Céng ty Hoa Chéat Xay Dwng Phuwong Nam

Chuong 4
HE GIAN

§4.1. KHAI NIEM

Gian 1a két cau gém céac thanh
T y duoc lién ket v6i nhau bing 2 khép &
2 ddu (hinh 4.1). Diém quy tu cta cic

; / thanh gian goi 12 mit gidn. Trong tinh
1 l_. | 2 l_. 3 3T_. 5 todn, ngudi ta thuong bd qua trong
luong cha thanh gian, dua ra gia thi€t
tai trong dit tai cic nit gian va nat
gian 13 mét khdp 1y tudng.

Vi nhiing 1& trén, thanh. gian lam

viec nhy mot thanh chiu kéo hoic
%5 chiu nén ding tam (hinh 4.2).
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Hinh 4.1: Gian phang

/ Hinh 4.2: Thanh gidn lam viéc nhu
P thanh chiu kéo hodc nén diing tam

N6i mot cdch khéc, luc doc, ing suat va bién dang trung vdi truc cha thanh gian va ta
lai tr& vé bai todn két cdu mot chiéu nhur da trinh bay trong chuong 3.

Trong co hoc két cdu, ta dung 2 phuong phép tinh gian tinh dinh: phuong phap tach
nit va phuong phdp mat cit. Tuy nhién, van khong tinh duogc chuyén vi tai cdc nit gian.
Déi v6i gian siéu finh thi viéc tinh todn lai cang phic tap hon.
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Trong phuong phdp phan tir hitu han, ta xem cdc thanh gian 1a nhimg phan tr mot
chieu (nhu da giai thich & trén). Vi phuong phap nay, ta vita xdc dinh dugc cdc thanh
phin chuyén vi tai cdc ndt gian, vira xac dinh dugc Umg suat va ndi luc trong cic thanh
gian. N6 cé thé dp dung cho gian finh dinh ciing nhir gian siéu tinh.

Dudi day, ta s€ nghién citu cdch tinh 2 loai gian: giin phang va gian khéng gian.

§4.2. GIAN PHANG

4.2.1. Heé toa 46 cuc bo va hé toa do tong thé

Trong gian phéng, tai trong va cdc thanh gian ciing nim trong mot mat phang. Ta cdn
goi gian phing 13 gian 2 chiéu. Khic v6i két cau 1 chiéu da nghién ciru trong chuong ba,
& day, cac thanh gian cé cac hudng khic nhau. Vi vdy, phai dua vao 2 hé toa do: hé roa
do cuc bo va hé 1oa dé t1ong thé.

Mot thanh gian phang trong hé toa do cuc bo va hé toa do téng thé, biéu thi nhir trén
hinh (4.3). Trong hé toa d¢ cuc bo, méi thanh gian c6 2 ddu 1 va 2. Got x' 1A truc cha
thanh gian (tiic hé truc toa do cuc bo), x va y 1a hé truc toa do tdng thé. Chiéu durong cua
truc x" di tr dau 1 dén dau 2. Trong h¢ toa do téng thé, mbi nit gian c6 2 béc tu do d,
(trén phuong x) va d, (trén phuong y). Dé tién cho viéc 1ap trinh, s6 thit ty bac tu do tai
méi nit gidn tinh nhu sau:

a}

Hinh 4.3: a) Thanh gian trong hé toa dé cuc bo;
b} Thanrh gian trude va sau khi bién dang trong hé toa do 16ng thé,
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Tai mit i: d, = 2i - 1 (trén phuong x)
d,=2i (trén phuong y) 4.1

S& thit ti cic bac tu do bi€u thi trén hinh (4.1)

Cac thanh phan chuyén vi c6 céc chi s6 nhu s6 thit ty bac tw do twong ing. Chang han
tai niit 4 trén hioh (4.1), céc thanh phin chuyén vi.

Men theo bac tu do 7 1a Q;

Men theo bac tu do 8 1a Q,

Gia st u, va u, 1a cic chuyén vi doc tryc tai ddu 1 va dau 2 cla thanh gian trong he
toa d6 cuc bd (hinh 4.3b).

Ta c6 vecto chuyén vi trong hé toa do cuc bo la:

U=[u uf (4.2)
Vecta chuyén vi cia thanh gian trong hé toa do tong thé (hinh 4.3b) la:
q=1[9; 9 4: Q! (4.3)

Theo quan hé hinh hoc trén hinh (4.3), hé thiic giita cdc chuyén vi trong hé toa do cuc
bo va chuyén vi trong hé toa do 16ng thé nhu sau:
U, = q,cos0 + q,sin0 (4.4a)
U, = q,c0s0 + q,sint (4.4b)
Dat cosin dinh hudng | = cost, m = cos¢ (= sin0); cac cosin dinh huéng nay chinh la
cOsin cla cac goc tao thanh béi truc x' va cdc truc X, y. Duéi dang ma trén, cdc phuong
trinh (4.4a) va (4.4b) cé thé viét:

U=Rq (4.5)
Trong d6, R goi 1a ma trdn xoay hodc ma trdn bién doi. N6 ¢6 dang:
Il m 0 O
R= (4.6)
0 0 I m

Céc cosin dinh huéng va chiéu dai coa
thanh gian tinh theo hinh {(4.4). Gia sur (x|,
v,) va (x5, ¥,) 1 toa do clta cdc nit 1 va 2.
Ta cé:

(X2 ¥2)

=X 7% Lo YT @7
L

e [

Trong d6: L, 1a chi€u dai cua thanh gian. 0 y))

L= \/(xz_xl)2+(Y2_y|)2 (4.8)
Hinh 4.4: Cdc césin dinh huong
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4.2.2. Ma tran d6 citng cia thanh gian

Nhu trong phan trén da trinh bay, méi thanh gian 1a mot két cau mot chiéu, do dé cé
thé van dung cic cong thic trong chuong mot va chuong ba dé tinh ma trin dé cing clia
thanh gian:

Theo (3.19), ma tran do cling cta thanh gian trong hé toa do cuc bo la:

Ee[1 -1
K, = 2eEe 4.9)
L, -1 1

g

Mat khdc, van dung nguyén 1y bao toan nang luong (chuong mot), ma tran do cimg
cha thanh gian trong hé toa do téng thé tinh theo cong thic (1.43):

K.=R'k.R (4.10a)
Thay (4.6), (4.9) vao (4.10a), ta dugc:
1 0
m 0{ AE |1 -1 Il m 0 O
Ku - % e e v
0 1 L, {-1 1 0 0 I m
¢ m

Sau khi thuc hién cac phép nhan ma tran, ta dugc:

[ Im -® -Im|
1 2 “lm -m?
K, = Sefel Mmoo lmom (4.10)
L | -1 -lm 1 Im
i —Im -m’ Im m® ]

D61 véi gian, trong vectd ti trong, khong xét luc thé tich va luc bién, chi cé céc tai
trong dat tai cdc nit gian trén phuong x va phuong vy, s6 thit tu clia ching nhu da trinh
bay trong 4.2.1.

Sau khi ghép cdc ma tran d6 cing K, va céc tai trong, ta dugc hé phuong trinh can
bing 16ng thé:

KQ=F (4.11)
Ta giai h¢ phuong trinh trén dé xac dinh gia tri céc thanh phan chuyén vi tai cdc niit
gian, tir d6 tinh ng sudt trong cdc thanh gian.
4.2.3. Tinh dng suat
Vi méi thanh gian 13 mot ket cdu mot chiéu (chuong ba), tng suat tinh theo cong thic:
o=Eg (4.12a)
Trong d6: € 1a bién dang ty d6i (trén don vi dai) cua thanh gian.
Tu hinh (4.3), ta cé:
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., —
£ = 2 U]
LC
U
do d6: o= 2e[-1 1] | (4.12b)
L, U,
E
Theo (4.5): o= [-1 1]R.q (4.12¢)
Thay R tir (4.6) vao (4.12¢):
E
o= l“[—l -m | m]q (4.13)

Can chd y ring Ung suit ¢ ¢6 ddu duong khi thanh gian chiu kéo va c6é ddu am khi
thanh gian chiu nén.
Vidu4d.l:

a) - b) QST QNT

Q o

3000mm

2y - )
fo. fo.
¢ P, = 10KN ‘ P, = 20kN

Hink 4.5

Cho 1 gian phang véi kich thudc va tai trong nhu trén hinh (4.5a). Di¢n tich tiét dién
clia cdc phan 1 1 va 2 bing 2000m?, cia céc phdn tit con lai 12 600mm’. E = 210kN/mm’.

Xéc dinh ma tran do ciing clia mdi thanh gian;

Ghép céc ma tran do ciing trén dé duge ma tran do cing ©ng thé K;

Diing phuong phap loai tri, tinh chuyén vi tai cic nit;

Tinh (g sudt trong moi thanh gian;

Tinh phan lyc tai cic gdi tua.

Giai:

Trudc hét, can cif vao (4.1) ta x€p s6 thit tu cac bac tu do tai cdc nit nhu trén hinh
(4.5b). Vecto chuyén vi téng thé:
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Diéu kién bién:

Vecto tai trong:

Rs, Re, Ry, Ry - cdc phan lyc tai cdc géi tua 3 va 4.

Q = [Q] Qz Q3 Q4 Qs Qﬁ Q? Qx]‘
Q:i=Q=0Q;=Q4=0.

