Chucong 4. Cac phuong phap tinh gan dang trong dong luc hoc cong trinh

Chuong 4
CAC PHUONG PHAP TINH GAN DUNG
TRONG PONG LUC HQC CONG TRINH

Céac phuong phap tinh gin dung trong Pong luc hoc cong trinh co thé phan thanh ba
nhom chinh:

- Nhém thir nhit 13 cac phuong phap niang luong. Cac phuong phap nang luong dya
vao nguyén 1y bao toan nang lugng co hoc duge phat biéu nhu sau: Tai moi thoi diém cta hé
dao dong. tong thé ning va dong ning cua hé ludn ludn 1a mot hing so:

T + U = hing s6 (4-1)

Trong do: T la dong nang cua h¢.

U la thé nang cua hé.

C6 thé giai bai toan bang cach ap dung truc tiép phuong trinh (4-1), hodc dwa vao cac
phuong trinh Lagrange, hay nguyén ly Hamilton.

Céac phuong phap ning luong sé di cho két qua gan dung vi phai gia thiét trudc dang
dao dong cua hé

- Nhom thir hai 1a nhom cac phuong phap chuyén hé vo han béc tu do vé hé co s bac
tu do hitu han dé giai. Cac phuong phép chinh thuéc nhém nay 1a: Phuong phap khéi luong
tap trung, phuong phap bién dang tap trung va phuong phap phan tir hitu han (PTHH).

- Nhém thir ba 12 nhom céc phuong phép giai gan ding phuong trinh vi phan dao dong
ctia hé, ma dién hinh 1a phuong phéap sai phan hiru han, phuong phép roi rac héa toan tir vi
phan, hay phuong phap Butnop-Galookin.

Phuong phap sai phan hiru han, phuong phap ro1 rac hoa toan tir vi phan va phuong phap
phéan tir hitu han con dugc goi chung 1 phwong phdp so-vi két qua tinh toan 14 cac con sb.

Trong khudn khd thoi lwong ciia mén hoc, trong tai liéu nay chi trinh bay mot sb
phuong phép co ban.

4.1 CAC PHUONG PHAP NANG LUQNG

4.1.1 Phuwong phap Rayleigh

Phuong phap Rayleigh ap dung truc tiép nguyén 1y bao toan niang luong (4-1) dé xac
dinh tan s6 dao dong riéng cua h¢ dao dong. Ta nhan théy r?mg, voi gia thiét dao dong tu do 1a
diéu hoa, thi khi hé dao dong tdi vi tri can b?mg ban déu, thé nang cua hé b?mg khong, con van
tdc dat cuc dai; con khi hé & vi tri bién do chuyén dong thi van tde chuyén dong béng khong-
ciing tirc 12 dong niang bang khong, con thé nang dat cuc dai. Piéu niy co6 nghia la:

Toax =U e (4-2)
A- Xét truong hop hé cé sé bic tw do hitu han (n béc tw do):
Néu ky hiéu {a }={a, @, .. a,} (xem (2-12)) I vecto chura bién d6 dao dong

ctia cac khoi lwong thir 1, 2,...., n tuong tng voi tin s6 dao dong riéng thir k (dang dao dong
riéng thir k) thi vdoi vat liéu dan hoi tuyén tinh ta co:
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Thé nang cuc dai bang: U = %{ak }T [K]{a} (1) (4-3)

Dong nang cuc dai bang: T, = %a)kz {a, }T [M]{a} (2)

trong d6: [K] 1a ma trén do cimg cta hé, con [M] 1a ma tran khéi luong. Thay (4-3)

vao (4-2) ta dugc tan sé dao dong riéng thir k:
T
. _{ad [K{a] 4-4
O =g (4-4)
{at [M]{a]

R rang 14 néu biét dang dao dong riéng thir k, {ak } , ta s& x4c dinh duoc tan s riéng
tuong tng. Tat nhién dang dao dong riéng nay ta phai gia thiét trude.

B- Truwong hop khoi lwgng phén bo-hé cé vé han bic tw do:

Véi gia thiét dao dong tu do 1a diéu hoa, thi phuong trinh dao déng chinh thire tha k
co dang:

Y (z,0) =y, (2)sin(e t + ) (4-5)

Theo Strc bén vat li¢u, doi véi cau kién chiu uon khi bé qua anh huong cua luc cat va
lyc doc, thé nang bién dang dugc tinh theo cong thic sau:

Z j M) 4, (4-6)

Theo (4-5) dao dong dat bién d6 khi sin(a,t + 1) =£1.
Mit khac, M, (z) = —EJy, (z,t) = —EJy, (z)sin(e,t + 1), nén khi dao dong dat bién do thi
M, (z) = EJy, (2) (xét vé tri s6) (a)

nén U, :%Z{Eji [yL(Z)]Z dz (4-7)

Tai vj tri can bang van tbc dat cuc dai; ma v, (z,t) = y, (2)@,cos(w,t + 1) nén

kmax yk (Z)a)k (b)
Ldc nay dong néng cuc dai
=—a>k » I Y, (2)] m(2)dz (4-8)

Trong d6: m(z) 14 cudng d6 khdi lugng phan bd theo chiéu dai thanh.

Khi trén hé, ngoai khdi lugng phan bd m(z), con c¢6 cac khdi lugng tap trung M; (=1,
2,...., n), thi tong dong ning cta cac khdi lugng tap trung s& 1a

Tax:%a)kzzlvljl:yk(zj):'z (4-9)
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O day M; l1a khéi lugng tap trung thir j, con yk(z;j) 1a bién d¢ dao dong cua khéi lugng
thi j twong tng véi tan so riéng thu k.
Thay (4-7), (4-8), (4-9) vao (4-2) ta dugc:

IEJ [yk(z)] dz
ZI[W(Z) m(z)dz+ZM [v@)]

Trong do i 1a doan thir i co6 chiéu dai 1a ;.

(4-10)

Cong thirc (4-10) 1a 10 giai tong quat c6 thé dp dung dé xac dinh tan s6 dao dong riéng
thir k cho dam, vom,.. thdm chi ca tAm vo... ké ca khi tiét dién thay d6i. Thuc té 1a dang dao
dong riéng thir nhat thuong rat gan véi dang bién dang gia tinh twong tmg. Boi vay, ngudi ta
thuong dung cong thirc (4-10) dé xac dinh tan sb co ban o1, lic nay ta liy duong bién dang
gia tinh dé tinh toan.

Vi céc tan s bac cao, do rat kho dé gia thiét dugc mot dang dao dong gén sat voi thuc
té, nén it duogc tinh theo (4-10).

Vi DU 4-1:

Xac dinh tan s6 dao dong riéng thir nhat ciia q=hang s6
dam conson co6 ti€t dién hang s6 va chiéu dai 1.

S 1 i
Ta giai bai toan trong hai truong hop. 0 — +>

1) Lay dang duong dan hoi cua truc dam do _-" ’\ \ \
tai trong phan bd déu dit tinh gy ra 1am dang dao - y(z) = ql 1- 4z +Z_
dong riéng thtr nhat. y 8EJ 3l 3

Theo hinh (4-1) ta cé: ! | +

4z 7* Hinh 4-1
¥.(2) = A, (1—3— 3,—4J (a) "

s . 47°
Khi do: yl(Z) = Ab |_4 (b)
Trong d6: Ag 1a mot hé sd.

Thay (a); (b) vao (4-10) va chii y 1a M;=0, va ky hiéu m 1a cudng do khoi lugng phan bd
déu va Ag bi triét tiéu, roi tién hanh tich phan ta co:

_[ 4i dz 16

| 51°) EJ 162 EJ
m ! ? (104@ m 13 ml*
! 3|4 dz { 405

Suy ra: o, = I 5301 , / (c)
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So sanh véi 16 giai chinh xac: o, = 3,516 /E , sai 86 0,4%.
m

|2

2) Ly dang duong dan hoi cua truc dam do luc tap trung dit tinh tai dau tu do gy ra
lam dang dao dong riéng thir nhat.

P Z

Theo hinh (4-2) ta cé: 0 — +>

3z 78 _-<"7
y(2)= Al 2-=24 55 (d) -7\ PE(. 32 7°

I V(@)= | 2

y 6EJ P
. . 6z v
va yl(z) = A\) |_3 (f) +* | v
Hinh 4-2

Lai thay (d); (f) vao (4-10) roi tich phan ta
duoc:

hay o, =288 E;Sai s6 ~1,48%
12 \\m

Qua vi du trén ta thay, ldy dang bién dang gia tinh ctia hé do trong lugng ban than gay
ra 1am dang dao dong chinh thtr nhét cho két qua twong ddi chinh xac dbi véi tan sd riéng o;.
4.1.2 Phwong phap Rayleigh-Ritz

Nhu di thdy ¢ phan trén, do chinh xac cia 10i giai ciia Rayleigh phu thudc vao do
chinh x4c cua dang dao dong ma ta gia thiét, va thong thuong 1a 16n hon gia tri thuc. D&
nang cao do chinh xac cia 10i giai (4-10), ndm 1911, Ritz da phat trién 1oi giai ciia Rayleigh
dua trén gia thiét co ban cho rang: “Ham biéu dién dang dao dong 1a t6 hop ciia nhidu ham
s& cho két qua chinh xac hon so v6i chi mot ham nhu Rayleigh”. Véi cach chon ham nhu
thé nay, khong chi tan s6 co ban, ma cac tan sb bac cao ta cling co thé tinh dugc mot cach
kha chinh xac va d& dang. Vé mat 1y thuyét, s6 lwong ham sir dung cang nhiéu, két qua cang
chinh xac-song ciing can luu ¥ rang, khi s6 luong ham kha 16n, thi viéc ting s6 luong ham
s& khong con lam ting nhiéu d6 chinh x4c cta 101 giai nira.

Theo Ritz ham biéu dién dang dao dong riéng c6 dang:
¥(2) =Cp(2) + Cy00,(2) +...+ Cy0, (2) = zci(Pi (2) (4-11)
i=1

Trong d6: C; 1a cac hé sd
0i(2) 1a cac ham thoa man cac didu kién bién cuia bai toan.
Nhu di noi, 101 giai cia phuong phap ning lugng cho két qua 1on hon gia tri thuc. Dé

giam bt sai sb, Ritz kién nghi lam cuc tiéu hod tan sd o tinh theo (4-10) bﬁng cach chon cac
hé s6 C; trong (4-11) sao cho  dat cuc tiéu, nghia 1a
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ow
-0 4-12
c (4-12)

(i=1, 2,....,n)
Day 1a mot hé phuong trinh dai s6 tuyén tinh chira 4n 13 @ va cac hé s C;. Giai bai toan
tri riéng nay, ta s€ xac dinh duoc cac .

Vi dy, dé xac dinh tin s6 dao dong riéng ciia dam chiu udn, ta thay (4-11) vao (4-10),
khi d6 phuong trinh (4-12) c6 dang:

o . @ ‘([EJ [y"(z)]2 dz
oc,” Toc =0 @
! [mly@T

Thyc hién phép dao ham cua mét thuong, ta co:
jm y(z) dz—J'EJ [y (z)] dz - J.EJ [y (z)] dz—J'm y(z)] dz = (b)
0
Mat khac, tur (4-10) ta co:
a)z_i'm[y(z)]2 dz = JL EJ [y"(z)]2 dz (c)
0 0
Thay (c) vao s6 hang thir hai cua (b) ta duoc:

'([m[y(z)]z dzaici'([ EJ [y"(z)]2 dz —a)z.([m[y(z)]2 dzaici_([m[y(z)]2 dz=0 (b”)

|
Chia hai vé cua (b’) cho J‘m[y(z)]2 dz ta duoc:
0

a |

< (EJ [y@] a)zm[y(z)]z)dz 0 (4-13)

(i=1,2,..,n)

Hé phuong trinh (4-13) 1 dang chinh tic ctia hé phwong trinh (4-12) khi ham biéu dién
dang dao dong lay theo (4-11).

