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VE MOT THUAT TOAN LAP TRINH
TRONG PHAN TiCH BAI TOAN SIEU TINH DAM CHIU UON
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Tém tit:

Trong surc bén vat liéu, bai toan Vvé cdc két cau siéu tinh la mot bai toan kho, dac biét sé rat phitc tap
néu béc siéu tinh cia két cau Ién. Trong boi canh tir lan thi thir XXIX nam 2017, ban t6 chirc Olympic Co
hoc Todn quéc chinh thire dwa vao mén thi Ung dung tin hoc trong Sire bén vt liéu, Idp trinh trén nén phan
mém Maple, vi vdy viéc nghién ciru cdc thudt todn gidi cdc bdi todn sirc bén vdt liéu néi chung va 16p cdc
bai todn vé cdc két cdu siéu tinh néi riéng la mot van dé hét sire quan trong va ¥ nghia. Bai bdo nay trinh
bay mot thuadt toan gidai bai toan dam siéu tinh chiu uén cé sé bdc siéu tinh lon. Cac két qua tinh todan va
mé phong dwoc Iap trinh trén phan mém Maple 2016 va so sanh véi cdc cong bé ciia Héi Co hoe Viét Nam

[4] cho két qua chinh xdc va tin cqy.

Tir khéa: Sirc bén vdt liéu, dam, két cdu siéu tinh, bdc siéu tinh.

1. Dit van dé

Két ciu siéu tinh [1,2] trong thuc té duoc
su dung rat rong rai do tinh uwu viét cia n6 d6 1a do
ctng vitng cua két ciu rat cao. Hau hét cac két ciu
trong thuc té déu 1a cac két cAu siéu tinh, co bac
siéu tinh 16n [5 ] chéng han nhu ciu, mai vom sin
van dong, két ciu khung nha thép, gian khoan, nha
gian trén bién,... Tuy co tinh wu viét trong thuc té
ky thuat, nhung trong tinh todn dac biét la cac tinh
toan toi wu, viée giai cac bai toan siéu tinh khong
phai don gian, va c6 thé khong kha thi trong trudng
hop két cu ¢6 bac siéu tinh rat lon.

Ngay nay, voi su phat trién cta cong nghé
thong tin, rat nhiéu phin mém toan hoc, co hoc ra
doi dé hd tro cac nha ky thuat trong tinh toan két
chu. Vi viée sir dung cac phuong phap manh nhu
phwong phap phén tir hiru han (FEM), phuong phap
doi song nguoc (RAY), viée giai cac két cdu siéu
tinh tr& nén don gian hon. Mot sé phin mém kinh
dién co thé ké dén ¢ day nhu phian mém phén tich
két cau SAP2000, INVENTOR, CATIA, ABAQUS

- Tuy nhlen xét vé mit hoc thuat viéc sir dung cac
phan mém nay tuy mang lai nhiéu hiéu qua, nhung
v6i sinh vién, ngudi nghién ctru thi né lam mat di
tinh tu duy, kién thtrc nén tang cua ngudi hoc, vi
don thuan nguoi sir dung chi can biét vao/ra dit liéu
la du, ma khong hinh dung dugc qua trinh tinh todn
dién ra nhu thé nao. Tir d6 khong thé c6 nhimg can
thiép, cai tién sdu hon vé mit thuat toan dé co thé
giai quyét dugc cac két ciu méi, 16p cac bai toan
méi ma cac phan mém ké trén chua cip nhit.

Trong bdi canh, tr nam 2017, Ban T chuec
Olympic Co hoc Toan qudc chinh thirc dira vao mon
thi thir 11. Ly y tuong tir viéc sinh vién duoc hoc
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hoc phan Sirc bén vat liéu truyén thdng va duoc
cung cép kién thic 1ap trinh, tu duy toan hoc, xur
ly thuat toan. V61 muc dich ung dung cong nghé
thong tin trong tinh toan, d& don gian hoa nhiing bai
toan phirc tap, nhitng két cdu siéu tinh béc cao, ma
khong 1am mét di cai hon cua thuét toan (cai hon
cua phuong phap giai [3]), Ban t6 chirc chinh thirc
chon phan mém toan hoc Maple dé xay dung mot
ngudi sinh vién k¥ thuat hoan thién day du vé cac
mat Toan, Tin, Co.

Bai bao nay trinh bay mot thuat toan giai bai
toan dam siéu tinh chiu uén co s bac siéu tinh 1on.
Céc két qua tinh toan va mé phong dugc lap trinh
trén phan mém Maple 2016 va so sanh v6i cac cong
b6 ctia Hoi Co hoc Viét Nam [4] cho két qua chinh
xac va tin cdy.

