Céng ty Hoa Chéat Xay Dwng Phuwong Nam

Chuong 9
HE DAM GIAO NHAU

He dam giao nhau [a h¢ trong d6 cic dam truc giao hodc khong truc giao ciing nim
trong mot mit phang, con tai trong thi vuong gée véi mat phing d6 (hinh 9.1). Khdc vai
hé phang c6 ndt ciing, sy lam viéc cha hé ddm giao nhau c6 tinh chat khéng gian.

Hé dam giao nhau thudng thay trong sin nha, mai nha, san ciu.

M3di phan tir clia h¢ ddm giao nhau c6 cdc thanh phan noi luc: moémen udn, luc cat va
moémen xoan. Bac ty do gém ¢6 géc xoay, gbc xo4n va chuyén vi trén phuong vuéng géc
vGi mat phang cta dam.

Cach tinh h¢ dam giao nhau trong tu nhu cdch tinh he khung. Trudce hét, ta thanh lap
h¢ thitc ma tran giita vecto noi luc va vecto chuyén vi cita méi phén t, sau dé xuat phat
tr dieu kién can bang cla timg ndt d€ thanh lap hé thitc ma tran gilra veoto Lal trong va
vecto chuyén vi cla cdc nit,

Hinh 9.1

§9.1 HE THUC MA TRAN GIUA VECTG NGOAI LUC VA VECTO CHUYEN VI
TRONG HE TOA PO CHUNG. MA TRAN BO CUNG CUA PHAN TU TRONG
HE TOA BO CHUNG

Gia su mot phan tir bat ky ¢ 2 dau 1 va 2 lién két véi 2 nit ndo d6 cia hé (hinh 9.2).
Ta chon hé¢ tea do chung X, Y, Z trong dé cdc tryc X va Y nam trong mat phang ciia hé
dim, truc Z vudng gdc véi mat phang cta dam.
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Trong hé toa dé riéng (hinh 9.2b va 9.2d), ta ¢é cdc thanh phan ndi lyc.

M,, M, - momen uén tai ddu 1 va ddu 2; T,, T, - momen xoan tai dau 1 va dau 2; F,,,
F, - luc cat tai ddu 1 va dau 2 trén phuong cua truc Z (khong biéu thi trén hinh v&). Céc
thanh phan chuyén vi tuong ing la: 0,, 6, - géc xoay tai dau 1 va dau 2; y,, W, - goc
x04n tai ddu 1 va dau 2; W,, W, - thanh phdn chuyén vi tai ddu 1 va dau 2 trén phwong
truc Z (khong bicu thi trén hinh v&).

Trong hé toa do chung (hinh 9.2a va 9.2¢) ta ¢4 céc thanh phén néi luc:

M, M,, - mémen quanh tryc X tai ddu 1 va dau 2; M,,, M, - momen quanh trucY
tai dau 1 va ddu 2; F,,, F,, nhu trén. Céc thanh phin chuyén vi tuong tng 1a: 8,,, 9,; - géc
xoay quanh truc X tai ddu 1 va dau 2; 6
2: W, W, nhu trén.

,1» By, - goc xoay quanh tryc Y tai dau | va diu

Hinh 9.2
Poi véi momen xoin, ta cé cac hé thic:
T, =GJ -
2 (w2 -w) 9.1)
T = _T2
Trong dé: G - médun truot;
J - mémen quén tinh xoén.
Bay gi® ta tim céch dua cédc thanh phdn noi luc va cic thanh phéan chuyén vi vé toa do
chung X, Y, Z. Tir hinh (9.2), ta c6 cdc cong thic:
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¥, =0X1.l+8w.m W, =9x2.1+8y2.m } ©2)

Trong d6: 1, m - ¢6sin dinh hudng ctia phan tir I - 2.
Can ci vao cong thic (9.2), ta ¢6 hé thic ma tran gilta cdc thanh phan chuyén vi
trong h¢ toa d¢ riéng va cdc thanh phan chuyén vi trong hé toa do t6ng thé nhu sau:

- |- h

W, 1 0 0 0 0 O W)
v, 0O I m O 0 0 0,
6 | |0 -m 1 0 0 0 Oy
Wy o 0 01 0 0 W,
v, 0 0 0 0 1| m 0.,
L& ] L0 0 00 -m 1] |8,]
Vay ma tran xoay R ¢6 dang.
( I 0 0 0 0 0]
0O 1 m o0 0 O
R0 ™ 1.0 0 0 ©9.3)
O 0 0 1 0 0
0 0 0 0 1 m
L0 0 0 0 -m 1 |

Can cif vao (8.33) (chuong 8) va cong thite (9.1), ta ¢6 hé thifc ma tran gitta nodi luc
va cdc thanh phan chuyén vi trong hé toa do riéng nhu sau:

FI ” . _ . — — —
. | 12EL 6B -L2EI | 6;31 w,
L’ L- I’ L
T 0 i6 0 0 -IG 0 Wi
L L
M, -6El  4EL 61? o 2E 3
_ L’ L L2 L ©0.4)
~12EI 6El  12E] o SGEI ' ‘
Fa c Y ¢ T e 2
~GJ GJ
T, 0 - 0 o = 0 W,
—6El 2El  6EI 4EI
0 — = 0 il
LM ] L 12 L L2 L] 0]

Vay ma trdn d¢ cing riéng trong heé toa do cuc bo ¢6 dang:
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[ 12E1 —6E1 —12El —6EI |
0 0
L} (2 | L’
o I8 A
L L
—6EI 4E1  6EI 2EI
0 - il -
L2 L 12 L ©.5)
—12EI 6EI  12EIl 6EI )
0 I
L3 L2 L3 L’2
g 9, o Y4
L L
—6EI 2EI  6EI 4EI
0o = = 0 =
L 12 L L2 L

Theo (1.39) (chuong mét), ta ¢& ma tran do cing riéng trong hé toa do chung
nhu sau:

K = R'k.R (9.6)
Sau khi thuc hién phép nhan ma tran, ta dugc:
C, c, c, C, C C; |
C, C, —C, Ci C
C, -C; C, C
K= & o (9.6a)
Cl “Cz _C3
boi xing C, G4
i Cs |
Trong do:
6E
C, = 12El/L* C, = 71.
L_.
_ —6FI (a2 4 g2\ EL
El (a2 2y EI
Cs—(4-0)bm— Co =(2m” - al )'f
_ El (a2 »y El
Cr=~(2+a)lm—= Cg =(41% + am )'f
GJ
OF =(212—0m'12).E o =—
L El

Cudi cling, ta c6 hé thifc ma tran giifa vecto ngoat luc va vectd chuyén vi trong hé toa
do chung ing v&i mot phin tir nhu sau:
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I le ] i ] ’- Wi ]
Mxl Oxl
My | K, 91 ©7)
F, Wy
Mx2 9}(2
L My? i 5 J 3 9y2 i

Céc ky hi¢u dd dugc gidi thich trong phan dau.
Phuong trinh ma tran (9.7) ¢6 thé viét duéi dang:
F,=K.Q, (9.8)
Trong dé:  F, - vecto ngoai lyc ctia phan tir ¢;
K, - ma trin d¢ cimg tdng thé ciia phan tir e;
Q. - vecto chuyén vi clia phan tir e trong hé toa do (ong thé.
Sau khi ghép cac vecto F, vi ma trn K, nhu di lam trong cdc chirong trude, ta dugc
hé phuong trinh can bang trong hé toa do chung:
F=K.Q (9.9)
Trong dé:  F - vecto ngoai luc ing véi toan he;
K - ma tran d¢ cimg t6ng thé dng véi toan he;
Q - vecto chuyén vi ing véi toan hé.
Giai h¢ phuong trinh (9.9), ta duoc gid tri céc thinh phan chuyén vi clia toan hé trong
he¢ toa d§ chung.
Tinh cic thanh phédn chuyén vi trong h¢ toa do riéng theo cong thirc sau:
q=R.Q (9.10)
Cudi ciing, tinh noi luc cha méi phan tif theo hé thic ma tran (9.4).

§9.2. TRINH TU TINH TOAN HE DAM GIAO NHAU

Lay thi du h¢ trén hinh (9.3). Ta tién hanh tinh todn theo cic budc sau:

1. Chon hé truc toa d6 X, Y, Z trong d6 cdc truc X, Y nim trong mat phang clia hé
dam, truc Z vudng géc v4i mat phang ctia dam. Thong ke toa dé cha cac nit nhu trong
bang sau:

Toa dé cac nit

Nt X Y Niit Y
0 3 4 0
4 3 5 5
7 3
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b)

2- Xdc dinh bac tu do cua hé. Nhu trén da trinh bay, méi ndt ¢6 3 bac wr do (2 g0cC

xoay va 1 thanh phan chuyén vi trén phuong truc Z). Vay s& bac tu do.

n =3 x s nit — s6 bac tu do triét tiéu & cdc goi tua

D61 v6i he trén hinh (9.3a): n = 3.5 - (6 + 1) = 8. Cic bac wy do biéu thi trén hinh

(9.3b) va thong ké trong bang sau:

i

Niit w 9, 9,

B 1 0 0 0
2 d, d, d,

3 0 d, ds

4 0 0 0

L 5 dq d, dy

3. Xiac dinh vi trf céc dau | va 2 cha cic phén tir. Diing $6 thit tr cha cdc nit dé biéu
thi vi tri cua cdc dau 1 va 2 déng thdi tinh cdc cosin dinh huong ctia cac phan ur. boi v

céc phdn tr trén hinh (9.3), ta théng ké cic s6 li¢u trong bang sau:
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Vitricacdau 1 va 2

Phan tr bBiu 1 Pau 2 1 m
| i 2 1 0
2 2 3 1 0
3 4 2 0 1
4 2 5 1

4- Theo (9.6a), thanh lap ma tran do cing cua cdc phan tir,
5~ Khi céc phan tr chiu tic dung truc ti€p ctia cdc tai trong tap trung hoic (i trong
phan b6, can tao ra trang thdi ngam va trang thai tr do. Chéng han déi véi hé trén hinh
(9.3), 1a ¢6 trang thdi ngam nhy trén hinh (9.4a). Can chd ¥ trong cdc bang tinh sin,
ngudi ta chi cho bicu thic cla cac néi luc ¢ trang thdi ngam trong hé toa do riéng, Dé
dua cdc noi lwe nay vé he toa do chung, ta dp dung cic cong thitc:
M, =T,!-M, m; M,, =Tim +M, 1 ;
M, =T, - M,.m; M,, = T,m + M, I ;
Trong d6: T, T, - mémen xoén tai ddu 1 va dau 2:
M,. M, - moémen uén tai ddu 1 va dau 2.
Vi cdc nit bi chét nén san sinh ra phin luc tai cdc mit nhu trén hinh (9.4b) , $6 nim
trong dau ngoac la phan lyc trén phuong truc Z.