F=[0 P, 0 P, R; R, R, R

Trong d6: P, va P, - tdi trong thing dimg dat tai cdc nit 1 va 2;

Céc 6 liéu ban ddu thong ké trong cic bang sau:

Toa do cac ntit

S6 thit trr bac tr do

Niit X Nt u Y
1 0 0 1 1 2
2 4000 0 2 3 4
3 0 3000 3 5 4]
4 4300 3000 4 7 8
S6 thit ty bac ty do tai dau 1 va ddu 2.
Phan ur Dau 1 bau 2
1 1 3
2 2 4
3 1 2
4 2 3
5 1 4
bic trung hinh hoc clla cac phén .
Phantlr | (x;-%,) | (y,-y) L 1 m A ﬁTE
1 0 3000 3000 0 1,0 2000 IZO
2 0 3000 3000 0 1,0 2000 140
3 4000 0 4000 1,0 0 600 31,5
4 -4000 3000 3000 -0,8 0,6 600 252
5 4000 3000 5000 0,8 0,6 600 25.2

a) Ma trdn do cimg cha cédc thanh gian trong hé toa do téng thé:

Can cit vao (4.10), ta cé:
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Phan tu 1:

Phin tur 2:

Phan tr 3:

Phan tr 4:

Phan tr 5:
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K,

1l

1 2 5 6
0 0 0 0
0 140 0 -140
o 0 0 ©
0 —140 0 140
3 4 7 8
o 0 0 0
0 140 0 -140
0 0 0 0
0 —-140 0 140

1 2 3 4
3,5 0 -3L,5 0

0 0 0 O
31,5 0 3L5 O

0 0 0 0

3 4 5
16,13 —12,10 —16,13
~12.10 9.07 12,10
~16,13 12,10 16,13
12,10 =9,07 -12,10
1 2 7
16,13 12,10 -16,13
12,10 9,07 -12,10
~16,13 -12,10 16,13
~12,10 9,07 12,10

2
3
4
6 « S6 thit ty BTD tong the
12,10 3
-9,07 4
-12,10 5
9,07 6
8 « S6 thit ty BTD téng thé
~12,10 1
9,07 2
12,10 7
9,07 8

« S6 thit tw BTD téng thé
1

2
5
6
« S6 thit ty BTD t6ng thé
3
4
7
8

« S& thit ty BTD tdng thé
1

b) Sau khi ghép cdc ma tran trén, (a c6 ma tran d¢ cing téng thé cla toan h¢:
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1 2 3 4 5 6 7 8 < Ssthiw
BTD téng thé
0 0 -31.5 0 o 0 -16,18 -12,10 1
[31,5 0
16,13 12,10
4763 12,10
0 140 0 0 0 -140 -12,10 9,07 2
0 0
12,10 9,07
12,10 149,07
-31.5 0 0 0 -16,13 12,10 0 0 3
31,5 -12,10
16,13
47,63
0 0 0 140 12,10 9,07 0 -140 4
12,10 9,07

-12,10 149,07

0 0  -1613 12,10 0© 0 0 0 5
16,13 -12,10
0 140 12,10 907 0 140 0 0 6
~1210 9,07
~12.10 149,07
16,13 412,10 © 0 0 0 0 0 7
1613 1210
1613 12,10
1210 907 0 -140 0 0 0 140 8
1210 9,07
K 12,0 149.07
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Vay:
1 y 3 4 . 5 6 7 g Sthaw
- : BTD t6ng thé
4763 12,00 =315 0 i 0 0 -1613 —1210] 1
12,10 149,07 0 0 I 0 140 -12,10 -907| 2
S35 0 47,63 121001613 1210 0 0 3
o DL 0 -1210 1490711210 -907 0  -140) 4
0 0 -1613 1210 | 1613 1210 0 0 5
0 140 12]0  —907 1 -12]0 14907  © 0 6
1613 -1240 0 0o i o 0 1613 1210 | 7
—1200 -907 0 -140 {0 0 1200 149,07 | 8
(4.14)

Pé tinh chuyén vi va phan luc, ta chia ma tran do cing t6ng thé K trong (4.14) thanh
4 khéi M,, M,, M,, M.. Hé phuong trinh can bing tdng thé cua toan hé ¢é thé viet:

12 3 4 56 7 8 <« SothitwBTD téng thé

[ ; i —Q,_ 0] 1
Q,| |-10] 2

M, M, Q; 0 3

_______________ _Ii_____"________ x Qi) _ |70} 4 (4.15)

': Qs Rs | 5

M, ; M, Qs R,| 6

| Q| |Ry| 7

L Il _ _QS_ L RS | 8

Sau khi thuc hién cac phép nhan ma tran chia khoi, ta duge cdc hé thic ma tran sau:

(47,63 12,10  -31,5 0 Q, 0
12,10 149,07 0 0 Q, ~10
x = (4.16)
-31,5 0 47,63 12,10 Q; 0
| 0 0  -12,10 149,07 Q.| |-20
0 0 -16,13 12,10 Q, Ry
0 —140 12,10 9,07 R
| Q2o | Re (4.17)
~16,13 -12,10 0 0 Q; R,
—12,10  -9,07 0  -140 Q, Rg
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¢) Tinh chuyén vi tai céc nut

Gidi h¢ phuong trinh (4.16), ta dugc gid tri cac thanh phan chuyén vi.
Q=1Q,Q,Q QI =10"-1,12 6,62 -424 -13,76] mm

d) Tinh tng sudt trong cdc thanh gian theo (4.13)

o = E—[(qs ~q)L —(qs —q;)m, |

Phan ur 1:
_ 210 x 1072

S
0 [0-(0+6,62)] =-4,634 x 10° KN/mm®
Phan tir 2:
5, = M[o -(0+13,76)] =-9,632 x 10" kN/mm’
3000
Phan tr 3:
210x1072

0y = S———[(-4,24+ 1,12)x LO+0] =-1,638 x 10° kN/mm’
4000

Phan tir 4

G, = M[(m 4,24)x(-0,8)+(0+13,76) 0,6]
5000

=2,043 x 10" KN/mm?
Phin tT 5;

210x1072
o= _5—500‘[(0+4,24)>< 0.8+(0+13,76)x 0,6 ]

= 4,892 kKN/mm’
¢) Tinh phan luc theo (4.17)
Ri=-16,13 x 10°(-4,24) + 12,10 x 10%(-13,76) = -0,982kN
Re = 107[-140 x (-6,62) + 12.10 x (-4.24) - 907 x (-13,76)] = 10kN
R?‘: 107-16,13 x (-1,12) - 12,10 x {-6,62)] =0,982kN
Ry=107[-12,10 x (-1,12) - 9,07 x (-6,62) - 140 x (-13,76)] = 20kN
4.2.4. Tac dyng cta nhiét do va su ché tao khong chinh xic
4.2.4.1. Truong hop tdc dung ciia nhiét do.

Trong chuong 3, ta d3 suy ra cong thiic tinh vecto tai trong tuong duong trong trudng
hop tdc dung cta nhiét do (cong thitc 3.64):
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. -1
£ = EAOLAT{ | ] (4.18)

Trong d6: o - hé s§ gidn nd do nhiét do;
AT - do bién thién (tang hoac giam) ctia nhiét do.
Cong thitc trén 4p dung cho két cau mot chiéu. DS véi gian, né chi dp dung cho moi
thanh gian trong hé toa dd cuc bo.
Bay gid, ta sé& bidu thi (4.18) trong hé toa do tdng thé. Ap dung nguyén 1y bio toan
nang luong, ta co:
U'f, =q'f, (4.19)
Trong dé6: U" - vecto chuyén vi ctia thanh gian trong hé toa do cuc bo;
f::, - vecto tal trong tuong duong trong hé toa dé cuc bo;
q - vecto chuyén vi clia thanh gian trong h¢ toa do tong the;

f, - vecto tai trong tuong duong trong hé toa do tong the,

Theo (4.5) : U=Rq
Thay h¢ thic trén vao (4.19).
q'R'fy = q'f, (4.20)
do dé: f,=R'fy (4.21)

Thay R tr (4.6) vao (4.21) va (4.18):
-1

& m
fia = BACAT | (4.22)

m
Vecto tai trong tuong duong do nhiét d & dugc ghép véi céc tai trong khdc dé dugc
vecto tai trong tong thé F. :

Sau khi xdc dinh cdc thanh phin chuyén vi, ta tinh g suat.

o = E(e —¢,) (4.23)
Két hop v6i cong thitc (4.13), ta co:
G, = %[_li -m; | mi] q; - .o AT (4.24)

Trong dé: chi s6 i img véi thanh gian thif i:
4.24.2. Truong hop ché'tao khong chinh xdc

Mot thanh gian ché tao khong chinh xdc c6 nghiia 1a khi 1ap rép, thanh dé ngan hon
hoac dai hon so véi chiéu dai quy dinh trong thiét ké. DE thanh ¢6 chiéu dai quy dinh, ta
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kéo gidin né ra hodc dap co vao mét doan A. Diéu nay tuong duong vdi viéc cho tic dung
I¢n thanh gian d¢ bién thién nhiét do.
AT = A (4.25)
a;.L;

Vay bai todn ché tao khong chinh xdc duge dua vé bai todn tac dung cua nhiét do.

Vi du 4.2: Dau dé gidng vi du (4.1) nhung ngoai tai trong, ¢on cé tac dung clha nhiét
do. Do bién thién cla nhiét d6 bang 20°, o = 10 x 10°/C.

Tinh cdc thanh phan chuyén vi:

Tinh (ng suat trong céc thanh gian.

Giai:

Ta ap dung nguyén 1y cong téc dung d¢ giai bai todn nay nghia la chuyén vi bang

tong cta chuyén vi da tinh trong vi du (4.1) (do tai trong) vi chuyén vi tinh trong vi du
4.2 (do nhiét do). Di véi dng sudt, ta ciing 1am trong tu.

Céc s6 liéu ban dau di théng ké trong vi du (4.1). Déng thoi, ma tran do cing tdng
thé K ciing di tinh trong vi du do.

Bay git chi xét téc dung clia nhiét do. Ap dung (4.22), ta cé:
4w =EAATL -m || m)

Trong dé: chi 56 i 4p dung cho thanh gian thi i.

