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§1. KHAI NIEM VE HE SIEU TINH - BAC SIEU TINH

I. H¢ siéu tinh:

1. Pinh nghia: H¢ siéu tinh 1a nhitng hé ma chi v&i cac phuong trinh can
bang tinh hoc khong thoi thi chua du dé xac dinh toan bd cac phan lyc va ndi luc
trong h¢. No6i cach khéc, do6 1a h¢ bat bién hinh va co lién két thura.

2. Vi du: Xét hé trén hinh (H.5.1a)
- Phan h¢ BC la tinh dinh vi c6 th¢

xac dinh duoc ngay noi luc bﬁng cac
phuong trinh can bang tinh hoc.

- Phan hé AB chua thé x4c dinh

dugc phan lyc chi bang cac phuong trinh
can bang tinh hoc (4 phan luc V,, Ha, Ma, q
Vg nhung chi c6 3 phuong trinh) nén ciing chua thé xac dinh duogc ndi lyc.

Ma

CHUONG 5: TINH HE SIEU TINH BANG PHUONG PHAP LUC

lP

A
HA-Gq

Vay theo dinh nghia, h¢ da cho la hé si€u tinh.

IL. Tinh chét ciia hé siéu tinh:
1. Tinh chat 1:

Noi luc, bién dang va chuyén vi trong h¢ si€u tinh n6i chung la nho hon so
v61 hé co cung kich thude va tai trong tac dung.

H¢ tinh dinh H¢ siéu tinh
q q
A $ A/# L\B
C EJ 1 c EI K
1/2 )l( 1/2 J L 12 )I( 12 J
a*’ ar
RG——— o ———212
ST o T
Hslb M)
— H.5.1c L
8 8
q12 5 ql4 ql2 1 ql4
M =7, > Ymax — R — =~ > Ymax A ——
(M|, =75 Ymax =¥ = 3o M|, =77 Yme= Yo = 5

2. Tinh chat 2: Trong hé si€u tinh c6 xuat hién ndi lyc do cac nguyén nhan:
bién thién nhiét dJ, chuyén vi cudng blic cia cac goi twa va do ché tao, lap rap
khong chinh xéc gay ra.

a. Nguyén nhén bién thién nhiét do:

H¢ tinh dinh H¢ siéu tinh
A t (L>t) Ma# 0 .
—_— = — B 1 1 L
e
& A t) B
Va=0 gs51d Vg=0 H5.le (L>1)
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Céc lién két khong ngan can bién
dang cua dam nén khong lam xuat
hién phan lyc va noi luc

Céc lién két tai A, B ngdn can bién
dang cta dam nén lam xuat hién
phan luc va ndi luc.

b. Nguyén nhan chuyén vi cwdn

birc cia cac goi tua:

H¢ siéu tinh

A

D

HA:O 1

Va=0 ps.if

—

H¢ tinh dinh
TVB -

A
=

VA;tO

B
4

Vg#0

C
\ﬁ_&/

H.5.1g 1 Ve#0

Cic lién két ‘khong ngan can
chuyén vi tai gbi B nén dam chi bj
nghién di ma khong bién dang nén
khong 1am xuat hién phan lyc va
noi luc

Céc lién két tai A, B c¢6 xu hudng
ngan can chuyén vi tai gdi C lam cho
dam bi uén cong do d6 lam xuat hién
phan luc va noi luc

c. Nguyén nhan ché tao, lip rap khong chinh xac:(H.5.1h)

Dam tinh dinh AB néu duoc rap
thém thanh CD vao s€ tré thanh hé siéu
tinh. Néu thanh CD do ché tao hut 1 doan
A thi khi rdp vao, no s€ bi kéo dan ra déng
thoi dam AB s& bi ubén cong nén s& lam
phat sinh phan lyc va noi lyc trong hé.

3. Tinh chét 3:

N1 luc trong h¢ si€u tinh phu thudc
vao do cimg cia cac ciu kién trong hé (EJ,
FF, GF...)

*Nhdn xét: Hé siéu tinh chiu luc tbt Va#0

hon h¢ tinh dinh.
I11. Bic siéu tinh:

1. Pinh nghia: Béc siéu tinh 1 sb cac lién két thira twong dwong voi lién két

t Vcio
C

D
A Al
N

1 H.5.1h

,.E.B

VB;tO

loai 1 ngoai sd lién két can thiét dé cho hé bat bién hinh. Ky hiéu n

2. Cach xac dinh:

C6 thé sir dung céc cong thuc lién h¢ gitra sO lugng cac miéng cimg va cic

lién két gitta chung trong phan ciu tao hinh hoc cua hé dé xac dinh.

n=T+2K+3H+C-3D
n=T+2K+3H-3(D-1)
n=D-2M+C
n=D-2M+3

(Cho hé bat ky c6 ndi dat)
(Cho hé bat ky khong ndi dat)
(Cho hé dan c6 ndi dat)

(Cho hé dan khong ndi dat)

Vi du: Xac dinh bac si€u tinh ctia h¢ trén hinh (H.5.11 & H.5.31 1)
2

H.5.11

o o o i o e e v e e o A o A o o o

1

O

H.5.1j

o oo g oo oo g g oo oo oo o g oo g o oo 0bo 0o o0bo00bo0 0o 000000000000 000o0 OO0 O0O0OOO0OOOoOOoOO0OoODoOoOo0oOooooooooao



o oo g oo oo g g oo oo oo o g oo g o oo 0bo 0o o0bo00bo0 0o 000000000000 000o0 OO0 O0O0OOO0OOOoOOoOO0OoODoOoOo0oOooooooooao

o o o o o e o A o A o o o

CO HQOC KET CAU I Page 3

- H¢ trén hinh (H.5.11)) c6n=0+2.0+3.0+6-3.1=3
- H¢ trén hinh (H.5.1j)) c6n=11-2.6 +3=2.

Cach phan tich cac chu vi kin cia hé:

Xét 1 chu vi hé trén hinh (H.5.1k). Day 1a hé tinh dinh.

] MOI HAN
O-C J
t - - - > — - > - le—
k
H.5.1k CD H.5.11 H.5.1m H.5.1n

- Néu ndi chu vi d6 bang 1 lién két thanh (H.5.11) thi hé thu duoc 1a hé siéu
tinh bac 1 (n=1).

- Néu ndi chu d6 bang 1 lién két khép (H.5.1m) thi hé thu duoc 1 hé siéu
tinh bac 2 (n =2)

- Néu ndi chu vi d6 bang mét lién két han (H.5.1n) thi hé thu duoc c6 béc
siéu tinh bang 3 (n = 3). Hé lic ndy con dugc goi 1a chu vi kin.

Phan tich nguoc lai ta thiy 1chu vi kin ¢6 béac siéu tinh bang 3, néu thém vao
1 khop don gian thi bac siéu tinh s& giam di 1. Vay néu goi V 13 sé chu vi kin, K 1a
s lién két khép don gian cta hé thi bac siéu tinh cta hé duoc tinh bang cong thirc:

n=3V-K (5-1)
Vi du: Xac dinh bac siéu tinh cua cac hé cho trén hinh v€ bén duoi.

b T 2

H.5.10 H.5.1p
H.5.1u
- H¢ trén hinh (H.5.10) c6n=3.1-0=3
- H¢ trén hinh (H.5.1p) c6n=3.2-5=1 H.5.1v
- H¢ trén hinh (H.5.1u) c6n=33-7=2
- H¢ trén hinh (H.5.1v) c6n=3.4-0=12
o lecal o
Chii ¥: Can quan niém trai dat 1a 1 =

chu vi ho (miéng cing tinh dinh) trong
biéu thirc (5 - 1)

Néu quan niém hé gém 4 chu vi kin 4
nhu trén hinh vé (H.5.1x) thi bac si€u tinh
cua hé n = 12. Pay la quan niém sai vi trai
dat tao thanh 1 chu vi kin. Quan niém hé
gdm 3 chu vi kin nhu trén hinh (H.5.1y) 1a H.5.1x H.5.1y
quan niém dung. Van=33-0=9

o o o o o e o A o A o o o
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§2. NOI DUNG CUA PHUONG PHAP LUC

I. H¢ co ban cia phwong phap luc:

Hé co ban cta phuong phap luc 12 hé duge suy ra tir hé da cho bang cach loai
b6 mot sb hay tat ca cac lién két thira.

+ Néu loai bo tat ca cac lién két thira thi hé co ban s& 13 hé tinh dinh. (thuong
st dung cach nay)

+ Néu loai bo mot s6 cac lién két thira thi hé co ban 1a hé siéu tinh bac thap
hon.

Yéu cau: Hé co ban phai la hé bt bién hinh va nén thuan tién cho viéc tinh
tinh toan.

Vi du: Lap hé co ban phuong phap luc cta hé si€u tinh trén hinh (H.5.2.1)

Hé di cho c6 bac siéu tinh n = 3. Véi hé co ban 1a tinh dinh c6 thé dugc tao
nhu trén céc hinh (H.5.2.2abc)

J' H.5.2.1J' J'H.S.2.2a J' H.5.2.2bJ' l H522c| ()

Nhén xét: Vi mot hé siéu tinh d3 cho, c6 thé ¢6 vo sb hé co ban dugc tao ra.

I1. H¢ phwong trinh co ban ctia phwong phap luc:

Khi tinh h¢ si€u tinh, ta khong tinh truc tiép trén hé d6 ma tinh hé co ban cua
n6. Tuy nhién, hé co ban va h¢ ban dau 1a c6 sy khac nhau. Dé hé co ban lam viéc
gidng hé siéu tinh ban dau cua no ta cin so sanh va bd sung thém céac diéu kién.

Ta di so sdnh h¢ si€u tinh (H5.2.3) va h¢ co ban ctia n6 (H5.2.4)

H¢ siéu tinh Hé co ban
'l g
B C B C
H.5.2.3 H.5.2.4
o\ !
MD X3
VD X2
-Tai D ton tai c‘éc phan lug {Vp, Hp, Mp}. [-Tai D khong ton tai phén luc q
-Tai D khong ton tai chuyén vi -Tai D néi chung la ton tai chuyén vi
{Axp, Ayp, A@p}

Vay dé cho hé co ban lam viéc giéng hé siéu tinh ban dau thi trén hé co ban

+ Dat thém vao D cac luc (X, X,, X3) tuong duong thay thé (Hp, Vb, Mp).
+ Thiét lap diéu kién chuyén vi tai D do (X, X,, Xs, P) gy ra bang khong:
A'XD(/X/]’ 29 3’P)_0
Ayp (X, X,,X5,P)=0
App(X,, X5, X;,P)=0

o o o i o e e v e e o A o A o o o
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Téng qudat: Cho hé siéu tinh chiu cac nguyén nhan: tai trong (P), bién thién
nhiét do (t), chuyen vi cudng buc tai cac g6i twa (Z) va chon h¢ co ban bang cach
loai bo n lién két thira. D& hé co ban 1am viéc gidng hé siéu tinh ban dau, trén hé co
ban can:

+ bat thém cac lyc (X X;,....., X,) twong tng vi tri va phuong cac lién két bi
loai bo, c6 chiéu tuy . Nhitng luc ndy chua biét va giit vai trd an sb.