25
7
a) 5 50
25
15
N 25 A |
P Pty
13
-15\ ¢ 30 /
T 30 3P
) 1og 154
b) 4 — Y
7 B3 115
Hinh 9.4 e
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Can tao ra trang thdi tu do béng cdch gilt nguyén gid tri tuyét doi cha cdc phan luc
trén hinh (9.4b) nhung déi chiéu clia ching. Nhu vy, tir hinh (9.4b), ta suy ra céc thanh
phan tai trong tac dung Ién hé J trang thdi wr do nhur sau:

F, = -(85) =-85; F, = -(-15) = 15; F,=-(10)=-10,
F,=0 F,=-(15)=-15; F,=F;=F,=0
6- Can ¢t viio cac thanh phén tdi trong trén , ta duge hé thitc ma tran:
F, d,
E, | K d,
Fn dn
Le—
F Q

Giai hé phuong trinh trén, ta duge gid tri clia vectd chuyén vi(d,, d,, ..., d,)-

7- Tinh néi luc do chuyén vi gay ra & trang thai tu do. 4p dung cdc cong thic:

M, = %[(491 +20,) - %(W?_ - W, )]
M, = %[(291 + 492)-%(W2 ~ W, )}

1,--7,- Lo, -0) ©10

Trong dé: 8,=0,m+06,.1 0,=-0,,m-+ 8,,.1;
w,=0,1+0,m y,=0,1+ 0, m;
8- Tinh téng noi luc = ndi lyc & trang thdi ngam + noi luc do chuyén vi gay ra & trang
thdi tu do.
Thidu:9.1:
Cho mét hé nhu trén hinh (9.3)
E = 14.10" kN/m’
G = 6,36.10° KN/m’
1=2600.10°m"
J=1821.10% m*
L =4m
A = 125000.10° m*

Yeéu cau tinh ndi luc

15 kN/m

Hinh 9.5
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Gidi:

I- Xdc dinh bac tr do clia hé. S bac tw don = 3.3 - 6 =3. Cic 56 liéu ban dau ke
trong cic bang sau:

Toa dé nit Bac tir do Vi tricac dau 1 va 2
Nit | x Nit | W | 6, | 8, Phintr | Daul [ Pau2 | 1 | m
L | o I | oo | o0 1 1 2 1|0
2 | 4 | 4 2 | d, | 4, | g, 2 3 1 o | I
3 4]0 310101010 '

2- Thanh lap ma tran d6 cimg ctia céc phén tif theo (9.6a)

Phan tir [ :
6,83 0 13,65
k,=10°, 0 285 o
1365 0 36,40
Phan ti 2:

6,83 -1365 0O
k, =10°| -13,65 3640 0
0 0 2,895

3- Ghép cdc ma tran do cling riéng thanh ma tran do6 cig t8ng thé K.

[ +6,83 ~13,65 13,65 ]
6,83
13,66
+2,895 0
K= 10-‘ 36,40
39,295
2,895
-+
bdi ximg 36,40
| 39,295 |

4- Tao ra trang thai ngam (hinh 9.6) va trang thai ty do. Cdc thanh phan tii trong tai
céc niit o trang théi tu do tinh nhu sau (hinh 9.6):

F, = -(30 + 25) = -55
F, = -(25) = 25
F, = -(20) = -20
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Noi luc & trang thdi ngam thdng ké trong bing

sau.

Noi luc ¢ trang thdl ngam

Phan tir M, M,
1 -20 20
2 -25 25

=20
3

Eat

¢ 20
25 30 /
<

A

5- Can cff vho cac thanh phén tai trong di tinh, ta
cO hé thuc ma tran:

‘;2\5

=

25
F2 = "25 - ' dz
Fs —20 d; Hinh 9.6
Giai hé phuong trinh trén, ta dugc:
(d,, d,, dy) = 10°(-9,4482, -2,6458, 2,7731)m

6- Xac dinh noi luc do chuyén vi gay ra & trang thdi ty do theo (9.4). Két qua thong
ke trong bang sau:
Noi lue do chuyén vi (trang thai ty do)

phé.n [fI M| M;_ T2 = -TI
1 -78.49 28,03 7,66
2 80,81 232,66 8.03

7- Tinh téng noi luc = ndi lyc & trang thdi ngam + ndi luc & trang thdi wr do. Két qud

théng ké trong cic bang sau:

\ Phan 1t M| Mz T2 = 'Tl —‘
1 -20-78,49=-98.49 20-28,03=-8,03 -7,66
2 -25 - 80,81 =-105,81 25 - 32,66 = -7,66 -8,03

8- V& biéu dé momen (hinh 9.7)

Cdn chd ¢ 12 tai it 2, cic momen khong can bang nhau vi 2 phén ti trie giao vol nhau.

105,81 105,81
203 0,93
15 , , 7.66
24 Hinh 9.7
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Vidu 9.2: Cho mot hé nhu trén hinh (9.8). E = 14.10° kN/m?, G = 6,36.10° kN/m>.
Céc dac trung hinh hoc théng ke trong bang sau:

Dac trung hinh hoc (don vi bing mét)

Phan 1{r L Ix10° J % 10" Ax10* 1
A-B 2 66,67 46,67 20000
D-C
B-C 3 27,31 19,12 12800

Yéu cau tinh ndi lue.

Gidi.

Vi h¢ doi xing va tai trong ciing doi Xing nén so d6 tinh dua vé nita hé nhu trén
hinh (9.8b).

IHinh 9.8

1- Xac dinh bac tr do. Vi ndt 3 nim trén truc doi xiimg nén géc xoay 6, quanh truc
triét tiéu. Mit khdc, géc xoén clia ddm BC tai di€ém B va diém C bing nhau nén g6c

X0ay ndt 2 bang gée xoan tai niit 3. Vay s6 bictydon=3+1 =

théng ke trong céc bang sau:

4. Céc s6 li¢u ban dau

Toa dé nat Bac tu do Vitricacdau 1 va?2
'— s
Nit | x Nic | w |8, |6, Phintr | Ddul | Dau2 | 1 | m
L | o 1 {o]olo I 1 2 1| o
2 | 2 | o 2 | d | d, | ds 2 2 3 o | 1
302 |15 3 0d | 0] d
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2- Thanh lap ma tran d6 ctng cta céc phan tir theo (9.6a)

Phan tir 1:
1,40 0 1,40
ki = 10" 0 0149 0
1,40 0 1,87
Phan tir 2:
[ 1,36 102 0 -136 O
1,02 1,02 0 -102 O
k; = 10°] 0 0O 008 0 -008
~1,36 -1,02 0 1,36 0
0 0 008 0 008 |
3- Ghép cac ma trin do ctng riéng thanh ma tran do cimg tdng thé K:
1,40 1,02 1,40 =136 |
1,36
2.76
0,15 +0,08 0 -1,02
; 1,02 + 0,08
K =10 N
0,08
-0,08
1,17
Doi xing .87 O
] 1,36
4- Tao ra trang thdi ngam nhu trén
hinh (9.9). Néi lyc & trang thai ngam 094
thong ke trong bang sau: A
Noi lwe o trang thai ngam ¢ 375
| Phan tir M, M, | P 091" 2
! 1,67 1,67
} 2 094 | 094

Cic thanh phén tai trong tic dung
tai cdc nit ¢ trang thai tr do tinh
nhu sau:

50 ?

Hinh 9.9

F,=-(5+375 =-875 F,=-(-0,97)=094

224
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F.=-(1,667y=-1,667; F,=-(3,75)=-3,75

5- Can cu vio cdc thanh phdn tdi trong trén. ta cé h¢ thic ma tran:

F, -8,75 d,
fol Bl oo | K d,
F, 1,67 d,
F, -3,75 d,

Giai hé phuong trinh trén, ta duoc:
(d,.d,, d;, d,) = 107(-32,14; -9,30: 23,21: -41,87 m
6- Tinh néi lyc do chuyén vi gy ra & trang thdi ty do. Két qua thong keé trong béng sau:

Noi lue do chuyén vi (trang thai tu do)

Phén tir M, M, T, =-T,
1 23,33 -1,67 -1,38
2 -0,44 -5,18 0

7- Tinh tong noi luc = ndi luc & trang thi ngdm + noi luc do chuyén vi gay ra & trang

thdi wr do. Két qua thong ké trong bang sau:

Tong noi luce

Phin tir M, M, T, =T,
1 -1,67-23,33=-250 1,67-1,67=0 -1,38
2 -0,94-044=-1,38 094-5,18=-424 0
8- Bi€u d6 moémen v& trén hinh (9.10)
25 N i
NG g
1 2
4.25 |
Hinh 9.10
Vidy 9.3: Cho mot hé nhu trén hinh (9.11).
E = 14.10° kN/m?%, G = 6,36.10° kN/m?* [ = 41666,67.10°m*
J=29166,67.10°m* A =0,5m% L = 4m
Tai trong phan b déu q = 2200 kN/m.
225
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Giai:
Vi két cdu d6i ximg va tai trong doi ximg doi voi 2 truc X va Y, ta dua so dé tinh vé
mat phan tu hé nhu trén hinh (9.11b).

a) b)
Hinh 9.11

1- Xac dinh bac tu do. Vi cdc thanh phan chuyén vi trén phuong truc Z tai cac diém
B. C, F, G bing nhau nén cic thanh phan chuyén vi trén tai 2 nit 3 va 4 cling bang nhau
(hinh 9.11b). Cic ddm BC va FG xoay nhu mot vat thé tuyét d6i cimg (tiic khong chiu
x04n) nén cac géc xoay O, tai 2 nut 2 vh 3 bing nhau. Phan tich mot cach tuong tu, géc
xoay 6, tai 2 nit 2 va 4 clng bang nhau. Vi cdc nit 3 va 4 nam trén cac truc doi xing
nén 0, = 0 tai niit 4, 0, = 0 1ai nuit 3. Cling vi tinh chat déi xing, 8, = 6, tai nit 2. Do su
phan tich trén, s& bac tr do n = 3. Cic bac ty do biéu thi trén hinh (9.11b). Cdc s6 li€u
ban dau thong ké trong cac bing sau:

Toa do nut Bac tu do Vi tri cac dau 1, dau 2
Niit | X ﬂ Nit | w | 0, (;‘ Phintr | Paul | Dau?2 i m —‘
B 1 0 P4 1 0010 1 1 2 1 0
2 4 2 2 d, | dy | dy 2 2 3 1 0
3| 6 | 2 3 |d, 1d |0 3 2 5 0| 1
4 4 0 4 d; | 04, 4 4 s 0 1
5 4 6 5 0 ‘ 0 O

2- Thanh lap ma tran do cimg clia cac phan tlf theo (9.6a)

Phan ur 1:
10,94 O 21,88
k=10*l 0o 464 0
2188 0 5833
226
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Phan tr 2:
(875 0
0 9728
k:=10*] -875 0
875 0
| 0 -9,28
Phan tr 3:
10,94 0
K;=10% 21,88 58,33
0 0
Phin tt 4-
[ 875 0
0 9728
ki=10*|-875 ¢
875 0
0  -928

-875 875 0
0 0 -9.28
116,67 87,5 0O
875 875 0
0 0 9,28 |
21,88
0
4,64
875 875 0 |
0 0 -9,28
875 -875 0
-87,5 116,67 0
0 0 928 |

3- Ghép cdc ma tran do cing riéng thanh ma trin do cing tong thé K:

(10,94 21,88
87,5 -87.5
10,94 21,88
87,5 —87.5
196,88 ~131,24
464  + 928 + 928
K - 10* 5833 - 928 - 928
116,67 + 9.28
5833 - 928
464 + 928
11667 - 9728
359,28
| boi ximg

4- Tao ra trang thdi ngdm nhu trén hinh (9.12). Noi luc & trang thdi ngdm théng ke

trong bang sau:
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Noi luc § trang thai ngam

) Phan t0r M, M,
1 -266,67 266,67
2 -66,67 66,67
3 -266,67 266,67
I 4 66,67 66,67 B

Céc thanh phan tai trong téc dung tai cdc nut & trang thai tu do tinh nhu sau (xem
hinh 9.12);
F, = -(400 + 200 + 200 + 400) =-1200
F, = (266,67 - 66,67 - 66,67 + 266,67) = -400
F, = -(200 + 200 = 400
Cén chd vy rang bach tu do d, hodc d; ¢o thé ¢6 phuong khdc nhau hoac vi i khdc
nhau tir ndt nay sang ndt khic (xem hinh 9.11b) nhung khi tinh F, hoac F; cin phai lay
téng ctia cac phan luc tuong img.

-266.67
l/d'; 266,67+Vv\ 5
400™_¥ v
+ 400
266.6 266,67 ¥
M
2

1% N !
606.6 4 400

66,67
0667 \T : 2 /: 66.67
\\ 200 Tzoo / .

4
200 3
Hink 9.12 200
5. Can ¢t vao cic thanh phén tai trong dd tinh, ta cd h¢ thic ma tran
~1200 d,
~400 | =. K | d,
—400 d,

Giai h¢ phuong trinh trén, ta dugc:
(d,, d,, d,) = 107(13,93; 3,307; -17,462)m
6- Tinh noi luc do chuyén vi gy ra & trang thédi s do theo (9.4). Két qua thoéng ke
trong bang sau:
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- Phan t M, [ M, T, =T, ]
| -2082,19 -1117,81 153,42
2 764,38 -1164,38 0
3 1117,81 2082,19 -153,42
4 1164,38 -764,38 0

7- Tinh téng ndi luc = noi lyc & trang thii ngam + ndi luc ¢ trang thdi ty do. Két qua
théng ké trong bang sau:

Téng néi huc

Phan tir M, M, T,=-T,
1 -2348,56 -851,14 153,42
2 697,71 -1097,71 0
3 851,14 2348,86 -153,42
4 1097,71 697,71 0 )
5- Biéu dé momen V& trén hinh (9.13)
23439
3489 (2)
(L3 6977
851,
Hinh 9.13

Vidu 9.4: Diu d€ gitng vi du (9.1) nhung thém g6i tua dan héi vio nit 1 (hinh 9.14).
He 56 do cing: 40.10" kN/m. Tinh noi luc.

a)

15kN/m

Hinh 9.14
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Giai:

Trong vi du (9.1), ta da suy ra phuong trinh can bing:
F, 13,65 13,65 13,65 d
F, | =10% 3930 0 | . |d,
F, Dai xing 39,30 d,

Vi g&i tya dan hoi men theo BTD ¢6 s& thit ty 1 (hinh 9.14b), ta phai cong thém vao
gid tri hé s6 do cung (40.10%) vao phan tir thit nhat trén dudng chéo chinh ciia MTBHC
tdng ké K: '

K(1, 1) = (13,65 + 40).10°
Sau khi d3 bién déi ma tran K, gidi hé phuong trinh can bing trén. Ta dugc:
Q=[d, d, d.J=10"-0,891 0327 -0,199T'm

Cin cif vio (9.10) va (9.4), ta dugc céc thanh phan noi luc nhu sau:

Phan tir Momen uén (kN - m) Mon xoan (kN - m) 1
[ -35,70 0,38 -0,93 0,93
2 43,11 0,95 0,58 -0,58

§9.3. THUAT TOAN TINH HE DAM TRUC GIAO (CTR 16)

D6i v6i he dam truc giao, nén chon hé toa d6 c6 céc truc X, Y song song vai cac truc
dam. Chiéu ciia cac truc ddm nén chon sao cho cdc cosin dinh hudng déu duong.

S6 thit tw cdc BTD nén chon nhu sau:

l-
J// 3i-1
\ x
1.4y thi du trén hinh (9.15) e
4T 6 TT 9
) y o \ A"
~ . g
2z IT 3
1 /
\2

Hinh 9.15
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- Nhap s6 liéu
S6 thanh: 2
86 BTT ¢6 chuyéri vi: 3
56 BTD ¢6 chuyén vi triét tidu: 6
S6 thi t BTD ¢6 chuyén vi triét tiéu: 4, 5, 6, 7, 8, 9 hinh 9.15)
Téng sé BTD: 9
S6 BTD ¢6 géi tua dan hoi (néu c6)
S6 thit tw BTD c6 géi twa dan héi (néu c6)

He s6 do cting tuong tng (néu cd)

S6 thanh chiu tdi trong phan bé déu: |

S6 thanh chiu tai trong tap trung: 1

S6 thanh khéng chiu tai trong : 0

S6 thit tu thanh chiu tai trong phan bs déu: 2
Cudng dé tai trong: -15kN/m

S6 thir tw thanh chiu tai trong tap trung: 1
Tat trong: -50kN
Vitri tai trong tap trung: 2, 2

Dau ctia tai trong quy wéc nhur sau: dwong néu cung chiéu véi trye Z cia hé toa do
chung, am trong trudng hop nguoce lai. Cac s6 liéu con lai thong ke trong bang (9.1).

Bang 9.1
. Cosin dinh e Momen Momen Modun Modun
. .| Chiéu hudn Dién tich .. .. .
Phan tr dai (m) g (m?) qQuan tinh | quantinh | dan héi truot
m ) m m x (m*) y {m?) kN/m? kN/m’
1 4 0 I 0,125 1821.10°F 36.10°° 14.10° | 6,36.10°
L 2 4 1 0 0,125 | 1821.10° | 36.10° 14.10° | 6,36.10°
Bang 9.1 (tiép theo)
Sé thit ty bac tu do
Phén ti
d] d2 d_‘i d4 dS dﬁ
1 7 8 9 1 2 3
2 q 5 6 1 2 3
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2- Xac dinh cdc ma tran do cing riéng theo (9.6a)

3- Ghép cac MTDC riéng thanh MTDC téng thé

4- Bign déi MTDC téng thé néu ¢6 goi tua dan hoi (xem vidu (9.4)
5. Dua cdc tai trong trén nhip vé tai trong téc dung tai cat niit

6- Ghép cac vecto tai trong

7- Goi chuong trinh con dé gidi hé phuong trinh

8- Tinh noi luc theo (9.10) va 9.4).
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Chuong 10
| DAM BA CHIEU VA KHUNG KHONG GIAN

§10.1. DAM BA CHIEU TRONG HE TOA DO CUC BO
¥m
£ t
y
v, Vs
u, T u,

Gx, I BXE X
- o
X / ;‘
z W, Wy

Zor Yo

By

Hinh 10.1: Dam 3 chiéu trong hé toa do cuc bo

Dam ba chiéu trong he toa d6 cuc bé biéu thi trén hinh (10.1). Goi x

m Yo Z 12 hé toa
dd cuc bo. Truc x, tring v6i truc cla dam, cic truc y,.,

Z, nam trong mat cit ngang cla
dam. Dam c6 2 ddu 1 va 2 (trong he toa do cyc bo), chidu duong cha truc X, di tir dau 1
dén dau 2. Dam ¢6 tat ci 12 bac ty do:

U,(q); uxqy) - cdc thanh phan chuyén vi trén phuong truc x_ tai dédu 1 va déu 2.
Vi{d2), V>(qy) - cdc thanh phan chuyén vi trén phuong truc Y. tai ddu 1 va ddu 2.

wi{ds), Wx{(q,) - cdc thanh phdn chuyén vi trén phuong truc 7, tai dau 1 va ddu 2.
0., (). 8,,(q,y) - cc thanh phdn géc xoan tai diu 1 va ddu 2.

8,, (as) 9x1 (g1} - cac thanh phan géc xoay quanh truc ¥ tai dau 1 va ddu 2.
0, (4e), 9,, (d,;) - céc thanh phdn géc xoay quanh truc z,, tai dau 1 va ddu 2.

D¢ tién cho viéc 1ap trinh, ta biéu thi vecto chuyén vi ciia ddm 3 chiéu trong hé toa do
cuc bd nhur sau:

q=[9; 9, 93 94 95 95 97 s G D10 G;; Do | (10.1)

http://viethnam12h.com 233



Céng ty Hoa Chéat Xay Dwng Phuwong Nam

Trudc hét, ta s& suy ra hé s6 do aiing do xodn va sau d6, s€ loi dung cic h¢ s6 dd cing do
uén trong mat phing dé suy ra ma tran do cimg clia dam 3 chiéu trong hé toa do cuc bo.