252 ©) 25,2
a)

Hinh 4.6: Tdi trong tuong duong do nhiét do
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Phantir 1: £}, =210 x 10 x 10°x 20 x2000x0=0

£2 =210 x 10 x 10° x 20 x 2000 x (-1,0) = -8.4kN
Phinti2: fg= 0

£2 =42 x 10 x 2000 x (-1,0) = -84kN
Phintir3:  f,= 42 x 107 x 600 x (-1) = -25,2kN

f2=0

£ =25,2kN

=0
Phantir4: £l =42 x 107 x 600 x (0,8) = 20,16

f2 =42 x 107 x 600 x (-0,6) =-15,12
Phantlr5:  fl =42 x 107 x 600 x (-0,8) = -20,16

f2 =42 x 10 x 600 x (-0,6) = -15,12

Trong dé: 1, 2, 3, 4 1a s thi ty céc bac ty do ¢ 2 dau thanh trong he toa dg iong thé
(hinh 4.6b). Céc tai trong tuong duong ghi trén hinh (4.6a).
Ghép céc tai trong tuong duong trén phuong cdc bac tu do tong thé:
F, =-20,16 - 25,20 = -45 36kN
F,=-84 -2512=-99,12kN
F,=25,20 + 20,16 = 45,36kN
F,=-84-15,12=-99,12kN

Hé phuong trinh can bing tdng thé ¢é dang:

Q, 45,36
K Q| [-99.12
T1Qy| | 45,36

Q, 99,12

Trong dé: K tinh theo (4.16)

Giai hé phuong trinh trén, ta duge gid tri céc thanh phan chuyén vi do nhiét do:
Q"=[-04775 -0,6262 -04775 -0,6262] mm

Téng chuyén vi do tai trong va do nhiét do:
Q=Q+Q"

Q' di tinh trong muc ¢ vi du (4.1).
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Tinh ing sudt
Ung sudt do nhiét do tinh theo (4.24).

n

E.
o; = L—f[(% ~q ) +(q4 —q;)m, ~EaAT |

oy = —@—[0+0,6262x 1,0]-210>< 10x 1078 %20
3000

= 1,834 x 10°kN/mm?
210
3000

=4,34 x 10%kN/mm>

Phin tir 3: c?:f%%—L05W5+0A7ﬁ)xL0+0]—ﬂ0xﬂbd04x20
= — 4187102 KN/mm>

210

Phantir4: ol = %[0,47?5 x{~0,8) +0,6262x(0,6) |~ 210x 10x 107 x 20

= —4,226x10kN/mm?>

Phian tir 1:

Phantir2: o) =———[0+0,6262x 1,0]~210x10x 107 x 20

Phan 5. of 2320—10%[0,4?75><(0.8)+0,6262 x(0,6)]-210x 10107 x 20

= ~1,018x10”kN/mm?
Téng ting suat phap do tai trong va do nhi¢t do la tong clia ing suat phdp tinh trong
muc d) cda vi du (4.1) va ing suat phép vira tinh trén.

§4.3. GIAN KHONG GIAN

4.3.1. Ma tran d¢ ciing cia thanh gian trong hé toa do tong thé

Gian khoéng gian 13 mot két cau trong d6 cac thanh gian va 13i trong khong cliing nim
trong mot mat phing. Gidn khong gian con goi 1 gian 3 chicu.

Gidng nhu gian phang, méi thanh gian lam viéc nhu ket cdu 1 chidu. Vi vay, cén c6 2
hé¢ truc toa d¢: heé toa d¢ cuc bo x' tring véi truc cla thanh gian (hinh 4.7a), chiéu duong
cua truc x' di tr ddu 1 dén ddu 2: hé truc toa do x, y, z biéu thi trén hinh 4.7b, 4.7c.

Vecto chuyén vi cia méi thanh gian trong hé toa do cuc bo (hinh 4.7a) Ia:

u=fu wf (4.26)
Veeto chuyén vi & 2 ddu thanh gian trong he toa do tong thé 1a (hinh 4.7b):
4 =[9) 9292 94 95 96 (4.27)
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/ X v \\‘»\ 2 9s
2 Z ., Qs
Thanh gian Thanh gian
trong hé toa sau khi
do cuc bd bi€n dang
z
/ a !
u -
~ y
| Y T /
. / 1—!“‘ d: X
q )
a) ‘ b) ¢
Hinh 4.7
Tuong tu nhar trong §4.2, hé thic gilta u va q nhu sau:
u, =g, +g,m+q:n
u, =gl + gsm + gen
Dudi dang ma tran
u=R.gq (4.28)
Trong dé:
1 n 0 0 0
R=| (4.29)
0 0 01 m n

R goi 12 tran xoay hodc ma tran bién d6i.
Trong dé: 1, m, n 1a céc cosin dinh hudng cha tryc x' doi vdi cac truc X, y, z.
Ma tran d6 cing ciia méi thanh gian trong hé toa do cuc bo tinh theo cong thic (4.9).

ke=f\€—a" b (4.30)
L, |-t 1

[~

Ap dung cong thitc (1.43), ta ¢6 ma tran do ciing clla moi thanh gian trong hé toa dé
tong thé:

K, =R'k.R (4.31a)

Cin cif vao (4.29) va (4.30), sau khi thuc hién cdc phép nhan ma tran trong (4.31a),
ta duoc:
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(2 m I - m —im ]
Im m? mn -lm -m?’ —mn
k= E.A.| In mn n® -In -mn -n? @.31)
Le 1 =1° -Im —In 12 Im In
-im -m® -mn Im m? mn
| ~In  —mn n? In mn n’ J
Cac cosin dinh huéng tinh nhu sau:
1= xZ_XI m= Y ¥ n= Zy -2 (432)
LE LC Le
Chiéu dai cha thanh gian:

2
L= J(0 - %, + (2 -1, +(22-7) (4.33)
Cong vigc ti€p theo 1a ghép cdc ma tran d6 cing cia cic thanh gian va ghép cdc vecto
tai trong dé ¢6 hé phuong trinh can bang tdng thé:

KQ=F

Giai h¢ phuong trinh trén, ta dugc gid tri cac thanh chuyén vi
4.3.2. Ung suit phap

Ung suat phép trong thanh giin ¢6 thé viet:

o= Si[-1 1] {"‘] (4.342)
L U,
U
theo (4.28): =R.q (a)
u,
Trong doé:
Il m n ¢ 0 O
= (b)
0 0 0 1 m n

Thay (a) va (b) vao (4.34a), ta duoc;

__[11] m n 0O 0 O
i 0001 4

m n
Sau khi thuc hién cdc phép nhan ma tran;

ciz%[—l -m -n 1 m n]q

1

(4.34)
q la vecta chuyén vi tai 2 ddu thanh gian trong he toa do tdng thé (hinh 4.8)
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Qs

94

9

Hinh 4.8: Cdc thanh phdn chuyén vi tai 2 ddiu thanh gian trong hé toa dé tong thé

4.3.3. Truomg hop tac dung cua nhiét do va ché tao khong chinh xac

Tuong tu nhu trong (4.22, ta ¢ vecto tai trong twong duong do nhiét do):

 =EAaAT[-l, -m, n, 1. m, 0] (4.35)
Ung sudt do nhiét do:
O-i = %[_ll —'mi —ﬂi li mi ni].qi - E]C(.AT (436)

Trong dé: q tinh theo (4.27).
Trudmg hop ché tao khong chinh xac
Ta dua vé& truong hop tac dung cha nhiét do bang cich dp dung cong thiic sau:

A
AT= — (4.37
o;L; )

Trong d6: A 1a d6 dai hon hodc d¢ ngan hon so véi chiéu dai thi€t k€ cua mot thanh
gian trong qud trinh ché tao.
Vidu4.3:
Cho 1 gian khong gian nhu trén hinh (4.9a). E = 210kN/mm?
Xéc dinh ma tran do cing téng thé cGa toan he;
Tinh cic thanh phan chuyén vi;

Tinh luc doc trong cac thanh gian.
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a}

2000 mm

b)

Q,
Hinh 4.9

Giai:

S6 thif ty cdc nuit va cdc thanh gian (duge khoanh trdn) biéu thi trén hinh (4.9a). C6
tat ca 7 nut va 9 thanh. Chiéu duong cla truc x' biéu thi bang céc mili tén. Cdc s6 liéu
ban diu théng ké trong cdc bang sau:
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Toa dé cac nut

S& thu tir bac tu do tai cac nit

Nut x y z Nut u v W
1 4000 0 0 1 1 2 3
2 4000 1500 2000 2 4 5 6
3 4000 3000 0 3 7 8 9
4 0 0 0 4 0 0 0
3 0 0 2000 5 0 0 0
6 0 3000 2000 6 0 0 0
7 0 3000 0 7 0 0 0

S thit tu cac bac tu do tai dau 1 va diu 2 cda thanh gian
Phan tu bdu t Pdu 2 Phan tir Pau 1 bau 2
1 4 1 5 6 2
2 7 3 6 7 1
3 3 1 7 1 2
4 5 2 8 1 3
9 3 2
Pic trung hinh hoc va co hoc cia cac thanh gian
Phintr | (x;-x)) | (v>-v) | (z2-2)) L 1 m n AE/L
1 4000 0 0 4000 1.0 0 0 4,5

2 4000 0 0] 4000 1,0 0 0 4.5
3 4000 0 -2000 4472 0,8944 0 -0,4472 | 4,025

4 4000 1500 0 4272 0,9363 | 0,351l 0 4214
5 4000 -1500 0 4272 0,9363 | -0.3511 0 4,214