+ Thiét 1ap diéu kién chuyén vi twong mg vi tri va phuong céc lién két bi
loai bo do cac nguyén nhan (X, X,..... X, P, t, Z) = 0 (chinh xac hon la bang nhu
trén hé siéu tinh ban dau). Diéu kién nay c6 thé viét dudi dang:

AX,(X,,X,,.X,,P,t,Z)=0
AX,(X,,X,,.X ,P,t,Z)=0
2( 1 2 n ) (5_2)
AX, (X, X,,. X, P,t,Z) =0
Hé (5-2) goi 1a hé phuong trinh co ban cta phuong phap luc.
*Chu y: X, -
- Néu tao hé co ban bang X3 3
. : K . & X
cach loai bo lién két gitra miéng ‘\l <3(
cung va miéng cung thi trén h¢ co 7 X, T\
ban phai dit vao nhiing cap luc P P X,
luc tryc ddi nhau tai cac lién két bi
loai bo va diéu kién chuyén vi H.52.5 H.5.2.6

chinh 13 chuyén vi tuong dbi giira
2 tiét dién 2 bén lién két bi loai boé bang khong. Vi du hé co ban (H.5.2.6) cua hé
trén hinh (H.5.2.5)

- Truong hop lién két trong hé chiu chuyén vi cudng buc va khi tao hé co
ban ta loai bo lién két nay. Vi du xét h¢ si€u tinh trén hinh (H.5.2.7) va h¢ co ban
cua no trén hinh (H.5.2.8).

2!

B

A

77

val

(t, Z)

H.5.2.7

5]
&

lP

A

77

oy

(t,7) t
X
H.5.2.8

2!

lel
mR

(t,2) n,;_T
Al H3529 X
leca

Luc nay chuyén vi tai B theo phuong X, s& bang chuyén vi cudng birc. Hé

phuong trinh co ban s€ 1a:
AX](X], P, t, Z) = -a.

Lay dau am trudce a khi X; nguoc chiéu chuyén vi cudng bic.

- Ciing trong trudng hop chuyén vi cudng birc nhung néu tao hé co ban bang
cach bo lién két nay, vi du hé co ban tao trén hinh (H.5.2.9).

C6 thé xem day 13 trudng hop loai bo lién két giita miéng ctimg va miéng
cung nén trén h¢ co ban ta dit thém cap X;. Du réng tai tiét dién bj cit m, n ¢6 ton
tai chuyén vi do lién két bi chuyén vi cudng buc nhung chuyén vi twong dbi cua
chung theo phuong X; van bang khong nén hé phuong trinh co ban:

AX](X], P t, Z) =0

R [ o o e e e e e o A o A o o A o
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I11. Hé phwong trinh chinh tic ciia phwong phap lwe:
Xét phuong trinh thtr k cua hé phuong trinh co ban:
AX (X, X5... X, Py 1, Z2) =0
Ap dung nguyén 1y cong tac dung, khai trién:
AX (X)) + AX(Xo) + ... AX(X,) + AX(P) + AX(t)+ AX(Z) =0
Goi 8y 14 chuyén vi twong g véi vi tri va phuong X, do riéng X, = 1 gay
ra trén hé co ban, ta co:
AX (X)) = Oxm-X
Go1 Ay, Age, Az lan luot 1a chuyén vi tuong tng vi tri va phuong X do riéng
P, t, Z gy ra trén hé co ban, ta co:
AXk(P) = Akp, AXk(t) = Akta AXk(Z) = AkZ
Cho m = 1,n va thay tat ca vao, ta dugc:
8k1X1 + 8k2X2 + ..t Sann+ Akp + Akt + AkZ =0
Cho k = 1,n ta duoc hé phuong trinh:
0, X, +0,X,+.0, X, +A,+A,+A_ =0
0, X, +0,X,+..0,, X, +A,, +A,, +A, =0

(5-3)

0, X +6,X,+.0, X, +A ,+A +A _=0

Hé phuong trinh (5-3) goi 1a hé phuong trinh chinh tic ciia phuwong phap luc
véi céc 4n sb (X1,Xs,...X0).

Trong do:

ik 201 12 hé sd chinh, 8 > 0
Sim (k # m) goi 14 hé s6 phu, Sxm = Sk
Axps Axi, Axz 1a cac ) hang tu do.

IV. Xdc dinh cac hé sé ciia hé phwong trinh chinh tic:

Nhu da noi trong phan hé phuong trinh chinh tic, y nghia cua cac hé sb va
cac s6 hang tu do 1a chuyén vi trén hé co ban do cac nguyén nhan tuong tng gy ra.
Vay viéc xac dinh chung la di thuc hién bai todn tim chuyén V1.

1. Hé s6 chinh va phu:(3y,,)

+ Trang thai "m": tinh hé co ban chiu nguyén nhan X, = 1. Xac dinh nd1 luc
My, Nu.Q,

+ Tao trang thai "k": dat luc Py = 1 tuong Uing phuong va vi tri cia luc Xy
trén hé co ban. Xéac dinh nodi luc My, Ni,0,. Ap dung cong thuc Maxwell-Morh:

=szk ds+sz

Néu cho phép ap dung phep 'nhan bleu do Verexaghm.
=(Muw)M i) +(Nn)(Ni)+(Q,)0Q,) (5-5)
2. S6 hang tw do:
a. Do tai trong: (Ay,)
+ Trang thai "m": Tinh hé¢ co ban chiu tai trong. Xéac dinh ndi luc:
M}, Ny, Q)
+ Tao trang thai "k": tuong tu lic xac dinh Oy,

va 9 ds (5-4)

o o o o o e o A o A o o o
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Ap dung cong thirc Maxwell-Morh:
. MU _ NU _ QU
Ap = szk.E—;ds +szk.E—]';ds +2ijk.G—;ds (5-6)
Néu cho phép ap dung phép "nhan bi¢u do6" Véréxaghin:
Ap =(Mw)(M )+ (Nn)(Np) +(Q,)(07) (5-7)

b. Do bién thién nhiét dd (Ay): , ,

+ Trang thai "m": 1a hé co ban chiu nguyén nhan bién thién nhiét do. N@u hé
co ban la tinh dinh, nguyén nhan nay s€ khong gay ra ndi luc. Cong thure thiét 1ap
dudi day chi xét cho truong hop nay.

+ Trang thai "k": tuong tu luc xac dinh Oy,

Ap dung cong thirc Maxwell-Morh:

Ay ZZJ%(th —flm)Mde+2jatcmeds (5-8)
Trong trudng hop o, h, tom, tim, tem = const trén timg doan thanh thi:
= Z%(fzm —t, )M )+ at,, QN«) (5-9)

Y nghia cy thé va dau cua cac dai lugng, xem trong chuong chuyén vi.

¢. Do chuyén vi cudng bire ciia cac gbi twa: (A,)

- Trang thai "m": 1a hé co ban chiu nguyén nhan la chuyén vi cudng birccia
cac gbi tira. Néu hé co ban 1a tinh dinh, nguyén nhan nay khéng gy ra ndi luc.
Cong thirc thiét 1ap dudi ddy chi xét cho trudng hop nay.

- Trang thai "k": twong tu khi x4c dinh Jy,,, nhung chi xac dinh R -

Ap dung cong thirc Maxwell-Morh:

Arz =—2Rjk Z; (5-10)

Y nghla cu thé va diu cua cac dai luong, xem trong chuong chuyén vi.

*Chii y: Néu luc X, 1dy bang 1 thi c6 thé ldy X, thay thé cho P, = 1 khi tao
trang thai "k" dé xac dinh cac hé sb.

V. Cach tim ngi luc trong hé siéu tinh:

a. Cach tinh truwe tiép:

Sau khi giai hé phuong trinh chinh tic xac dinh cac an s Xy (k= Ln ), ta
xem chung nhu cac ngoai lyc tac dung 1én h¢ co ban cung vdi cac nguyén nhan tac
dung Ién hé si€u tinh ban dau. Giai hé co ban chiu cac nguyén nhan nay s¢€ tim dugc
cac noi luc cua hé. Vi hé co ban thuong 1a hé tinh dinh nén cé thé st dung cac
phuong phap da quen biét dé tim noi luc.

b. Cach ap dung nguyén ly cong tac dung:

Xet 1 dai luong nghién ctru S nao do (ndi lyc, phan lyc, chuyén vi, biéu d6
noi lyc...). Theo cach tinh truc tiép ndi trén, ta co thé thay thé viéc xac dinh S trén
hé siéu tinh bing cach xac dinh dai luong S trén hé co ban chiu nguyén nhin tac
dung 1én hé si€u tinh ban dau va cac luc X, déng thoi tac dung.

S= S(X], Xz,... Xn, P, t, Z )

Ap dung nguyén ly cong tac dung:
S =S(X;) + S(X,) + ... S(Xy) + S(P) + S(t) + S(Z2)

Goi S 1a dai lugng S do riéng X, = 1gay ra trén hé co ban, ta co:
S(Xk) =S .Xk

o o o o o e o A o A o o o
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Goi S;,S/.S; lan luot 1a dai lugng S do riéng P, t, Z gdy ra trén hé co ban,

thé thi:
S(P)= Sz, S(t) =
Chok= 1,n thay tAt ca vao ta duoc:

S:§1.X, +§2.X2 + e En.Xn +8,+87+S;

Chii y:

S/, 8(2) = S;

(5-11)

- Dai lugng S ¢6 thé dugc xac dinh ngay néu c6 san S, S,,S/,S;

- Néu dai lugng S 1a phan lyc hay ndi luc va h¢ co ban 1a tinh dinh thi cac dai

luong §2,8°,52 s& khong ton tai.

Sau déy ta s& van dung biéu thirc (5-11) dé v& cac biéu d noi luc.

a. Biéu d6 mdémen udn (M):

Déi v6i nhitng hé dam va khung gdm nhiing thanh thang, trong cac budc tinh
toan trung gian, nguoi ta thuong bo qua anh huong cua luc doc va luc cit dén
chuyén vi. Do d6, khi x4c dinh cac hé sé nguoi ta khong vé& cac biéu d6 (Q), (N) ma
chi v& biéu d6 mémen (M). Trong nhitng truong hop nay, biéu d6 momen cua hé
dugc v& theo biéu thire (5-11) 1a tién loi nhat. Thay dai luong S bang biéu d6 (M) ta

duoc:

(M)=(M1).X, +(M2).X, + (M )X, +(MO)+ (M) + (M) (5-12)

b. Biéu d6 luc cat (Q):

Nhu phan tich trén, s€ khong thuan
loi néu v& biéu do (Q) theo biéu thirc (5-
11). Sau day sé& trinh bay cach v& biéu d6
luc cét theo biéu dd (M) di vé&. Pé tién loi
cho viéc ap dung, ta di thiét 1ap cong thirc
téng quat xac dinh lyc cit & 2 dau 1 doan
thanh théng ab tach ra tir h¢ chiu tai trong
phan bd lién tuc hudng theo 1 phuong bt
ky va ¢6 qui luat bat ky nhu trén hinh v&
(H.5.2.10)

Tai trong tac dung dugc mo ta trén
(H.5.2.10). Trong d6 q, M", M da biét,
Q", N, Q™ NP" chwa biét, gia thiét c6
chiéu dwong theo vi tri nguoi quan sat nhin
sao cho tai trong phén bb q hudng xudng.

