh
tac nhu sau:

[AKx} = {b}, (6)

Trong d6, [A] dugc goi la ma tran hé sé clia phuong
trinh ma tran. Trong trudng hop dang xét thi cac thanh
phan ctia ma tran [A]l chinh la tap hop cac hé sé ctia phuong
trinh (1) dén (4) va c6 dang nhu sau:

1 0 0 - 0
b 2[’_1+LJ L .0
Ji oo, 2 (7)
1Al = 0 Iv_s 2[ Ivo +IN_1J Iy
JN—Z JNfz JN71 JN71
0 0 lN_f* IL
L 2Jy,  Jy |

{x} - Vector &n s6 clia phuong trinh ma tran. Cac thanh
phan cta né chinh la cac mé-men uén Mi can tim. Dang
clia vector {x} nhu sau:

(X} =[My,M,,...M, ] (8)

Con {b} la vector vé& phai ctia phuong trinh ma tran. Cac
thanh phan cda {b} la cac dai luong da biét va dang cua
vector {b} nhu sau:

2 3 3 3 i
by =|-{Grs %o | A ) | G| g5 N1, (9)
2 )74l T, ) e, '
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Khai bao cac thong s6 ctia mé hinh tinh
dwdi dang bién ky hiéu (G, d, /, I, ..., M, R;,...)

v

Tinh ma trén hé sé [A]

v

Tinh véc to vé phai {b}

v

Giai HPT tim cac mé men M,

4

Tinh céc phan luc géi d& R,

Xuét két qua

Hinh 2.2: So dé thuat toan str dung tinh todn biéu tuong tim céng
thuec gidi tich cda phan luc géi d&

Can ct cac phuong trinh ma tran (9) dén (12) c6 thé
xay dung thuat toan ap dung tinh toan biéu tugng vao giai
hé phuong trinh tinh phan luc géi d6 hé truc tau thay nhu
dugc trinh bay trén Hinh 2.2. Trong d6, cac khéi elip la cac
khéi bat dau va két thiuc chuong trinh, cac khéi hinh chit
nhat biéu thi cho mét ham hodc mét tha tuc con dugc viét
trén go6i Symbolic Math Toolbox cia MATLAB véi cac ham
va bién dudi dang ky hiéu, con cac mi tén thé hién luéng
xuc tién clia chuong trinh. Chic nang, nhiém vu cu thé clia
méi khdi trong so d6 khéi trén Hinh 2.2 cu thé nhu sau:

- Khéi Bat dau la khai tao va thuc hién cac tha tuc can
thiét cho tinh toan phan luc g6i d6 theo phuong phép tinh
toan biéu tuong;

- Khéi Khai bao cac théng s6 cia mé hinh tinh duéi
dang bién ki hiéu c6 nhiém vu st dung Iénh khai bao bién
ky hiéu ca goi Symbolic Math Toolbox trong MATLAB dé
khai bao cac thdng s6 da biét va cac &n s6 cia mé hinh tinh
dudi dang ky hiéu;

- Khéi Tinh ma tran hé sé [A] c6 nhiém vu tinh toan cac
thanh phan ctia ma tran hé sé [A] sit dung cac phép tinh
toan ky hiéu. Két qua thu dugc cling la cac biéu thic ky
hiéu. Can chu y rang, ma tran [A] la ma tran 3 dudng chéo
chinh nén chi can thuc hién tinh toan déi véi cac thanh
phan khac khéng nam trén 3 dudng chéo chinh, con cac
thanh phan khac thi biang 0;

- Khéi Tinh vector vé phai {b} cling dudi dang ky hiéu.
Can chu y rang vai viéc khai bao cac bién la ky hiéu thi cac
phép toan ciing sé cho ra két qua la cac biéu thuc ky hiéu;

- Khéi Giai HPT tim cdc mé-men M Khi st dung goi
cong cu Symbolic Math Toolbox cta MATLAB thi thuat
todn Gauss dé giai hé phuong trinh tuyén tinh dang (9)
vGi ma tran [A] khong suy bién dudi dang ky hiéu ciing
da dugc tich hop sdn vao go6i Symbolic Math Toolbox clia
MATLAB. Cac két qua thu dugc cling la nhiing biéu thiic ky
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hiéu hay cac biéu thuc giai tich;

- Tiép theo, khoi Tinh cac phan luc g6i d6 R: Thuc hién
cac phép tinh biéu tugng dé tinh cac cai phan luc géi da R.
Két qua thu dugc cling & dang ky hiéu tuc la cac cong thic
gidi tich cla R, phu thuéc theo céc thong s6 dau vao cta
mé hinh tinh nhu G, 4,1, 1,...