6 4000 -3000 0 5000 0.8 -0,6 0 3,6
7 0 1500 2000 2500 0 0.6 0.8 72
8 0 3000 0 3000 0 1,0 J 6,0

9 0 -1500 2000 2500 0 -0,6 0,8 7.2

R
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a) Theo (4.31), xdc dinh c4c ma tran do cing ctia mdi thanh gian trong hé toa do

tong thé.
1 2 3  « S6thdty BTD téng thé
45 0 0] 1
Thanh s6 1: k, = 0 0 0] 2
0 0 0| 3
7 8 9 <« Sothity BTD téng thé
45 0 0] 7
Thanh s6 2: k, = 0 0 0] 8
0O 0 0| 9
1 2 3 « S3 thit ty BTD tng thé
322 0 -1,61| 1
‘Thanh s 3: k,= 60 0 ¢ 2
-1,61 0 0,81 3
4 5 6 <« S6thdw BTD téng thé
3.69 1,39 0| 4
Thanh s6 4: k,= (1,39 0,52 0| 5
0 0O 0| 6
4 5 6 <« Sothdty BTD téng thé
3,69 -1,39 0 4
Thanh s 5: k= |-1,39 0,52 0| 5
0 0 0| 6
1 2 3 & SGthd ty BTD téng thé
2,30 1,73 0] 1
Thanh s& 6: k= [-1L73 1,30 0| 2
0 0 0| 3
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Thanh 36 7:
1 2 3 4 5 6 <« S&thitu BTD
t8ng thé
0 0 0 0 O 0 11
0 2,59 346 0 -2,59 -3,46| 2
K, = 0 3,46 461 0 -346 -461] 3
0 0 0 0 0 0 4
0 -2,59 -346 0 259 346 5
|0 -3,46 4,61 0 346 4,61 | 6
Thanh s6 8:
1 2 37 8 9 <« SothtwBTDwngthe
‘o o0 00 0 o0]1
0 60 0 0 6,0 0] 2
k, = 0 g 00 O 0f3
0 0 0 0 0 0| 7
g -60 0 0 6,0 0| 8
0 0 00 0 0}09
Thanh s6 9:
7 8 9 4 5 6 « So thir tr
BTD téng thé
0 0 0o 0 ¢ 0 17
0 2,59 -3,46 0 -2,59 3,46 | 8
K, = 0 -346 461 0 346 -4617 9
0 0 0 0 0 0 4
0 -2,59 346 0 2,59 -3,46{ 5
|0 3,46 -461 0 -346 4,61 ] 6

Sau khi ghép cdc ma tran trén, ta dugc ma tran d6 cing téng thé cha toan hé:
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4,5 -1,73 -1,61

3,22
2,30
10,02
2,59 346
6,0
1,30
9,89
0,81
4,61
5,42
K=
Dai xiing

\

b) Ta c6 h¢ phurong trinh can bang téng thé nhu sau:
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-2,59

-3,46

-1,39
1,39

0,52
0,52
2,59

2,59
6,22

0 0
-3,46 0
-4,61 0

0 0
3,46 0
-3,46

0
4,61 0
4,61
9,22

4,5

-2,59

3,46

3,46

4,61

3,46
4,61 /
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1
|
|
1
|

Q
Q,
Q;
Q4
K x | Qs | =
Qs
Q,
Qs
[ Q5 0

“wW o oo o O

o QO

Giai hé phuong trinh trén, ta dugc gid tri cdc thanh phédn chuyén vi:

[Q Q Q Q Qs Qs Q; Qs Qo] =

=[-3,3508 -7,4646 —1,2833 0 13,7569 -2,234 0 -7.4775 -3,0772]mm

& trén, ta di ddng phuong phép loai trir dé khir cdc hang vi cot cha ma tran K tng v6i

céc bac tu do tai cac mit khong cé chuyén vi 4, 5, 6, 7 (hinh 4.9).
¢) Tinh luc doc theo (4.34)

Phan ur 1:
Phan to 2:
Phan tir 3:

Phan ur 4:
Phan t 5:
Phan ti 6:

Phan wr 7

Ld,=72x[0-0,6 x (-7,4646 - 0,8 x (-1,2833) + 0 + 0,6 x 3,7569 + 0,8 x (-2,234)]
=43 00kN
Phan tir 8:

Phan tr 9:

Ld,=7,2x[0+0,6x (-7,4775) - 0,8 x (-3,0772) + 0 - 0,6 x 3,7569 + 0,8 x (-2,234)]

A E.
Ld;=cA;= ]L—][(% —‘-11)1 +(Q5 —‘42)m + (% —q3)n:|

Ld, = 4,5 x [1,0 x (-3,3508) + 0] = -15,08kN

Ld, =45 x[1,0 x 0] = 0OkN

Ld, = 4,025 x [0,8944 x (-3,3508) + 0 - 0,4472 x (-1,2833)]
=-9,75kN

Ld, =4,214 x [0,9362 x 0 + 0,3511 x 3,7569 + 0] = -5,56kN

Ld,=4,214 x [0,9363 x 0 - 0,3511 x 3,77569 + 0] = -5,56kN

Ld, = 3,6 x [0,8 x (- 3,3508) - 0,6 x (-7,4646) + 0] = 6,76kN

Ld,=6,0x [0-1,0x (-7,4646) + 0+ 0 + 1,0 x (-74775)+ 0] = -0,08 kKN

=-43,68kN
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Vidu 4.4: Cho 1 gian khong gian nhu trén hinh (4.10).

Q

Q

I (1732: 1732: 1732)

(3464; 3464:0) 4 <
(0:0: 0y

Hinh 4.10

Thanh 1 - 5 dai hon chiéu dai quy dinh 0,1%. E = 210kN/mm2, chiéu dai mai thanh L

= 3000mm, dién tich tiét dién A = 230mm?, hé¢ s6 gidn nd do nhiét do 10 x 10°4'C.

Xdc dinh ma tran do cing tdng thé;
Tinh chuyén vi;

Tinh g suat.

Giai:

Cdc s06 lieu ban dau théng ké trong cdc bang sau:

S6 thit tu bac tu do

do nut Ac fu .

Toa do mi Bac ty do tai 2 dau thanh
1—Nﬁt X y 2 Nt u v W Phian tr Dau [ Dau?2
I 1732 1732 1732 i d d, d, 1 5 1
2 0 0 0 2 0 0 0 2 2 1
3 3464 0 0 3 0 0 0 3 3 1
4 3464 3464 O 4 0 0 0 4 4 1

5 0 3464 0 5 0 0 0
103
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Tinh cac cosin dinh huéng theo (4.32):

1732 -0
Phan tif 1: l, = ——— =0,5773
3000
m, = 1732 — 3464 = 05773
3000
= 1732-0 =0,5773
3000
-0
Phan ti 2: L= 173270 _ 0,5773
3000
m, = 17320 _ 4 5773
3000
m, = 1333!19—:(L5773
3000
Phan tir 3: L= 1732 3364 _ -0,5773
3000
m, = l33-%—'19:0,5773
' 3000
n, = Eég—“—9:0,5773
' 3000
o, 1732 - 3464
Phan ti 4: = 2~ =.0,5773
3000
m, = 1732 - 3464 - 05773
3000
n, = lzgg-'F—9-=0,5773
3000

a) Xéc dinh ma tran do ctimg ciia thanh gian trong hé toa do téng thé. Ap dung cong
thirc (4.31) va dung phuong phép loai trir dé khir cac hang va cot clia ma tran ng vdi cdc
béc tu do G cac nit cd dinh 2, 3, 4, 5.

Phan ur 1:
L 2 3
05773 —(0,5773)° 10,5773 |,
k, = E%? (0,5773°  -0,5773% |2
dsi xing 0,5773* |3
104
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Phan tir 2:
1 2 3
0,5773>  0,5773* 0,5773% |}
EA
kzz—i— 0,5773° 0,5773° |2
déi xing - 0,5773% 3
Phén tir 3:
1 2 3
0,5773> —0,5773° -0,5773 |}
EA
kJ:—L_ 0,5773*  0,5773% |2
dx 0,5773% |3
Phén tir 4:
1 2 3
0,5773*  0,5773% —0,5773% |
kFETA 0,5773% -0,5773% |2
dai ximg 0,5773% |3

Sau khi ghép cdc ma trén trén, ta dugc ma trin do cing tng thé:

4x0,3333 0 0
K =16,1 x 0 4x0,3333 0
0 0 4x0,3333
Cudi cing:
21,4645 0 0
K= 21,4645 0
doi xitng 21,4645
b) Tinh chuyén vi

Tinh d6 bién thién nhiét do twong duong theo (4.37)
A 3000

- =100°C
ok, 1000x10x 107 x 3000

AT =

Tinh vecto tdi trong tuong duong do nhiét do gay ra theo (4.35).

lidin.Aia.AT[—l-, -m; -n; 1, m; n-,]
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Chi ¢6 phan tir 1 ché€ tao khong chinh xdc néni = 1.

Céc thanh phan tai trong tuong duong men theo cdc bac trdo 1, 2, 3 (hinh 4.10):
F, =210 x 231 x 10 x 10° x 100 x 0,5773 = 28kN
F,=210x 231 x 10 x 10° x 100 x (-0,5773) = -28kN
F, =210 x 231 x 10 x 10° x 100 x 0,5773 = 28kN

K&t hgp ma tran K dé cho va vecto tai trong vira tinh & trén, ta dugc hé phuong trinh
can bang tdng thé:

21,46 0O 0 Q, 28
0 2L46 0 | x {Q,|={-28
0 0 21,46 Q; 28

Giai hé phuong trinh trén, ta dugc gid tri cdc thanh phén chuyén vi:
28 '

= ———— =130
YT o
28
=-———=-1,30
R RETWT: e
28
= —— =130
YT o
b) Tinh dng suit theo (4.36)
E.
g9, = ﬁ[(% —Q1)li +(f-15 —Q:z)mi ‘*'(Cls “%)“i]_Era-AT
Phan tr 1:
210
G, = [(1 30 - 0)x 0,577 +(~1,30) x (-0,5773) + (1,30)x 0,577
~210x 10x 107 x 100 = —0,0525 kN/mm’
Phan tir 2:
o, = %[(1,30 ~0)x0,5773+(~1,30)x 0,5773+ 1,30x 0,577 |
0,21 = -0,1575 kN/mm’
Phan tu 3:
05 = 3201(?0 [(1,30)x (-0,5773) +(~1,30) x 0,5773 +(1,30) x 0,5773 ]
~0,21 = -0,0625 kN/mm’
106
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Phin tir 4:
210
Gy = m[(1,30) x(~0.5773) +(~1,30)x (=0,5773) + (1,30} x 0,5773 ]

—0,21=-0,1575 kN/mm?

§4.4. THUAT TOAN LAP TRINH TINH GIAN PHANG (CTR4)

Trong chuong trinh nay, xét trudng hop téng quat: tic dung clia tdi trong va tac dung
cha nhiét do.
1) Nhimg diéu can phai tuan tha (1ay thi du trong hinh 4.11)

- 56 thi tr cdc niit nén xép theo day s6 tur nhién (1, 2, 3, ...). Chéng han, trong thi du
nay,cé4mit 1, 2, 3, 4.