H.5.2.10

Tir cac diéu kién can bang mémen voi diém b va a, ta suy ra:

Mph _Mtr

r o __
Q" = fcosa + 1o, cosa

Mph _Mtr

o™ = ———cosa - Ao, cosa

Trong do:

g 1a hop Ic cua tai phan b q trén doan thanh ab.
Al pl: 1an luot 1a khoang cach tir hop luc o, dén dau trai va phai cua thanh

ab theo phuong nam ngang.

Néu tai trong tac dung 1én thanh ab 13 phan bd déu:

o o o i o e e v e e o A o A o o o

(5-13)

Page 8
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q = const thi 0q = q], /IZMZ%

Thay vao biéu thirc (5-13)

M —M" 1
o" = fcosa +qu.cosa

(5-14)
Mph _ Mtr
O’ =——— cosa ——gqlcosa
[ 2

Néu trén doan thanh ab khong chiu tai trong: q = 0 thi o= 0. Thay vao biéu

thirc (5-13):
h tr
Q" =0" = Mpf_Mcosa (5-15)

Sau khi xac dinh duoc luc cét tir hai ddu mdi doan thanh cling chinh 1a tai
cac tiét dién dac trung, tién hanh vé biéu do luc cit dua vao dang duong ctia n6 nhu
trong phan vé& biéu d6 noi luc cta hé tinh dinh.

c. Biéu dd lwc doc:

Ciing tuong tu cho biéu d6 (Q), biéu dd luc doc (N) dugc v& bang cach suy
ra tr biéu dd luc cit. Cach thuc hién nhu sau:

Tach va xét can bang hinh chiéu cho mdi nat ciia hé sao cho tai mdi nut co
khong qua 2 luc doc chua biét. Khi khao sat cin bang, ngoai tai trong tac dung lén
nut con c6 noi luce tai cac dau thanh quy tu vao nut bao gobm: momen udn (d3 biét
nhung khong can quan tam), lyc cit (d4 biét, lay trén biéu d6 luc cat), luc doc (chua
biét, gia thiét c6 chiéu duong)

Ngoai ra, khi x4c dinh lyc doc cling co thé van dung mbi quan hé gitra luc
doc tai hai dau thanh tir diéu kién cta thanh dugc v& trén hinh (H.5.2.10).

N" =N" +0,.sina (5-16)

Tir phuong trinh (5-16) cho thiy néu trén doan thanh khong chiu tai trong
hoic tai trong tac dung vudng gbéc véi truc thanh thi luc doc tai 2 dau s& bang nhau
va cung gay kéo hoac giy nén.

Sau khi x4c dinh dugc lyc doc tai 2 ddu mdi doan thanh, tién hanh v& biéu d6
lyc doc nhu trong phén v& biéu dd noi luc cua hé tinh dinh.

CAC Vi DU VE PHUONG PHAP LUC
Vi du 1: V& cac biéu do noi lyc trén hinh (H.5.2.11). Cho bidt do cing trong
thanh dtng 1 EJ, trong thanh ngang 1a 2EJ. Chi xét anh hudng cua bién dang uén.

1. Bac siéu tinh:
n=3V-K=31-2=1

q=12T/m
P-2T, |
C D
H.5.2.11 E H.5.2.12
te By, | Xy
4m

o o o i o e e v e e o A o A o o o
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2. H¢ co ban va h¢ phuong trinh chinh tac:
- H¢ co ban: tao trén hinh vé (H.5.2.12)
- Hé phuong trinh chinh téc:

0, X, +A, p = 0

3. X4c dinhcac hé sd cua hé phuong trinh chinh

tac:
- V& céc bieu do (M1),(M?): (H.5.2.13 & 14)
8, =(M).(M))= [i 332 3}.2 sl 343236
EJ] 2 3 2E] EJ
— (MM =— 22 264 [6'4 +3.4.2,4}.3 _ 80
EJ 23 2EJ 2 3 EJ
Thay vao phuong trinh chinh téc:
30 x 138 g x 286 1 a66<0
E] = E]
4. Vé cac biéu do noi luc:
a. Momen: (M)=(M1).X, +(M) 3.8 38

(M).X,: ldy tung do trén biéu d6 (M)nhan
Vi gid tri X, =-1,266. Dau "-" ¢ nghia 1a ta phai doi
dau cua tung d¢ sau khi nhan vao. Két qua trén hinh v¢ (M))X,
(H5.2.15). Sau doé lay tong dai s6 cac tung do trén 2
bieu dd (M1)X,va (M?)s& duge biéu dd (M). Két qua

H.5.2.15
trén hinh vé (H.5.2.16)
b. Luc cat: Pugc vé bang cach suy ra tur (M)
- Trén doan AC: q=0
ph tr _
0" =0 :ucosa _2270 1 0733
- Trén doan BD: q =0
Mph _Mtr _
QtrZQ”hZ—l cosq =579 1 _
- Trén doan CD: q = const
M" —M" 1 2,2
Q" =—cosa +—qlcosa—38—() 124 0,9
[ 2 2
M" —-M" 1 -38-(2,2 1
Q" =—————cosa ——qlcosa :L(’).l——.l,2.4 =-39
[ 2 4 2

Dung cac tung do vira tinh va v& biéu d6 (Q) nhu trén hinh v& (H5.2.17)
c. Luc doc: Suy ra tir cac bi€u do luc cat: (Q)

- Tach nit C: P:2Q1:09
2X=0—>N,=0,—-P=-1,266 —Tl—>Nl
SY=0- N, =-0, =09 o073

- Téch D: =0, ‘T

H.5.2.19
N,

o o o i o v e e o A o A o o o
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SX=0— N, =-0Q, =-1266 0s=3.9
SY=0->N, =-Q, =-39 e
» . . N N3<— —
N, giong N3 theo quan hé lyc doc tai 2 dau D
mdi doan. Suy ra lyc doc tai A va C theo N, va N,. A -
Két qua biéu dd (N) duoc vé trén hinh v = Qe = 1,266
(H5.2.18) H5220 ¥
Ny
S
=INNRNNNENNRRRRRRN)
f‘}
1,266
(T)
H.5.2.16 H.5.2.17 0.9 ysoig 3

Vi du 2: V& cac biéu dd noi luc ciia hé trén hinh v& (H.5.2.21). Cho biét d6
cing trong thanh dung 1a 2EJ, trong cac thanh ngang la EJ. Chi x¢t dén anh huong
cua bién dang uon. q=12T/m

P=2T | |
Fa &1 ,
H.5.2.21 £ i %2
H.5.2.22
. 7 e 7
I 3m >|< 3m |

1. Bac siéu tinh:

n=3V-K=32-4=2
2. Hé co ban va hé phuong trinh chinh tic:
- H¢ co ban: tao trén hinh v&.(H.5.2.22)
- Hé phuong trinh chinh tac:

0,X,+6,X,+A,,=0

{SZ]X] +6,X,+A,,=0
3. Xac dinh céc hé sb cua hé phuong trinh chinh tic:
-V& cac bicu dd (M1),(M2),(M?)

3 3 1,35
2 ) 5’4—\1]]3‘ §§\§
f L Rl
Xi=1 A ps223 ms224 52 X7 hsoos
= @ — 3 @ 13.4

-Xac dinh cac hé so:

o o o i o e e v e e o A o A o o o
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oy —(MI)(MI)—ELJ %%.%2%]3.4.3:%
6 =0 = (M )(M2) == 343 =~
8y =(M2)(M2) =35, :%
Ap=M)Mp)= 2;.13’4; 34 432 52’]4
Ayp=(M2)Mp)==A,, - ELJ.SZB i 3+ ELJ % 3.135. %:_62?

Thay vao hé phuong trinh chinh tic sau khi da bo di EJ dudi mau sb:
27.X,-18.X, +56,4=0 X, =-0,713<0
{—IS.X, +27.X, -68,55=0 X, =2,063>0
4. V& céc biéu dd noi luc: 2139
a. Momen: (M) = (M,).X, +(M,).X, +(M?)  —cerrII 27
Két qua thé hién trén hinh v& (H.5.2.28)
b. Luc cat: Suy ra tur bieu d6 (M)

Giai ra duoc {

- Trén doan BC: q =0 (M)X,
- Trén doan AC: q=0 6,189
o g 2928—(-5,072) .
—> 0" =0" = 4 d=2 6,189/\
- Trén doan CD: q = const. o
- M>)X
or =0=078 1 1 o3 21537 (M2)X;
3 21 H.5.2.27 6,189
Q" = w.l——.l,l&l = 2,063
, U
Két qua ve biéu do luc cat thé hién trén hinh vé (H.5.2.29)
¢ Luc doc (N):Suy ra tur Q =0,713 Q,=0,713 Q;=1,537
bicu do (Q) ‘ N
* Tach va xét can bang 1 = N N, =2 1 | 1 :
B.
* Tach va xét can bang T Vg I Q=
C.
N
‘ Sau d6 suy ra luc doc tai o H.5.2.30a H.5.2.30b
cac dau thanh con lai va vé dugc biéu do (N) nhu trén hinh vé (H.5.2.31).
2’1392,928 1,537

&) ®
2
0,713 @2,063
T.m T
5,072 (T.m) 5 H( )
H.5.2.28 5.2.29

o o o i o e e v e e o A o A o o o
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Vi du 3:V& cac biéu dd noi lyc trén hinh v& (H.5.2.32).
S6 liéu: o =1,2.10°.C”"; thanh ngang c6 do cing 2EJ, h = 0,4m; thanh ding
12 EJ, h=0,3m; EJ = 1080T.m’

E 40°C F
20°C &
£
on
20°C
—X
C 10°c D
20°c|10°C £
on
A B
L H5232 [B | |
| 3m |

1. Bac siéu tinh:

n=3K-V=32-4=2
2. H¢ co ban va h¢ phuong trinh chinh tac:
- H¢ co ban: tao trén hinh v& (H.5.2.33).
- Hé phuong trinh chinh tac:

0, X, +6,X,+A, =0

{62]X1 +0,X,+A,, =0
3. Xac dinh céc hé sb cua hé phuong trinh chinh tic:
-V& cac biéu d6 (M,),(N,),(M,),(N,)
Két qua thé hién trén cac hinh v& (H.5.2.34 — H.2.2.37)

8, =(M) (M) = L.ﬁ.zs .2+i.3.4.3:ﬁ
2E] 2 '3 EJ EJ
NS -6,25
S, =08, =(M\)(M2)=- :E_J
— 1 3. 31,5
622 :(MZ)(Mz):[E_J — £l

0,447 %5
Y

A, = 2%(t2 —t)QM,) +Zat, QN,) =

o o o i o e e v e e o A o A o o o
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a 33 a 33
= 10-20)(—— 20-40)(+—)=-112,5a = —-0,00135
0’4( ) 2)+0’4( )(+2) a