Thuc hién phép vi phén, (4-13) cho ta mot hé phuwong trinh tuyén tinh thuan nhat véi an
la Cy, Cy,..., Cn va o. Tir diéu kién ton tai dao dong, hay néi cach khac, ma tran cac hé sb phai
khong suy bién, ta thu duoc phuong trinh tan sb 1a phuong trinh bac n dbi véi o’. Giai
phuong trinh ndy ta s& dugc n tan s6 dao dong riéng,

Vi DU 4-2:

gk
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St dung phuong phép Rayleigh-Ritz dé xac dinh cac tan sé dao dong riéng ciia dam
conson dai 1, bé rong khong ddi bang don vi, con chiéu cao bién ddi theo quy luat bac 1 (hinh
4-3).

Bai gidi (Loi gidi ciia Timoshenko, 1937)

Xét mit cit ngang tai toa do z, c6:

F(z):Zsz
m(z) _rF@) :Zb—yz
g gl

Trong d6: y 13 trong luong riéng cua vat liéu dam.

g 1a gia toc trong truong.

V6i hé toa d6 chon nhu trén hinh v&, tai ngam (z=1) c6 goc xoay va do vong déu bang
khong, nén ta chon ham biéu dién dang dao dong nhu sau (cac ham ¢i(z) déu thoa man diéu
kién bién)

2 2 n-i 2
y(z)=C, (1—%) +02|5(1—|5j +.4C, f—l(l—liJ (d)
1) Néu chi 14y mot ham trong (d), gia sir s6 hang thir nhét- ta c6 101 giai Rayleigh va
tinh duoc:
5489 |Eg

1
|2

3y

2) Néu trong (d) ta 1y hai sb hang trd 1én, ta s& c6 nghiém Rayleigh-Ritz, gia sir ta lay
hai sb hang dau:

y(2) =c1(1—|5j +czf(1—|5j )

Thay y(z) va y'(z) tir (f) vao (4-13) rdi tich phan ta co:

3 2 2 2
9 EbT{(Cl—ZCZ)Z+EC2(C1—2C2)+6C22}—M C_l+%+c_2 -0
oC, |31 5 Eg |30 105 280

Tién hanh dao ham ta duoc:
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oc, 3° 30 5 5 31° 105

0 2Eg b® o° 2Eg b* o ©
— ()= s -G+ == - |C, =0

oC, 5y 31* 105 5 y 31* 280

Do phai ton tai dao dong, nghia 1a C;, C, khong dong thoi bang khong, ta dwoc dinh
thirc cac hé sb trong (g) phai bang khong, dy chinh 1 phwong trinh tan s6 cta bai toan.

Egb" o) [2Egh’ o
73l* 30 5 y31* 105
2 Egb? B o’ 2 Egb? B o’
5 y31* 105 5 y31* 280
(h) 1a phuong trinh bac hai dbi véi o’. Giai phuong trinh nay ta dugc nghiém nho nhat:

53190 [Eg

=0 (h)

Loi giai dia vao ham Bessel (duoc coi la chinh xac) cho két qua 1a:

53150 [Eg
“=TE 3

So sanh ta thay: Dbi véi tan sb co ban 1 khi ding mot ham (nghiém Rayleigh) sai s6
3%; Khi dung hai ham (nghiém Rayleigh-Ritz) sai s6 0,1%. Nhu vay, d6i v6i o1 ta chi can
dung mot ham 1a dd, chi khi can xéac dinh cac tan sd bac cao thi méi can dung nhiéu ham
trong (4-11).

Chuy:
Ciing c6 thé dung phuong phép nay dé giai bai toan dao dong cudng birc. Poc gia co thé
xem chi tiét trong céc tai liéu tham khao.

4.2 PHUONG PHAP KHOI LUQNG TAP TRUNG

Noi dung co ban cta phuong phap nay 1a chuyén khéi lwong phan bd trén hé vé tap
trung tai mot s6 diém nao do (thuong 14 cac diém dic biét). Bang cach nhu vdy, ta da chuyén
mot hé ¢6 vo han béc tu do vé hé ¢6 sb bac tu do hitu han. Tuy thudc vao bai toan va do chinh
x4c yéu cau ma ta xac dinh s6 luong khoi lugng tap trung. V& mat 1y thuyét sb khéi luong tap
trung cang 16n, két qua cang chinh x4c, tat nhién tinh toan cang phirc tap.

Khi chuyén khéi lugng phan bd vé dat tai mot s6 diém, ta phai giai quyét hai van dé co ban:
1- Khoi lwong tdp trung dat ¢ ddu?

2- Tri s6 moi khoi lwong tdp trung bang bao nhiéu?

Qua cic tinh toan thuc té nguoi ta dwa ra mot sé huéng dan chung nhu sau:

1- Vé vi tri dat khoi lwong tdp trung:

- Khi trén hé, ngoai khéi lugng phan bd con ¢o cac khdi lugng tap trung, thi nén chuyén
khéi lwong vé cac noi co cac khdi lugng tap trung nay.
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- Nén chuyén khéi luong vé cac noi c¢6 chuyén vi 1on.

- Nén dat khdi luong tai cac niit ctia hé hay tai cic tAng san ctia cac khung cao tang.

2- Vé do 16m ciia cdc khoi heong thay thé:

Thuong c6 2 cach phan bd khdi lugng-song tuy thudc timg bai toan ma chon cach thich
hop.

- Chia khéi luong phan b thanh nhiéu khoang, rdi tap trung khdi lwong vé trung tAm
cua tirng khoang. Xem hinh 4-4b, 4-5b, 4-6b.

- Chia khdi luong phan bd thanh nhiéu khoang, rdi tip trung khéi luong trén mdi
khoang ra hai ddu. Xem hinh 4-4c, 4-5¢, 4-6a, b.

Céch phan thir hai dugc dung nhiéu hon, vi né thuong cho 16 giai don gian hon.

(m=h?1ng 5O

L/

m=hang so

5 (TTT 1 ||EZ,”;J
y%ﬂv%x%; F— Vo ————Vo—+

p M M owg CETNm) L om M w eeTD)
O @ — ) } - 8 2‘ + P : £
ml
Mlez:M?»:m?l M1=M2=M3=?
C) MS Ml M2 |\/|4 ) % 3 : é : 6}2 5
ml 3BTD
M, =M, == (2BTD) |\/|1:|\/|2:m?I (3BTD)
ml
My=M,=— ml
3 4 6 M3=M4=?
Hinh 4-4 .
M, M, Mg M, M,
T ¢ a4 1 @ € )
h h &M Ms ¢
MS M4 M4 M5
t Y A 7o P
a) 7 I F b) # | £
L, h ml | mh
Ml:M2:m(E+E) Ml:7= M2=M3:7
mh I h
Hinh 4-6
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Trong nhiéu trudng hop, khi chi can xac dinh tan s6 co ban 1, thi ta c6 thé thay cac
khéi lugng phan bd bang chi mot khdi lugng tap trung twong dwong (Myq). Trong truong hop
nay, khdi lugng thay thé twong duong nén dit tai noi c6 chuyén vi 16n nhat, con d6 16n cia
My c6 thé duoc xéc dinh trén co s6 gia thiét cho réng: Hai hé (h¢ thuc va h¢ thay thé) tuong
duong vé dong nang thi ciing trong dwong vé tan sb.

T thuc =T thay thé (4' 14)

Xét hé c6 khdi lugng phan bd m(z), trén d6 c6 dat thém cac khdi luong tip trung M; tai
cac toa do zj. Gia sir phuong trinh chuyén dong cua hé dugc biéu dién dudi dang tach bién:

y(z,t) = y(2)S(t) (@)
e d
Khi d6 van tbe: v(z,t) = P y(z,1) = y(2)$t) (b)
Tong dong ning cua hé di cho sé la:

Tthm:;j%m(z)[y(z)s‘f(t)]zdz+%;Mj[y(z,—)§(t)]2 ©

Khoi luong twong duong thay thé gia su dat tai diém co toa do (za), thi dong nang hé
thay thé s& 1a:

Tthaythé:% Mtd[)/(za)§(t)]2 (d)

Thay (c); (d) vao (4-14) ta tinh dugc khéi lugng thay thé twong duong:
> [m@[y@] dz+ Y M [y(z)]
i i
[y(z.)]

Thay M nay vao cong thic (1-15) twong ing véi hé mot bac tu do, ta s€ xac dinh
duoc ;1.

Vi DU 4-3:

M= (4-15)

Xac dinh tan s6 co ban 1 ctua dam don gian hai dau khép, chidu dai 1 va khdi luong
phan bd m = hang s6. Hinh 4-7a

Bai giai:

O bai toan nay, dang dao dong riéng thir nhat 1a dang dbi xtmg, chuyén vi 1on nhat ¢
gitra dam, nén khi dua khdi luong cua hé vé tap trung tai mot diém thi ta dua vé gitra dam. Ta
xét bai toan trong hai truong hop.

1) Thay thé khdi lugng ctia hé thanh mot M4 tinh theo (4-15).

Trudc hét ta gia thiét dang dao dong riéng thir nhat 1a dang duong dan hdi cta truc dam
do mét luc P dit tinh ¢ gitra dam gay ra. Dung phuong phap cua strc bén tinh duoc phuong
trinh nay c6 dang: Hinh 4-7b
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y(2) = A\)(BI - 42} (a)

Trong d6 Ap 1a mdt hé s6. Luc nay chuyén vi ¢ gitra dam:

5oy

y(z,) = ylz% = A E =A (b)

%J{slz 4z}0IZ

|
Mg = . = 2j(sz—ﬁz“—z +16]dz—0 486ml (c)
Ay 1" I

thay M vao (1-15) ta dugc:

0.92 [E] /m=h5ng sd
= 'Iz \/F;Saisﬁoﬁ% a) = é Z,

2) Chia dam 1am 2 doan roi tip trung khdi y lP
lugng vé hai dau cua mdi doan ta dugc 3 khdi b) ’msﬂ_z>
lugng tap trung. Hai khdi luong dat ¢ hai dau dam S~ AO_ -7 g
khong dao dong-Hé chi con mot khdi lugng dat Y / 3127 — 473
gitta dam dao dong (xem 4-7¢). y(2)=A (I—sj
_ c) '.\«/I;z M M
M hay 1né= mE (d) & — e} ﬁ
30 (1- 5 ml ml
Thay (d) vao (1-15) ta co: M, =M, =——; Mynyue= =
7 E .z
W, = g,lﬁ‘/ﬁ‘]; Sai 0 0,7% Hinh 4-7

Dung cong thire (4-15) dé xéac dinh khéi lugng thay thé cho két qua chinh x4c hon. Néu
chuyén hé vé hai 2, 3 hay nhiéu bac tu do hon, thi két qua tat nhién cling s€ chinh xac hon.

Vi duy, cling bai toan nay, song khi ta dua hé vé hai bac tu do nhu trén hinh (4-4c), s¢
tinh dugc (xem chuong 2).

W, = 9’|§6 ,/E; Sai s 0,1%
m
Chay:

1- Tuong ty phuong phap khdi lugng tap trung, phuong phap bién dang tap trung

cling cho phép chuyén mot hé vo han bac ty do vé hé ¢ sb bac tu do hitu han. Tu tudng
ctia phuong phép 1 tap trung bién dang phan bé trén toan hé vé mot s diém nao d6 ma ta
chon trudec.
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2- Phuong phép sai phan hiru han, phuong phap roi rac hod toan tir vi phan, dac bi¢t 1a
phuong phap PTHH (con goi chung 14 cac phuong phéap sb) 1a nhitng phuwong phap gan ding
c6 hiéu qua dé giai bai toan tinh lyc hoc va dong luc hoc cong trinh. Phuong phap PTHH gén
lién véi may tinh dién tir (MTDT), vi 4n s6 cta phuong phap rat 16n. Hau hét cac phan mém
tinh toan két cau hién nay déu dugc viét bang phuong phap PTHH. Nhiing phuong phap nay
dugc trinh bay chi tiét trong céc tai lidu riéng vé cac phuong phap s6 trong tinh toan két cau.
O day chi gi6i thiéu tom tit ndi dung co ban ctia phuong phap.