- S6 thif tu cdc thanh ciing Iam nhu trén.

- SG thit ty cdc bac ty do nén x&p theo diy s6 ty nhién.

6 8
T—>5 L,?
i 4000 mm |
™~ =
“ E = 210kN/mm?* &
A, = A; = 2000 mm®
E
g
14 §
oy
£ ‘
® & - Q@ X
| : 4 20N X
2 10kN 4
L’ 1 L>3

Hinh 4.11
Theo nguyén tac chung, s& thit tw bac ty do tai nit i, x4c dinh nhu sau:
Trén phuong y: 2i
Trén phuong x: 2i - 1
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S6 thi tu bac ty do khong ¢6 chuyén vi nén x€p & cudi dé tién cho viéc chia khoi ma
tran khi ding phuong phap loai tru.

Trong méi thanh gian, s6 thi tu BTD cta ddu 1 nén bé hon so véi dau 2. Trong thi du
nay, s6 tht wr cac BTD 1a: 1, 2, 3, ..., 7, 8. Trong dé: 5, 6, 7, 8 1a s6 thi tu céc BTD
khong c6 chuyén vi. Sp x€p s6 thir ty nhu trén s& tao di€u kién thuan loi cho vige chia
khéi ma tran nham tinh chuyén vi va phén luc tai cdc goi tua khong 6 chuyén vi.

2) Nhap cic so liéu ban diu theo cic bang sau:

S6 thanh: 4
S6 BTD c¢6 chuyén vi: 4
Téng s6 BTD: 8
Cic thanh phan tai trong: 0; -10; 0; -20
X, X, Xa X, (mm®) (N/m) gidn nd | nhiét do
1 0 0 0 3000 2000 210 0 0
2 4000 4000 0 3000 2000 210 0 0
3 0 4000 0 0 600 210 0 0
4 4000 0 0 3000 600 210 0 0
5 0 4000 0 3000 600 210 0 0
o 56 bac tu do
Phén ur
d, d, d, d,
1 1 2 5 6
2 3 4 7 8
3 1 2 3 4
4 3 4 5 6
5 1 2 7 8

3) Ghép cac ma tran dO cing riéng vao ma tran do cling téng thé theo (4.10)
4) Giai hé phuong trinh Q = F dé dugc gid tri céc thanh phan chuyén vi.

5) Tinh @ng suat theo (4.13)

6) Tinh phan luc theo so do chia khéi ma trén theo (4.15) va 4.17
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§ 4.5. THUAT TOAN LAP TRINH TINH GIAN KHONG GIAN (CTR 5)

Trong chuong trinh nay, xét trudng hop tong qut: tic dung cha tai trong va tac dung
cua nhiét do.
1) Nhimg diéu can phai tuan tha
Giong nhu da trinh bay trong §4.4. Tuy nhién, méi nit ¢6 3 BTD. S thit tv cdc BTD
tai nut i, Xac dinh nhur sau:
Trén phuong x: 3i-2
Trén phuong y: 3i- 1
Trén phuong z : 3i
Trong vi dy trén hinh (4.12), ta c6 t4t ca 24 BTD trong d6 ¢6 12 BTD ¢6 chuyén vi va
12 BTD khong c6 chuyén vi, chiing dugc xép thit tir theo day & tu nhién.

I4

E = 210 kN/mm?
® A = Ay = A, = A, = 600mm?

As= A = A, = A, = 2400mm?

S& thaf wr cde nidt; khoanh tron

S8 thd ty cdc thanh: khong khoanh tron
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Ay
|
|
(-1500, 1500, 0) 5 ; 8 (1500, 1500. 0)
5 | 8
!
@ ! 6
(-500, 400, 2000) 3 (500. 300. 2000)
i
|
|
—_—— R R — == - - ..
4 ;_ 2
|
i
|
(-500, -300, 2000) @ (500, -0, 2000)
® 1@
6 i
i 7
i
(-1500, -1500,0) 6 : 7 (1500, -1500,0)
i
Hinh 4.12

2) Nhap cic so liéu ban ddu theo cic bang sau (lay thi du trén hinh 4.12)
S6 thanh: 8
S8 BTD c¢6 chuyén vi: 12
Téng s6 BTD: 24

Phin Toa do (mm) Dién tich cl:’\[édhug Hé s6 56 gia

il s | vl o |l x|y | 2 | o) (E;/m;) gian nor | nhiét do
1 -500 | -500 | 2000 | 500 | -500 | 2000 | 600 210 0 0

2 500 | -500 {12000 | 500 | 500 {2000 | 600 210 0 0

3 500 | 500 {2000 | -500 | 500 |2000| 600 210 0 0 |
4 -500 | -500 | 2000 | -500 | 500 |2000| 600 210 0 0

5 500 | 500 |2000|-1500| 1500 | O | 2400 210 0 0

6 -500 | -500 | 2000 |-1500{-1500( ©

7 500 | -500 | 2000 | 1500 |-1500] ©

8 500 | 500 |2000|1500 | 1500| O J
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! Phan ti 30 bac tyr do

d, d, d, d, d, d,
1 [ 2 ) 5 <]
2 4 5 6 7 8 9
3 7 8 10 11 12
4 ] 2 3 10 1 12
5 10 i1 12 13 L4 15
6 ] 2 3 16 17 8
7 4 5 6 9 20 21
8 7 g 9 2 23 24

3) Ghép cic ma tran do cing riéng vao ma tran do ciing t6ng thé theo (4.31),
4) Giai h¢ phuong trinh can bang theo phuong phap Gauss
5) Tinh ting suit theo (4.36)

6) Tinh phan lyc theo phuong phap loai trir vii so dé chia khéi ma tran (nhu trong thi
du4.1).

§4.6. THUAT TOAN LAP TRINH TiNH GIAN CHIU TAC DUNG CUA NHIET B0
VA GIAN CHE TAO KHONG CHINH XAC (CTR6, CTR7)

Thuat todn & day giong CTR4 va CTRS. Chi khéc [a cdn thong ké thém cic s6 lidu vé
hé s6 gidn n& va s6 gia nhiét do thuc t& hoac s6 gita nhiét do tuong duong khi gian ché
tao khéng chinh xéc.

Céc thanh phan 1ai trong tinh theo (4.35) va (4.37).
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Chuong 5

BAI TOAN HAI CHIEU q
DUNG TAM GIAC BIEN DANG KHONG POI

§5.1. DAC PIEM BAI TOAN HAI CHIEU
Trong bai todn hai chiéu, chuyén vi, bi¢én dang, tng suat, lyc thé tich, luc bién Ia
nhimg ham cia hai bién x va y.
Vecto chuyén vi u ¢6 dang:
U=[u I (3.1
Trong dé: u - thanh phan chuyén vi song song vdi truc X;
v - thanh phén chuyén vi song song véi truc y.
Ung sudt va bién dang:
(5.2)

(5.3)

Hinh 5.1. Kéi cdu 2 chiéu

Hinh 5.1 biéu thi k&t cau hai chiéu mot cach khdi quat, trong d6 vecto luc thé tich f,
vecto Iyc bién T va phan té thé tich dV nhu sau:

f=(f £, T=[T, T,|' dV=hdA (5.4)
Y Y
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Trong d6:  h - bé diy clia két ca hai chiéu trén phuong z;
fx, fy - cdc luc thé tich wen don vi thé tich trén cic phuong x, y;
Tx, Ty - cic luc bién trén don vi dién tich trén cdc phuong x va y;
dA - phan 16 di¢n tich; He thic bién dang chuyén vi

NN 55
ox Oy \oy o&x
H¢ thitc trén suy ra tir h¢ thiic téng quat (1.11) trong bai todn 3 chiéu. Theo (1.20) va
(1.20a) ta c6 h¢ thirc giita ting suat va bien dang:
c=D.e (5.6)
D¢ gidi bai todn hai chiéu, trudc hét ta ding mé hinh phdn tir hitu han tam giéc.
Nguyén ly cong do s& duge dp dung dé suy ra céc bi€u thic clia ma tran d¢ cing va véc
to tai trong

Luc bién
' ad S6 thir e cde FTHH: khoanh tron
BEAREBALET \
1 7 56 thd ty cdc ndt: khong khoanh tron
[ 2 ©

@ @ ® 14
3 4 g 8
@ ® @ / L>1_
0 @9 ®11 @ .
®® @@ % 12 16
13 @ 5 16 1 ‘ . l -

3
5
17 @Dlg @ @ 20
T e o
u=0

Hinh 5.2. M6 hinh phdn nr hitu han trong bai todn 2 chiéu

Mién 2 chiéu dugc chia thanh cic hinh tam gidc nhu trén hinh (5.2). Céc dinh tam
giac goi la niit, mdi tam gidc do 3 mit va 3 canh tao thanh goi 14 mot phdn tir hiu han
(viét tét (2 FTHH). C4c FTHH tam gidc 1dp ddy mién hai chiéu. Néu ¢6 mién réng & bién
thi thay né bang cdc FTHH bé hon hodc cic FTHH c6 bién cong, do d6 bai todn s& duoc
giai mot cach gan ding. Trén hinh 5.2, 86 thy tr ctia céc FTHH duge khoanh tron, sé thit
tw cdc niit biéu thi bén canh nit.

Trong bai todn 2 chiéu, mdi nit dugc phép chuyén vi trén 2 phuong x va y. Vay méi
nit ¢6 2 bac ty do (viét tit 1a BTD). D€ tién cho vi€c lap trinh trén mdy tinh dién 1, ta
dat s6 thif tu cho médi niit nhu sau:
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Tat nut j: BTD trén phuong x: d,=2j- 1
BTD trén phuong y: d,= 2j 5.7

Vi du: déi véi FTHH s6 6 trén hinh (5.2), ta ¢6 s8 thit tu cac BTD: 11, 12, 15, 16, 13,
14 (1an luot tng véi cdc niit 6, 8, 7).