A, = 2%(t2 —1)Q(M,) +Zat, O(N,)

=% (10-20)3.3)+- % 10-20)22) + 2. 2220 (1 3) = _3300 = -0,00396
0,4 0,3 2
Thay vao hé phuong trinh chinh tic:
36 6,25
E—J,X] _—]X2_0’00135:0 X, =0,0663

Thay EJ = 1080 vao, giai ra
6,25 X, —EX2 —0,00396 =0 g ¢ {
EJ EJ
4. V& biéu do noi lyc:
a. Momen: (M) = (M,).X, +(M,).X,
O day (M?),(M?),(M¢) khong ton tai
Két qua thé hién trén hinh vé& (H.5.2.40)
b. Biéu do luc cit va luc doc: tuong tu vi du trudce. Két qua trén hinh vé
(H.5.2.41 & H.5.2.42).
* Chii y: O day c6 thé vé ngay biéu do (N) bang cach:
(N)=(N,).X, +(N,).X,

X, =0,148

0,066 0,066

0,199\/ [TITITITIIIIII .
© s ®
s (T)
0,149
0’199\, |||||||||<-'|9|||||||’(\)3066 | @ A
0,24 |
H.5.2.41 H.5.2.42 H®
0,066
0,149 0,149

Vi du 4:VE& céc biéu dd nodi luc cia hé cho trén hinh vé (H.5.2.43).
Cho biét do cimg trong cac thanh ngang 1a EJ, thanh dténg 12 2EJ va EJ =
1080T.m%, A;=0,03m, A, = 0,02m, ¢ = 0,005radian
B D X

& ¢ > -
5 za ) -

{0 o
H.5.2.43 A” H.5.2.44

| 3m )l( 3m J

1.Bacsiéutinh:n=3V-K=32-4=2
2. H¢ co ban va h¢ phuong trinh chinh tac:
- H¢ co ban: tao trén hinh vé.(H5.2.44)

- Hé phuong trinh chinh téc:

o o o i o e e v e e o A o A o o o
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0,X, +6,X,+A,, =0
{62]X1 +6,X,+A,, =—A, =-0,03
3. Xac dinh céc hé sb cua hé phuong trinh chinh tic:
-Vé (M ,)(M,), xac dinh cac R, . Xem hinh (H.5.2.45 & H.5.2.46).

ém lxl =

é
(98}
I
v
(8}
O

ol
H.5.2.45 (1) ’T’t X;=1 %=1 _ = H5246 1
Rp; = %7- Rp, =0
A o \A
RA1:3 RA2:3
5, =M My=-L33 23, 1 333225
E] 2 3 2FE] EJ
—  — 1 13,5
6, =0, =M M>)=—333=—"
12 21 ( 1)( 2) 2] El
— = 22.5
6 - M M = >
22 ( 2)( 2) £

Ay, ==3R,Z, =R 0 +Ry A, |=-[-3.0,005+1.0,02] = ~0,005
Ay, ==3R,.Z,=—[R,0+Rp.A, |=—[-3.0,05+ 0.092)=0015

Thay -
vao hé phuong trinh chinh tac:
225 x +139 ¥ _0,005-0 —
EJ EJ H.5.2.47 M)X,
1 22
3,2 X, + = X, +0,015=-0,03
EJ J

4. V& biéu dd noi luc: MJO,?B

- Biéu d0 momen: (M) =(M,).X, +(M,).X,

- Biéu db lyc cit (Q) va luc doc (N): v& giéng
cac vi du trude. Két qua trén hinh v& (H.5.2.50 & [.5.2.48 (M2)X,
H.5.2.51).

10,8+ 7.2
M M r?rzrfértrgmrrrn 0
@ 3,6%
O
H.5.2.51 (T)

H.5.2.49 (T.m) @
3,6 H.5.2.50 (T)
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§3. XAC PINH CHUYEN VI TRONG HE SIEU TINH

I. Nguyén tic chung:

Cong thie tinh chuyén vi Maxwell-Morh 14 cong thic tong quat ap dung cho
ca h¢ tinh dinh va h¢ siéu tinh. Trong cong thurc nay, ta phai tinh hé véi 2 trang thai:

-Trang thai "m": 1a trang thai ban dau cua hé.

-Trang thai "k": dugc tao ra bang cach dit luc P = 1 twong tng véi vi tri va
phuong chuyen Vi & trén so do tinh ban dau ciia hé.

Chang han, dé x4c dinh chuyén vi ngang tai C cta hé trén hinh H.5.3.1

- O trang thai "m" ta tinh hé siéu tinh ban dau (H.5.3.2)

- O trang thai "k" ta tinh hé siéu tinh d6 1 1an nita do P, = 1gay ra (H.5.3.3)

P
C D
A H.5.3.1 B
- eca

Sau khi tinh giai ndi lyc, thyc hién cong thirc Morh hodc nhan biéu dd
Véréxaghin s& duoc két qua.

Nhdn xét: Ta phai tinh hé si€u tinh 2 lan, khéi lugng tinh toan ndng né.

I1. Cach sit dung h¢ co ban:

Khong mat tinh téng quat, ta phan tich cho bai todn xac dinh chuyén vi cia
hé trén hinh (H.5.3.1). Gid st chon hé co ban cua né trén hinh (H.5.3.4). (X, X,,
X5) 14 nghiém ctia hé phuong trinh chinh tic.

Khi giai hé trén hinh (H.5.3.1) P
bang hé co ban trén hinh (H.5.3.4) C l
thi 2 hé nay la tuong duong nhau.
Nghia 1a ni1 luc, bién dang va "k"
chuyén vi cia 2 hé 13 nhu nhau. Ta H.5.3.4

thur di tim chuyén vl trén hé co ban. @

Dé tim chuyén vi trén hinh (H.5.34), A&  __ IB H535

& trang thai "m" ta cling can phai giai X \V

tim X, X,, X3 nghia 1a tvong duong X1 X3

vol  trang thai "m" trén hinh

(H.5.3.2). Tuy nhién ¢ trang thai "k" dugc tao ra trén (H.5.3.5) thi tinh kh4 dé dang

vi 1a hé tinh dinh. Luc nay, ndi luc & trang thai “k” duogc ky hi¢u: My, N ,@Z

Vay, khi tinh chuyén vi trong hé si€u tinh, ta tao trang thai k trén h¢ co ban
thay vi trén hé siéu tinh ban dau. Biéu thuc Maxwell-Morh trong truong hop hé
chiu cac nguyén nhan (P t, Z)

M, N, Qk Qm

=y gy S [ gy [ E g
J Moy 120 g 51

)M ds +x| atcmﬁ,fds

Im

_ZR;/)chm +ZIZ(ZL2W1 -1

o o o i o e e v e e o A o A o o o
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Néu cho phép ap dung "nhén biéu dd" Véréxaghin va cac dai luong o, h, tyn,
tim, tem = const trén tirng doan:

A = (MM ) +(NOWN ) +(0; )0,
+Z%(t2m —t, YAM)+Zat, Q(N?) (5-18)

Y nghia cta cac dai lugng, xem & chuong chuyén vi ctia hé thanh.

*Chu y:

- Céc dai lugng xéc dinh & trang thai "k" ¢6 ky hi¢u chi ) khong kém theo la
biéu thi cho viéc tao trén hé co ban.

- Vi ¢6 nhiéu cach tao hé co ban nén trang thai "k" s€ co nhiéu so do tinh, ta
nén chon hé co ban dé tao sao cho viéc tinh toan va nhan biéu dd dugce dé dang.

Vi du: -V& cac biéu d6 noi luc va xac dinh chuyén vi ding tai k (H.5.3.6).

Cho o = 1,2.10°(°C™"), d6 cing chdng udn trong thanh ngang 1a 2EJ, trong
thanh dung 1a EJ; chiéu cao thanh ngang la h = 0,4m; thanh dung la h = 0,3m; EJ =
1080T.m* A, = 0,02m; A, = 0,03m. Chi xét anh hudng cua bién dang ubn.

1.Bacsiéutinh:n=3V-K=32-5=1

q=2,4T/m
40°C -
B S } A,
X L 2 1
20°C| 10°C [ R - X
H.5.3.7
5.3.6 A,%_ 1.5m l
3m 3m |

, 2. Hé co ban va hé phuong trinh chinh E’-'[Q |

tac: 3 l 3 X, =1
- H€ co ban: tao trén hinh vé.(H.5.3.7) 2

)

- Hé phuong trinh chinh téc: —_—
oyX,+A, +A, +A, =003 1 H.5.3.8

3. Xéac dinh cac hé s6 ctua hé phuong I
trinh chinh tac:

-V& (M,),(N,),(M?), xac dinh cac R, . 1 ,-5- T

S — 1 332 9 =

) :(M])(M])ZI:E-_-_.:;:I.z:— * Xi=1
17273 EJ 0 2

_ 1, 405 —»
Ay = ()M = 232023 =22 Tl 539 ()

A, = 2%(t2 —1)QM,) +Zat, ON,)

\S)

= % 10-20) (=23 + % (20— 40y (=22
_0’4(10 20)( 2)+0’4(20 40)( 2)

=-112,5a =-0,00135
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A, =-3R,.Z, =R, A |=-[2.002]= 0,04
X
Thay vao: 0%, + 405 _ —0,00324 - 0,04 = 0,03
E] EJ
Thay EJ va giéi X;=28,339>0
4. Vé cac biéu do noi luc:
a. Momen: (M) =(M).X,+(M?)
Luc cét va luc doc: Tuong ty cac vi du trén. Két qua thé hién trén hinh v&
(H.5.3.12 & H.5.3.13).

11,939
Y

\‘f
5 4,739 @ 8,33% @
25,017 @ D (T)
5311 (T H.53 12 L5930 HS3.13
5. Xac dinh chuyén vi ding tai k:
- Trang thai "m": Biéu d6 momen (M,,) dd v& & trén.
- Trang thai "k": v& (M;),(N/)trén 1 hé co ban chon nhu trén hinh (H.5.3.14

& H.5.3.15)

1Pk=1 1Pk=1

& L A 5 5
@f 075 4 &)

0 0,5

’ H.5.3.15
—= P H.5.3.14 $o

- Xac dinh chuyén vi ding tai k:

4
J

170 D a 170 AT O
Ve=M)M,)-2R ijm +Zz(t2m —t,,)QWM )+ Zat,, (N, )

)

1 0.75.3 25,01 .
9753 25017 [ 0,5.0,02 +0,05.0,03] + — (20 — 40)(0’75 3
2E] 2 2 0,4 2

7,036 22,5

—-0,005 -

=0,839(mm) > 0

2
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§4. KIEM TRA KET QUA TiNH TOAN CUA
PHUONG PHAP LUC

Do phai thyc hién nhiéu phép tinh trung gian khi giai h¢ siéu tinh nén dé mac
phai nhitng sai s6 16n hodc sai 1am trong két qua cubi cung. Dé tranh nhimng sai so
16n ta phai tinh chinh xac cac phép tinh trung gian. Dé tranh nhiing sai 1am ta can
kiém tra két qua.