Nhu d3 biét trong tinh luc hoc, phuong trinh co ban cua phuwong phap PTHH mé hinh
chuyén vi la:

[K]{ap={F} (4-16)
Trong do: [K] la ma tran do cing cua h¢, dugc xay dung tir cdc ma tran cing cua cac ph?m tir
hitu han da duoc 1ap san.
{F} 1a véc to lyc nat, bao gdm céc lyc nat ¢ sin va cac lyc tac dung trén phan tir
chuyén vé cac nut.
{A} 1a véc to chuyén vi nut 14 4n ctia phuong phap. Sau khi xac dinh duoc {A} tur

(4-16), ta s& xac dinh dugc truong tng suét, bién dang, chuyén vi trong két
cAu. Con voi két cAu hé thanh, ta s& vé dugc cac biéu dd ndi luc.

Déi vai bai toan dong luc hoc, phuong trinh co ban ciia phwong phap PTHH mé hinh
chuyén vi ciing c6 dang nhu (2-5). Tat nhién cach xéac dinh timg dai luong 13 hoan toan khac.
[M{B+[C]{#+[K]{A}={F} (4-17)
Trong do: K] 1a ma tran ctmg cua h¢ nhu trong (4-16)
{A} 1a véc to chuyén vi dong cua cac nut
{F} 1a véc to ngoai luc nat dong.
{&} va {@} 1an luot 1a véc to van toc va gia tbe chuyén dong cua cac nut.
[C] 1a ma tran can
[M ] 14 ma tran khéi luong duoc tap trung tai cac nut va dugce thanh 1ap tir cac ma

tran khéi lugng cua tung phén ttr hiru han d3 duoc 1ap san nhu ddi voi ma
tran cung.

Con phuong trinh vi phan dao dong tu do:

[M1{8+[C]{&+[K]{a} = {0} (4-18)
3- Dbi voi hé c6 s6 bac ty do hitu han, thay cho viéc giai phuong trinh tin sé phtc tap,
S.A.Pestel d3 dé xuat mot cong thire gan dung dé xac dinh @, nhu sau:

79



DONG LU'C HOC CONG TRINH

2

1 2
— <ol <
/B
2 B{l+ /282—1J
Bl

duoc goi 1a cong thuc S.A. Pestel

(4-19)

trong do, B, =) M,

B, :ZMizé}i2+Zz MiMkéii (i#k)
i=1 i,k=1
Ngoai ra con c6 nhiéu phwong phap gin dang khac dé xac dinh cac tin s6 dao dong
riéng cia hé c6 hitu han bac ty do, nhu phuong phap ma tran chuyén cua Pestel-Leckie
(1963), hay phuong phap 1ip ma trén cia Livesley (1964). Nhitng phuong phap ndy co thé
tim thay trong cac tai liéu tham khéo.
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Chuong 5
PONG LUC HQC CUA KET CAU HE THANH PHANG

O phén trén, ta da nghién ctru cac phuong phép co ban dé tinh toan dao dong ciia mot hé
dan hoi bat ky bao gom xac dinh cac tan s6 dao dong riéng dé kiém tra hién tuong cong
hudng va tinh bién d6 cac phan lyc dong, ndi luc dong, chuyén vi dong vv... dé phuc vu bai
toan kiém tra cling nhu bai toan thiét k& Tuy nhién khi ap dung cac phuong phép tong quat
nay vao mot bai toan cu thé, doi hoi ngudi tinh phai phan tich k ludng dé chon ra cach giai
don gian nhat ma van dam bao do chinh xéac yéu cau.

Mot cong trinh xay dung thuc t& ludn ludn 12 mot hé co vo sb bac tu do. Loi giai chinh
xé4c clia bai toan rd rang 1a rat phirc tap (Xem chwong 3) tham chi 1a khong thyc hién duoc.
Boi vay, trong nhiéu trudng hop ta phai giai gan dung. Trong chuong niy ta s& nghién ciru
cach ap dung cac phuong phap duoc trinh bay trong cac chwong trudc dé tinh dong luc hoc
ctia cac két cau hé thanh phang bat ky nhu dam, khung, dan, vom...

5.1 CACH TiNH GAN PUNG
C6 thé néi phuong phap tap trung khéi lwong 1a phuong phép gan ding thong dung dé
tinh dao dong cua cac két cdu hé thanh phrfmg nhu dam, khung, dan, vom, hé lién hop nho su
don gian ctia n6. Tat nhién, véi cac két cAu phire tap, sb luong cac khdi luong tap trung kha
16n, thi viéc tinh toan ciing kha phirc tap va ton nhiéu thoi gian do phai 1ap va giai mot
phuong trinh tan sé bac cao, cling nhu phai 1ap
va giai hé phuong trinh d& x4c dinh bién do cac PO
lgc quan tinh. Trude day, khi chua c6 MTDT, —N\DEEEEP —\2 M,
nguoi ta thuong tap trung khoi luong vé 1, 2,
hodc 3 vi tri dé giai. Con ngay nay, nho co

MTDT ma sb khdi luong tap trung co thé tang FrFFFFFF, =) M,

1én nhiéu, nho d6 ma do chinh xac cua 101 giai M,
duoc tang lén. 1, 1, Ely

Doi véi két cau nha nhiéu tang chiu tai

trong dong theo phuong ngang nhu tai trong
gi6 bio, dong dat vv... ngudi ta thuong dua vé

: : Hinh 5-1
so do thanh conson (hinh 5-1) dé giai.

Dbi voi két ciu dan hay hé lién hop, khdi lugng cua céc thanh dan va dim thuong
dugc tap trung tai cadc nat dan va dac bi¢t chu y téi cac nat dan nam trén duodng bién xe
chay (hinh 5-2).

Dbdi v6i vom, sau khi tap trung khdi luong vé mot s6 diém, dé don gian tinh toan, ta c6
thé thay cac doan thanh cong ndi giita cac khéi lugng thanh cac thanh thing ma két qua van
chép nhén duoc.
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Sau khi di thay khdi luong P(t)
phan b vé tap trung tai mot sd

diém, tic 13 ta d3 chuyén mot hé co a) / \ /n\ /’\ /\
\ . g g MBW

vO han bac tu do vé mot hé co so

bac tu do hitu han. Viéc giai h¢ nay ‘
da duogc trinh bay ¢ chuong 2. ) M, % M, M M,
Phuong phap nang luong it &
dugc sit dung dé tinh khung, nhat Ms Y 5 Mo
1a cac khung nhiéu tang nhiéu nhip Ms M; Ms
phtc tap, do phuong trinh biéu
-4 A \ A P(t) P(t)
dién dang dao dong a, (z) la rat c)

, A 4
phtc tap vi thuong phai viét trén
nhiéu doan, déng thoi viéc thuc

hién cac tich phan trong (4-10)

cling t6n rat nhidu thoi gian. Con ‘

d6i voi dam va dan, nguoi ta van P(t) P(t)

d‘l‘mg Phuong phap nay dé xac dinh d) M, M, i M, % v
tan sO riéng i, trong truong hop

nay ham a,(z) thuong liy dang gia T Ms

tinh tuong Ung va thuong ciing

khong phirc tap 1am. Hinh 5-2

Sau day ta xét vai vi du minh hoa cach 4p dung cac phuong phap gan ding dé giai cac
bai toan cu thé:
Vi DU 5-1:

Cho dan c6 kich thude va chiu tdc dung cua cac tai trong dong diéu hoa cung tan s6 nhu

trén hinh 5-3a. Biét EF = hang s6; P(t) = (20kN)sinrt, trong d6 r =0,07, /i/I_F(m_l) va dan cé

duong xe chay dudi (m la viét tit ciia mét).

Yéu cAu: Xac dinh céac tan sb dao dong riéng cua dan va bién do ndi luc dong trong cac
thanh dan.

6m 6m 6m

a) 7

N

P AN _
4m /\/\/\/ % A}/ ,\ (dxy» (Nl)
g2 7 %P(t) %P(t) %P(t) %\ Ny l\%

6m 6m 6m 6m A Z:=1

"4 74 74 174 174
4 A A A A

L o A

o

d) _32 0 /w (dx)
Sy ol (/\h/\ (N
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Bai giai:

Ta dung phuong phap khi lugng tap trung dé giai bai toan.

1) Xdc dinh cdc khéi lwong tap trung

Theo dé ra, dan c6 dudng xe chay dudi nén ta s& tap trung khéi lugng cua dan chi vao
cac nut A, 1, 2, 3, B thudc bién dudi, nén bai toan chi cé ba khoi lugng thuc hién dao dong.
Chiéu dai cac thanh bién trén va dudi 1a 6m; cta cac thanh xién 1a 5m (do dan cao 4m). Ta
chuyén khdi lugng thanh A-4 va mdt ntra thanh A-1 vao nat A; cia thanh B-7 va cua nira
thanh B-3 vao nut B. Nhu vay khéi luong phﬁn dan con lai chuyén vé3nat 1,2, 3 s cd gia tri
nhu nhau (khéi lugng tai mdi nut bang tong khdi lwong ctia hai thanh bién va hai thanh xién).
Ky hiéu khéi lvong nay 1a M thi (xem hinh 5-3b):

M;=M,=M;=M (@)

Dé giai phuong trinh tan sb (2-11)’ va phuong trinh xac dinh bién do luc quan tinh (2-24),
ta phai xac dinh cac J, va A, la cac chuyén vi don vi, va chuyén vi do cac bién d¢ luc dong
dat tinh gay ra tai cac khoi luong. Ta s& xac dinh cac chuyén vi nay theo cong thirc Maxwell-
Mohr &p dung cho dan tinh dinh.

2) Xac dinh 5, va A,

Do bai toan ddi xtng, nén ta chi tinh bai toan tng véi cac dang dao dong ddi xtimg. Céc
bicu d6 ndi luc N,,N,va N, do cac luc Z, =1; Z, =1 vado céc bién do lyc dong P, = 20kN
dat tinh gay ra tinh dugc nhu trén hinh 5-3c, d, e.