Vécta chuyén vi téng thé ¢6 dang:

Q=[Q, Q -~ Q (5.8)

Trong d6: N 1a s6 BTD cua toan hé.

Trong tinh todn, cin biéu thi toa do chia cdc niit va s do lién két giita ching. Toa do
ntit biéu thi trén hinh 5.3. So d6 lién két giita cac FTHH va giita céc nit biéu thi trén
hinh 5.2. Néu tach rieng mét FTHH, né c6 3 nut B, 2, 3 (c6 tinh chat cuc bd) va cac BTD
cuc bo biéu thi nhu trén hinh 5.3.

T Qs
a4 Y

(X2 ¥3)  3p—P q;

Hinh 5.3. S6 thir ty cuc b6 cua cdc niit
> 4 va 56 thit it cuc bd cia cde BTD

Su twong tng gilta s& tha tr cuc bd (1, 2, 3) cha cic nit va s6 thit tu tdng thé cla
chiing biéu thi trén hinh 5.2 va bang 5.1.

Bang 5.1. Su twong Gmg giira so thi tu cuc bd
va 50 thi tu tong thé cha 3 nat FTHH

56 thir ty FTHH S6 thif ty niit cuc bo S& thit tur nidt tong thé
1 1 2 3 1 3 2
2 1 2 3 2 3 4
3 1 2 3 2 4 5
4 1 2 3 5 4 6
22 1 2 3 15 18 19
23 1 2 3 I3 19 16
24 1 2 3 16 19 20
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Chang han d6i v6i FTHH ¢6 s6 thi tu 4 (hinh 5.2), c6 su tuong quan nhu sau: niit 1
(cuc bo) — niit 5; nit 2 (cuc bo) — niit 4: niit 3 (cuc bo) —» niit 6 Cic nit cia FTHH
tam giac dém theo chiéu nguoc kim dong ho dé tranh dién tich am (van dé nay s€ duoc
dé cap trong phan sau).

Cdc thanh phan chuyén vi tai cdc nit cia FTHH men theo cic BTD cuc bo (l 2,3)
bi€u thi nhu trén hinh (5.3). Céc thanh phan q, g, g5 ing véi cdc nit 1, 2, 3 trén phuong
X; cac thanh phan q,, q,, q, Ung véi cac nit 1, 2, 3 trén phuong y. Vay vecto chuyén vi
cuc bo cta FTHH la:

q:[‘h Q2 93 94 g5 %J (5.9)

§5.3. FTHH TAM GIAC CO BIEN DANG KHONG DOI

Céc thanh phén chuyén vi tai mot diém trong FTHH u va v biéu thi trén hinh (5.3).
Trong d6, u la thanh phan chuyén vi trén phuong x, v 1a thanh phan chuyén vi trén
phuong y. Trong phuong phép phan tir hitu han, ta dung ham hinh dang hoac ham noi
suy dé bicu thi cic thanh phén chuyén vi tai mot diém trong FTHH qua cdc thanh phan
chuyén vi tai cic nut.

Hinh 5.4. Su bién thién ciia cac ham hinh dang N,, N, N,

Do6i véi FTHH tam gidc c6 bién dang khong doi, ham hinh dang c6 tinh chat tuyén
tinh trong pham vi FTHH. Khai niém vé ham hinh dang doi v6i FTHH da trinh bay
trong chuong hai. O day, ta dung 3 ham hinh dang N,, N,, N, ing véi cdc niit 1, 2, 3. Su
bién thién cla ching (xem hinh 5.4) nhu sau. Ham hinh dang N, bang don vi tai niit 1 va
bang 0 tai 2 nit 2 va 3 (hinh 5.4a). Him hinh dang N, bang don vi tai nit 2 va bang 0 tai
2 nit 1 va 3 (hinh 5.4b). Ham hinh dang N, bang don vi tai nit 3 va bang 0 tai cdc niit
I'va 2 (hinh 5.4¢c). Cac ham hinh dang néi trén dugc biéu thi bang cdc mat phang. Té
hop tuyén tinh cta cic ham d6 ciing biéu thi mot mat phang. Dac biét t6 hop cia céc
ham N, + N, + N, 1a mot mat phang di qua céc diém c6 chiéu cao bing don vi tai cic nit
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1, 2, 3 nghia 12 mat phang dé song song véi tam gidc 123. Vay déi véi bat ky ham hinh
dang N,, N, N; nao, ta cé hé thic:
N +N,+N;=1 (5.10)

N,, N,, N, 14 nhilmg hdm khong doc lap tuyén tinh. Chi ¢6 2 ham 1a doc lap tuyén
tinh. Cic ham hinh dang doc 1ap tuyén tinh dugc biéu thi bang cdc s¢ khong thit nguyén
& va 1 nhu sau:

N, =¢ Ny=m N;i=1-§-n (5.1

Trong d6 & va m 12 céc toa do tu nhién. Trong bai todn 1 chiéu, ta ding mot toa d6 ty
nhién &. Trong bii todn 2 chiéu, tng véi tga d§ vudng goc x,y, ta ¢ céc toa do tu nhién
€ va 1 va ham hinh dang & day 1a ham ca & va .

Y nghia vat 1y cha cdc ham hinh dang nhu sau:

Mot diém bat ky cé toa do (x,y)
trong FTHH tam gidc chia n6 ra thanh
3 mién ¢é cic dién tich A, A,, A,
(hinh 5.5).

Cac ham hinh dang N, N,, N; cé

cdc gia tri sau:

Ai
A
A
N, =f; (5.12)
As
A

Hinh 5.5, Toa do dién tich

Trong dé, A 1a dién tich clia tam
gidc. R& rang 1a dai véi mot diém bat ky trong FTHH luon luén ¢6 hé thie N, + N, + N, =1

§5.4. CACH BIEU THI CUNG THAM $O. BIEU THUC BIEN DANG
5.4.1. Ma tran Jacobian
Céc thanh phan chuyén vi tai mot diém bat ky trong FTHH c6 thé bicu thi bang céc
thanh phan chuyén vi tai cdc nuit.
u=N,q; + N,qq + Nj.
19 243 345 (5.13)
v=Nq; + N;.q4 +N3.q6

Theo (5.11)

(=
Il

(Cli _Q5)§+(Q3”Q5)+Q5

(5.14)
v=(q; —96¢)E+(q4 —96) T 96
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Du6i dang ma tran, hé thitc (5.13) ¢6 thé viét:
u=Nq (5.15)
N, 0 N, 0 N, 0

(5.16)
0 N, 0 N, 0 N,

Dot v6i FTHH tam gidc, ciing ¢6 thé ding cic ham hinh dang néi trén dé biéu thi céc
toa do x, y tai 1 di€m trong FTHH qua cic toa d6 tai cdc mit. Céch bi€u thi nay goi la cdch
biéu thy ciing tham s6. N6 don gidn va gitip cho viéc tinh todn sau nay duge dé dang.

Theo trén, c6 thé viét:

X=Np.x +N,.x;, + N, x,

(5.17a)
y=N.y;+ Ny, + N,.y,
Theo (5.11)
(5.17b)
Y= -¥)E+H(ya-y)n+y,
Datx;=x-x;vay; =y, -y, (5.17b) c6 thé viét:
X = Xq3.8 + XM + X,
(5.17¢c)

Y=Yl +Yun+y,
Cic phuong trinh trén chuyén toa d¢ x, y thanh cdc toa d6 tu nhién &, n

Vi du 5.1: Tinh cdc ham hinh dang N,, N,, N, tai diém P trong hinh tam giac trén
hinh (5.6).

Gidi.

Cén ctr vao cac phuong trinh (5.17), ta ¢6:

3,85=1,5N; + TN, + 4N, =-2,55 + 3 + 4

| e

48=2N, +3,5N,+ TN, =-58 - 3,50 + 7 347
Bién déi cdc phuong trinh trén thanh dang:
2,58 - 31 = 0,15 .
5E 43,51 =22 P(3,85; 4,8)
Giai hé phuong trinh trén, ta dugc: 2(7;3,5)
N, =03
N, =02 1(1,5:2)
N,=0,5 -

Hinh 5.6
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Pé tinh bién dang, ta phai tinh cdc dao ham riéng clia u va v d6i vé6i x va y. Tir céc
phuong trinh (5.12) va (5.17) ta thay rdng u, v, x, y 1a nhimg ham cta £ va n. Nghia la
u = u[x(&,n), y(&mi va v=v[x(En), yEn)l.

Ap dung nguyén tic tinh dao ham riéng cha u, ta ¢d:

Duéi dang ma tran:

(5.18)

212 2E 2|2
s SN®

Trong d6, ma tran cdp 2 x 2 sau day goi 1a ma tran Jacobian:
2.0
o 0

- 5.19
J ox oy (3.19)

o o

Sau khi 1ay dao ham cna x va y d6i védi € va iy, ta dugc:

J= [XB “3} (5.20)

o

X33 ¥n

du

Tir (5.18) gz =J1

ay

7' 1 nghich d3o clia ma trin Jacobi

! 1 {Y% “)ﬁa] (5.22)

detJ| —x53 X3

(5.21)

22 8|2

det J = Xy3y03 - Xp3¥ 13 (5.23)

Tir kién thifc vé dién tich tam gidc, ta thay ring dinh thic cua J tic dety bang 2 lan

dién tich cia tam gidc. Néu cdc nit cua tam gidc 1, 2, 3 dugc xép theo tha tw nguoe
chiéu kim déng ho thi det ] ¢6 dau duong. Ta ¢6 dign tich:

A =%\det J] (5.24)

Trong dé: ky hiéu | | bi¢u thi gid tri tuyét doi.
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Vidu 5.2: Xéc dinh ma trin Jacobian d6i v4i hinh tam gidc cho trén hinh (5.6)
Gidi:
Theo (5.20):

J= Xi3 Yi3|_|—25 5.0
Vay det J = 23,75 don vi, bang 2 lan dién tich clia tam gidc. Néu 3 nit 1, 2, 3 duge
X€p s6 tht ty theo chiéu kim déng hé, det J sé mang diu am.