10.1.1. Hé s6 d¢ cing do xoan

Ym
I i - 2
— * ™ x,
/ ex] OK2
z,,

Hinh 10.2: Géc xodn tai dau I va ddu 2
Xét dam trén hinh (10.2) trong d6 0, va 8, la cac géc xoan tai ddu 1 va dau 2. Goc
xodn bién thién tuyén tinh doc theo chiéu dai clia ddm gidng nhu chuyén vi doc truc da
nghién citu trong céc phan truée. Géc xodn tai 1 diém bét ky trén dam cd the biéu thi
bang ham noi suy tuyén tinh:
0,=Lip, +Log,, (10.2)
Trong d6: L,, L, 1a cdc toa do tu nhién (xem chuong hai).

Bié¢n thién géc xoan trén don vi dai:

do, 1
== ZE(B"Z -6, (10.3)
Momen xodn c6 thé viet: M, = GLa = Glxl(g ~0 ) (10.4)
L X2 X1
Xem 8, -6, /L nhueva M, nhu o (trong trudng hop bién dang doc truc), ta co:
D =G, (10.5)
1
B=—|-1 1 (10.6)
Lot ]

Theo (2.79) (chucng 2), ma tran dé cling cia ddm do xodn ¢ thé viét:

|
k, = J'OB DBdl (10.7)

Thay (10.3), (10.6) vao (10.7), ta dugc:
GI, -1 '
kn= 3 L[ | } [-1 1]a

3 +1 -1
k., Gl (10.8)
L -1 +1
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10.1.2. Ma tran do cing cia dam 3 chiéu trong hé toa dé cuc bo

Gia sir dam 3 chiéu 6 3 truc x, y._, z,, lan lugt song song v6i 3 truc x, v, z trong hé
toa do téng thé (hinh 10.1). Cic truc y,, va z, cén chen sao cho x,_

-V vax, -z la
nhiing miat phang udn chinh.

Hinh (10.3) trinh bay cong thitc cac hé s6 do cting clia ddm 3 chién, g vdi cac
chuyén vi bang don vi men theo 12 bac tr do & cdc dduivaj.

yﬂ'l Ym 1
¢ -EA T H EA
EA — . -EA L1, j rL
L1 g g b X —4% T+
2 R /
Z
a m g}
Zn | Y 4 ]vm 1261,
-12E 4
1261, ¢ T 1o, f - ;L £
kl I — .
LL_ l k L X QJ /§ 1 Xm
—py
BEI, 6E( SE!, / BEl,
= L - N
z L h)
M b) .
6l m 8EI
6E, Ym —%L 1 BEI -
i I —F C
L I e o x A ey Yon
i/ / f ‘

j ¥
: )
7 c) L " i) 1
Zm 1 ym yrn ‘Y‘l
-Gl - Gl G
i L T i L
Glx_ i I L 1 I Xy
L R *m / N
/ -
2y, d) #
¥m
), 4" i/ ’ 2, ]_45"
. L . ' , L
L : A\ !III IL L IL-—-—X“‘
'@ .
6l ! / BEI BEL,
= 6el, y T’\ﬁ*r
L -7 Z,
1 L k
e) )
Y ’EEF 1
!~ 6El, - 6El, y 6El
e LR
% A 4 T
’/EIZ AEIZ y 2E1, 4E1,
/L T . T
z f o Y

Hinh 10.3: Cdc hé s6'dp ciing ciia ddm 3 chiéu men theo 12 bdc e do
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Trén hinh (10.3a) la luc doc do chuyén vi bang don vi trén phuong x,, tal niit i gay ra;
trén hinh (10.3b) 1& luc cat vA mémen do chuyén vi bang don vi trén phuong y,, tai nut i
gay ra (dam chiu uén théng thudng); trén hinh {10.3c) 1a luc cat vd momen udn do
chuyén vi bang don vi trén phuong z,, tai niit i gay ra (u6n trong mat phang x_ - z); trén
hinh (10.3d) 12 mémen xodn do géc xodn bing don vi tal niit i gay ra; trén hinh (10.3e)
Ja luc cat va mémen uén do géc xoay bing don vi quanh truc z_ tai ndt i gay ra (udn
trong mat phing x_ - z, ).

Trén hinh (10.3f) 1 luc cit vi mémen uén do gdc xoay bang don vi quanh truc y,_ tai
niit 1 pay ra; trén hinh (10.3g) 4 luc doc do chuyén vi bang don vi trén phuong x| tal nit
j gay ra; trén hinhk (10.3h) [ luc cit vi mémen udn do chuyén vi bing don vi trén
phuong y, tai nit j gy ra; trén hinh (10.3i) 1 luc cit va momen uén do chuyén vi bang
don vi trén phuong z, tai nit j gay ra (udn trong mat phang x_ - z_); trén hinh (10.3)) 1a
momen xodn do gée xodn quanh truc y,, tai ndt j gay ra; trén hinh (10.3k) 12 moémen uén
va luc cat do géc xoay bing don vi quanh tryc z,, tai ndt j gdy ra (u6n trong mat phéng
X Zy)- Trén hinh (10.31) 13 luc cit va mémen uén do goc xoay bing don vi quanh truc
¥, tal nat j gay ra.

Céc h¢ s6 do ciing trong hinh (10.3) dugc sdp x€p theo s6 tha tur céc bic wr do cuc bod
trong bang (10.9) d¢ tao thanh ma tran do cing cia dam 3 chiéu trong hé toa do cuc bo.

Giita cdc thanh phan néi luc va cdc thanh phan chuyén vi tuong tng trong hé toa do
riéng, ta c6 hé thitc ma tran:

N, I 1 U =q |
Qiy V=43
Q1. W) =(;
M. 0, =q,
M,y OIY =qs
NL-| M|l K | %= s (10.10)
N, U =qy
sz V2 =qg
Q,, W2 =4y
M,, B2 =410
sz ezy =qp
L M,, | L I8 =q;, |

Trong d6: N, - luc doc tai ddu 1;
N, - luc cat tai dau 2;

Q,, - luc ¢t trén phuong vy tai ddu I
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Q,, - luc cét trén phuong y tai ddu 2;
Q,, - luc cat trén phuong z tai dau 1;
Q,, - luc cit trén phuong z tai dau 2;
M, - momen xoén tai ddu 1,
M,, - mémen xoan tai dau 2;
M,, - mémen quanh truc y tai dau 1;
M,, - momen quanh truc y tai dau 2;
M,, - mémen quanh truc z tai dau 1;
M,, - mémen quanh truyc z tai dau 2;
u, - thanh phén chuyén vi trén phuong doc truc tai dau 1;
u, - thanh phan chuyén vi trén phuong doc truc tai dau 2;
v, - thanh phan chuyén vi trén phuong truc y tai dau 1;
v, - thanh phan chuyén vi trén phuong tryc z tai dau 2;
w, - thanh phan chuyén vi trén phuong truc z tai dau 1;
w, - thanh phan chuyén vi trén phuong truc z tai dau 2;
0, - g6¢ xoan tai dau 1:
8, - g6¢ xodn tai ddu 2;
0, - gbc xoanh quay truc y tal dau 1;
0,, - gbc xoanh quay tryc y tai dau 2;
8,, - goc xoanh quay truc z tai dau 1;
8,, - g6¢ xoanh quay tryc z tai dau 2.
Trong thuc 1€, dim 3 chi¢u c6 thé ¢6 vi tri bat ky trong khong gian. Vi vay, ta phai
fim cach chuyén ma tran do cting 1 he toa do cuc bo sang heé toa do tong thé. Dé lam
diéu nay, trude hét, ta can tim hiéu khdi niém v& ma tran xoay.

§10.2. DAM 3 CHIEU TRONG KHONG GIAN

Goi X0 Y 7oy 12 ¢ toa d0 cuc bo clia dam 3 chidu va x, v, z [a hé toa do (6ng the.
Trong hé toa dé cuc b, vecto chuyén vi tai 2 dau dam la (hinh 10.4a):
q=1q 49> 93 44 95 46 97 98 D G du 2]’ (10.11)
Trong hé toa do téng the, vecto chuyén vi (hinh 10.4b) la:
Q={Q, Q Q; Q Qs Q Q Qs Qy Qu Q, Qp] (1012

Veelo tai trong trong hé toa do cuc bo (hinh 10.4¢) la:
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a) Ym xq“
\ \ _'_" xl[‘
qs P
"( 2 "T‘]r Q0
1 % ?
\ ) ’/QU
q, : ,
- Giz
| 4
Qs
¥ as o
z Fro * Qi
Qs
¥, — e Qy,
Q;
b)
- X

Hinh 10.4: Cdc thanh phdn chuyén vi va 1di trong trong ddm 3 chiéu
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Vecto 1ai trong trong hé toa do tong the (hinh 10.4d) la:
F=[fF F, /, F, F F, F, K K F, F, F,]' (10.14)

Cén c6 su chuyén déi tr g sang Q va tir f sang ¥
Du6i day, s€ suy ra ma tran xoay dung dé thyc hién cdc chuyén doi néi trén.
§10.3. MA TRAN XOAY (HOAC MA TRAN BIEN poI)

Ta c6 thé suy ra ma tran xoay bang cach tmg dung cdc nguyén ly vé dai s6 vecto hoac
diing phuong phap xoay din céc truc toa do. § day, ta s& dung phuong phap thi hai.

~

" —
— \QD_________..__ >

@]

~
=

L

===
~

Hink 10.5: Vi tri bdt ky ciia ddm 3 chiéu trong hé toa dé tong thé

Hinh (10.5) trinh bay vi tri bat ky cla truc dam 3 chiéu x_ va céc quan hé¢ hinh hoc
trong hé toa do téng thé X, y, Z.

Cic tryc chia hé toa do tdng thé s& dugc xoay dan quanh cdc truc y, z, X 540 cho cudi
ciing, hé toa do 16ng thé hoan toan triing véi hé toa do cuc bo.