I. Kiém tra qua trinh tinh toin:

1. Kiém tra cac biéu d6 don vi (M, )va biéu do (M o)

- Str dung cac lién hé vi phan va diéu kién cin biang cia timg phan hé tach ra
dé kiém tra.

- V& biéu d6 (M,)do cac luc X; =X, = ... X, = 1 dong thoi tac dung 1én hé
co ban giy ra. Kiém tra méi quan hé:

(M,)= (M) +(M,)+...+ (M) (5-19)

2. Kiém tra cac hé s6: (Sy)

(M)(M,) =8+, +..8,, = 28,
o ' (5-20)
(M)M,) =335y,
k=1 m=1
Chitng minh cdc diéu kién kiém tra:
- Theo y nghia ciia biéu d6 (M) va cac biéu dd (M, ) nén theo nguyén 1y
cong tac dung, diéu kién (5-19) phai théa man.
- Thay (5-19) vao 2 diéu kién bén dudi va khai trién s& c6 2 diéu kién (5-20).
3. Kiém tra cac s6 hang tu do:
a. Kiém tra: (Axp)
Biéu thuc kiém tra:

(M)(M;:):ZAW (5-21)

Thay (M) tir diéu kién (5-19) vao va trién khai ta duoc diéu kién (5-21).
b. Kiém tra: (Ay)
Biéu thuc kiém tra:
Tat, Q(N, )+z (t, —t)QM,) = ZAk, (5-22)
k=1
Trong d6 QM ), Q(NS) lan luot 13 dién tich biéu dd6 moémen va luc doc do
X, =X, =... X, = | ddng thoi tic dung 1én hé co ban giy ra. Theo nguyén 1y cong
tac dung:
QM,)=Q(M,)+Q(M,)+..Q(M,)
Q(N,)=Q(N,)+Q(N,) +..QN,)
Thay vao ta s& ching minh duogc diéu kién (5-23)
c. Kiém tra: (Ay)
Biéu thirc kiém tra: -XR,.Z, =3A,,  (5-24)

o o o o o e o A o A o o o
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Trong d6 R, 1a phan lyc tai lién két j do X; =X, = ... X, = 1 dong thoi tac
dung 1én hé co ban gay ra.

Chung minh tuong tu cac biéu thuc trén.

4. Kiém tra viéc giai hé phwong trinh chinh tic:

Do viéc 1am tron s khi tinh toan giai hé phuong trinh chinh tic nén khi thay
thé nguoc cac luc X, da tim duoc vao thi cac phuong trinh thuong khac khong.

Nguoi ta danh gia sai s cia mdi phuong trinh dudi dang sai sé twong dbi €.

£ :A—AB 100% < [¢] (5-25)

Trong d6: A, B 1a tip hop cac sb liéu ctia mdi phuong trinh can kiém tra
dudi dang A — B, [€] sai sO tuong do1 cho phép.

I1. Kiém tra ket qua cuoi cung:
(M)M,)=-A, -4y,
(M)M,)=-2A, -2A,,
Churng minh diéu kién kiéem tra:

0,X,+6,X,+..6, X, +Akp +A,, +A,, =0
& (MO)M)X, +(M)M)X, +. (MM )X, +(M)M;)=~A, —A,,
& (M)M X, +M,X, +.M,X, (M) =-A, A,

< (M M) =-A, -A,,

t
(M)(M,)=-2A, —A,,: chmg minh twong tu.
Vi du: V& biéu dd momen va kiém tra lai két qua tinh cua h¢ trén H.5.4.1.
Cho d6 ctmg trong tit ca cac thanh 1a EJ = const.
1. V& biéu d6 momen (M):
Bac siéu tinh n =2

Biéu thuc kiém tra: (5-26)

| 2a2a 2, 84’

Hé co ban duoc tao trén hinh H.5.4.2. P .
Cac hé so duoc xac dinh:
=(M, = —20=—— <
”()()EJ23 3E]
1 2a2a  2d° A\
612_621_(M1)(M2)_EJ > 'a:?‘l 1 ' ,_5_
laa2 1 o T8 e a |
2 OEI 2737 EITTT 3E] H.5.4.1
2 1,5.Pa’ X
—(M)(M)———(“+ ? a.Pay=-=": 2
EJ
— 1 Pa’ N
A, =(M)M°)=——a.aPa=- |
2p = (MM ) T Z]
Hé phuong trinh chinh tic sau khi da quy H.5.4.2 X,
dong va bo 3EJ dudi mau so:
8a’X, +6a’X, -4,5Pa’ =0 ... X, =0,675P
Giaira
6a’X,+7a’ X, —3Pa’ = X, =-015P

o o o i o e e v e e o A o A o o o
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V& bicu dd6 moémen (M): (M)=(M)).X,+(M,).X,+(M;) Xem hinh °

(H.5.4.6) ;

2. Kiém tra két qua: o

- Kiém tra biéu do: (M,)+(M,)=(M,): ’

thdy déng @ H.5.4.3 ;

(M) vé trén hinh (H.5.4.7) o

—Klél’n tra qCéC I:Ié Sé: M} Z

Nhan 2 biéu do: "\a o

S . 2 140 = ;

()M, =~ 2022 )y 2 0q 213 2a =1

E]" 2 3 3E) o

24 14d° 2

Maidc khac: 6,,+6,, = 8a p22 @ H.5.4.4 o

3E] EJ  3E] 0

(ding) :

Nhan 2 biéu do: 1 o

WSI||||||||IIIIIUIIIIIIIIIIIIIIIM1 :

(T, = B39 5,0 1 aa 2 q :

EJ 2 E] 2 3 o

B 134’ .

3E] .

2¢° 74’ 13a° 0

Mac khac: 6,, +6,, = + = din o

' P El 3E] 3E] (ding) 0

Nhan 2 biéu do: .

- - ) 3 2 3 2 3 9 3 u]

(M) = 492 4 29 [hog? 420 42347 )= 4 200 270" _Ja”

E] 2 3 6F] 3E] 3E] 3E] EJ °

9 . 14a°> 134> 94’ , o

Mac khéc: 6,,+6,, +6,, +6,, = 5] + 5B (dung) :

-Kiém tra s6 hang tu do: °

Nhan 2 biéu do: o

— 1 (3a+2a) 2,5.Pa’ ;
MYMS)=—— """ g Pg=-""""

(M )M?3) 0 3 ] :

Mac khac: 0

1,5Pa> Pa’®  2,5Pa’° ;

A +A,, === . dun °

v El K] EJ (dung) i

- Kiém tra két qua cudi cung: o

Nhan 2 biéu do: i

P X2 = ID

— — "

H.5.4.5 @ @ o

1ﬂ|l|l|l|l|l|§l¥f‘Pa -

Pa ) i

Pa o

0,2Pa 0.525Pa 0,15Pa 1 2a :

X1 =] o
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1

(Ms)(M)=—E

“—2“ % 0,15Pa+ é [2.30.0,2Pa — 2.2a.0,475Pa - 3a.0,475Pa + 2a.0,2Pa]

" é [2.2a.0,525Pa — 2.0.0,15Pa — 2a.0,15Pa + a.0,525Pa] = 0

*Chu y:

- Céc biéu thirc diéu kién kiém tra van ding trong trudng hop c6 ké dén anh
hudng cua luc cit va luc doc.

- Khéi luong tinh toan kiém tra con nhiéu.

- Khi diéu kién kiém tra thoa man thi cling chua thé loai trir duoc kha nang
xay ra sai lam.

o o o o o e o A o A o o o
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§5. MOT SO PIEU CAN CHU Y KHI TiNH HE SIEU TINH
BAC CAO

I.Cac bién phap nang cao do chlnh xac cua két qua tinh toan:

- Chon phuong phap tinh cho sd luong 4n sb 1a it nhat (phuwong phéap luc,
phuong phap chuyén vi, phuong phap hdn hop va lién hop...)

- Khi str dung phuong phap luc nén chon hé co ban dé sao cho cac an X, it
anh huong dén két qua cudi cung.

- Dung cac bién phap nhim giam bac ctia hé phuong trinh chinh tic. (s& trinh
bay ¢ dudi)

II. Cac bién phap lam giam nhe khoi lwgng tinh toan:

1. Cac bién phap giam béc ciia h¢ phwong trinh chinh tic:

- Chon phuong phap tinh cho s an s 13 it nhat (43 néi ¢ trén)

- Khi chon hé co ban cua phuong trinh lyc, ta chon h¢ co ban 1a hé siéu tinh
béc thip thay vi chon hé co ban tinh dinh.

- Nén str dung tinh chat dbi xtng cua h¢ néu hé 1a hé dbi xung

2. Céc bién phap don gian hoa cu tric ciia h¢ phwong trinh chinh tic:

Hé phuong trinh chinh tic ¢ cdu triic don gian khi ching c6 nhiéu hé s6 phu
béng khong. bé dat duge muc dich nay, ta cé thé thuc hién cac cach sau:

- Str dung tinh chét d6i xtmg cta hé néu hé ddi xtng.

- Chon hé co ban hop 1y bang cach chia hé thanh nhiéu bo phan doc 1ap. Vi
luc nay, cac biéu dd don vi sé phan bd cuc bd. Viée xac dinh cac hé sb cua phuong
trinh chinh tic s& don gian va trién vong co nhiéu hé sd phu bﬁng khong. Méc khac,
viéc lam nay con lam gidm nhe khéi lugng tinh toan ¢ cac khau: xac dinh noi luc,
xac dinh cac hé s6 va sb hang tu do, giai hé phuong trinh chinh téc.

Xét hé siéu tinh trén
hinh (H.5.5.1), ta néu ra 2
cach dé chon hé co ban so — H.55.1
sanh:

+ Vo1 hé co ban chon
trén hinh (H.5.2.2), nd1 luc
trén hé nay nodi chung sé
phan khdi trén toan hé. Do p
do, viéc xac dinh cac hé s6 —™ H.5.5.2
va s6 hang tu do mét nhiéu
cong sirc. Cac hé s6 phu déu ”r > o

khac khong. s \ng xs \sz % \VX3
+ V61 hé co ban chon X5 X4 X1

trén hinh (H.5.5.3), cac biéu
d6 don vi chi phan bd trén 1 X, X X; Xe 6 Xo Xy
hodic 2 b phan lan can ciia N WS N
h¢. Do do, viée v& bicu do 7‘;{ '\§ F— 1\ vk N
ndi luc, xac dinh cic hé s0 p 2

va 6 hang tu do s€ don
gian, co nhiéu hé sd phu
bing khong. T w > >
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817 =07 =015 =085, =089 =08y, =0y =0y =09 =0y =03, =853 =

=033 =0y =05 =093 =0

- St dung cac thanh tuyét doi cing dé thay doi vi tri va phuong cac an so
(nghién ctru ¢ phan sau).