83



DONG LU'C HOC CONG TRINH

Dung cong thirc Maxwell-Mohr ta tinh duogc:

- m

511 = (Nl)(Nl) =52, 75¥
- m

522 = (Nz)(Nz) 2105:5E

- m
5 =0 = (N)(N,) =66,25 (b)

_ kNm
A, =(N,)(N,)=2380——
e =(N)(Np) EF

_ kNm
Ao =(N,)(N,)=3435——
2p = (N,)(Ng) EF

Chay:

Thit nguyén ciia 5, 1a [ chiéu dai ], song theo (b), n6 dwoc biéu dién qua (%j khdng

cho ta chiéu dai, vay la khong dting vé thir nguyén. S¢ di nhu vay, boi vi ding ra, khi vé N,

ta phai gia thiét trudc don vi cta bién do luc quén tinh, no6 1a [ lyc ] (trong bai todn nay, ngoai
lre duoc do bang kN, nén né ciing s& 1a kN). Khi d6 don vi caa N_i s¢ la kN, va do do o, tinh

duoc s& duoc biéu dién qua [ldE\l—linj gidng nhu A, song vi mdt trong hai biéu d6 cua phép

nhan biéu d0 1a thudc trang thai gia tao do luc khong thir nguyén gay ra, cho nén dé tién dung,
khi v& N, taldy Z, =1 khong thir nguyén, bsi vay trong biéu thirc caa 5, thiéu mot don vi luc
ctia Z;. Ciing vi 1y do khong c6 don vi lyc trong Z;, nén & két qua cudi cing s& xuét hién thir
nguyén cua Z; la [ luc ] (trong bai toan nay la kN). Nhu vay, cach lam nhu thé nay ciing cho
két qua dang khi tinh phan luc va noi lyc.
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3) Xdc dinh cdc tin sé dao djng riéng

Thay M, =M, =M va cic &, tinh dugc & trén vao phuong trinh tan s6 (2-11)’

Ta c0:
(5,M,—u) (512 %) (52,75M E—mF—uj [66, 25%%}
- = (c)
(6:M,) K%—uj (66, 25M %j (105'5%%_“j

13 phuong trinh béac 2 d6i véi u, giai (c) ta dugc:

U, =99,58M suyra @ = |+ =0,1002, /E(m‘l)
EF U, M
v u,=59M-"  suyra o= |- =0,4105/"—(m)
EF U, M

4) Xac dinh bién dj ngi luc dong trong cdc thanh dan
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Thay &,, A, vao phuong trinh (2-24) r0i gian wéc hai vé cho (%j ta duoc hé¢

phuong trinh dé xac dinh bién do luc quan tinh nhu sau:
{—151, 33Z,+66,25Z, +2380kN =0

d
66,257, —302,66Z, +3435kN =0 @

Trong d6 ta di tinh duoc céc &;, va J,, trong (2-24) nhu sau:

5=l 6, - |=[s275- 1 ﬂ=—151,33(ﬂj
M, 0,07 JEF EF

5, =| 6, -~—1|-[1055-—2 ﬂz_soz,%(ﬂ}
&rz 0 07° JEF EF
2
Giai (d) ta duogc:
Z, =22,90kN
Z, =16,40kN ©
2 ’

Bién d6 ndi luc dong trong cac thanh dan co thé tinh theo hai céch:
a) Tinh truc tiép: bat ’céc bién ‘d(f) lyc quan tinh theo (e) va bién do cac lyc dong
P, =20kN dat tinh tai cac khoi lugng roi tinh nhu bai toan tinh hinh (5-3f).
b) Ap dung nguyén 1y cong tac dung.
N=N,Z, +N,Z,+ N,
Két qua nhu trén hinh (5-30)

Vi DU 5-2:

Xéc dinh tan sé dao dong riéng va biéu dd bién do momen dong cua khung cho trén
hinh 5-4a. Biét khung c6 EJ = hing s0, | = 6mét = hing s, tong kh01 lugng moi thanh la ml =
M. Khung chiu tac dung cta cac luc kich thich diéu hoa cing tan sb:

P(t) = (60kN)sinrt; q(t)=(30kFNJsinrt

Trong do: r =0,319, /%( ) Khi tinh bo qua luc can.(m 1a viét tit cia mét)

Bai gidi:

Chia khung thanh 5 doan va tap trung khdi lwong ctia mdi thanh vé hai dau thanh, ta
dugc 11 khdi lugng tap trung (hinh 5-4b). Gia thiét cac niit khung khong c6 chuyén vi thang,
nén hé chi con 5 khéi luong dit tai diém giira cac thanh thyc hién cac dao dong ngang (hinh
5-4c). Day 1a mot hé déi xtng chiu tac dung cua cac luc dong dbi xuing, nén ta chi cAn xét cac
dao dong c6 dang ddi xtmg. Nhu vay h¢ chi c6 ba bac tu do.

1) Xdc dinh cdc 6, va A, :
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Ciing nhu ¢ vi du 5-1, trude hét ta phai xac dinh cac J, va A, . Day la h¢ siéu tinh, nén
trang thai gia tao khi tinh chuyén vi theo cong thirc Maxwell-Mohr c6 thé tao ra trén hé tinh
dinh bat ky suy ra tir hé siéu tinh dd cho. Nghia 13, néu bo qua anh huéng cta luc cit va luc
doc, ta co:

Ap=(M;)M? (@)
Trong d6 M, la biéu d6 momen do tai trong dd cho gay ra trong hé siéu tinh dang xét.

M? 1a biéu ¢6 momen & trang thai gia tao dugc tao ra trén hé tinh dinh.

Ap dung (a) dé tinh 5, ta co:

s = (9, (92 hoke =(18) (1, ©

Cac biéu d6 mémen don vi M;,M,,M, do Z, =1,Z, =1,Z, =1 khong thir nguyén (xem
chu y ¢ vi du 5-1) gay ra, con Mp do bién d6 cac luc dong (Po va o) dat tinh gay ra trong hé
siéu tinh da cho, dung phuong phap chuyén vi v& dugc nhu trén cac hinh (5-4 d, e, f, Q).

Céc biéu d6 momen & trang thai gia tao M, M7, M? trén cac hé tinh dinh v& dugc nhu
trén cac hinh (5-4 h, m, n).

Ap dung (a) va (b) sau khi “nhan” cac biéu db ta duoc:

3 3

m m
6, =1, 88E_J Oy =0y = _1’13E_J

3 3

m m
522 =5, 635 ; 513 = 531 =-0, 75E

3 3

m
55 =3,00 Sy =0, =113

3 3 3
Ay =123,7"'\'E—r\]”;A2P - 202,5"'\'E—5“;A3,, _ _pp sKNM

2) Xdc dinh cdc tin sé dao djng riéng:

Ap dung phuong trinh tin s6 (2-11)’ ta c6

M
(511M1 - u) (512 72]

2
(5.M,) [522%_@ [523%j _0
(5.,M,) [%&j

2

Thay cac J, tinh & trén va cac khdi lugng tap trung

Ml:MZ:MS:%VékyhiéuléM* (d)
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vao (c) roi khai trién dinh thire (c) ta dwoc mot phuong trinh bac 3 dbi véi u. Giai phuong
trinh nay ta dugc (bd qua tinh toan chi tict)

. m EJ,
U =3,546M" - suyra o = = =0,531 M*(m )

[
=75 =10
Il

o

oo

_

(o))
Z*E
—_

&

N—

m3
u, :1’502M*E suyra @, =

3
va u3:1,139M*% suyra @, = L 0,037 lle*(ma)

3) Vé biéu do bién dp mé men djng:
3
Thay &, Vva A, tinh & trén vao phuong trinh (2-24), rdi gian wdc hai vé cho % ta
duoc hé phuong trinh dé xéac dinh bién do céac luc quan tinh la:
—7,947,-1,132,-0,75Z,+123,7kN =0
-1,13Z,-14,01Z, +1,13Z, + 202,5kN =0 )]
-0,75Z,+1,132,-16,64Z, - 22,5kN =0

Trong d6 ta da tinh dugc cdc &, trong phuong trinh (2-24) nhu sau:

. 1 1 m? m°
o,=0,—+——=|,88——— | —=-7,94| —
11 11 (M*rz) ! (0'319)2}EJ [EJ]

3 3
5 =8, - =|563-—2__ m—=—14,01(m—j
ML) | (0.319) B EJ
2
i ) 3 3
5=yt =|300-— 2 m—=16,64£m—]
(Mer ] (0,319)° | EJ EJ
2

Gidi hé phuong trinh (f) ta dugc:
Z,=13,9kN;Z, =13,27kN; Z, = —1,08kN
Biéu db bién do nodi lyc mémen dong vé duoc theo nguyén 1y cong tac dung:

Mi=M,Z, +M,Z, + M,Z, + M

(Ry.a0)
Két qua cho trén hinh (5-41).
P(t) C 9 P(t)
a) % % 85 ~ kN
vV V.V VY q

,,gf,’;;,- P,=60kN

Eg, m= l ’

hang so

Ve Ve
H—3 —#—3 —F 6m +—3
q(t)
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5.2 PHUONG PHAP TiNH CHINH XAC

Pé tinh chinh xéac dong luc hoc cua mdt hé két cau thuc (c6 vo han bac tu do), ta ap
dung 1y thuyét tinh toan da duoc trinh bay & chuwong 3. Tuy thudc vao cach van dung ma ta cé
hai phwong phép tinh co ban: Phuong phép luc va phuwong phap chuyén vi. Phuong phap luc
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ding dé tinh dong luc hoc cac két cdu siéu tinh bat ky. Pay 1a mot phuong phap tinh tong
quét song rat phirc tap v6i khdi lwong tinh toan 16n nén rat it dugc dung trong thuc té. Phuong
phap chuyén vi, nhu da biét trong tinh lyc hoc két ciu, 1a phuong phap dung dé tinh chuyén vi
cho két cAu bat ky (hé siéu dong)-co thé tinh dinh hodc siéu tinh-mién 1 c6 du cac phan tir
mau lién quan. PAy 1a phuong phép tinh don gian, duoc coi 1 chinh x4c, va duoc 4p dung
nhiéu ca trong tinh luc hoc va dong luc hoc két cAu hé thanh théng. Trong muc nay chdng ta
chi nghién ctru phuong phap nay.

Céc phan tir mau (dong luc hoc dAm mot nhip) phuc vu cho phuong phap chuyén vi dé
tinh dong luc hoc h¢ thanh th'fmg, ph'fmg 6 thé xay dung dugc dya vao ly thuyét da duoc
trinh bay ¢ chuwong 3 (xem chwong 3)-két qua cho & bang phu luc.

Viéc ap dung phuong phap chuyén vi dé giai bai toan dong luc hoc ciing twong ty nhur
trong bai toan tinh. Nghia 13, 4n s cuia phuong phap 14 cac chuyén vi goc xoay va chuyén vi
thang doc 1ap cua cac nit, ma ta ky hiéu 1a Z;(t).

S 4n s6 cua bai toan: N=ng+n; (5-1)
Xét két cau trén hinh 5-5a:  Hé c6: ng=2; ny=1; nén n=3
Zssinrt Z,sinrt
% P(t)=Posinrt % P(t) y
) v 4 o
h =P h
HCB Zssinrt
7‘ Vorrzesza 775)77. 7£ 775)77.
a) v I £ b) # I £
Hinh 5-5

Hé co ban nhu trén hinh 5-5b. Khi tai trong dong 14 diéu hoa P(t) = P, sinrt, thi chuyén
vi goc xoay va chuyén vi thang ctia cac nit cia két ciu khi dao dong da 6n dinh ciing bién ddi
diéu hoa vi tan sb 1a tin sd cua luc kich thich diéu hoa:
Z,(t)=2,sinrt @
Phan lyc dong sinh ra trong cac lién két dugc thém vao trong hé co ban (HCB) ciing
bién d6i diéu hoa cung tan sd r.
Ry () =Ry sinrt (b)
Lap luén hoan toan nhu trong bai toan tinh, diéu kién dé HCB lam viéc nhu hé thuc 1a
cac phan lyc trong cac lién két méi thém vao trong HCB phai bang khong. Xét lién két thém
vao thir 1:
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Ri(t) = RiZl(t) +R;

iZ,(t)

Ri(t)=r,Z,() +r,Z,() +..+ 1, Z, () + Ry = 0

+..+ Ry g TRy =0

(©)

O day rik 1a bién d6 phan luc dong trong lién két thém vao tht i do lién két thém vao thir

k dich chuyén cudng btrc mét lugng (1.sinrt) gay ra trong hé co ban.

Thay (a), (b) vao (c) rdi gian wdc hai vé cho sinrt (do phai ton tai dao dong nén sinrt#0),
ta dwoc hé phuong trinh chinh tic ciia phwong phap chuyén vi dé tinh dong luc hoc cac két
cAu hé thanh thrflng, c6 dang hoan toan nhu ¢ bai toan tinh. Khi bai toan c6 n an:

{rilzl+rizzz +..+0,Z +R, =0

in=n 5_2
(i=12,..,n) 52
Trong d6: Z1, Zy,..., Zn 12 bién d6 chuyén vi dong cta cac nut (chuyén vi goc, chuyén vi
thrfmg). Rip (=1, 2,..., n) la bién dd phan luc dong tai lién két thém vao thtr i do ngoai lyc dong

diéu hoa gay ra trén HCB.