Qua trinh xoay cic truc toa do biéu thi trén hinh (10.6). Trudc hét, ta xoay truc X quanh
truc y mot gée B. Nhu vay, truc x ¢ vi tri mdi 13 truc xp, truc nay 1a hinh chi€u cua truc
dam x_ lén mat phang X - z. N6i mét cach khéc, truc xp bay gid Ia giao tuyén gilta mat
phang ¥ - x,, va mat phing x - z. Bang cich xoay nhu vay, truc z chi€m vi tri truc zg cOn
- truc y vin khong thay déi. Céc thanh phin vectd A,, A,, A, trong hé toa do X, y, 2 6 thé 16
hop thanh vecto A, Ap, Aqg trong hé toa do mdi Xp, ¥p. zp theo he thic sau:

A cosp 0O sinf A,
Agl=l 0 1 0 | . 1A, ' (10.15)
Asg —-sinff 0 cosP Ay
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Trong dé: cosd va sinP c6 thé biéu thi bing céc cosin dinh hudng cia truc dim x_ doi
VOl cdc tryc X, y, z nhu sau (xem hinh 10.6).

Y. ¥p
¥
(2,
yl“ k x
S m*
o e ! . 3
,‘Y‘""’ ! \'\ i )
e P Yoo r J
: i
] f LC)"
i ¥ i !
» !
AN ' s ! rd
‘\\\B ! ‘/'(. Z, : ,//
B A Lo X N ) LG
Zy. Z, e o U O
IT,
(4 2
z
Zy, Xp

Hinh 10.6: Phuong phdp xoay ddn cdc truc toa do

COSB:_._.(:X__
JC: + 2

sinB:————C"‘
\/C§+Cf

' L L

=0

L= \/(xj-xi)2+(>fr>*a)2+(2rzi)2

Trong d6:  C,, C, - cosin dinh hudng cia truc dam x,, déi véi cic tryc X va z;

X,, X; - toa d6 cha diém i va j trén truc X; y;

¥; - toa do clia di€m i va j trén truc y;
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7, 2, - toa d6 cla di€m i va j trén truc z;
L - chiéu dai cua dam ij.
Sau khi xoay quanh truc y mot géc B, tir (10.15), ta c6 ma tran bién doi hodc ma
trén xoay:

-

CX CZ
0
Joii Jo2+c?
Ty = 0 1 0 (10.20)
_C?. Cx
0
Joiver e

Tiép tuc xoay cdc truc Xp, yp quanh truc zg mot goc y sao cho truc xp triing vdi truc
dam x_, truc yg (tiic truc y) doi dén vi tri truc y,, tryc zg khong thay déi; Iic bay git, mat
phing v, - z, chifa cc tryc y,, va z,, clia dam 3 chiéu. Céc thanh phdn vecto A s, Azp, Ay
trén cAc truc Xp, yp. Zp bay gi®r duoc 18 hop thanh cdc vecto Ay, Ay, Ay trén phuong céc
truc mai Xy, ¥y, Zy nhu sau: :

Ay cosy siny O Ajg
Ay, 1= —siny cosy O Agg (10.21)

As, 0 0 1 Asg

Vay sau khi xoay géc v, can cif vao (10.21), ta cé ma trén bi€n doi:

cosy siny O
T,=|-siny cosy O (10.22)
0 0 1

Céc s6 hang trong (10.22) Ia c4c cosin dinh huéng cua cac truc Xy, Yy, Zy d6i va1 cac
truc Xg, ¥g. zg. Tir hinh (10.6), ta cé:

cosy = |/C2 +C? (10.23)

siny = C,

Jei+ci ¢, 0
T,=| -C, Je2+c? o (1029

0 0 1

L .

Vay T, c6 thé viét:

Cugi cling, ta xoay quanh tryc x,, cic tryc yy, z, mot goc o sao cho truc y, trung v
truc y,, va truc z, tring véi truc z,, (hinh 10.6).
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Hinh (10.7) cho ta thay mit cat ngang clia dam clng vi tri cla tryc y,, va z_, truc X
vudng gée v6i mat phing ciia t giay.

¥y

YI'I'I

Zn
Hinh 10.7
Mat phing x,, - y,, 13 mot mat phing thing ding di qua truc ddm va xdc dinh géc giita
Yy va y,, hoac géc giita z, va 7, (ke 1a gée o duoc do tir mat phang dé dén mot trong cac
tryc chinh clia mat cit ngang hinh 10.7.

Cudi ciing, cdc thanh phan vecto A, A,,, A, trén cic truc Xes Yo Zo duoc biéu thi
bang céc thanh phan vecto Ajy Ay, Agy trén cdce truc xy, vy, z, nhu sau:

Anl T 0 0 A,
Ay [=]0 cosa  sina Ay, (10.25)
Ay, 0 —sina cosa As,

Sau khi xoay gdc «, can ci vao (10.25), ta ¢é ma tran bién déi:

1 0 0
Te=|0 cosa sina (10.26)
{0 -sino cosa

Cac phén tif trong (10.26) 1a céc cosin dinh hudng cia cdc truc X, Yo, 2, d6i vdi cic
Tuc Xy, ¥y, zy (hinh 10.6).

Két hop cdc phuong trinh (10.20), (10.22), (10.24), cdc thanh phan vecto trong hé toa
do cuc bo x,,, ¥, 2, ¢6 thé bi€u thi bang céc thanh phén vecto trong hé toa do téng thé
nhu sau:

A, =TT, Tg.A (10.27)

hay A,=T.A (10.28)
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Trong dé: T =TT, Tp (10.29)

A, 12 vecto cot bidu thi cdc thanh phan vecto trong he toa do cuc bo;, A 14 vectd cOt
biéu thi cac thanh phén vecto trong hé toa d¢ idng thé. Céc thanh phéan vecto ¢ day ¢6
thé 13 chuyén vi hoac tai trong.

Thay (10.20), (10.22), (10.24) vao (10.29), ta co:

C

X

C

£

CV
—C.C,cosa —-C_sing -C.C.cosa+C, sina
T=| —~ Z JC +C2 cosar Y 2 - (10.30)

JCi+ 2 JC2 4+ CE

C,C,sina—C, cosa C.C sina+C, cosa
P : —JC2 + Cssina L= -
Jc2 + 2 Ja2+ ¢
L X Z x 2 J
Tir (10.27), ta c6 thé viét: A, =T.A (10.31)
Trong d6 T 14 ma tran bién déi cdp 3 x 3.

D6i v6i dam 3 chiéu, ta ¢6 12 bac tr do nén cudi ciing, ma tran xoay c6 thé viét:

T 0 0 0
6 T 0 0
R = (10.32)
0 0T O
¢ 0 ¢ T
Trong d6: T, 0 12 nhitng ma tran con cdp 3 x 3.
Tir (10.11), (10.12), (10.13), (10.14), ta c6 cac hé thic:
q=R.Q (10.33)
f=R.F (10.34)

R goi 12 ma tran xoay tdng thé.

Trong ma tran bién déi T trong (10.30), chi con gdc o la chua duge xac dinh. D€ lam
diéu nay, ta chon mot diém k nam trong mét phang chinh x,, - y,, nhung khong nam trén
tryc x,, (hinh 10.6 va 10.7). Gia sit toa d¢ cla diém k trong h¢ toa do tong thé 1a x,, vy,
7,.. Céc thanh phén clia vecto ik trong hé toa do tdng thé la:

Xi = Xk - %4
Yxi = Yk - yi (10.35)
i =2y - 4

Gia sU Xyy, Yy Zgy 12 céc hinh chi¢u cha vectd ik trén Cac truc Xy, Yy Zy- Ap dung 2
phép bien ddi ddu tién, ta cé hé thic:
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1

Xky Xki
Zy, Zyi

= )
GG S 0 VG +C] VG +C Xki
= -C, Jci+c? o] x 0 [ 0 X | ¥l (10.36)

Sau khi don gian hoa:

Xiy = CXy + Gy + Cz

C.C, e C,C,
yk}_:———;_)_zxki + Ci + CE 'Yki ———zy——g—.zki (103?)
Y CX + C? V CX + C'{.
e X, + Cy zZ
Xki ki
JC2+ ¢ Joz s ¢

Nhu vay la di xdc dinh duoc toa do Yir Zy cla diém k trong mat phéng y, - z_. Tir
hinh (10.7), ta cé:

Ty =

sing, = T (10.38a)
\;'yky +Zk1{

cosor = —2}-’-“_2_ (10.38b)
Yiv T 2y

Trong dé, y,, va z,, tinh theo (10.37). Vay 12 ma tran bién déi T trong (10.30) hoan
toan duge xac dinh.

Cén chi ¥ réng cic hé thiic néi trén khong thé dp dung cho trudng hop fruc clia dam 3
chicu x,, nam trén phuong thing ding nghia 14 song song véi truc y trong hé toa do téng thé.,

Trong trudng hop nay (hinh 10.8), C, va C, déu tri¢t tiéu, diéu nay khong thé dua dén
nhiing két qua chinh x4c.

Sau day, ta xét 2 trutmg hop: truc x_ cung chiéu véi truc y vi x,, nguoe chidu véi truc .

Ta thuc hién 2 phép xoay. Truéc hét, xoay 1 géc ¥ = 90" (hinh 10.82) hoac y = 270"
(hinh 10.8b). Khi v = 90, tryc x trling véi truc X,, (théng ding) va truc y chuyén dén vi
tri vy, C, = I (hinh 10.8a). Khi y = 270°, truc X tring v6i truc X, (nguge chiéu véi truc Y},
truc y chuyén dén vi tri truc ¥y, G, = -1. Tiép theo, quay 1 géc o quanh truc X, d€ truc y,
trung vdi tryc y,, va truc z tring véi truc z..
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y' x‘|"‘ xm y
v =270"

‘\y =90° \

Y\,' X L X ¥y
a i "

o o

Yen Zm ,
1
a) Zm ¥
2. Zy Z.Z, b) X, Xy Xy
Hinh 10.8:

a) Truc ddm cing chiéu véi truc y; bjTruc ddam nguoc chiéu voi tric y

Tir hinh (10.8), ta ¢6 ma tran bién doi:

o ¢ 0

T, = —Cycosa 0 sina (10.39)

Cy SIno 0 cosa

Géc o trong (10.39) duge xdc dinh bing céch tim vi trf cda diém k ndm trong mat
phing uén chinh. Hinh (10.9a) biéu thi 1 thanh diing ¢4 nit dudi tai diém i va nit trén

tai diém j.
Y> xm 1L y+
J LY
LY
A Y
Ay
\\
\\
\\ Z‘“
A
\\
“k
1
. ]
1 i
. » X —- *
1 fl
Lo
) ®
o : F" Z, Zn
1 ;"
[
[
_____________ L)
X
Z £ Ym Z
a)

Hinh 10.9: Cdch xdc dinh goc a
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Toa d6 cua di€m k trén hinh (10.9a) déu duong va géc o nam gitta 90" va 180", Tir
quan hé hinh hoc, ta co:

singt = ——3__ COSU = ——X_— (10.40)
2, .2 2,2

Hinh (10.9b} bi¢u thi mot thanh dung co niit trén 13 | va ndt dudi 1a J- Trong trudng
hop nay, cdc toa do cla diém k déu duong vi géc o nim gilta 0" va 90°. Tir cic quan he
hinh hoc, ta cé:

) z X,
sing, = —2——“— cosgL = ——FK (10.41)
Xi +2z; X2 +22

Keét hop (10.40) va (10.41), ta cé:

. Z -X
sing = ——zi~? CosolL = —2—"—2—C}. (10.42)

Trong d6 C, 1a cosin dinh hudng ctia thanh ij doi véi tryc y. NG ¢6 gid tri bang +1i
(hinh 10.9a) hodc bing -1 (hinh 10.9b).