R [ o i o e o o A o A o o o
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§6. CACH VAN DUNG TINH CHAT POI XUNG CUA HE
pOI XUNG

Hé d6i ximg 1a hé c6 kich thude, hinh dang hinh hoc, d6 cing va kién két dbi
xtng qua 1 truc (H.5.6.1)
I. Bién phap sir dung cap an so doi xirng va phan xirng:

A A P
AR 4 |

S

———

Xét h¢ siéu tinh dbi X3
xtng chiu tai trong tdc dung 1
nhu trén hinh (H.5.6.2). Chon 1 - 1 T
hé co ban cling c6 tinh chat
d6i  xtng nh%r trén hinh X = X2
(H.5.6.3). C6 2 loai an sb:

- Cdp 4n sb dbi xtng H563 = X3 -
X, va phan xtmg X;. I x

- Cip an sd chi co vi —
trri di xtmg X; va X,. n Xy T YluYz
Pé trigt dé s dung YiYa X3
tinh dbi xtng cua hé, ta phan
tich X;, X, thanh hai cap: cap H.5.6.4
d6i xing Y, va cap phan tmg
Y, nhu trén hinh v€ (H.5.6.4).Tuc la:
Y - X, +X,
Y +Y, =X, ! 2
{Y] +Y, =X, ” X -X

Y, =
Céc an s6 luc nay 1a (Y1, Y2 , X3, X4)
H¢ phuong trinh chinh tac c6 dang:
6]]Y] +6]2Y2 +6]3X3 +6]4X4 +A]P = 0
62]Y] +622Y2 +623X3 +624X4 + AZP = 0
63,1, +6,Y, +6,, X, +6,, X, +A;, =0
0,Y,+0,Y, +0, X, +0,X,+A,, =0
Mac kh;ic, ddi voi hé dbi xung co tinh chét sau: L
- Hé in xtng chiu nguyén nhan tac duEg dfi xung (,phén ung) ihi biﬁu do
momen s& doi ximg (phan Ung). Suy ra: (M,),(M,)sé do1 xung; (M,),(M,)se
phan Gng. L o i
- K&t qua nhan bi€u d6 phan ung voi biéu d6 doi xing s€ bang khong. Suy
ra:

o o o i o e e v e e o A o A o o o
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612 _621 :6 :531 :624 :642 :643 :634 =0
Thay vao, ta dugc:

511Y1 +6]4X4+A]P =0

0,Y,+0,X,+A,, =0

{622Y2+623X3+A2P =0

(a) (chtra cip an dbi xing)

SY, 16, X, +A,, =0 (b) (chtra cap an phan xting)

* Két lu@n: Vi hé dbi ximg co bac siéu tinh bang n, néu 4p dung cac cip an
sd d6 xtmg va phan xtng ta c6 thé dua hé phwong trinh chinh tic vé hai hé phuong
trinh doc 1ap: 1 hé gdm n, phuong trinh chira 4n ddi xtng, 1 hé gdm n, phuong trinh
chira an phan xtng voi n; + n, =n.

* Cac trwong hgp dic biét:

1. Khi nguyén nhan bén ngoai tac dung ddi xtng:

Xét lai hé dd phan tich & trén thi lic nay (M2)sé ddi xung. Suy ra
A,p, =A,, =0. Thay vao h¢ (b) thi duoc Y, = X;=0

Vay 1 hé ddi xting chiu nguyén nhén tac dung dbi ximg thi cac an phan xing
=0

2. Khi nguyén nhan bén ngoai tac dung phan xtng:

Xét lai h¢ da phan tich ¢ trén thi twong tu ta s€ c6 dugec Y, = X4 =0

Vay khi hé ddi xtng chiu nguyén nhan tic dung phan xung thi cac an ddi
xung = 0

II. Bién phap bién ddi so' do tinh:

* Cac dic diém cta hé ddi xing:

- Mot hé dbi xtimg chiu nguyén nhan bat ky bao gio cling ¢o thé phan tich
thanh tong cua 2 hé: hé ddi ximg chiu nguyén nhan tic dung ddi ximg voi hé ddi
xtng chiu nguyén nhan phan xung.

Vi du: Hé trén hinh H.5.6.5 bang tong hai hé trén hinh H.5.6.6 v6i H.5.6.7.

M M M M

e I -

! !
| |
q I q/2 I ’H H I q/2
4 LA | ),

H.5.6.5 |<—>| Ld  HS566 |k kd H567 ko

A2 A2 A2 A2

- Trong hé d6i xing chiu nguyén nhan d6i xtng thi chuyén vi, mémen udn,
luc doc s& ddi xung, con luc ct co tinh phan tng.

- Trong hé ddi ximg chiu nguyén nhan phan ung thi chuyén vi, mémen, luc
doc s€ phan xtng, con luc cit co tinh ddi ung.

Nhu vay véi cac dac diém nay, néu biét duoc két qua cia mot nira hé ddi
xung thi c6 thé suy ra két qua trén toan hé. Ta di tim 1 nira hé tuong duong.

1. H¢ dbi xirng chiu nguyén nhén tic dung di xirng:

a. Truong hop truc ddi xirng khong trung véi truc thanh nao ciia hé :

Xét tiét dién C va C' nam bén trai va bén phai cua truc dbi xung cua h¢ trén
hinh (H.5.6.8). Do chuyén vi ctia hé 1a d6i xtmg nén tai C khong thé c6 chuyén vi
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xoay va thang theo phuong vudng goc P P P
truc d6i xung. Tuy nhién, chuyén vi |
thang theo phuong truc d6i xtmg c6 thé |
dugc. Di€u nay ching té C lam viéc nhu I

|

bk

1 ngam truot.

Vay trén so d0 tinh 1 nira hé
tuong duong ta chi viéc dat vao C 1
ngam truot dudi dang 2 lién két thanh c6 phuong song song nhau va vudng goc vai
truc ddi xng nhu trén hinh v& (H.5.6.9)

H.5.6.9

*Két Iugn: Khi tinh hé d6i xtmg chiu nguyén nhén tac dung d6i xtng va co
truc dbi xtng khong trung voi truc thanh nao cia h¢, ta dat thém vao hé cac ngam
trugt dudi dang 2 lién két thanh song song va vudng goc véi truc ddi ximg tai
nhiing tiét dién trung véi truc ddi xung roi thue hién tinh toan trén mot nira hé va

o oo g oo oo g g oo oo oo o g oo g o oo 0bo 0o o0bo00bo0 0o 000000000000 000o0 OO0 O0O0OOO0OOOoOOoOO0OoODoOoOo0oOooooooooao

suy ra két qua trén toan hé.

b. Truong hop truc ddi xirng triung véi 1 sb truc thanh ciia hé.

Xét hé trén hinh (H.5.6.10). Pua vé hé tuong duong ddi xtmg va c6 truc dbi

xtmg khong trung véi truc

T

thanh nao cua h¢ bang cach b EJ, EJ[/)21 | ]}:E); n
thay thé moi thanh AB, CD EF, EFZ P | EFZ P
bang 2 thanh c6 d6 cling giam GF, GF22 N | GF22 P
di mot nwra, hai dau A A,, C
B]Bz, C]Cz, D,1D2 la Vuf)ng | Cll Cz
oc voO1 truc do1 xung va co P P P P
%c} cimg bang Vég cung l l 1 B, | B 1
(H.5.6.11). Dén ddy ta tré lai B g1l 1
truong hop truc do6i xung EIJ; EFll | EFl P
khong trung véi truc thanh. GF] GF./2)| GFll N

Mot ntra hé tuong Am_ 1 i AL A, o
duong nhu trén  hinh 1.5.6.10 15611
(H.5.6.12). Nhung tai A,, By, D, D, D,
Cy, D; khong ton tai chuyén
vi goc xoay va chuyén vi EJ,/2
thang theo phuong vudng goc EF,/2 EF,/2 EF,/2
truc d6i ximg ma chi co thé GF./2
chuyén vi theo phuongdoc
truc thanh. Nghia 14, cac C C

thanh A]B], C1D1 lam ViéC P P
nhu 1 lién két thanh (lién két B, —l—ﬁ
loai 1) (H.5.6.13). EJ,/2

Két Iugn: Khi tinh hé EF,/2 B,
doi xung chiu nguyén nhan GF\/2
tac dung ddi xing va c6 truc Ay .
doi ximg tring v6i mdt 0 s ¢y, H.5.6.13 H.5.6.14

truc thanh ctia hé, ta can dat

thém vao hé cac ngam trugt dudi dang 2 lién két thanh c6 phuong song song voi
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nhau va vudng goc voi truc dbi xung tai nhimg tiét dién trung véi truc ddi ximg
dong thoi thay thé cac thanh tring véi truc dbi xtimg bang cac lién két thanh (lién
két loai 1) c6 d6 cting giam di 1 nira roi thyc hién tinh toan trén 1 nira hé va sau do
suy ra két qua trén toan hé. Khi suy ra két qua ndi luc trén toan hé, doi véi thanh
trung voi truc ddi xtng luc doc 1ay gap 2 lan so voi khi giai 1 nira hé con luc cat va
momen ldy bang khong.

Trong trudng hop bo qua bién dang doc truc trong cac thanh tring véi truc
dbi xtng va cac thanh nay bi ngin can chuyén vi theo phuong doc tryc thanh (mét
dau ndi dét), ta c6 thé thay thé cac ngam truot bang ngam (H.5.6.14)

2. Hé doi xurng chiu nguyen nhan tac dung phin xirng:

a. Truong hgp truc dm xurng khong trung véi truc thanh nao cua hé:

Xét tiét dién C va C' nam

I

bén trai va bén phai truc dbi C iC‘ —rg_
4 o A A 1 |
|

xtmg cua hé trén hinh p P P C
(H.5.6.15). Do chuyén vi cia h¢ —
la phan xtmg nén tai C khong |
thé cd chuyén vi theo phuong
truc d6i xing. Tuy nhién,
chuyén vi goc xoay va chuyén vi theo phuong ‘vubng goc voi truc d6i xung co thé
dugc. Diéu nay chimg t6 C 1am viéc nhu 1 gbi di dong. Vay trén so d6 tinh mot
phan 2 hé tuong duong ta chi viéc dit vao C 1 gbi di dong c6 phuong cia truc d6i
xtmg (H.5.6.16).

Két Iugn: Khi tinh hé d6i xtng chiu nguyén nhan tic dung phan tng va cé
truc doi xung khong trung voi tryc thanh nao cua hé ta dua vé 1 nira hé tuong
duong bang cach dat thém vao h¢ cac g01 di dong c6 phuong cua truc ddi xing tai
nhiing tiét dién tring véi truc ddi xtmg rdi thyc hién tinh toan trén 1 nira hé va sau
d6 suy ra két qua trén toan hé.

b. Trwong hop truc ddi xing tring véi mét sé truc thanh cia hé:

Ciing 1y luan twong tu nhu trudng hop hé chiu nguyén nhan tic dung ddi
xung & trén, ta dua bai toan tré vé trudng hop truc dbi xtng khong tring véi truc
thanh nao cua hé.