C4cC rik va Rip co thé tra truc tiép & bang phu luc, tuy nhién trong thuc té, ta hay tra
bang cac biéu @ M,, M? rdi ding diéu kién can bang dé xac dinh rix va Rjp s& thuan tién
hon. Trong d6 M, la biéu d6 moémen do Z, =1sinrtgay ra, con M la do ngoai lyc dong
(PO S inrt) gay ra trén hé co ban (cac biéu dd nay déu tra bang).

5.2.1 Xac dinh tan sé dao dong tw do
Heé phuong trinh biéu dién dao dong tu do theo phwong phap chuyén vi c6 duoc tir (5-2):
rilzl+ri_zzz +..+R.Z, =0 (5-3)
(i=12,..,n)

Day 1a hé phuong trinh tuyén tinh thudn nhat. Dé ton tai dao dong, nghia 1 cic Z;
khong dong thoi bang khong, budc dinh thirc cac hé s phai bang khong-Day 1a phuong trinh
tan so clia bai toan:

r‘11 r‘12 In
r. I

Det=|* * =0 (5-4)
r-nl rn2 r-nn

Giai bai toan tri riéng nay ta s& xac dinh dugc cac gia tri riéng (chinh 13 cac tan s riéng)
va cac véc to riéng (chinh 1a cadc dang dao dong riéng tuong ung). (5-4) thuong 1a mot phuong
trinh siéu viét, nén s& c6 vo sb6 nghiém twong tng voi vo sb tan sb dao dong riéng cua hé.
5.2.2 Biéu do bién dd ndi lwc dong

Giai hé phuong trinh (5-2) s€ xac dinh duoc Z;, Z,,..., Zy. Biéu d6 bién d0 md men
dong veé dugc theo nguyén ly cong tac dung:

d \ /1 \ \ 1 0
M*=M,Z +M,Z,+..+M Z + M, (5-5)
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Biéu dd Q7 duoc suy ra tir M%; con N dugce suy ra tir Q! nhu van thuong lam trong bai

toan tinh.

Vi DU 5-3:

Xac dinh tan s6 dao dong riéng va vé biéu do bién dd ndi luc mo6 men dong ctua khung

chiu tac dung cua tai trong dong diéu hoa P(t) = gs inrt nhu trén hinh (5-6a). Biét khung co:

EJ =

4x10*kNm?=hang sd; trong lwong trén mot mét dai la: q = 40 KN var=101.
S

Bai gidi:

Ta dung phuong phap chuyén vi dé giai bai toan

1) Xdc dinh cdc tin so dao djng riéng

H¢ c6 ng=1; n;=0 nén n=ng+n=1

nén phuong trinh tan sé la: ri1=0 @

Hé co ban va biéu d6 M, % tra bang dwoc nhu trén hinh (5-6b)

P o~
(e} —
1 %r % \ \\ \
b
0,3225 \——
EJ i
I=6m4EJ 7'”8(/1“’) 0,1213 (xPsinrt) MdJ
= 2 m
| ,LLl(ﬂla) L 0,0642
a ’ (M1
- ] ” s 0,2613
+— 5= 3m— b) c)
Hinh 5-6
Xét can bang nut 1 trén biéu 6 M, ¢ ta dugc:
4EJ EJ
rllzTILLl(/‘lia)+|_ﬂ8(ﬂlb) (b)
2
2
Trong d6, theo (3-42) ta cé:
Ky higu: A4, =Kl,=KlI=24; 4, =Kl = K%z% (©)

Thay (c), (b) vao (a) dugc phuong trinh tan sd:
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2ch i cos &
(chAsinA—shicosi) 4 2 2
A +2— =0
(1-chAcosA) 2 AN . (A A A
ch| = |sin| = |+sh| = |cos| =
2 2 2 2
Sau khi bién ddi ta duoc:
2chAsin A —2shAcosA-shA+sinA=0 (@’

(a)’ 1a phuong trinh siéu viét, s& c6 vo sb6 nghiém; bang cach giai gan dung ta xac dinh duoc
hai nghi€ém bé nhat (tng v61i hai tan s6 bé nhat) nhu nhau:
3,56

A, =K =356 suy ra K, = -

va (d)
7,43

A, =K,0=7,43  suyra K, =

Theo (3-9): @ =K’ /E—n‘]] (m 13 cudng do khdi luong phéan bd) (f)

Thay 1=6 mét; khéi luong m = q_ Mszm‘2 _ 4 iNs2m : va EJ vao (f) ta co:
g 3x10 3
2 4
wl=(3,56J 4><102><3=60’71;
6 4s S
2 4
w22(7,43j 4X102X3:265,5l;
6 4s S

Ta c6 thé tinh ti€p cac tan so bac cao hon ,, @, ...
2) Vé biéu do bién dp ngi lwc moé men dong:

Tir cac s6 liéu ciia bai toan, ta tinh dugc thong sé k theo (3-34) 1a:

=0,24(m™") nén

A, =kl =0,24m™ x6m=1,44
Aoy =k|§=0,24m‘1x3m=0,72

10i thay vao (b) ta tinh dugc: I, =5, 588652$

Chay:
Dé tinh 11 ta tra bang phu luc duoc:

1 (A,) = 14, (1,44) ~ 0,989515

con g (A, ) = 145(0,72) khong co trong bang tra, nén ta phai tra truc tiép theo cong thirc:
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A -C;
Aa B/l - C/l Di

Tra bang A, B, C, D (\) (véi A=0,72) rdi thay vao va ta tinh dugc:
14(0,72) =0,81573

P (C/IAKO_AACKO)
2K (A,B,-C,D,)

Hy(A) =2

con Rp = =-0,75730Pm

Thay r1; va Ryp tinh & trén vao phuong trinh chinh tdc cua bai toan:
r,Z,+R,=0 hay

5, 588652E|—‘]Z1 —-0,7573P =0

Z, = 0,12865% m (m 1a viét tat caa mét) ()
Dé v& biéu dd bién d6 mdé men dong (ludn ludn 1a dudng cong) ta phai viét biéu thirc
biéu dién sy bién ddi ciia bién d6 mé men dong cho timg thanh dwa vao cong thirc thong sb
ban déau (3-35).

* Xét thanh a-1: Chon gbc toa d6 & dau a, cac thong s6 ban dau gdm:

Yo = 0; YQO) =0;
M (0) = 2%;12 (@, 44)Z1 = ngl, 0155x 0,12865EP—‘; m=20,26129Pm
Q(0) = —%6‘2 (1,44)Z, = —?xl, 02241x 0,128652—‘; =-0,13153P

Thay céc thong s6 ban dau nay vao (3-35) duoc:
M(z) = [0, 26129A,, —0,54805B,, ] Pm (h)
* Xét thanh 1-b: Chon gdc toa do tai niit 1, c6 cac thong sb ban dau:

' Pl
Yoy =0 Yy =4, = 0'12865Em

EJ

Mo =MZ, + M = =5 41, (0,72)Z,~0,7573P = ~0,50029P
()
~ EJ (8,A, -D.Cy,)
=QZ,+Qp =—545(0,72)Z,+P ° :
Qo =4t |2289( & (A,B,-C,D,)

Tra bang &,(0,72) va cic ham A(0,72); B(0,72) vv... 1di thay vao ta tinh dugc

Qg =0,51335P
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Lai thay cac thong sb vira tim duoc vao (3-35) ta dugc phwong trinh M(z) cua thanh 1-b
nhu sau:

M (2) =—KEJ 212895PL 1y 4 50020PA,, +-L0,51335P8,, _
EJ K (i)
M (z) = (0,18526D,, —0,50929A,, +2,1389B,, ) Pm

V& db thi ham (h) va (i) ta duoc biéu dd bién d6 moé men dong nhu trén hinh (5-6c).

VI DU 5-4:

Xéc dinh tan s dao dong riéng cua dam lién tuc cho trén hinh (5-7a). Biét dam c6 1, EJ,
khoi lwgng m = hang so.

Bai gidi:

Dam di cho c6 dang ddi xtng, nén s& co6 dang dao dong riéng dbi ximg va dang dao
dong riéng phan doi xtng.

Phuong trinh dao dong tu do-theo phwong phap chuyén vi-c6 dang nhu sau:

nZ,=0
Day la phuong trinh tich, nén c6 thé xay ra 2 trudng hop.

1) Khi Z;=0, nghia I nat 1 khong xoay, ddy 1a dang dao dong ddi ximg. Luc nay dang
dao dong cua dam twong tmg voi mot nira hé nhu trén hinh (5-7b). Pay 1a dAm 1 nhip
mot dau ngam mot dau khép, cac tan s6 w1, @y, ws, Wy VA cac dang dao dong tuong
ung da cho nhu trong bang 3.1.

2) Khi r1;=0, dang dao dong c6 dang phan ddi xiémg nhur trén hinh (5-7c).
Véi dam d cho, tra bang co:

_3EJ 3EJ

= I_/Us (4) "‘I_ﬂs (4)=0, suyra
Us(1)=0= /u_lsh/lsm 4 . Do mau s khac khong nén sinA=0
(6chAsin A —shicosA)
A=ir
Suy ra: i
y {(i:l,Z,...,oo) 0

Thay A tinh theo (j) vao (3-9) ta dugc cong thire tong quat dé xac dinh cac tan sb dao
dong riéng twong tmg véi dao dong phan ddi xtng:

r2 2
o= |5 ®)
I m
(i=1, 2,...,0)
m=hang s6
a)(JIIII/IIIIIIIII!gZI
y
o4 — A | 1
b) O >
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BAI TAP
1) Tinh tan sb dao dong riéng o1 ciia cac két cdu cho trén hinh bang hai phuong phap: Tinh
chinh xac va tinh gan dung theo cong thirc ctia S.A.Pestel. V& biéu d6 bién d6 mé men dong.

a) %Posinrt b) Posinrti ) M, %Posinrt +
1

e 4 [
v, w7 oo B B

F—1——1Im ——1Im 1} +—1m +—1m —4 +—2m —¢—2m |

d) % P, sinrt

N iﬁﬁ' 7|L Cho: M;= 2M,=2 kNs*/m

Ms 2m EJ= hing s6 = 10® kNem?
1
MZ 7‘4 r= 10_
S
2m Pi=20 kN

A2 — A2 % ) L .
2) Xac dinh tan so dao dong riénHinh 1 /a v€ biéu do bién dd mé men dong cua keét

cAu trén hinh 2 bang hai phuong phap: gan ding va chinh xac.

Biét: EJ, m (Ia khdi luong phan bd trén 1 mét dai), bang hang sd, P=20kN,

r=0,25, /E(met)‘3
ml

%Posin rt P, sinrt
K

R T %77 T %Posinrt
A
i A

) Y e 7 ) Ve  © +%+y A ! A95
A;%+%+ g % g

Cho:  EJ, m= hing s6

N
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3) V& biéu dd bién d6 mémen dong, két cAu cho trén hinh 3. Biét: EJ, m= héng $6;
Ka=0,6 m™; Ks=0,3 m™; Kgq=0,5 m™.