5.4.2. Biéu thirc bién dang
Theo (5.21) va (5.22) ta co:

[ 6u ] y du v du
— o Y3
ox _ 1 ok, on (5.25)
YR . |
3y | 23-6é 13 on
Thay u bang v ta ¢4 hé thitc tuong t:
n (o
x L 23'6‘@ 13'611 536,
Ov | det] . ov . ov B
| oy | 23'5& 13-&]
Thay (5.14), (5.25), (5.26) vao (5.5), ta ¢6:

@

Ox

a\?

g=| —

ox

2—u+g—v- (5.27a)

y X

¥23(91 ~as) - ¥i3 (43 - q5)
=—| X —ge)—x -
det J 23(‘12 %) |3(CI4 %)

—Xa3 (‘h "%)‘Xu(% ‘Q5)+Y23 (‘b ‘%)—YB(% "‘%)
Tir dinh nghia cha x;; va y;, ta ¢6 thé viét v, = -y;5, Y1, = ¥,5 Yas...., 1a c6 biéu thiic
ctia bién dang;
Y234y T ¥3193 * ¥1245
X3292 X394 + X996 (5.27b)

X324 T ¥2392 ¥ X393 T Y594 +X3195+ ¥ 26

T det]
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Dudi dang ma tran:
£=B.q (5.28)

Trong dé, ma tran cdp 3 x 6 B goi la ma tran bién dang-chuyén vi, né biéu thi méi
quan hé giffa 3 thanh phan bién dang trong FTHH va 6 thanh phédn chuyén vi tai cdc niit.
Y 0 vy 0 yp O

0 x5 0 x5 0 xy (3.29)

X320 Yo X3 Y X2 Y1z

1
detJ

Cin chi ¥ rang cdc phin tir cha ma tran B 1a nhitlng hang s6, cac hing s6 nay duoc
biéu thi bang toa do tai cac nit.

Vi du 5.3: Xic dinh ma tran bién dang-chuyén vi B cho céc FTHH biéu thi trén hinh
(5.71. 1, 2, 3 la s6 thit tu niit cuc bo.

1 3

@

3em -

Hinh 5.7
Giai:
Theo (5.29), ta c6:

Y3 0 vy 0 vy, O

Phén tu 1: B' :delt.] X5 0 x5 0 xy
X32 Y23 X3 ¥a X1 Y2

2 0 0 0 -2 0O

= i 0 -3 03 0 0

6 -3 2 3 0 0 -2

Phan tu 2: B°=—| 0 3 0 -3 00

N
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3 trén, det J tinh theo cong thiic X;¥,,-X,3¥,,=3%x2-3x0=6.

§5.5. MA TRAN PO CUNG CUA FTHH
Trong chuong hai ta dd van dung nguyén 1y cong do dé suy ra cong thic ma tran do
cimg cha FTHH trong bai todn 2 chiéu. Theo (2.81):
ke = AhB'DB (5.30)
Trong d6: A - dién tich cia FTHH: ‘
h - bé day ctia FTHH;
B - ma tran bién dang-chuyén vi theo (5.29):
D - ma tran cfu tric vat liéu theo (1.21) (chuong 1).

Can chd y rang k, d6i ximg vi D d6i xing. Bing céch ghép cdc ma tran do cing cua
cac phan tr httu han nhu da 1am trong céc phén trude, ta duge ma tran do cing tong thé
K ciia toan hé. K 1a mét ma tran d6i xing mang tinh chat dai doi xung hoic ¢6 tinh chat
ron rac. Ta dya vao so do lién ket gitta cac FTHH va giita céc nit (chdng han nhu trong
bang 5.1) d€ ghép cdc ma tran k_. Néu cic BTD i va Jj khong dugc lién két v6i nhau trong
mot phan or hitu han thi phan tir twong dng trong ma tran K triét tieu. Néu cac BTD i va j
dugc lién ket véi nhiéu FTHH thi phan tff twong tng trong ma tran K ¢6 tinh chat tich
luy. Cin ¢t vao cdc BTD tdng thé théng ké trong hinh 5.2, ta tinh bé rong cha nira dai
d6i xdng trong ma tran K nhu sau. Gia s i, iy, i 12 s§ thit tr cac niit clia mot FTHH,
hiéu 16n nhét giita s6 thi v cdc nit trong FTHH d6 1a:

m, = max (li-iyl, liyiy), liy-i,l) (5.31)

Nira bé rong ca dai tinh theo céng thitc:

NBW =2[ max(m,)+1] (5.32)
I<e<NE
Trong d6: NE - s FTHH;
2 14 s6 BTD tai méi nut.

Gia tri m, trong (5.31) tinh cho toan bo s FTHH.

Khi x€t dén diéu kién bién, c6 thé 4p dung phuong phap loat trir hodc phuong phip mo
hinh 10 xo d3 trinh bay trong chuong 3 dé bién déi ma tran K.

§5.6. VECTO TAI TRONG, UNG SUAT

Trong chuong hai, ta ciing da van dung nguyén Iy cong 4o dé suy ra biéu thic vécto
tai trong trong bai todn 2 chiéu. Theo (2.82), ta ¢6 vecto tii trong:

t=h HN'.f dA+h [[N*.T.dl (5.33)

Trong d6:  h - bé day clia két cau;
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N - ham hinh dang;
f - vecto luc thé tich;

T - vectd luc bién.
F= [fx fy ]
T= [Tx TJ
Trong d6: f,, f, - cdc thanh phén luc thé tich theo phuong x va y;

T,. T, - céc thanh phdn lyc bién theo phuong x vay.
Thay ham hinh trang tir (5.16) va f vao (5.33), ta c6 vectd luc thé tich:

N, 0 ] N, f, dA ]

0 N, N, f,.dA

N, 0O f, N, .f .dA

fi=h{f x{ ]dA=hH o

0 Ny| |f N, f,.dA

N, 0 N, f dA

[0 NjJ N,.f, dA
hay:
f,=hx

x [fx [[Nda £, fNda £, [[N,da +1, [[NydA +1, [[NsdA +£, ij3dA]' (a)

Cic tich phan [N;dA (i = 1,2,3) c6 thé tinh theo hinh (5.8)

| |
[[Nda=-ach=2A, (b
3 3
! h=1
NV
i 4
: sy N,
S A ]
,»"’::' A Hinh 5.8: Tinh tich phan J-N,-dA
,"/,,’ dE
d "
| 1
/ 3 LNldAZEAChZE
122
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Thay (b) va (a), ta dugc vecto luc thé tich cia FTHH:
hCAC
fo= = [f

« L £ £ o, f}.]'

S6 hang thit 2 & vé& phai clia (5.33) ¢6 thé viét:

JT
f, = h [N° {T"} di

Y

Trong dé: f,- vecto luc bién ciia FTHH:

(5.34)

(a)

N*- ham hinh dang men theo canh chiu tdc dung cia tai trong bién cia

FTHH (hinh 5.9);
dl - phan t6 duong thang men theo canh trén.

bé tinh tich phan J-Ns'dl, ta lam nhu sau. Gia s{t canh 1-2 cfia FTHH chiu tdc dung

cua tai trong bién (hinh 5.9). Trén canh nay, N, =0, chi con lai 2 ham hinh dang N, va N,.

Hinh 5.9: FTHH chiu téc dung cia luc bién

Do do:
N, o T, [Ny ]
ol o e
X 2
o N T, szdl_

Cac tich phan ¢6 thé tinh theo hinh (5.8)
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1 1
ILI—ZNldl = ILl_zdel = E‘Ll_z.h = E.L]_z

O day, L,, 1a chiéu dai cha canh 1-2 (hinh 5.9) nén:

_ _Li,
JLHN,dl = L_2 N,dl = ()
Thay (c) vao (b), ta cé:
h.L -
£, =_2ﬂ[Tx T, T, T,] (5.35)

Vay 1a da suy ra biéu thiic cha vecto Iuc thé tich fy va vecto lyc bién f,- Néu c6 tai
trong tap trung P thi khi ghép céc vécto tai trong, ta phai cong them vao 1ai trong do.
Sau khi ghép cdc ma trin d6 ciing cua cac FTHH va ghép cac vecto 1ai trong, ta duge
hé phuong trinh can bing téng thé:
K.Q=F
Giai he phuong trinh trén, ta dugc gid tri cic thanh phan chuyén vi, tir d6 tinh tng
sudt trong moi phan tir hitu han.
Tinh img sudt:
Theo (5.6) va (5.28), ta c6 ing suat:
o = D.B.q (5.36)
Vi bién dang 13 mot hing s6 trong FTHH tam giac c6 bien dang khong ddi nén tng
sudl cling Ia mot hing s6. Ta tinh Gng suét cho mbi phan t& hitu han. Vi q trong (5.36) la
vecto chuyén vi cia FTHH nén khi tinh dng suét, can tach ra cdc thanh phén chuyén vi
tuong Ung tir vecto chuyén vi tng thé Q, dua trén so d6 lién két giira cac FTHH va giva
céc niit (chang han bang (5.1)).
Céc dng sudt tinh dugc xem nhu téc dung tai trong tam cia FTHH. Cac ung suat
chinh va phuong clia chiing tinh theo vong tron M,
Sau day 1a mot vi du d¢ minh hoa

g ki 4,5 kN
cac budc tinh todn. p T § ¢ o)

Vi du 5.4: Cho mot tdm hai chiéu T
chiu tii trong nhu trén hinh 5-10. )

Cin cd vao cic diéu kién ing sudt @ S0mm
phing, xdc dinh cac thanh phdn l
chuyén vi tai cdc nit 1 va 2. Bo qua = l —
trong lugng ban than, bé day cua tam 4 TR 1

h = 1,25mm; E = 210kN/mm’, h¢ s& —— 80mm —— >

Poatxong v = 0,25. Hinh 5.10
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Giai:
Trong bai todn ng sudt phang, can cit vao (1 -20), ta cé ma tran cdu tric vat liéu:
E 1 v 0O 1 0,25 0
D= 7 v 1 0 =(0,25 1 0
-V
0 0 I-v 0. 0 0,375
L 2 |