7r H.5.6.15 77 777 H.5.6.16

Véi hé  cho D D, ||D,
trén hinh (H.5.6.17), EJy/2 EJ,/2 | EJ,/2
hé twong duong cua EFy/2 EF.2||[ EFy2
n6 & trén hinh GF»/2 GFE.2|| GF,2
(H.5.6.18) va h¢ trén C |
hinh (H.5.6.19) 1a 1 _P_| | R Gl P
ntra h¢ twong duong. B | B

{ . 1] 2

Keét Iudn: Khi B 1
tinh hé déi xtmg chiu EJ, EJi/2 (|| EJ,/2
nguyén nhan tac dung EF, EF\/2 (|| EF\/2
phan tmg va co truc GF, GFX2| GF.1/2
d6i xung tring voi > A >~ > LA -
truc thanh nao do6 cua H.5.6.17 H.5.6.18

hé, ta dua vé 1 nura hé

o o o i o e e v e e o A o A o o o

o oo g oo oo g g oo oo oo o g oo g o oo 0bo 0o o0bo00bo0 0o 000000000000 000o0 OO0 O0O0OOO0OOOoOOoOO0OoODoOoOo0oOooooooooao



o oo g oo oo g g oo oo oo o g oo g o oo 0bo 0o o0bo00bo0 0o 000000000000 000o0 OO0 O0O0OOO0OOOoOOoOO0OoODoOoOo0oOooooooooao

s [ o o o v e e e e o o o o A o

COHOQC KET CAUII

twong duong bang cach dit thém
vao hé cac gbi di dong c6 phuong
truc doi xung tai nhitng tiét dién truc
d6i xtng bang cac thanh co do cing
giam di 1 nta rdi tinh toan trén 1
phan 2 va suy ra két qua trén toan
hé.

Khi suy ra két qua ndi luc
trén toan hé, d6i véi cac thanh trung
voi truc ddi xtng, lyc doc léy béng
khong con mémen va luc cit 1dy gip
2 14n so véi khi tinh trén nia hé.

Trong truong hop bd qua anh
huong bién dang doc truc thi ta co
thé bo bot 1 gdi di dong trong 2 gdi
& hai dau thanh (H.5.6.20).

* Chu thich:

Page 29
bR D,
EJ,/2 EJ,/2
EF,/2 EF,/2
GF,/2 GF,/2
P Cip P Cify
— —
B, B,
EJ,/2 75- EJ\/2
EF./2 EF./2
GF./2 GF./2
A
- leca o 7177-
H.5.6.19 H.5.6.20

Truong hop tiét dién tring véi truc d6i xtmg khong phai 1a lién két han, bang
cach phan tich sy lam viéc tai céc ti€t dién nay tuong ty nhu ¢ trén ta c6 thé thay thé
bang céc lién két tuong tng khi tinh trén 1 nra hé.

Chan han, hé trén

hinh (H.5.6.21)
+ Neéu nguyén nhan
tdc dung doi xtmng thi 1

e
A\

ntra hé tuong duong trén
hinh (H.5.6.22).

+ Néu nguyén nhéan
tac dung phan xung thi 1

ez

nra h¢ tuong duong trén H.5.6.21

hinh (H.5.6.23).

2

—d

=

H.5.6.22

B
B

H.5.6.23

Vi du: V& cac biéu d6 noi lyc ctia hé trén hinh (H.5.6.24). Cho d¢ ctng trong
tat ca cac thanh 1a EJ = const. Chi xét anh huong cia bién dang udn.

Hé di cho thudc loai hé dbi xtng chiu nguyén nhan tac dung phan xting. Mdt
nua hé trai twong duong cua h¢ dé cho dugc tao ra trén hinh (H.5.6.25). Day la h¢
siéu tinh bac 1. Tién hanh cac budc giai s& v& duoc biéu dd (M), (Q), (N). Sau do
suy ra két qua cua ntra hé phai theo cac dic diém cua hé ddi xtng. Két qua thé hién

trén hinh vé (H.5.6.26 — H.5.6.31)
P P

—_— —_—

H.5.6.24

> A ke
Loy

a_ L 2 4

P2
J

K

P

—

H.5.6.25

5 X
Lo |

£
a |

.
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(toan he)

Q) Q)

(nira hé trai) (toan he¢)

P/2

IIIIIIIIIIIIIIIII|I|I|IIII|IIII|IIS

H.5.6.27 H.5.6.30 P/2 P/2

™) N
(nira hé trai) (toan h¢)
P

RS I

H.5.6.28 H.5.6.31
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§7. SUDUNG CAC THANH TUYET POI CUNG DE THAY POI
VI TRi VA PHUONG CAC AN SO NHAM DON GIAN HOA
CAU TRUC CUA HE PHUONG TRINH CHINH TAC

Muc dich cua bién phap la stir dung cac thanh tuyét d6i cing nham thay d01
vi tri va phuong cua cac 4n s6 dé sao cho hé phuong trinh chinh tic c6 nhiéu hé sd

phu bang khong. X
Xét hé trén hinh CQ x, Xs
(H.5.7.1). D& giai h¢ ta co thé _P M P ‘\ ~£
chon h¢ co ban nhu trén hinh CAD ‘ Xz t\
H572) .
Ta bién doi hé trén H57 1 1
hinh (H.5.7.1) bang cach thuc e H.5.7.2

hién mat cit 1-1, han 2 thanh tuyét ddi cimg vao 2 tiét dién C va C'. Néu nbi 2 thanh
tuyét d6i cting bang ba lién két loai 1 theo diéu kién ndi 2 miéng ctng tao thanh hé
bét bién hinh thi hé méi s& twong dwong véi hé ban dau (H.5.7.3, H.5.7.4...)

Xll 1X1

P CcC P _ccC
) o]\ =
HAN X3 X3
H.5.7.3 H.5.7.4 H.5.7.5
’Né}l ta chon hé co ban bebl,ng cach cét céac p X X
lién két nd1 gifra cac thanh tuyét doi cing (H.5.7.5, LT
H.5.7.6...) thi so voi cac h¢ co ban trén hinh X l t €X3
(H.5.7.2), vi tri va phuong cua cac an sb da thay X, X, ()

d6i. Piéu d6 c6 nghia la cac hé sd ciing thay doi.
RS rang 14 c¢6 nhiéu cach lap hé twong duong nén H.5.7.6
cling nhiéu cach thay d6i vi tri va phuong cua cac an sb. Va ta thuc hién sao cho hé
phuong trinh chinh tic cang co nhiéu hé so phu bang khong cang tot.

Vi du: Chon hé s6 co ban sao cho tit ca cac hé s6 phy bang khong cia khung
trén hinh (H.5.7.7). Cho d6 ctmg EJ 1a khong d6i trén toan hé.

H¢ tuong duong trén hinh (H.5.7.8), hé co ban tao nén hinh (H.5.7.9)

Cac biéu dd (M,),(M,),(M,)vé trén hinh (H.5.7.10 — H.5.7.12).

(M,),(M)1a d6i ximg; (M,)phan ximgnén §,, =8, =8,, =&, =0.

Pé 5, =6, =(M,)(M,)=0 thi ¢ zgh vi khi d6 trong tam ldy trén (M,) Ung

voi tung @6 = 0 trén (M,). X2 X,
P | t
I -] = l -
< <
X3
H.5.7.7 H.5.7.8 :

H.5.7.9

L 1 J L2 | 1|

el
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X,=1
= X1—1 T ?

M

H.5.7.10 H.5.7.11

1/2
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§8. HE DAN SIEU TINH

I. Bac siéu tinh:
n=D-2M +3 (Dbi voi hé dan khong ndi dat)
n=D-2M+C  (DPdi voi hé dan ndi dat)
II. H¢ co ban va hé phwong trinh chinh tic:
Nhu trong trudng hop téng quat ciia phuong phap luc.
II1. Xac dinh cac hé sb ciia hé phwong trinh chinh tic:
Do trong hé dan chi tdn tai lvc doc nén cac hé sb chi ké dén thanh ph?m bién
dang doc truc.
1. Cac hé s6 chinh va phu:

5. _ZJ»N N o lekN

2. Cac sb hang tw do:
a. Do tdi trong:
N, Ny Nl N
A, =% j = ey

1

b. Do bién thién nhiét dg.
Ay = zatcig(ﬁik) = zatciﬁik 1;

c. Do ché tao chiéu dai thanh khéng chinh xac:
Ay = ZNik A,

A; : d6 doi cua thanh dan tht i. Néu 1a ché tao ngan hon chiéu dai (con goi 1a
d6 hut) thi A; lay déu am.
d. Do chuyén vi cuéng birc ciia cac gdi twa:
kZz = _z R Jk Z j
)
Trong cac cong thirc trén:
N,,N, N5 : luc doc trong thanh dan thiri do X = 1 va X, = 1, P gy ra trén
hé co ban.
EF;, |; : 6 ctmg va chiéu dai thanh tht i
o, : hé s dan nd vi nhiét do.
R, : phan lyc tai lién két j do X, = 1 gdy ra trén hé co ban.
Z;: chuyén vi cudng buc tai lién két j.
IV. Xac dinh luc doc trong cac thanh dan:
Luc doc trong thanh dan tht i:
N,=N,X,+N,.X,+..N,.X, + N, + N; +N;, + N,

Trong d6: N.,N;,N;,,N;, lan luot 1a lyc doc trong thanh dan thir 1 do cac

ip? it
nguyén nhan P, t, A, Z giy ra trén hé co ban. Néu hé co ban la tinh dinh thi
N°, N4, NG =0,

Vi du: Xéc dinh lyc doc trong cac thanh dan trén hinh (H.5.8.1) cho biét do
cung trong cac thanh dan 1a EF = const.
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l.Bacsiéutinh:n=D-2M+C=10-62+4=2

vy
W

2 L1 2

M H.5.8.2

H.5.8.1

1

2. H¢ co ban va h¢ phuong trinh chinh tac:

- H¢ co ban (H.5.8.2). O day ta xem cac thanh

56, 34 1a cac lién két thanh va cét né.
- Hé phuong trinh chinh téc:
0,X,+6,X,+A,, =0
{62]X1 +6,X,+A,, =0

3. X4c dinh cac hé sb cua hé phuong trinh chinh

téc:
]Vik ]Vim

H.5.83 H.5.84

) 4

wy

Sim =, o k, m=1

i i

NN

1

2 H.5.8.5

Ap =) T 7] i : thanh thir i.

i i

So d6 dé xac dinh N, ,N,,,N; dugc tao trén cac hinh v& (H.5.8.3, H.5.8.4 &

H.5.8.5)

Lu:c doc duoc xac dinh thgo cac cach trong bai hé dan.
Két qua tinh todn dugc thé hién trong bang tinh (B.5.8.1)

Hé phuong trinh chinh tic:

(5+8J2)a.X, +(2—4J2)a.X, +(1-232)Pa =0
(2-42)a.X, +(B+4J2)aX, +(1+242)Pa=0

O day do cac thanh c6 d6 cting bang EF nén ta khong dua vao trong tinh toan

cho gon.
Giai phuong trinh:
X, =0,014P
X, =—-0,436P

4. Xac dinh lyc doc trong céac thanh dan:

N,=N,X,+N,X,+N,
Xem két qua trong bang tinh (B.5.8.1)
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Thanh 11 ]Vl.] NiZ Nz; Nn _1111 ]vn]vQL ]vn]vtzll ]vilNi(;l NiZNi; li N;
5-6 a 1 a 0 0 0 0 0,014P

1
]

1
SIo
1
1

id

N

Q

[\ 9]

|

Ny
= — 1O OIOIOIO

1
L
1
LoIoIoIiol ol ol
1
L

+
—
[

[\
=
1

o)

(8]
to
[
5
5
5y
[\
3
ey
3
5
e
5y
3
o
I~y
3
o
I~y
S
~
3
o

P
—_
[~}
—_
[—

g1
[~}
[~}
[~}
}-U
[
}-U
()
UO
[9)
~
0
ae}

O o0ooooooo o

o o o

o o o o

[m)

Tong (5+82)a| 2-42)a | B+42)a |(1-2v2)Pa|(1+242)Pa

B.8.1 Bang tinh luc doc trong cac thanh dan
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§9. DAM LIEN TUC

I. phan tich hé:

1. Khai niém: Dam lién tuc 12 hé gdm 1 thanh thang ndi véi trai dat bang s6
géi tua 16n hon hai dé tao thanh hé bét bién hinh.