% R, sinrt
a
A

h 71
A b R

4m
d
Y cud 7
/|V 4m /|V 2m /|V 2m ¥
Hinh 3

Bang 1: Bién d¢ phan lwc déng do chuyén vi dong diéu hoa ciia lién két twa gy ra

So’dé Mab:MO Mba:M| Qab:MO Qba:QI

M, M,
1sinrt
%‘F e B e Eap

Qo Q
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Mo

M,

Lsinrt™~~ 6EJ 6EJ 12EJ] 12EJ]
E\—E? Ji SHue S Baw e

Qo Qi
3EJ 3EJ 3EJ .
I—ﬂs(/l) 0 —I—zgs(/l) s (1)
3EJ 3EJ 3EJ .
M (1) 0 NER (1) ER (1)
3EJ 3EJ 3EJ
T (1) 0 |—3<97(i) |—3<98(ﬂ)
Mg Lsintt M,
gwﬂm EJ EJ EJ
? e } I—#s(ﬂ) —Tﬂg(ﬂ) |_259(ﬂ) 0
Qo
, _mr? ) ;s N
k* = =7 A =kl; Cac ham p, € trén bang 3

Bang 2: Bién d¢ phan lwc dong do tai trong dong diéu hoa gy ra trong dim 1 nhip.

So db Tri s6 cac ham A, B, C, D tra bang
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P
M,=-2C,D -D,C A
MO"—a‘%Dosinrt Ml 0 k[ 2=k (1-a) 2 k(I—a):I/ 1

S - E% Q=K [Cick(l—a) -B, Dk(l—a) :I/Al

#I ‘F M, z%[DﬂCka—CaDka]/Al

Qo Q Q=K [Bﬂ. D.. -C,C.a ]/Al

M, =—-M, :%[CA(AA _1)_D§:|/A1

Qo = _Q| = %[CA Dﬂ. - B/l (Aﬂ. _1)]/A1

Mo :%[Dz Bk(l—a) - B/l Dk(l—a) :I/Az

Qo = Po I:Al Dk(l—a) _Cz Bk(l—a) :'/Az
MI = I:)o [Bicka - A/i Dka]/AZ

P,
k2EJ

y, = [C.D. - D,Ci]/A,

Mo z%[cz D/l - BA(AA _1)]/A2
qosinrt

Qo :%[AA(AJ. -1) _Cj)]/Az

QI :&[AA(AA _1) - B/lD;L]/AZ

y, = - EJ —-C,(A,-D]/A,

+a%POSinrt Mo = _O[Aicka—a) =D, Dy |/

Mo

{f@ "/ﬁ % =5 (BP0 = GG ]/

Yo A\ M, :?O[Capka_AzCka]/As
|
Q| = Po[DzCka_BzA&a]/As
gosinrt M, = E‘z’ D, /A,
Moy & M d
{d v } Q, = = [C.D, —B,(A, —-D]/A,
Wl % M,:—Eg[AADleBACA]/AS
Q
Q =-e[Di-BI]/A,

A,=C?-B,D,; A,=AD,-B,C,;A,=A,B,-C,D,

BANG CAC HAM SO ANH HUONG PE TiNH PONG LUC HQC
CUA KHUNG VA DAM LIEN TUC
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Biéu thirc cac ham so anh hwéng:

chkz + coskz shkz +sin kz
Akz =—; Bkz S —
2 2
C, - chkz — coskz ; D, - shkz +sin kz
2 2
Pao ham ciia cic ham so:
dAkz — k'Dkz; dez — k'Bkz
dz dz
dB, dD
. = k_ ; ke = k.C
dZ Akz dZ kz
Tich phan ciia cac ham sb:
1_ 1z C,
[ Adz =B.; [2.Adz = B4
1 z D,
jBkzdz = ICKZ; Iz.BkZdz = ECKZ - k;

1 z .
ICkZdz = D,,; J.z.CkZdz = D, A

k2
1

. _ z Bkz
[ D, dz = A [2D,dz = A
Lién h¢ giira cac ham sb:
C’-B,D, = 1-chAcosi

A,D,-B,C, :%(shﬂcosﬂ-chﬁsini)

B2-D’=2(A,C, - D?)=shisin 1
A? —C? =chAcosd

AB,-C,D, :%(ch/lsinﬂJrsh/icos/i)

2 2 1 -
AC,-B;=D;-AC, :—Esh}tsmxl
2AC, =B} +D’

B,D,-A’= —%(1+ chAcosA)

kz Akz Bkz Ckz Dkz
0.00 1.000000 0.000000 0.000000 0.000000
0.10 1.000000 0.100000 0.005000 0.000170
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0.20 1.000070 0.200005 0.020000 0.001335
0.30 1.000340 0.300020 0.045000 0.004500
0.40 1.001065 0.400085 0.080005 0.010665
0.50 1.002605 0.500265 0.125025 0.020835
0.60 1.005405 0.600645 0.180065 0.036005
0.70 1.010005 0.701400 0.245165 0.057180
0.80 1.017070 0.802735 0.320360 0.085375
0.90 1.027350 0.904925 0.405740 0.121595
1.00 1.416900 1.008335 0.501390 0.166865
1.02 1.045130 1.029205 0.521760 0.177095
1.04 1.048780 1.050140 0.542560 0.187740
1.06 1.052640 1.071160 0.563770 0.198800
1.08 1.056735 1.092250 0.585405 0.210290
1.10 1.041690 1.008338 0.501390 0.166863
1.12 1.061060 1.134695 0.629945 0.234595
1.14 1.070440 1.156050 0.652850 0.247420
1.16 1.075525 1.177510 0.676185 0.260710
1.18 1.080875 1.199080 0.699955 0.274470
1.20 1.086510 1.220750 0.724150 0.887100
1.22 1.092430 1.242540 0.748780 0.303440
1.24 1.098650 1.264445 0.773850 0.318665
1.26 1.105180 1.286485 0.799390 0.334395
1.28 1.112030 1.308660 0.835310 0.350640
1.30 1.119205 1.330970 0.851705 0.367410
1.32 1.126730 1.353430 0.878550 0.384710
1.34 1.134595 1.376040 0.905845 0.402560
1.36 1.142835 1.398815 0.933595 0.420955
1.38 1.151440 1.421755 0.961800 0.439905
1.40 1.160435 1.444875 0.990465 0.459425
1.42 1.169825 1.468175 1.019595 0.479525
1.44 1.179615 1.491670 1.049195 0.500210
1.46 1.189835 1.515365 1.079265 0.521465
1.48 1.120048 1.539265 1.109810 0.543385
1.50 1.211575 1.563385 1.140835 0.565895
1.52 1.223120 1.587735 1.172350 0.589025
1.54 1.235140 1.612315 1.204350 0.612785
1.56 1.247640 1.637140 1.236840 0.637200
1.58 1.260635 1.662225 1.269835 0.662565
kz Akz Bkz Ckz Dkz