3.TINH TOAN VA PHAN TiCH KET QUA
Nhom tac gid da thuc hién lap trinh trén MATLAB véi
viéc st dung goéi cdng cu Symbolic Math Toolbox dé thuc
hién cac tinh toan biéu tugng theo thuat toan trinh bay
trong tiéu muc 3.2. Két qua thu dugc véi mé hinh tinh
gom 3 g6i d& va mot dau ngam nhu mé ta trén Hinh 2.2 la
céc biéu thuc gidi tich cta phan luc géi d& dugc trinh bay
trong cac cong thic tir (10) dén (13).
R, =(G+al)+ g, , (261 +I3 )(91d, +121,1, + 81,1, +413) )
2 41, (31, + 41yl + 41,1, +217) (10)
qI2 (31, +41,) +qI2 (I, + 41, ) +ql,/?
41, (311, + 410y + 4,1, +217)

oG a (261 +I3 ) (1, +1,) (51, + 41,1, + 81,1, +412)
202 411, (311, + 411, + 411 +217 )
ql2 (1, +1,) (51, +41,)
81, (311, + 41, + 41,1, +213)

(1)

Gl +1,) (280 + 2183 + 6143 13 - 4131, +31,15)
81,y (311, +4lly + 41,1, +213)

R, dh (261 +q13 ) (1, + 15 ) (13 + 11,1, + 413)
2 = 41,13 (310, + 411 + 41,1, +213)

2 2
Iy (L +15) (53 + 1,1, +413)
8112 (31, + 4l + 4lly +212) (12)
ql (L +1,) (1 + 131, + 313 + 21,13 +315)
4113 (311, + 41y + 4l + 217 )

q(l, +15) (151, + 1313 +91L,15)
8LJ3 (31, + 41,1y + 41,1, +213)

o _ 0 (261 +13)(143 +214,1,) ql} (1 +21,1,)
D2 AR (Bl + Al + Al +212)  8I3 (31, + 4L, + 411, +212)

(13)
qly (13 + 2031, + 31,13 +513 ) q(13 + 2131, + 51313 +101,15)

4 (311, + 41, + 41,1, +213) 8 (311, + 4L, + 41,1, +213)

Cac cong thuc (10) dén (13) chinh la cac cong thuc giai
tich xac dinh phén luc tai cac g6i d& hé truc. C6 thé thay
rang phan luc tai tat ca cac g6i d& déu la ham sé phu thudc
theo cac tham sé ban dau clia mo hinh tinh, tic la déu phu
thudc vao trong lugng chan vit G, cudng dé luc phan bo g,
cac chiéu dainhip /1, 1,... Cu thé, trong lugng chan vit G
xudt hién & tat ca cac cong thuc tinh phan luc tai cac goi
da, tic la n6 anh hudng tdi tat ca phan luc tai cac goi da,
trong d6 anh hudng t6i géi s6 0 (ttic g6i d& sau truc chan
vit) la nhiéu nhat. Trong khi cudng d6 luc phan bé g cling
anh hudng t6i phan luc tai tat ca cac géi d6, tuy nhién,
anh hudng dan déu tai tat ca cac goi d6 nay. Tuong tu nhu

vay, chiéu dai cac nhip truc cling xuat hién nhu la tham sé
trong tat ca cac cong thic gidi tich ctia cac phan lyc g6i dé.
Tuy nhién, @€ danh gia dinh lugng anh hudng clia chung
dén phan luc go6i d6 can khao sat can than cac ham sé tu
(10) dén (13) theo ting bién sé la cac tham sé dau vao cla
m& hinh tinh. Cac nghién cliu sau hon nay sé dugc trinh
bay trong mét nghién ctiu khac ctia nhém téac gia.

4. KET LUAN

Tu phuong phap tinh toan va cac két qua trinh bay
trén day c6 thé dua ra mot s két luan sau:

- Hoan toan c¢é thé ing dung phucng phap tinh toan
bi€u tugng vao bai toan tinh phan luc go6i d& hé truc tau
thay dé nhan dugc cac cong thiic gidi tich ctia phan luc géi
d& theo cac tham sé dau vao ctia moé hinh tinh;

- Phuang phap tinh toan biéu tugng cho két qua la céac
céng thuc giai tich ctia phan luc tai cac goi d6 clia hé truc
tau thay. C6 thé coi chiing nhu cac ham sé theo cac bién la
cac tham s6 dau vao. Piéu nay cho phép khao sat cac ham
s8 nay dé phan tich, danh gia cac yéu té anh hudng dén
phan bd phan luc g6i d6 ctia hé truc mét cach dé dang,
truc quan hon cac phuong phép s6é hién cé.

LGi cdm on: Nghién cu nay duogc tai trg bai Truong
Dai hoc Hang hai Viét Nam trong Dé tai ma s6 DT23-24.12.
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