2.Co sé ly thuyét [2,5]

Dé giai dwoc cac két cdu siéu tinh néi chung
va dic biét 1a cac két cAu siéu tinh co bac siéu tinh
16n d6i v6i 10p cac bai toan dam chiu udn thi viéc
xay dung cac ham do vong, goc xoay, ham mo ta
md men uon va lyc cit trong dam phu thudc vao vi
tri mat cét 1a V1ec lam chinh yeu Bai bdo trinh bay
thuat toan ca1 tién dua trén nén phuong phép kinh
dién thong s6 ban dau. Dang bleu dién tong cua ham
do vong, goc xoay, mé men ubn va lyc cit trong
dam chiu udn 1an luot duoc biéu dién nhu sau:

Ay @y + A¢0i(1>1 + Mo % +
= [0} [0
y@= Zl +Pi gyt Aqui g+ (M
(OF -
+qbiﬁ+%iE—;+
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dy(z
0@ = y( ) o
Me) =3 (Miq’o“ml +Agn®, +) 3)
T+ qoi P+ q Pat ..
dM(z
06 = T )
trong d6 ham vi tri dugc biéu dién
(Z_ ai— 1)
q)k(Z a;— 1) { z= ai—1 (5)
0 0<z<a

i 14 tén doan dam khao sat
o,la dau trai ciia doan i c6 toa do a,

, 1a khoang cach tir dau trai cua dam dén mit ct
phan chia gitra doan (i-/) va doan i
EJ 1a d6 cing ctia cac mat cit ngang dam
Ayoi, A@o; 1an lugt 1a budc nhay cua dd vong va
goc xoay tai dau trai doan i
Mo, Py; md men ngoai luc va luc tap trung tai dau
trai doan i

Aqoi, 0740 -- . budc nhdy cua ham va cac dao ham
cac cap cua g ta1 dau trai doan .

3. Thuat giai lap trinh va két qua

Pé minh chung cho stc manh cua thuat todn,
céc tac gia khao sat va nghién ciru dam siéu tinh bac
4 ¢6 so dd nhu Hinh 1 [4].

Dam c6 do cimg EJ khong dbi, bo qua trong
lwong ban than cia dam. Cho a = Im, g = 50N/cm,
EJ=32.10" Nen?’

Thuc hién cac cong viée sau :

1. Tinh cac phan luc lién két 2

2. V& biéu dd chuyén vi cta cac mit cat
ngang dam ?

3. Xac dinh gia tri 16n nhét cta chuyén vi va
vi tri mat ct ngang tuong tmg ?

4. V& bidu d6 n01 luc cia dam ?

5. Tinh @ng suit twrong duong va vi tri mat
cit ngang twong (mg c6 img suat twong duong 16n
nhét (mat cit nguy hiém nhét) ?

2 ge
-ﬂ P==
g iy 12
AI_ a a a |_ a l

Hinh 1. Két cdu dam 4 bdc siéu tinh

S6 bac siéu tinh cua hé béng 4, véi s6 bac
siéu tinh 16n viéc giai bang cac phuong phap truyén
thdng chang han nhu phwong phap luc, phuong phap
nang luong, phuong phap nhan biéu d6 Véréshagin
la khong kha thi vi qua phuc tap. Bang mot chuorng
trinh may tinh dugc 1ap trinh trén nén phan mém

Ham lyc cit trén ting doan dim:

RA+RB-q(z-1)
RA+RB-q(z-1)+RC+q(z-2I)
RA+RB-q(z-1)+RC+q(z-21)-P

Ham m6 men udn trén timg doan dam:
RA z+ MA

RAz+MA+RB(z-1)- q(z Iy

RAz+MA+RB(z-1)-

RAz+MA+RB(z-1)-
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q(z l) Ms+RC(z-21)+ Zq(Z'21)2

jq(z-l) -Ms+RC(z-20)++

Maple 2016 ta thu dwoc cac két qua nhu sau:
Cac ham vi tri :

O, =z-3a;D,= %(z - 3a)2;<D3 = 13(2 - 3a)3

o, = 217(2 - 3a)4;(1>5 = ﬁ(z -3a)

RA 0<zand z=<1
[<zand z <2l
21<zand z <3|

otherwise

0<zand z<|

[<zand z <2]
2l <zand z <3

(z 21)-P(z-31) otherwise
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Ham d6 vong trén timg doan dam:

| MAz* | 1 RAZ

2 EJ 6 EJ

0<zand z <1

1 omaz 1 R 1 RB(z-1) g(z-1)
2 E/ 6 EJ 6 EJ 24 EJ

[ <zand z <2l

Lo 1 ra? 1 RBGo0) 1 gm0 1 oms-2f 1 ReGm2) | 1 g(e-2)

2l <zand z < 3l

2 EJ] 6 E/ 6 EI 24 EJ 2 EJ 6 EJ 24 EJ

| M2 1R reG:-1 1 a2 1 as(z- ) 1 re(z-2) 1 g(z-20)" 1 p(z-31) _
_ - —_ - otherwise

> E/ 6 E/ 6 EJ 24 EI 2 EJ 6 EJ 2 EJ 6 EJ

Ham goc xoay trén timg doan dam:

2
MAz | 1
EJZ+§R;JZ 0<zand z<1I
2 3
maz 1 Raz 1 RB(z-1)' 1 4(z-1)
E/ 2 E] 2 E 6 EJ

I <zand z <2l

2 2 )P 2 )

iz 1 Ra 1 RBGz-f 190 as(z-21) 1 me(z-21f 1 g(z-210)