1.60 1.274130 1.687570 1.303330 0.688000
1.62 1.288155 1.713195 1.337335 0.714405
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1.64 1.302710 1.713195 1.371860 0.741490
1.66 1.317815 1.765305 1.406905 0.769285
1.68 1.333485 1.791815 1.442475 0.797775
1.70 1.349740 1.818645 1.476580 0.826985
1.72 1.367575 1.845810 1.515225 0.856920
1.74 1.384015 1.873315 1.552415 0.887595
1.76 1.402080 1.901175 1.590160 0.919025
1.78 1.420785 1.929405 1.628465 0.951205
1.80 1.440135 1.958010 1.667335 0.984160
1.82 1.460155 1.987015 1.706785 1.017905
1.84 1.430860 2.016420 1.768200 1.052440
1.86 1.502255 2.046250 1.787445 2.087780
1.88 1.524375 2.076520 1.828675 1.123940
1.90 1.547220 2.107230 1.870510 1.160940
1.92 1.570815 2.138415 1.912965 1.198765
1.94 1.595180 2.170065 1.956050 1.237455
1.96 1.620320 2.202220 1.999770 1.277010
1.98 1.646265 2.234890 2.044145 1.317450
2.00 1.673025 2.268080 2.089175 1.358780
2.02 1.700620 2.301181 2.134870 1.401020
2.04 1.729070 2.336110 2.181250 1.444180
2.06 1.758395 2.370985 2.228315 1.488275
2.08 1.788610 2.406450 2.276090 1.533320
2.10 1.819730 2.442535 2.324580 1.579325
2.12 1.851785 2.479245 2.373795 1.626305
2.14 1.884795 2.516661 2.423755 1.674280
2.16 1.918765 2.555465 2.474465 1.723265
2.18 1.953730 2.593365 2.525940 1.773265
2.20 1.989705 2.632805 2.578205 1.824305
2.22 2.026710 2.672965 2.631260 1.876395
2.24 2.064765 2.713880 2.685125 1.929560
2.26 2.103990 2.755560 2.739820 1.983810
2.28 2.144125 2.798040 2.795355 2.039160
2.30 2.185470 2.811335 2.851750 2.095625
2.32 2.227955 2.885465 2.909015 2.153235
2.34 2.271610 2.930455 2.967170 2.211995
2.36 2.316450 2.976340 3.026240 2.271930
2.38 2.362495 3.023125 3.086235 2.333055
kz Akz Bkz Ckz Dkz
2.40 2.409780 3.070845 3.447170 2.395385
2.42 2.158320 3.119525 3.209070 2.458045
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2.44 2.508140 3.191900 3.271960 2.523750
2.46 2.559275 3.219850 3.358450 2.589830
2.48 2.611745 3.271565 3.400755 2.657165
2.50 2.665575 3.324335 3.466715 2.725865
2.52 2.720790 3.378200 3.533740 2.795870
2.54 2.777415 3.433180 3.601855 2.867220
2.56 2.835485 3.893100 3.671075 2.939950
2.58 2.895025 3.546605 3.741435 3.014075
2.60 2.956060 3.605115 3.812950 3.089615
2.62 3.018615 3.664860 3.885645 3.166600
2.64 3.082730 3.725870 3.959550 3.245050
2.66 3.148430 3.788180 4.034690 3.324990
2.68 3.215745 3.851830 4.111085 3.406450
2.70 3.284700 3.916820 4.188770 3.489440
2.72 3.355330 3.983215 4.267770 3.574005
2.74 3.427670 4.051045 4.348110 3.660165
2.76 3.501750 4.120340 4.429820 3.747940
2.78 3.577600 4.191125 4512930 3.837365
2.80 3.655255 4.263455 4597475 3.928465
2.82 3.734750 4.337350 4.683480 4.021270
2.84 3.816120 4.412855 4.770980 4.115815
2.86 3.899395 4.490010 4.860005 4.212120
2.88 3.984610 4.568845 4.950590 4.310225
2.90 4.071810 4.649405 5.042770 4.410155
2.92 4.161030 4.731730 5.136580 4511950
2.94 4.252305 4.815860 5.232055 4.615630
2.96 4.345670 4.091840 5.329230 4721240
2.98 4.441165 4.989700 5.428135 4.828810
3.00 4.538835 5.079495 5.528825 4938375
3.02 4.638715 5.171270 5.631335 5.049980
3.04 4.740850 5.265060 5.735690 5.163610
3.06 4.845275 5.360915 5.841945 5.279415
3.08 4.952040 5.458885 5.950140 5.397335
3.10 5.061180 5.559015 6.060320 5.517435
3.12 5.172750 5.661350 6.172520 5.639760
3.14 5.286785 5.765940 6.286785 5.764350
3.16 5.403345 5.872840 6.403170 5.891250
3.18 5.522455 5.982090 6.521715 6.020490
kz Akz Bkz Ckz Dkz
3.20 5.644180 6.093755 6.642470 6.152425
3.22 5.768555 6.207875 6.765485 6.286205
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3.24 5.895640 6.324515 6.890800 6.422765
3.26 6.025480 6.443725 7.018480 6.561850
3.28 6.158130 6.565550 7.148570 6.703520
3.30 6.293640 6.690065 7.281120 6.847815
3.32 6.432060 6.817320 7.416190 6.994780
3.34 6.573450 6.947370 7.553830 7.144480
3.36 6.717860 7.080275 7.694100 7.296955
3.38 6.865345 7.216100 7.837065 7.452260
3.40 7.015970 7.354910 7.982770 7.610450
3.42 7.169785 7.496765 8.131275 7.771585
3.44 7.326850 7.641725 8.282660 7.935725
3.46 7.487230 7.789860 8.436970 8.102910
3.48 7.650990 7.941235 8.594270 8.273225
3.50 7.818180 8.095925 8.754640 8.446705
3.52 7.988880 8.253985 8.918130 8.632425
3.54 8.163450 8.415500 9.084825 8.803450
3.56 8.341040 8.580535 9.254780 8.986845
3.58 8.522640 8.749165 9.428070 9.173665
3.60 8.708010 8.921470 9.604770 9.363990
3.62 8.897225 9.097510 9.784955 9.557880
3.64 9.090345 9.277380 9.968695 9.755410
3.66 9.287465 9.461155 10.156075 9.956650
3.68 9.488640 9.648910 10.347170 10.161680
3.70 9.693955 9.840725 10.542055 10.370565
3.72 9.903490 10.036695 10.740820 10.583385
3.74 10.117420 10.236895 10.943550 10.800225
3.76 10.335525 10.441415 11.150325 11.021155
3.78 10.558190 10.650345 11.361240 11.246265
3.80 10.785405 10.863775 11.576375 11.476350
3.82 11.017250 11.081795 11.795820 11.709365
3.84 11.253805 11.304495 12.019675 11.947495
3.86 11.495180 11.531975 12.248030 12.190165
3.88 11.741145 11.764335 12.409850 12.437445
3.90 11.992710 12.001665 12.718640 12.689435
3.92 12.249055 12.244075 12.961850 12.946225
3.94 12.510585 12.491665 13.208435 13.207915
3.96 12.777405 12.744535 13.460785 13.474595
3.98 13.049605 13.002795 13.748255 13.746375
kz Akz Bkz Ckz Dkz
4.00 13.327295 13.266560 13.980935 14.023360
4.02 13.610575 13.553593 14.248955 14.305650
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4,04 13.899555 13.811015 14.522415 14.593355
4.06 14.194345 14.091945 14.801435 14.886585
4.08 14.495060 14.378830 15.086130 15.185450
4.10 14.801805 14.671790 15.376625 15.490070
4,12 15.114700 14.970495 15.673040 15.800555
4,14 15.433865 15.276420 15.975505 16.117030
4.16 15.759425 15.588345 16.284145 16.439615
4.18 16.091495 15.906840 16.599085 16.768440
4.20 16.430200 16.232045 16.920460 17.103625
4.22 16.775680 16.564090 17.248410 17.445300
4.24 17.128060 16.903120 17.583070 17.793600
4.26 17.487465 17.249260 17.924585 18.148670
4.28 17.854050 17.602665 18.273090 18.510635
4.30 18.227940 17.963470 18.628740 18.879640
4.32 18.609280 18.331830 18.991680 19.255830
4.34 18.998225 18.707895 19.362065 19.639355
4.36 18.394910 19.091815 19.740050 20.030365
4.38 18.799490 19.483740 20.125790 20.429010
4.40 20.212120 19.883850 20.519450 20.835450
4.42 20.632960 20.292285 20.921200 21.249845
4.44 21.062170 20.709220 21.331200 21.672350
4.46 21.499910 21.134825 21.749630 22.103145
4.48 21.946350 21.569275 22.176650 22.542395
4,50 22.401660 22.012740 22.612460 22.990270
4,52 22.866960 22.465400 23.057220 23.446950
4,54 23.339600 22.927440 23.511140 23.912620
4.56 23.822585 22.399050 23.974385 24.387460
4,58 24.315160 22.880410 24.447160 24.871660
4.60 24.817515 24.371720 24.929665 25.365410
4.62 25.329840 24.873175 25.422100 25.868915
4.64 25.852335 25.384980 25.924665 26.382360
4.66 26.385200 26.907340 26.347570 26.905970
4.68 26.928650 26.440160 26.961030 27.439940
4.70 27.482870 26.984560 27.495260 27.984480
4,72 28.048095 27.539850 28.040485 28.539820
4,74 28.624540 28.106555 28.596930 29.106175
4.76 29.212420 28.684905 29.164830 29.683775
4,78 29.811965 29.275130 29.744405 30.272850
kz Akz Bkz Ckz Dkz
4.80 30.423410 29.877465 30.335910 30.873625
4.82 31.046990 30.492145 30.939590 31.486365
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4.84 31.682945 31.119425 31.555685 32.111295
4.86 32.331530 31.759550 32.184450 32.748680
4.88 32.992980 32.412770 32.826150 33.398760
4.90 33.667560 33.079360 33.481050 34.061810
4,92 34.355540 33.759565 34.149420 34.738095
4,94 35.057175 34.453670 34.831525 35.427880
4.96 35.772745 35.161945 35.527655 36.131445
4,98 36.502530 35.884670 36.238100 36.849080
5.00 37.246805 36.622145 36.963145 37.581065
5.02 38.005865 37.374645 37.703085 38.327705
5.04 38.780010 38.142480 38.458230 39.089290
5.06 39.569540 38.925950 39.228890 39.866140
5.08 40.374765 39.725537 40.015375 40.658555
5.10 41.195990 40.541050 40.818010 41.466860
5.12 42.033545 41.373315 41.637125 42.591385
5.14 42.887755 43.222500 42.473055 43.132460
5.16 43.758955 43.088940 43.326145 43.990420
5.18 44.647490 43.972970 44.196730 44.865620
5.20 45.553700 44.692190 45.081580 45.758405
5.22 46.477945 45.795240 45.991855 46.669150
5.24 47.420585 46.734195 46.917115 47.598205
5.26 48.381995 47.692190 47.861345 48.545960
5.28 49.362550 48.669600 48.824930 49.512790
5.30 50.362635 49.666820 49.808265 50.499090
5.32 51.382650 50.684240 50.811740 51.505250
5.34 52.422980 51.722265 51.835770 52.531695
5.36 53.484050 52.781295 52.880770 53.578825
5.38 54.566275 53.861765 53.947165 54.647065
5.40 55.670080 54.994095 55.035390 55.736855
5.42 56.795895 56.088715 56.145875 56.848635
5.44 57.944475 57.236075 57.279085 57.982845
5.46 59.115365 58.406635 58.435475 59.139955
5.48 60.309930 59.600850 59.615510 60.320420
5.50 61.528340 60.819190 60.819670 61.524730
5.52 62.771080 62.062145 62.048440 62.753375
5.54 64.038640 63.330200 63.302320 64.006840
5.56 65.334520 64.623855 64.581820 65.285635
5.58 66.650240 65.943635 65.887450 66.590285
kz Akz Bkz Ckz Dkz
5.60 67.995310 67.290040 67.219740 67.921310
5.62 69.367270 68.663625 68.579230 69.279255
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5.64
5.66
5.68

5.70
5.72
5.74
5.76
5.78

5.80
5.82
5.84
5.86
5.88

5.90
5.92
5.94
5.96
5.98

6.00
6.01
6.02
6.03
6.04

6.06
6.07
6.08
6.09

6.10
6.11
6.12
6.13
6.14

6.16
6.17
6.18
6.19

6.20
6.21
6.22

70.766665
72.194040
73.649975

75.135040
76.649830
78.194940
79.770985
81.378595

83.018405
84.691070
86.397255
88.137645
89.912920

91.723790
93.570985
95.455235
97.377290
99.337920

101.337905
102.352905
103.378040
104.413420
105.459145

107.582045
108.659430
109.747585
110.846620

111.956640
113.077755
114.210080
115.353730
116.508815

118.853755
120.043850
121.245845
122.459870

123.686040
124.924475
126.175305

70.064915
71.494480
72.952870

74.440670
75.958470
77.506865
79.086475
80.697915

82.341884
84.018870
85.729700
87.474990
89.255435

91.071740
92.924630
94.814830
96.743090
98.710180

100.716870
101.735315
102.763960
103.802910
104.852265

106.982605
108.063810
109.155830
110.258790

111.372800
112.497965
113.634395
114.782200
115.941505

118.295055
119.489535
120.695970
121.914490

123.145210
124.388250
125.643740

69.966475
71.382020
72.826445

74.300330
75.804270
77.338870
78.904755
80.502545

82.132885
83.796440
85.493865
87.225855
88.993400

90.796310
92.636215
94.513545
96.429600
98.383530

100.377735
101.389985
102.412470
103.445300
104.488565

106.606845
107.682070
108.768155
109.865220

110.973370
112.092715
113.223370
114.365440
115.519045

117.861335
119.050250
120.251165
121.464210

122.689500
123.927155
125.177305

70.664665
72.078100
73.520140

74.991360
76.492350
78.023735
79.586115
81.180135

82.806435
84.465670
86.158520
87.885660
89.647785

91.445620
93.279880
95.151320
97.060680
99.008740

100.996290
102.005115
103.024120
104.053400
105.093065

107.203945
108.275380
109.357620
110.450780

111.554960
112.670285
113.796855
114.934790
116.084205

118.417925
119.602475
120.798970
122.007540

123.228300
124.461370
125.706880
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6.23 127.438660 126.911800 126.440070 126.964960
6.24 128.714650 128.192550 127.715580 128.235725
6.46 131.305080 130.792665 130.305350 130.815815
6.27 132.619775 132.112280 131.619865 132.125460
6.28 133.947630 133.445105 132.947640 133.448295

CAC HAM p VA ¢ TRONG PONG LUC HQC CONG TRINH

AB,C,-AD, AchAsinA-sinAcosi AD, Ashi-sind
w(a) =52 =2 L () =22 AL,
4 A, 4 1-chAcosA 2 A, 21-chicosi
A*D?-AC, A% shisini AC, A%chi-cosd
po(A) = =T 2 D STy (1) = St L
6 A, 6 1-chAcosA 3A, 6 l-chicosi
2 _Rp2 ; 2 _
yS(/l):iDi B, _24 _sh/’tsmi ;,uG(/I):—/i—A*Bﬂ C,D,
3 A, 3 chAsinA —shAcosA 3 A,
_ A? shicosd +chAsin 4 .
3 chasind—shAcosA ’
2 2 ; 2 _ (2 ;
%(/1):_1_&:/1_ s,.hi+sm/l ; ﬂsu):/lAﬂ C; 2 ?ch/lsml ;
3 A, 3 chisini-shAicosi A, chAsinA +shAcosA
yg(/i):}t&:/l chA +cosA ;
A, chAsinA+shAcosA
A* AC,-B2 A%shisini A2 C
gA)=—"—242 A =" =u,(); &,(A) =——2%=u,(L);
1(4) 6 A, 6 A, 3 (4); &,(4) 6 A, y(2)
. (/1)_/1_3A131—C1D4 _ A* shicosA+chasin A
: 12 A, 12 1-chicosi
; _A*B, _2* shi+sin . u)__/i_zAlB,l—ClDi _ A% shicosA+chasin
* 12 A, 121-chicosA’ ° 3 A, 3 chAsinA—shicosA’
. A°B, A°  shi+sini AC;-A 2°  2chicosd
& ()=t =T = 1 (A); ,(A) = - = L ;
3 A, 3 chisinA-shicosi 3 A, 3 chAsinA—-shAcosA
3 3 3 A2 3
g;(;t)=_’1_ﬁ=’1_ chA+cosA _ () gs(l)z/l_BﬂDi A A 1+chAcos A