Thay cédc gid tri sino va cosa tir (10.42) vao (10.39), ta xéc dinh dugc ma trin bién ddi
T cdp 3 x 3 trong uudng hop déc biét truc ddm song song véi truc y clia hé 10a do téng thé.

§10.4. TINH KHUNG KHONG GIAN
Khung khong gian Ia tap hop cic ddm 3 chiéu c6 vi tri bat ky trong khong gian. Dé
tinh khung khong gian, ta phai thuc hién cic bude sau:
[. Xdc dinh ma tran do cdng K, cla mdi phén tir cla khung trong hé toa do cuc bo
theo (10.9).
2. Xdc dinh ma tran d6 cing k, clia mdi phén tir ctia khung trong h¢ toa do tdng thé
theo cong thic sau;
K.=R'k.R (10.43)
Trong dé: R - ma tran xoay; tinh theo (10.32)
Cong thic (10.43) ching minh tuong tu nhu cong thic (8.53) trong §8.2.2 (chuong 8).
3. Can cu vao bang (8.1) (chuong 8), x4dc dinh vecto tai trong f trong hé toa do cuc
bo. D61 v6i ddm 3 chidu, tai mbi ndt ¢6 6 thanh phan tai trong.
4. Xdc dinh vecto 14i trong F cho méi phén tir cda khung theo (10.34):
f.=R,F,
do do:
F.=R'f, (10.44)
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5. Sau khi ghép cdc ma trin K, tir (10.43) va cdc ma trén F, tir (J0.44); ta ducc phuong
trinth can bang t6ng thé:
KQ=F (10.45)
6. Giai hé phuong trinh (10.45), ta duge gid tri cdc thanh phan chuyén vi trong he toa
do téng thé.
7. Xéc dinh cdc thanh phin chuyén vi clia mbi phan tir ciia khung theo (10.33).

q=RQ (10.46)
8. Can ¢ vao cong thitc (8.54) va bang (8.1) (chuong 8), tinh noi luc & cac dau dam:
S=k.q+8, (10.47)

Vi du 10.1: Mot gian khong gian nhu trén hinh (10.10)

50cm

50cm S6 BTD ¢6 chuyén vi: 6
: .kﬁ Téng s6 BTD: 24
{ 15kN ' 2 S6 thanh: 3
4 K, S6 thanh loai 1: 2
1

100cm

S4 thanh loaj 2: 1
0.1kNfem ' @ $6 thanh chiu tai trong phan b6 déu: 1
. l Sa thanh chiu tai trong tép trung: 1
ry l
4
200cm @ |
1‘ y ._....._........
X
Y
Y v
4 7 z
Hinh 10.10

Dung chwong trinh CTR18 tinh ndi tuc.
Giai.
Pay la bai todn khéi lugng tinh rit 16n, khong thé tich bang tay ma phai nho vao su
hé trg clia mdy tinh.
Trudéc hét phai nhip cic s6 héu:
Nhap s6 liéu
Mot phan di trinh bay trén hinh (10.10). Tiép theo, nhap céc s6 liéu sau:
S& thit ti thanh loai 1: 1,2
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S6 thit tr thanh loai 2: 3

S6 thit tu thanh chiu tdi trong phan bs déu: 1

S6 thit tu thanh chiu tai trong tap trung: 2

Cudng d¢ tai trong phan bo: -0,1

Tai trong tap trung: -15

Vi tri tai trong tap trung: 50; 50

Cdc s6 lieu con lai théng ke trong cic bang sau:

e Madun Momen Moémen Momen Madun |
Phén tr Dg;?f n X04n quantinh x | qudn tinh y | quantinhz | dan héi
(kN/cm?) (cm®) (em®) (cm®) {kN/ cm?)
| 20 8077 4 35 750 21000
2 20 8077 4 55 750 21000
B 30 8077 10 150 2230 21000 |
Phin Toa do (cm) Toa d6 diém k (cm)
N X ¥; % X ¥i z, Xy Yi Zy
1 0 200 -100 0 200 0 0 250 0
2 0 200 0 100 200 0 100 250 0
3 0 0 0 0 200 0 50 0 0
~
Phin S6 thit tw cde bac 1 do
MR s d, | dy
[ 13 14 15 16 17 18 1 2 3 4 5 6
2 1 2 3 4 5 6 7 8 9 10 11 12
3 [9 20 21 22 23 24 1 2 3 4 5 6
Toa d6 di€ém k (xem hinh (10.10):
Thanh 1: diém k, ndm trén phuong tryc thanh 3
Thanh 2: di€ém k, ndm trén phuong thing ding tai nit 2
Thanh 3 (c6t): diém k, ndm trén phuong truc x tai nit 4
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Két qua chay chuong trinh

Phan tir Phén tir
No6i huc ! 2 Néi luc .
Q,, (kN) -5,067 -5,067 N, (kN} 0
M,, (kN - cm) 0 0 M, (kN - cm) 18900
M,, (kN - cm) -4.415 -4.46 M, (kN -cm) 164,434
Q2 (kN) -10,398 -0,398 N, (kN) 0
M, (kN - cm) 0 0 Myz {kN - cm) 18900
M,, (kN - cm) 359,879 26,545 M,; (kN - cm) -4,465

§10.5. THUAT TOAN LAP TRINH TINH KHUNG KHONG GIAN

Vé thuat toan nay, nén két hop xem vidu 10.1.

Khoi lugng tinh rat 16n, hon nita do sir han ché clia bo nhd trong may tinh, nén trong
thuat todn nay chi xét cac trudng hop sau:

1. Chi xét 2 loai thanh

_ Thanh c6 truc khong song song véi truc Y clia h¢ toa do téng thé
- Thanh ¢6 tryc song song va cung chiéu véi truc Y ctia hé toa 10ng thé.

2. Téi trong tic dung trén ddm va nam trong mat phang thing dimg x - y trong h¢ toa
do cuc bo.

Pé thuan tién cho viéc 1ap trinh, s6 thit tr cc thanh nén x€p theo s& thit ty cha day s6
ty nhién 1, 2, 3... Cac dam chiu tai trong phan b6 déu x&p trude, sau d6 dén cac dam
chiu tai trong tap trung, cudi cuing la cdc cot.

S6 thi tir cdc bac tu do ciing nén x&p theo s6 thi tu cha day s6 tu nhién, cdc bac wr do
c6 chuyén vi triét tiéu nén x&p & phan cudi.

Vi khéi lugng tinh qua 16n, chuong trinh duge chia ra nhiéu chuong trinh con
(Procedure) dé khi céan thi goi dén.

Mai niit ¢6 6 béc ty do, duge ky hi¢u nhu sau:

f 61-1

Tai nat i:
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V@ cdc cosin dinh hudng, & day xét dén trudng hop téng qudt nhat: thanh c6 thé nim
3 vi tri bt ky trong khong gian. Déi véi cac luc N, Q,, Q, cdc cosin dinh hudng ¢6 thé
mang diu duong hoiac am, nhimg déi véi cic momen M,. M,, M, cdc cosin dinh huéng
can ldy gid trf tuy¢t d6i dé giir nguyén d4u cta ban thin mémen.
Trong chuong trinh nay, dau cia mémen quy ude 1a duong khi quay nguoc chiéu kim
dong hé, quy ude la am trong trudng hop ngugc lai.
Vitri clia diém k ¢6 thé chon tuy ¥ nhung phai nim trong mat phing qudn tinh chinh
X -y cha dam va khéng ndm trén fruc x ca né (xem vi du 10.1). D6i véi cot, diém k
nam trong mét phing x - z ciia hé toa do tong thé va nim trén phurong song song vdi truc
X hoac tryc z tuy theo phuong cha truc y ctia nd. Trong vi du (10.1) diém k, nam trén
phuong tryc x cha h¢ toa do tdng thé.
Thuat toan dugce tién hanh theo cic budc.
- Xéc lap cdc ma tran dg ciing riéng theo (10.9)
- Xdc 1ap cac ma tran xoay theo (10.30), (10.32)
- Xdc lap cac MTDC riéng trong hé toa d6 téng thé theo (10.43)
- Ghép cdc MTDC rigng thanh MTPC téng thé
- Xdc lap vecto tdi trong nhir da lam déi véi khung phing
- Gol chuong trinh con dé tinh gid tri cc thanh phdn chuyén vi trong hé toa do
tong thé.
- Xdc dinh cédc thanh phin chuyén vi trong he toa do cuc bo theo (10.33).
- Xdc dinh cac thanh phédn néi luc theo (10.47)
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Chuong 11
BAI TOAN BA CHIEU

§11.1. KHAI NIEM VE BAT TOAN BA CHIEU

Trong cac chuong trudc, ta da nghién ciu bai todn mot chicu, bai todn hai chiéu, hé
thanh gém ddm vh khung. Trong chuong nay, ta s& nghién ciiu bai todn 3 chiéu thudng
gap trong thuc t€. M6 hinh phdn ti hiru han 4 mat 4 nat s€ dugc dé cap den.

Cin nhic lai ring (xem lai chuong 1) trong bai todn ba chiéu, ta ¢6 cdc hé thic sau day.

Véc to cdc thanh phin chuyén vi trong FTHH

u=[u v w] (11.1)

Trong dé: u, v, w - cdc thanh phan chuyén vi trén phuong cdc truc X, y, z tai | diém
trong FTHH.