So d6 lién ket giita cdc FTHH va giita c4c nit nhu sau:

Phan tir S6 thit tu it cuc bo S6 thir ty niit 16ng thé
1 1 2 3 1 2 4
2 1 2 3 3 4 2 [

Tinh ma tran bién dang-chuyén vi B theo (5.29)

Phan tir 1;
detJ =24, =2.8299 _ 4 600 mm?
Y,.=50-0=50mm y:=0-0=0
Y, =0-50=-50mm X3y =0 - 80 = - 80mm
X;;=80-0=80mm Xy = 80 - 80 = 0 mm
Vay:
[ 30 0 0 0 =50 0
B, =m 0 -8 0 8 0 0
80 50 80 0 0 -50
Phan ta 2:
det J = 2A, = 2x 20290 _ 4000mm?
Y,,=0-50 = -50mm Yo =50 - 50 =0
Y,,=50-0=50mm X, = 80 - 0 = 80mm
X; =0 - 80 = -80mm X, =0-0=0mm
[ =50 0 0 0 50 0
Vay: B, = 0 80 0O 80 0 0

0
400 80 -50 -80 0 0 50
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| Ap dung (5.30) va thuc hién cac phép nhan ma tran, ta dugc ma tran do cing clia cic
phan tit hitu han:

Phan tir 1: )
1 2 3 4 7 8
17,5 -875 -84 35 -875 525 1
256,813 52,5 —224 35 32,813 2
K, = 84 0 0 ~-525 3
224 =35 0 4
Déi xing 87,5 0 7
i 32,813 8|
Phan n 2:
5 6 7 8 1 2 i
171,5 -87,5 84 35 -875 525 5
256,813 52,5 -224 35 -32,813 6
k;| = 84 0 0 -52,5 7
224 35 0 8
Déi xing 87,5 0 3
i 32,813 4]

Sau khi ghép cdc ma tran riéng va dung phuong phdp loai trir, ta duoc phuong trinh
can bang:

1 3 4
1715 -84 35 Q, 0
171,5 0 Q,|=| 0

P6i ximg  256,813| |Q, | |-4.5

Giai hé phuong trinh trén, ta dugc gia tri cic thinh phan chuyén vi:

Q, =4,883x 10 mm

Q; =2,392% 10 mm

Q, =-1,819x 1072 mm
Cuéi cung ap dung (5.36) dé tinh tmg sudt.
Péi v6i phan ti 1, cdc thanh phan chuyén vi 1a:
(4 @& & @ 9 a4 =[-4.883x107 0 2,392x107 -1,819x107 0 q
Péi voi phan tr 2, cic thanh phin chuyén vi la:
[45 46 @7 Gz a3 4]'=[0 0 0 0 2392x107 -1819x 107 ]
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Céc thanh phan ing suat tinh theo (5.36):

Phan tir 1: 6,2[—6,697x10_3 -7,806 x 107 -4,186 x 10&3}

_ -3 -3 -2
Phén 1ir 2- 0;=[6,697x107 1,674 x 107 -1,909 x 10 |

§5.7.TAC DUNG CUA NHIET PO
Gia str do bién thién nhiét do trong bai todn 2 chiéu 13 AT(x,y}. Bién dang ban dau
do nhi¢t do gay ra la £, . Tit 1y thuyét co hoc chat ran, €y tinh phur sau:
Bai toan (g suat phing:
gy =[AT o AT 0] ) (5.37)
Bai todn bién dang phéng:
g =(1+V)[@AT AT 0] (5.38)
He thiic giita tng suat va bién dang:
Ly =D(£-80) (5.39)

Bay gid ta van dung nguyén 1y cong 4o trinh bay trong chuong hai dé suy ra vecto tai
trong tuong duong do su bién thién cha nhiét do gay ra. Tur (2.71) va (2.72), ta cé:

Cong ao ctia noi luc: U = Hjﬁ‘aa dv (5.40a)
Cong 40 clia noi luc: SW = mﬁ'u.f dv + [[s',.Tds (5.41)
Bién dang 4o: o, =B§,

Thay (5.39) va hé thiic trén vao (5.40a):
38U = {[f',.B"D(e-g,)dV
Trong bai todn 2 chiéu dV=dA h
3U ¢6 thé viét:
8U=8' h [{B'De dA-8'h [[B'.D.gydA
Vig = B.q nén:
8U =8', [ (hAB'DB)q - hAB'Dg, |
Thay 8, = N8, vao (5.41) va cho 8U = W, , cudi cling ta duoc:
(hAB'DB)q = hAB'Ds, +f, +f, | (5.42)
hay: kq=1f +f +f, (5.43)
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Trong d6: kK, - ma tran do cfrﬁg cua FTHH, tinh nhu trudce:
f.=hAB'D.g, (5.44)
f, - tai trong tuong duong do su bién thién nhi¢t d6 gay ra.
f, va f, tinh theo cdc cong thitc (5.34) va (5.35).

Khai trién cong thic (5.44), ta ¢ 6 thanh phan tai trong tuong duong nhu sau:

=6 26 £ 6] (5.45)
Trong dé: cic chi s6 1, 2, 3...1a s6 thir ty cdc BTD tai cdc nit 1, 2, 3 cua FTHH
lam giac.
Ung sudt trong méi phan tir hitu han:

¢=D.(B.q-g)) (5.46)

§5.8. MOT SO THI DU VE CACH XULY CAC PIEU KIEN BIEN

Trong cdc phén trudc, ta dd xét dén cdc diéu kién bién mét cach tong quat. Trong muc
nay, ta s& nghién citu cdch xir ly cdc diéu kién bién trong mot s6 trudng hop dac bict.

Vi du dau tién dugc trinh bay trén hinh 5.11.

Pay la mot tam d6i xing d6i véi 2 truc x, y va chiu tic dung cla tdi trong doi xding.

Trén hinh v&, cic truc X va y di qua tam cia tdm va chia tim thanh 4 phan bang nhau.

30MPa

30mm

a)

—
YYYY ‘Fl‘l’ LA j

|
il

FYYYYYYYYYVY)

-  60mm

h J

]

R ST <
] 151"{111{1 3 -

by 9 >
i

Hinh 5.11: Tdm doi ximg chiu tdi trong doi xiing
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Vi tinh chét d6i ximg cla tdm va cta i trong, tAm bién dang trén phuong x nhung
chuyén vi lai bang khong trén phuong y; nguoc lai, tim bién dang trén phurong y nhung
chuyén vi lai bang khong trén phuong x. Vi vay, so dé tinh dua vé 1/4 tdm v6i cic diéu
kién bién biéu thi nhu trén hinh 5.11b.

N :

a) b)

Hinh 5.12: OAIng hink 8 canh chju tdi trong déi ximng

Vidu 2 biéu thi trén hinh (5.12). Pay 1a 1 6ng 8 canh chiu 4p luc d6i xing. Do tinh
chat d6i xung cla ket cfu va cha tai trong, ong chi bién dang trén céc phuong xuyén
tam. N6i mot cdch khéc, chuyén vi déu triét tiéu trén cdc phuong vuéng géc véi phuong
xuyén tam. So d6 tinh dua vé phin 6ng nim trong pham vi géc 22,5° nhu trén hinh
(5.12b). Gia sir n la phuong xuyén tam. Tai nit i v&i céc biac tr do Q,, vd Q, (hinh
5.13), ong chi bi€n dang trén phuong n nhung chuyén vi lai triét tiéu trén phuong vuodng
goc véi phuong n. Do d6, ta ¢6 diéu kién bién:

Qy:.1.51n0 — Q,,.cos0 =0 (5.47)

Bay 1a dicu kién bién ¢4 tinh chét rang budc nhiéu diém ma ta da thao luin trong
chuong ba.

Qy n

Hinh 5.13: Go% tua ldn trén phicong nghiéng.
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§5.9. THUAT TOAN LAP TRINH GIAI BAI TOAN HAI CHIEU KIEU FTHH TAM
- " ey <
GIAC BIEN DANG KHONG BOI (CTR8)

1. Nhimg diéu cdn tuan thii

- S8 thit tu cac BTD nén xép theo s& thi tr cia ddy s6 ty nhién (1, 2, ...); s6 tha tu
cdc BTD khong c6 chuyén vi hoic ¢6 chuyén vi cho trudc nén x€p & cdc vi tri cudi cling
dé tién chia khoi ma tran trong phuong phép loai trir.

- N6i chung, s& thit ty BTD tai nit i, xadc dinh nhu sau:

Tainmiti: SO thit tu BTD trén phuong x: 2i - 1

S6 thit tuv BTD trén phuong y: 2i

- 6 thit ty BTD theo chiéu nguge kim déng hé.

2. Nhap céc s6 lieu ban ddu theo cic bang sau (ldy vi du trén hinh 5.14)
8 4

{k

—
-

SN
l B |
l o

Lot

50mm
6kN

Hinh 5.14
S6 phan ti: 2
S6 BTD cé chuyén vi: 5
Téng s6 BTD: 8
S6 BTD c6 chuyén vi triét tiéu: 3 _
S& thit tr BTD ¢6 chuyén vi triét tiéu: 6, 7, 8
Bé day tdm = 1,25mm
He s& podt xong: 0,25
Ti trong: O
Thanh phan tai trong: 4; -6; 0; 0; 0
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Phin tir SO thit ty niit (6ng thé
1 1 4 3
2 1 2 4

ft d, d, d, d, ds ds X .63 X3 ¥y ¥z ¥ €
1 1 2 7 8 5 6 50 0 0 0 30 0 210
2 1 2 3 4 7 8 50 50 0 O 30 30 | 210

3. Ghép cdc ma trén d¢ ciing riéng vao ma trin do cing téng thé theo (5.30)

4. Ghép céc vecto tai trong theo (5.34), (5.35), (5.44) va vecto tai trong nhap vao.
5. Gidi he phwong trinh can bing dé duoc gia trj cac thanh phan chuyén vi.

6. Tinh tng suit theo (5.36)

7. Tinh phan luc theo phuong phép loai trir va chia khéi ma tran.
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