3 A, 3 chisini-shAicosA 3 A "3 chAsinA—shicos A’
,B,C,-AD, _ 2 chAsin A —shAcosA

gg(l) = /1 R ’
A, chAsin A +shAcos A

A1; Ay; Az xem & bang 2

Bang 5: Cac ham s dé tinh dong luwc hoc ciia khung va dim lién tuc
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A ni(y) () psM=e1(d) | pa®=e20) | p2(d) | pe(M)=es(2)
0.00 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000
0.10 1.00000 1.00000 1.00000 1.00000 1.00000 1.00009
0.20 1.00000 1.00001 0.99999 1.00001 0.99999 0.99995
0.30 0.99998 1.00003 0.99993 1.00003 0.99994 0.99977
0.40 0.99994 1.00009 0.99978 1.00014 0.99984 0.99927
0.50 0.99985 1.00022 0.99945 1.00032 0.99960 0.99821
0.60 0.99969 1.00046 0.99887 1.00067 0.99918 0.99630
0.70 0.99943 1.00086 0.99790 1.00124 0.99847 0.99314
0.80 0.99902 1.00146 0.99642 1.00211 0.99739 0.98828
0.90 0.99844 1.00235 0.99427 1.00339 0.99582 0.98121
1.00 0.99761 1.00358 0.99126 1.00517 0.99363 0.97133
1.10 0.99650 1.00525 0.98719 1.00758 0.99065 0.95796
1.20 0.99504 1.00744 0.98184 1.01075 0.98673 0.94034
1.30 0.99317 1.01026 0.97496 1.01483 0.98167 0.91762
1.40 0.99079 1.01384 0.96627 1.02000 0.97525 0.88882
1.50 0.98784 1.01828 0.95547 1.02643 0.96723 0.85289
1.60 0.98422 1.02375 0.94223 1.03433 0.95734 0.80859
1.70 0.97983 1.03039 0.92618 1.04394 0.94525 0.75455
1.80 0.97455 1.03838 0.90692 1.05551 0.93060 0.68920
1.90 0.96826 1.04791 0.88400 1.06933 0.91289 0.61071
2.00 0.96083 1.05922 0.85694 1.08572 0.89188 0.51698
2.10 0.95210 1.07255 0.82519 1.10507 0.86617 0.40552
2.20 0.94189 1.08819 0.78815 1.12778 0.83678 0.27334
2.30 0.93000 1.10646 0.74512 1.15436 0.80120 0.11685
2.40 0.91622 1.12776 0.69533 1.18536 0.75891 -0.06838
2.50 0.90027 1.15252 0.63789 1.24146 0.70855 -0.28792
2.60 0.88187 1.18121 0.57178 1.26345 0.64838 -0.54885
2.70 0.86064 1.21465 0.49582 1.31227 0.57610 -0.86042
2.80 0.83618 1.25340 0.40859 1.30906 0.48864 -1.23499
2.90 0.80797 1.29844 0.30844 1.43520 0.38175 -1.68954
3.00 0.77540 1.35089 0.19336 1.51241 0.24973 -2.24817
3.10 0.73772 1.41217 0.06090 1.60282 0.08256 -2.94636
3.20 0.69399 1.48404 | -0.09197 1.70914 -0.13252 | -3.83880
3.30 0.64300 1.56877 | -0.26908 1.83484 -0.41847 | -5.01472
3.40 0.58322 1.66931 | -0.47534 1.98444 -0.81502 | -6.63059
3.50 0.51264 1.78959 | -0.71717 2.16396 -1.39906 | -8.98677
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A ni(y) () psM=e1(d) | pa®=e20) | p2(d) | pe(M)=es(2)
3.60 0.42845 1.93491 | -1.00321 2.38160 -2.34150 | -12.76200
3.70 0.32694 2.11269 | -1.34530 2.64874 -4.11481 | -19.80680
3.80 0.20271 2.33351 | -1.76031 2.98174 -8.68383 | -37.84500
3.90 0.04780 2.61310 | -2.27304 3.40484 -47.55530| -190.68800
4.00 -0.15008 | 2.97580 | -2.92177 3.95573 19.46700 | 72.58920
4.10 -0.41099 | 3.46151 | -3.76880 4.69608 9.17015 32.01490
4.20 -0.77004 | 4.14023 | -4.14023 5.73426 6.39342 20.98440
4.30 -1.29502 | 5.14721 | -6.59517 7.27962 5.09273 15.74350
4.40 -2.13568 | 6.78170 | -9.24895 9.79564 4.33068 12.60740
4.50 -3.70212 | 9.86350 | -14.17530 14.75210 3.32358 10.46030
4.60 -7.66550 | 17.73460 | -26.49220 26.72950 3.45605 8.84763
4.70 -37.94770 | 78.23820 | -120.37400 | 120.43000 | 3.17311 7.54806
4.80 18.30480 |-34.33280 | 53.83900 -53.95580 2.94125 6.43993
4.90 8.34376 |-14.48300 | 22.90350 -23.25230 2.74520 5.44965
5.00 5.74862 9.37158 | 14.78660 -15.36250 2.57221 4.52887
5.10 454448 | -7.04949 | 10.97120 -11.79660 2.41419 3.64239
5.20 3.84172 | -5.73831 | 8.70237 -9.80006 2.26523 2.76656
5.30 3.37489 | -4.90802 | 7.15699 -8.55222 2.12066 1.87670
5.40 3.03685 | -4.34539 | 6.00243 -1.712326 1.97654 0.95373
5.50 2.77590 | -3.94830 | 5.07780 -7.15559 1.82925 -0.02214
5.60 2.56393 | -3.66194 | 4.29505 -6.76502 1.67518 -1.07206
5.70 2.38420 | -3.45455 | 3.60123 -6.50316 1.51046 -2.22019
5.80 2.22596 | -3.30668 | 2.96183 -6.34091 1.33058 -3.49580
5.90 2.08186 | -3.20607 | 2.35258 -6.26051 1.13003 -4.93603
6.00 1.94654 | -3.14497 | 1.75508 -6.25142 0.90164 -6.59010
6.10 1.81579 | -3.11863 | 1.15419 -6.30816 0.63564 -8.52590
6.20 1.68609 | -3.12451 | 0.53635 -6.42908 0.31810 | -10.84110
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A n7(h) &(M) g4(M) g6(M) g7(M) gs(M)
0.00 1.00000 1.00000 1.00000 1.00000 1.00000 1.00000
0.10 1.00000 1.00000 1.00000 0.99998 1.00000 0.99999
0.20 1.00002 0.99995 1.00002 0.99974 1.00007 0.99987
0.30 1.00011 0.99975 1.00009 0.99869 1.00038 0.99936
0.40 1.00034 0.99921 1.00027 0.99585 1.00119 0.99799
0.50 1.00082 0.99806 1.00067 0.98998 1.00290 0.99509
0.60 1.00170 0.99599 1.00139 0.97901 1.00602 0.98981
0.70 1.00315 0.99257 1.00257 0.96111 1.01116 0.98112
0.80 1.00537 0.98732 1.00439 0.93362 1.01906 0.96779
0.90 1.00862 0.97968 1.00704 0.89361 1.03057 0.94837
1.00 1.01316 0.96902 1.01074 0.83772 1.04667 0.92152
1.10 1.01931 0.95462 1.01575 0.76210 1.06850 0.88458
1.20 1.02743 0.93569 1.02234 0.66264 1.09733 0.83630
1.30 1.03792 0.91135 1.03083 0.53448 1.13462 0.77412
1.40 1.05125 0.88064 1.04157 0.37238 1.18201 0.69549
1.50 1.06794 0.84252 1.05495 0.17050 1.24142 0.59757
1.60 1.08859 0.79583 1.07141 -0.07768 1.31504 0.47721
1.70 1.11391 0.73933 1.09144 -0.37944 1.40540 0.33090
1.80 1.14470 0.67165 1.11557 -0.74297 1.51549 0.15468
1.90 1.18194 0.59133 1.14442 -1.17151 1.64887 -0.05590
2.00 1.22675 0.49673 1.17870 -1.69362 1.80980 -0.30593
2.10 1.28054 0.38609 1.21920 -2.30348 2.00346 -0.60126
2.20 1.34499 0.25746 1.26683 -3.02127 2.23621 -0.94869
2.30 1.42221 0.10867 1.32266 -3.86381 2.51603 -1.35628
2.40 1.51486 -0.06265 1.38794 -4.85132 2.85300 -1.83370
2.50 1.62631 -0.25924 1.46412 -6.00856 3.26008 -2.39277
2.60 1.76099 -0.48401 1.55296 -7.36650 3.75427 -3.04824
2.70 1.92479 -0.74051 1.65655 -8.96474 4.35821 -3.81896
2.80 2.12566 -1.03267 1.77743 -10.85530| 5.10279 -4,72963
2.90 2.37473 -1.36510 1.91871 -13.10850| 6.03118 -5.81363
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Chuong 5. Pong luc hoc ctia két cau hé thanh phang

A n7(h) &(M) g4(M) g6(M) g7(M) gs(M)
3.00 2.68795 -1.74324 2.08425 -15.82280 7.20554 -7.11762
3.10 3.08906 -2.17360 2.27887 -19.14160| 8.71851 -8.70949
3.20 3.61495 -2.66408 2.50873 -23.28410| 10.71440 -10.69290
3.30 4,32616 -3.22447 2.78172 -28.60530| 13.43040 -13.23570
3.40 5.32940 -3.86709 3.10821 |-35.72480| 17.28490 -16.63060
3.50 6.83166 -4.60787 3.50200 |-45.83660| 23.09050 -21.44150
3.60 9.29380 -5.46784 3.98191 -61.58710| 32.65720 -28.91840
3.70 13.99080 -6.47565 457418 |-90.27690| 50.99400 -42.50940
3.80 26.22730 -7.67158 5.31656 |-162.26400; 98.94480 -76.54490
3.90 131.07600 -9.11447 6.26517 |-764.08100; 510.81600 | -360.74400
4.00 -50.02020 -10.89450 7.50722 1269.20400| -200.99700 | 127.06100
410 -22.35040 -13.15770 90.18596 |108.34700| -92.44860 51.05060
4.20 -15.00170 -16.15900 11.55200 | 63.46710 | -63.77640 29.79270
4.30 -11.65410 -20.38810 15.09230 | 41.20980 | -50.85040 19.21000
4.40 -9.77808 -26.92540 20.88290 | 27.08610 | -43.73380 12.46120
450 -8.60946 -38.72540 31.87390 | 16.70070 | -39.42790 7.47032
4.60 -7.83952 -67.82150 60.09390 8.25542 -36.72140 3.38788
4,70 -7.31942 -286.43100 | 277.77500 | 0.86832 | -35.03650 -0.20327
4.80 -6.96999 117.88200 | -127.58400 | -5.95313 | -34.00673 -3.53645
4,90 -6.74570 45.47060 -56.28450 |-12.51440| -33.64170 -6.75683
5.00 -6.61931 26.03480 38.05190 |[-19.02400| -33.66110 -9.96388
5.10 -6.57441 16.55680 29.87730 |-25.63810| -34.07120 -13.23260
5.20 -6.60156 10.62840 25.36140 |-32.48520| -34.84730 -16.62510
5.30 -6.69622 6.33368 22.59900 |-39.68110| -35.98720 -20.19780
5.40 -6.85771 2.89632 20.85580 |-47.33980| -37.50730 -24.00680
5.50 -7.08877 -0.06147 -19.67770 |-55.58200| -39.44290 -28.11150
5.60 -7.39562 -2.74869 -18.96190 |-64.55400| -41.84960 -32.57970
5.70 -7.78837 -5.29338 -18.56900 |-74.38780| -44.80780 -37.49210
5.80 -8.28201 -7.78152 -18.43540 |-85.31460| -48.43030 -42.94900
5.90 -8.89804 -10.27620 -18.52450 |-97.58370| -52.87430 -49.08010
6.00 -90.66722 -12.82790 -18.81760 |-111.54200f -58.36100 -56.05890
6.10 -10.63400 -15.48130 -19.30910 |-127.67000f -65.20740 -64.12900
6.20 -11.86420 -18.27900 -20.00420 |-146.65900f -73.88130 -72.62790
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DONG LUC HOC CONG TRINH

Bang 3.1: Cac tin s6 co ban va dang dao dong riéng ciia dAm mot nhip
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Chuong 5. Dao dong cua két cau hé thanh phang
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