Vecto dng suit ¢ va vecto bién dang ¢:

U=[0‘x G, 0, Ty T TXJ ' (L11.2)

£= [8‘ 8), EZ YYZ sz ny] (l 1,3)
Heé thic ung suat - bién dang
¢ = De (11.4)

Trong dé: D 1a ma trdn cdu tric vat liéu cdp 6 x 6. P6i véi vat liéu dong tinh trén moi
phuong, D tinh theo (1.17) (chuong mot).

He thiic bién dang - chuyén vi:

5. 8, 8, 8, 8, 8, 9w 0,. 8|
S s R A Tt A Su Swo oy ¥ (11.5)
gx Oy oz oz oy 07 oy 0x
Vecto luc thé tich f va vecto luc bien T
f=[t, 1, f]
T=[T, T, T,] (1L7)

§11.2. MO HINH PHAN TUHUOU HAN
Ta chia vat thé thanh cac FTHH 4 mat 4 nit nhu trén hinh (11.1).
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% Hinh 11.1: Phan ui hitu han 4 mét 4 niit

Tai diém c6 toa do (x, ¥, z) trong FTHH, ¢6 3 thanh phan chuyén vi u, v, w trén cic
phuong x, y, z. Méi niit i cha FTHH c6 3 thanh phan chuyén vi q.,., Q31> G5~ Chang han
tai nit 3, ¢6 3 thanh phan chuyén Vi G, Gy, q- Ta goi cdc thanh phan chuyén vi nay 1a
cdc chuyén vi cuc bo. Cic chuyén vi tong thé tai nit I [a Q,.,, Qiriy Qi Vay vecto
chuyén vi cuc bo q va vecto chuyén vi tong thé Q la:

q:[‘h Gy s oEere (I|2]‘ (11.8)
Q=0 Q..o Q] (1.9)

11.2.1. Ham hinh dang. Hé thiic bién dang - chuyén vi

Ta dinh nghia 4 ham hinh dang Lagrange N, N,, N,, N, nhu sau. Ham hinh dang N.
tai nit i bang don vi tai ndt d6 va triét tiéu tai cdc nit con lai. Chéng han, ham hinh dang
N, bang don vi tai nit 1 va triét tiéu tai cdc nat 2, 3, 4.

Ham hinh dang duoc xdc dinh bang cic toa do tu nhién

N, =L, N, =L, N=1L, N,=1-L,-L,-L, (11.10)

Trong do:

~
I
<|=<
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V. 1a thé tich ctia khéi tt dién con tao boi diém P trong FTHH 4 mat va mat doi dién
vai diémi(i=1,2,3,4).V1a thé tich cua khéi ti dién Ién.
Céc toa d6 tu nhién biéu thi trén hinh (11.2).

(X4, ¥4 24}
4 (0,0,0,1)

1 (X3 Yo Z3)

(x]s ¥i» Zi) (0.0,1,0)

(1,0,0,0)

2 (Xp- ¥, o)
(0,1.0.0)
Hinh 11.2. FTHH 4 mdt 4 nit voi cdc toa dé tie nhién

Céc thanh phan chuyén vi tai 1 di€ém P (x, y, z) trong FTHH ¢6 thé biéu thi bing
hé thitc:

u=Nq (11.11)
Trong d6:
N, 0O 0 N, 0 0 Ny O 0 N, 0 O
N={0 N, 0 0 N, 0 0. Nj 0 0 Ny O (11.12)

0 0N 0 0 N, 0 0 N 0 0 N,
q - vecto cdc thanh phéin chuyén vi tai cdc nut.

Du6i dang biéu thi ciing tham s8, toa do chia diém P (x, y, z) trong phdn tr hitu han ¢6
thé bicu thi bang toa d6 clia cdc nit (hinh 11.2):

X = Nix, + Nox, + Nox, + Ngx,
y =Ny, + Ny, + Noys + Noy, (11.13)
z =Nz, + Nyz, + N.z; + Noz,

Thay N, tir (11.10) vao (11.13) va ap dung cdc ky hiéu X; = X, - X;, ¥; = ¥i - ¥;
Z,= 12 - 7, (aco:

X=X+ X, L)+ XLy + X1 Ls
Y=Y+ Yy + ¥oul; + ¥ala (11.14)
=17, + 2L, + Zul, + 23k

Theo quy tic tinh dao ham clia ham an:
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" au ]
dL,,
cu

aL,
du

| oL

Trong d6, J 12 ma tran Jacobian
[ ox
oL,
ox
EN
Ox
oL,

Dinh thic cha J:

det J =X, (Y4234 - YaaZoa) T ¥ 14(ZpaZs4 - Zy0%5,) + Z14(X24¥ 24 - X34Y54)

Theé tich FTHH nf dién:

V.=

[ ou |
ox
ou
dy
ou
| 2 |
d oz
aL, oL,
oy oz
a, a,
dy oz
oL, oL, |

[N [O‘_L“LE det] dL,dL,dL,

Yia

¥4

Y34

Vo= fdet | [ {7 7 dLangr,

Céng thire tich phan da thic ¢6 dang nhu sau:

0
Ap dung (11.19), ta duoc:

1
V. =—6—’det J’
H¢ thic nghich déao cta (11.15):

fou] [ ou]
x| (A
M4l
oy L,
du ou

]I J [ LTLL15dLdL,dL, =
0 0

Z3q |

m!n!p!
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(11.16)

(11.17)

(11.18)

(11.18a)

(11.19)

(11.20)

(11.21)
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Trong dé A 1a nghich ddo clia ma trén Jacobian:
A=J!
(}’24.234 —Y34-224) ()’34214 *y}4-z34) (y,4224 —y24.z]4) (1122)
" det) (224%34 - Z34X34) (z34%14 — 24 X3s)  (Z14%20 — 224 X14)
(x24 Y34~ X3q .224) (X34yl4 - X|4-Y34) (X[4-)’24 - X24.}"14)

Theo (11.5) va (11.21) , ta co:
t=B.q (11.23)

Trong d6, ma tran B ¢6 dang:

0 0 Ay 0 0 Ay 0 0 Ay 0 0 -As

0 Ay Ay 0 Ay Ay 0 Ay Ay 0 -A3 -A2

|_A21 Ay 0 Ap Ap 0 Ap Ay 0 -A2 -A O J
(11.24)
Trong d6: A, la cdc phan tir cha ma trén A trong {11.22)
A=A +ALTA,
A=Az +Ant+Ay
11.2.2. Ma tran do ciing-Vecto tai trong

Ma trdn d¢ citng:!
Theo (2.79) {chuong hai), ta c6 ma tran do cing

k= [[[B'DBdv (11.26a)
Vi cdc ma tran B va D chita céc hing s6 nén
k =B'DB [dv
do d6: k = V.B'DB

Trong d6, V, 1a thé tich cia FTHH tf dién, tinh theo cong thirc (11.20).
Véc 1o uc thé tich:
Theo (2.80) (chuong hai), ta c6 véctd luc thé tich:
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F,= mN'de (11.27a)

Vi lue thé tich tac dung tai trong tam ctia FTHH tit dién, trong tam ndy lai chia hinh
tir di¢n thanh 4 khéi o dién con c6 thé tich bing nhau nén theo (11.10).

4
V1IN va f chira cdc hang s6, f, c6 thé viet
f=N'f [dv =N'£V (11.27b)

Thay N (1112)va f=[f, £, ] vao (11.27b) ta ducc:

N, 0 0
0 N, 0
0 0 N,
N, 0 0
0 N, 0
0 0 NJ|T
f,=V. | £, (11.27¢)
N, 0 0
0 N, otk
0 0 N,
N, 0 ¢
0 N, 0
0 0 N,
Sau khi thyc hién céc phép nhan ma tranvathay N =N,=N, =N, = —/i— ta ¢ cong
thic cudi ciing:
fl=£[f o & f 6 6§ f f f f f] (11.28)
4 L z y 1z Lo I, 1,

Vecto e bién:

Theo (2.80) (chuong 2), ta c6 vecto luc bién:
f, = | [N>TdA (11.29)

Chéng han, lic bién phan bd déu trén dién tich tam gidc 1-2-3 ¢6 gach chéo trén hinh
11-3. Trén dién tich nay, 16 rang 1a N, = 0. Vi tdng luc bién tac dung tai trong tam cia
tam gidc 1-2-3, trong tam ndy lai chia tam gidc 1-2-3 thanh 3 tam gidc con c6 dién tich
nhu nhau nén:
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2 3 (11.30)

Vi ma train N va T chia cdc hing s6
nén (11.29) cé thé viét:

f, =N*.T.[dA
’ | J (11.31a)
= AN®T
Thay Nr(11.12) va Hinh 11.3: Luc bién tdc dung
T= [Tx 1, T?_] trén mdt tam gidc 1-2-3
vao (10.31a):

N, 0 0

0 N, 0

00 N,

N, 0 0

0 N, 0

TX
0 0 N,
f, = A. 21| T, (11.31b)

N, 0 0

0 N, ofL

0 0 N,
N, 0 0

0 N, 0

0 0 N,

: 1
Sau khi thuc hién cic phép nhan ma trdn va thay N, =N, =Nj =§, N, = 0 vao

(11.31b), ta dugc cong thifc cudi cung:

A |
SC[T,( T, T, T, T, T, T, T, T, 0 0 0] (11.31)

f'bz

Trong dé: A, - dién tich mat tam gidc 1-2-3.

Trong phén trén, ta da suy ra ma tran do cing, vecto luc thé tich, vecto luc bién déi
v6i phan tir hitu han hinh 4 mat, 4 nit. Sau khi ghép cdc ma trdn do cingva cic vecto tai
trong nhu thudng 1¢, ta c6 hé phuong trinh can bang téng the:

K.Q=F (11.32)
Giai hé phuong trinh trén, ta dugc gid tri cdc thanh phan chuyén vi.
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11.2.3. Tinh itng suat
Vie = D.c va £ = B.q nén g suat c6 thé viét:
6=D.B.q (11.34)
Cic ing suat chinh o,0,,0; dugc tinh theo cic h¢ thic sau. Ba b4t bién cha tenxo
(ng sudt la;

Il :Gx +0—)"+GZ

_ 2 2
I, =0,0, +0, O F0x0, ~ Ty — Ty, ~ Tyy (11.34)
I =0,0,0, +21,,1,,T -0,12, — o 12 -5,
3 YZ¥Xz 'xy Xyz ¥Rz 27Xy
bat:
I}
3

3
(11.35)
c=2 2
3
E}zlcos"'[—B—q)
3 ac
Cac tng suit chinh:
II
G| =—+ccosd
3
I
o, =1 tccos 6420 (11.36)
3 3

I
o3 == +ccos 6+2%
3 3

§11.3. CACH BO TRI MANG FTHH 4 MAT 4 NUT

Trong mién 2 chiéu, cich b6 tri mang FTHH tam gidc hodc tif gidc ¢6 thé thuc hién
mot cach twy y, nhung trong mién 3 chiéu thi viéc b6 tri mang FTHH tif dién ¢6 tinh
chat phic tap hon. Duéi day, gidi thién mot sé cich b trf mang FTHH tif dién trong
mién khéi vuong.