E] "2 Bl 2 E 6 B El 2 El 6 EJ 2= zand z =31
maz 1 R 1 RB(z-1) 1 a2 w(z-21) L1 Rcz-o1f o(z-20" 1 pz-31) ,

EJ 2 EJ] 2 EJ 6 EJ EJ 2 EJ 6 EJ 2 EJ otherwise

Sau khi da thict 1ap dugc cac ham ndi lyc va  bién vé chuyén vi tai cac vi tri lién két va két hop
ham chuyén vi trong dam siéu tinh trén, dé xac dinh ~ v&i cac phuong trinh can bang:
duogc cac phan lyc lién két, ta st dung cac dicu kién

ptl :=subs(z=1,y[1]) =0;
LRAL _

1 MAP 0
6 EJ

2 EJ

+

pt2 :=subs(z=12-1,y[2])=0;

2MAP  4RAP 1RBP _1gl' _
E] V"3 EJ "6 EJ T 24EJ

pt3 =subs(z=4-1,y[4])=0;

8MAF+32RA13+9RBJ3_6_5q_l4_2Ms12+4Rc13_1P13_0
EJ 3 EJ "2 EJ] 24EJ  EJ "3 EJ] 6FEJ

ptd :=subs(z=4-1, ¢[4]) =0;

4MAI+8RAI2
EJ EJ

9RBI 199 2 Msi
2 EJ 6 EJ]  EJ

2RCP 1 Pl2_0
EJ 2°EJ

+ +

ptchl =RA+RB+RC+RE=P+q -1
RA+RB+RC+RE=Ig+P
pich2:= MA—RB-1+q-1- 3L —RC-2-1- Ms+P-3-1-RE-4-1+ ME = 0;
MA—RBI+3q P ~2RC I— Ms+3 P1—4 RE |+ ME = 0;

Sau d6 giai hé cac phuong trinh trén ta thu dwoc két qua:
[:=100:q:= 50: EJ:= 32 - 107:Ms:=%'q : lQ:P:Z%‘q -l
evalf(solve({ptl, pt2, pt3, pt4, ptcbl, ptcb2}, {MA, RA, RB, RC, RE, ME}));
{MA = 17045.45455, ME = 49242.42424, RA =-511.3636364, RB = 3295.454545, RC =3664.772727, RE
=1051.136364}

assign(%);

Tu d6 cac ham ndi luc va chuyén vi trong Vi trong dam siéu tinh thu dwgc 1an luot nhu sau:
dam hoan toan xac dinh. Biéu do ndi lyc va chuyén

Khoa hoc & Cong nghé - S6 13/Thang 3 - 2017 Journal of Science and Technology 11
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Hinh 4. Biéu do dé vong

12 Khoa hoc & Céong nghé - S6 13/Thang 3 -2017  Journal of Science and Technology



ISSN 2354-0575

-0.001

-0.002
- \

=-0.003

=0.004

100

Hinh 5. Biéu do goc xoay

Dé xac dinh d6 vong 16n nhat va vi tri mat
cit c6 do vong 16n nhat va mat cét c6 (mg suat tuong
duong 16n nhat (mat cit nguy hiém nhat), cac tac gia
su dung code sau day:
maximize(abs(yz), z=0..4 - [, location)

0.2251432432, {[{z=306.3063063}, 0.2251432432]}

otd. —sqrt((ﬂw//lx) +3- (Qy> )
Wx:= 456:

Két qua thu dugc nhu sau: tai mat cit ¢co
toa d6 z = 306.306 c¢m, dam co do vong cuc dai
14 0.225143 cm. Tai mit cat c6 toa d6 z = 100 cm,
dam c6 tng suit tuong duo’ng cuc dai bang 408.744
Nem? day chinh 1a mit cit nguy hiém nhat trong
két cau dam siéu tinh trén.

Céc két qua thu duoc hoan toan chinh xac
v6i cac cong bd trong [4]. Diéu nay ching to do tin
cay cling nhu tinh linh hoat cta thuat toan.

=12:

omax:= maximize(O‘td, z=0.4-1, location); #%
408.7440736, {[{z =100.}, 408.7440736]}
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ON AN ALGORITHM FOR ANALYSIS OF STATICALLY INDETERMINATE BEAMS

Abstract:

In the strength of materials subject, the structural problem of redundancy is a difficult problem,
especially for high degree of redundancy. Especially, since 2017, National Olympic of Mechanics
Organizers that formally incorporated into the exam: “IT applications in Strength of Materials” based
programming software Maple, so the study of algorithms solving problems relating to material resistance
in general and the problem of statically indeterminate beams in particular is an issue of utmost importance
and significance. This paper presents an algorithm solving statically indeterminate beams for high degree
of redundancy. The results of calculation and simulation are programmed in Maple 2016 and compared
with the publications of the Vietnam Mechanics Association that gives accurate and reliable results.
Keywords: strength of materials, statically indeterminate beams, degree of redundancy.
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