Trén hinh (11.4) 1a cdch b6 tri 5 FTHH ti dién trong mién khéi vuong. So dé lien két
gifia cdc niit bidu thi trong bang 11.1. Trong cach bd tri trén, 4 i dién dau tién c¢é thé
tich nhu nhau con 1 dién thit 5 thi ¢6 thé tich gép doi thé tich cha phan tir khac.
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7 (LL1)

Hinh 11.4: Cdch b¢ tri 5 FTHH ti dién trong mién khéi vuong.

Bang 11.1. So dé lien két giira cac FTHH va cac nit

Niit cuc bo
FTHH 14] l

I 2 3 4
1 1 4 2 6
2 1 4 3 7 Nut
3 6 7 5 1 tong
4 6 7 8 4 thé
5 1 4 6 7 |

5

Ciing c6 thé bg tri 6 FTHH
i dién trong mot mién khoi
vuéng nhu trén hinh (11.5).

Trong cdch chia nay, mot
nra khéi vuong dugc chia
thanh 3 ti dién c6 thé tich bang
nhau (hinh 11.5). So d6 lién két
gilta cdc tr dién va giita cdc nut
nhu trén bang (11.2) va hinh
(11.5).

Hinh 11.5: Céch b6 tri 6 it dién trong mién khoi vuéng.
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Bang 11.2. So dé lién két giita céc niit trén hinh (11.6)

’7 Nitcuc bo: 1, 2,3, 4 W

FTHH s& - -
S& thir tif niit tdng thé

] 1 2 4 8

2 1 2 8 5

3 2 8 5 6

4 1 3 4 7

5 1 7 8 5

6 1 8 4 7

§11.4. PHAN TUHOU HAN 6 MAT VA CAC PHAN TUHOU HAN BAC CAO HON

Hinh 11.6 bi€u thi mot phén tir hitu han 6 mit 8 ndit ¢6 dang khéi vuodng vdi kich
thude mbi canh bang 2 don vi trong hé toa do ty nhién L, L, L,

L,

{1,-1,1)6 711,01

-1, -
. b2 3(¢-1,1,-1)

4(1,1,-1)
Hink 11.6: Phdn ti hitu han 6 mdt 8 it
Déi véi FTHH khéi vudng (hinh 11.6), cac ham hinh dang Lagrange ¢6 thé viét:
N; =%(1+L,iL“)(l+L2iL2i)(1+L3iL3i) (11.37)

1=1,2,..8

Trong dé: L,;, L, L; 12 céc toa do ty nhién L,, L, L; tai ndt i trong hé toa do (L,
L. Ly).
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Méi nit ctia FTHH 6 mat 8 nit ¢6 3 thanh phdn chuyén vi nén c6 tat ca 24 thanh
phdn chuyén vi tai cdc nit. Vecto chuyén vi:

f

q=[q, q rereraneennseeellag | (11.38)

Cic thanh phén chuyén vi tai 1 diém trong FTHH c6 thé bicu thi bing cdc thanh phan
chuyén vi tai céc nit nhu sau:

u =Nyq +Noqq +.... + Nay
W= N1q3 + N2q6 + ot N8q24

X= lel + NzXz + ....+N3x8
y=N,y; +Nyy, +....+ Ngyg (11.40)
z=N,z, + Nyz, + ...+ Ngzg

Dudi dang biéu thi cling tham 8, cdc toa do tai 1 diém trong FTHH c6 thé biéu thi
bing toa d¢ tai cic niit nhu trong (11.40).

Gidng nhu céc budc trinh bay trong chuong 7 d6i v6i FTHH tif gidc, ta c6 céc he thic
nhau sau:

£ = B.q (11.41)
Ma tran d6 cimg cua FTHH:
I 1 1 .
k=[ | [B.D.B|detJ|dL, dL,dL; (11.42)

-1 -1 -l
Trong d6: dV =|detd| dL,dL,dL;;
J - ma tran Jacobian.
Viéc tinh tich phan (11.42) thuc hién theo phép cau phuong Gauss.

D6i v6i cac FTHH tr dién bac cao hon, chang han nhu loai 10 mit, 20 ndt, 27 nit,
ciing 6 thé thyc hién cdc budc nhu da trinh bay trong chuong 7.

§11.5. CACH XULY CAC DIEU KIEN BIEN
Vé cach xir 1y cic diéu kién bién, ta lam nhu d6i véi cdc bai todn 1 chiéu hoac 2 chiéu.
Rang buoc diém (hinh 11.7a) 1a rang budc tai d6 mot di€m hoan toan ¢ dinh. Trong
trudng hop nay, ta them mot s6 C khd 16n vao phan tlt c6 bac ur do tuong g trén duong
chéo chinh cia ma tran d6 cimg.

Ring buoc dudng thing 12 mot rang budc trong d6 1 diém chi duge phép chuyén vi
trén phuong dudng thang t (hinh 11.7b).
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Phdp tuyén Mat phang

-

a)

c)

Hinh 11.7: Rang budéc tai cdc it
a)Rang buéc diém; b) Rang buéc trén duon g thang; c) Rang buéc mat phang.

Gid sir t ¢6 cdc cosin dinh huéng (1, m, n). Xuat phat tir diéu kién u x t =0 ta thém
cdc s6 hang do cing sau vao cic phan tlr ¢6 BTD tuong ting ctia niit | trong ma tran
do cing:

31-2 31-1 31 <« BTDcuaniit |

319 CI> Clm Cln

31-1 Cm? Cmn
3l Cn?
T

BTD

Doi v6i rang bugc mat phang (hinh 11.7¢), mot nit chi dugc di chuyén trong mat
phang c6 phdp tuyén t. Gid sir t ¢6 cdc cosin dinh hudng (1, m, n). Xuat phat tir diéu kién
u.t = 0, ta thém vao céc s6 hang sau vao cic phan tir c6 BTD tuong g ciia nit 1 trong
ma tran do cing.

31-2 31-1 3] < BTD cta nut |
s c(1-?) -am ) ~ch ]
31-1 C(lhmz) Cmn
3 C(l—nz)
¥ J
BTD
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Vidu 11.1: Mot mo hinh FTHH 4 mat 4 mit nhu trén hinh (11.8).
Tinh: 1- Chuyén vi
2- Ung sudt
+lOkN

1 p~* 5kN
3ch

i.x Sem o/

Modun dan héi: 21000kN/em?®
Hé s6 poatxong: 0.3

Phdn 6 thit tr nit (Sng thé
1 L 2 ] 3 ] 4
Hinh 11.8
Gidi:
Tinh ma trin cfu tric vat li¢u theo (1.17)
[4523.077 1938,462 1938,462 .0 0 0 |
4523,077 1938,462 0 0 0
Do 4523,077 0 0 0
1292,308 0 0
Dsi ximg 1292,308 0
] 1292,308 |
Tinh ma trin B theo (11.24):
[0 0 0 02 0 0 0 O 0 02 O 0
0 0 o 0 0 0 0 02 O 0 -02 0
B 0 0 033 0 0 0 0 0 0 0 0 -0,33
0O 033 0 0 0 0 0 0 02 0 -033 -02
0,33 0 0O 0 020 0 0 -033 0 0 -0,2
| O 0 0 0 02 0 02 0 0 02 -02 0
264
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X4c lap ma tran do cimg tong thé:

Vi chi c6 mot phan tir, tit ma tran do cing riéng ki, ta ding phuong phap loai trir dé
xac lap MTDC t6ng thé:

| 2 3« S& thtt tu BTD téng thé
143,589 0 0 |
K= 143,589 0 2
Doi ximg 502,654 |3
Gii hé phuong trinh:
Q 0
Q5 -10
K&t qua tinh:

[Q,Q,Q,0=[0 0,0348 -0,0199] cm
Tinh dng suat theo (11.33)
Céc thanh phan chuyén vi cha phan tir la:
[4, G G Qa G5 95 96 G G G Do dro] =10 0,035 0,019 0 0 0 0 0 0 0 O 0]
Céc thanh phan dng suét:

USI = -12,857 kN/em® US2 = -12,857 kN/em®
US3 = -30 kN/em® US4 = 14,999 kN/cm?
US5=0 Us6=0

§11.6. THUAT TOAN LAP TRINH GIAI BAI TOAN 3 CHIEU (CTR17)

I. Nhap s liéu (1ay thi du trén hinh (11.9)
S6 phan tir: 1
S6 BTD c¢6 chuyén vi: 3
Téng s6 BTD : 12
S6 BTD c¢6 chuyén vi triét tiéu: 9
S6 thit tr BTD c6 chuyén vi triét tiew: 4, 5, 6,7,8,9,10,11,12
Médun dan héi: 21000 kN/cm®
Hé s6 podt xong: 0,3
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Phdn tir S6 thit tr nit t6ng thé
1 L 2] s | 4

Hirh 11.9
C4c s6 lieu con lai thong ké trong bang sau:
Toa d6 (cm)

Phan tir
X, Xz X3 X4 Y ¥z ¥; Ya Z) Z Z3 2,
1 -5 0 -5 -5 0 0 5 0 3 0 0 0

S& th tw bac oo do

Phan ty
dl d'Z d_\ ' d4 dS dﬁ d? dS d9 dlU dll d12
1 1 2 3 ' 4 5 6 7 8 9 10 11 12

2. Xac lap cdc ma trén d¢ cimg riéng theo (11.26)

3. Ghép cac MTDC riéng thanh MTDC téng thé

4. Ghép cic vecto tii trong theo (11.28), (11.31) va cic ti trong nhéap vio.
5. Goi chuong trinh con dé gidi hé phuong trinh can bang

6. Cin cf vao cic gid tri chuyén vi tim duoc & tren, tinh mg suit theo (11.33).
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