2. Phan loai dim lién tyc:

- Dam lién tuc hai dau khép (H.5.9.1)

- Dém lién tuc c6 diu thira (H.5.9.2) ~ 8 &

- Dam lién tuc c6 dau ngam (H.5.9.3)

H.5.9.1
J S
~ & & ! 2 3 7
H.5.9.2 H.593
3. Bac siéu tinh: 5]3
Cach 1: n=3V-K
Vi dy: Dam lién tuc trén hinh (H.5.9.4) "5' ’5" "5'
con=33-7=2. H.5.94
Cach 2: n=C-3
Cla sf) lién két ndi dat tvong duong .
quy v€ lién ket loai 1. | 7;_ 75_ e
Vi du: Dam lién tuc trén hinh (H.5.9.5)
con=7-3=4. H.5.9.5

Trudng hop cho phép bo qua anh huong cia bién dang dan hoi doc truc va
tai trong chi tac dung vuong goc voi truc dam thi goi co6 dinh chi c6 hi¢u qua nhu
g01 di dong. Khi do6 bac siéu tinh dugc tinh bang biéu thirc:

n=Cgz+N
Ctg s6 gbi tua trung gian (khong ké hai gbi ngoai cung), khong can phan biét
1a gbi cd dinh hay di dong. \| .
N: s6 lién két ngam, khoéng cin phan b PN ’B_ T
biét 1a ngam trugt hay ngam.
Vi du: Dam lién tuc trén hinh (H.5.9.6) H.5.9.6

con=2+2=4
IL. Cach tinh dam lién tuc bang phwong phap phwong trinh ba mémen:
Bai toan dam lién tuc 1a mét truong hop ctua h¢ siéu tinh nén ta co thé van
dung phuong phap luc dé tinh toan. Tuy nhién, dé phuc vu cho viéc tinh toan duoc
nhanh chéng va don gian ta di cu thé hoa hé phuong trinh chinh tic ctia no.

Xét mot dim lién tuc hai dau khop gdm (n + 1) nhip, c6 d6 ctimg EJ khong
d6i trén timg nhip, chiu tac dung cua cac nguyén nhan tai trong, bién thién nhiét do,
chuyén vi cudng buc cua cac gdi tira (H.5.9.7).

1. H¢ co ban:

Chon hé¢ co ban bang cach loai bo cac lién két ngin can chuyen vi goc xoay
tuong d6i ctia hai tiét dién 2 bén gbi tua trung gian (thay thé lién két han bang lién
két khép (H.5.9.8)).

2. H¢ phuwong trinh chinh tic:

Xét phuong trinh 1 cua hé phuong trinh co ban

oM, +6,M,+..6, M, +o,M,+6, M, +..6,M, +A,+A,+A,=0

ii—1 i+l i+]
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i tiG+ i
-0ty 1 EL 2 M l i 1 li+1 ‘EJ n n+l H.5.9.7-
E é ti ,5—1< 75' 75—7- 75}' 7';' 7';- 7;-?<
QN‘ b1y Qﬁ bty NE‘
SRV D P T AR ' A N AN "N A " B
M M1 Mz Mz M11 Mi-l M1 M1 M1+1 M1+1 Mn Mn

N B~ S
N A 5T H5.9.10

(MH])

H.5.9.13

(M?)

H.5.9.14
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Phuong trinh nay biéu thi diéu kién goc xoay twong d6i cta 2 tiét dién & hai
bén goi tya thir 1 bang khong.

Ta biét 5, =5,,5,6 day la chuyén vi goc xoay twong d6i clia hai tiét dién
hai bén g6i tya tht k do riéng M;= 1 giy ra trén h¢ co ban. Mat khac, M; chi gay ra
bién dang trén nhip i va (i + 1) (H.5.9.9). Diéu d6 co6 nghia la:

8i1i»0:0iy 20, con 6, (k #(i-1),1,(1+1))=0
Thay vao phuong trinh trén:
o, M. +o,M,+6, M,  +A,+A, +A,=0.

ii—1 ii+1
3. Xac dinh cac hé s0 ciia hé phuong trinh chinh tic:
a. Xac dinh cac hé so chinh va phu:

1 1., 2 [

MM, L 1=

1(1 1) ( )( i— ]) EJ] 2 3 6EJ1

YRYEYi 1 1.7
61.1.:(M1,)(Mi):i_lzl+ 1 . lz+] 21: ll n lH_]
E}, 23 El, 23 3EJ 3K,

ll l

1
M i+l —.
1(1+]) ( )( 1+]) EJ B 3 6EJ1»+]
b. Xac dinh céc s6 hang tw d0.
- Do tdi trong: (Ap)

. b,
p=(M)M2)=— Lo Biqet g Dy
El, I EJ, !
o;: dién tich ciia (M2) trén nhip thir i, diu cia o; dugc lay theo dau cua
(M3).
a;, b; :khodng cach tu trong tam dién tich cua biéu d6 (M) dén goi tua trai
va phai cta nhip 1.
-Do bién thién nhiét do: (Ay)
Trén hé co ban khong ton tai luc doc nén:

i+l

LEJ, IEJ,,

i+l

wa, o,.b,,
+

i+1

o — .« 1, « 1.7,
A, = 2;(tz —1)QM;) = h_l.(tZi _t]i)T + Z(tz(m) _t](i+]))'T]
o Hé s6 dan né vi nhiét.
h;: chiéu cao thir dam & nhip thir 1.
- Do chuyén vi cuéng bire ciia cac goi tua: (A;y)

1 1 1 1 Z. -2 Z.-Z
A,=-2R.7Z =——-—Z2 +—2L +— 2L —2, , |=— -4 :
iZ Ji™j l i-1 l i i i+l l l

i i i+1 i+1 i i+1

Trong d6: Z; 1a d6 lun ctua géi tua thi i, theo biéu thuc thi Z; léiy dau duong
khi chuyén vi di xudng.
Thay tat ca cac h¢ s6 vao phuong trinh trén:

[, [. [. [, a,
— M+ ()M + M, L o
GEJ. 3EJ.  3EJ., 6EJ.., EJ. 1,
1 o,b, « [, « . Z .,-Z Z.-Z
+—— L (1, — ) —— () — L )+ — ~ t=0
EJ., I h (ty —1,) 2, ( 2(i+1) ](1+])) 5 l I

‘ Chon 1 Jo 1am chuan (thudng chon J ctia nhiéu nhip c¢6 J giéng nhau cua
dam). Va dat:

o o o o o e o A o A o o o
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1

A =1. j— goi la chiéu dai quy wdc cia nhip i.

Thay vao phuong trinh:

a. b,
MM 4200 + A M, 4 A M, + 60| 2%y PreaZi |
LJ. 1,J,,
o L, L, Z,-2, Z.-Z
+6EJ0|:h_(t2i _tlz) 5 h (t2(1+1) ](1+])) ]} 6EJ0{ li }H] }:0
Truong hop dam co tiét khong ddi trén toan nhip:J, =J, =... J,=J = const.
Lay Jo =J va thay vao ta dugc:

i

b
LM, +2(+1, )M, +1[, M, +6|:wla wl}l 1+]:|+
i i+1
a I, o I, Z . -Z Zl+ -7
+6EJ|:h_i (t21' _t]i)'E +E(t2(i+1) 1(1+1)) ] } 6E]{ ll, }m } =0

Cho 1= 1,7 ta dugc hé phuong trinh chinh tac

Giai hé phuong trinh chinh tdc s& xac dinh duge M, My, ..., M,).

4. V& cacbiéu do ndi luc:

- Vi biéu d6 mé men (M): mdi nhip cua dam ta da biét dugc momen udn tai
2 gbi tra. N6i 2 tung d6 nay bang 1 doan thang va treo biéu do (M )cua nhip tuong
ung vao.

Vi biéu do luc cit (Q), luc doc (N): V& nhu trong trudng hop tong quat
cua phuong phap luc.

Vi du: V& céac biéu dd noi luc cta hé trén hinh (H.5.9.15)

1. Bac siéu tinh:

n=CgtN=2+0=2

2. Tao hé co ban, déanh sb cac gdi tua, vé biéu d6 méomen do tai trong giy ra
trén h¢ co ban: (H.5.9.16 & H.5.9.17)

3. Viét cac phuong trinh ba moémencho cac gbi tua trung gian.

i=1: AIM0+2(AI+A’2)M1+A«2M2+6JO 0, a, 0)2192 -0
J, l,J, A

. b ]

=20 MM, 4200, + )M, + AM, +6J,| 2% D5 g
L7, LJ, |

4. Xac dinh céc dai lugng trong phuong trinh 3 mémen: My=M;=0
Chon Jy=17J, tinh A, =1, ? > A, =6m; A, =3m; A, =3m
o, zgl].f:§.9.6:36; a;=b;=3; o, :%'6:22,5;a2=b2=3

0)3—726—225 33—b3 3

Thay vao phuong trinh ba moémen:

o o o o o e o A o A o o o
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q=2T/m Pi=5T P.=5T
A B C 1 D
éj 2% 5 T = 2% 3 H.5.9.15
| on L om fm | m | m
M M M2 M:

0 Nz N2 3

q=2T/m

7939 H.5.9.18

A QT @

4,793 3,3 3,135 H.5.9.19
H(@Th\ S o & S @

7 1,865 (T)

H.5.9.20

1i=1 6.0+18M,+3M, +6J[ﬂ+ 22’5'3} =
6. 62J
2253 22,5.3}
6.2J 6.2J
{6M1 +M, =-4725 N {M, =-7,239<0
M, +4M, =225 M, =-3815<0
5. V&bieudongi lye:
a. Bi€u d6 mémen: treo biéu d6 (H.5.9.18)
b. Bi€u d6 lyc cat: suy ra tir biéu d6 moémen.

1=2  3M,+12M, +3.0+6J[

Trén doan AB: o" = =7,239-0 +%.2.6 =4,793
o ="12970 1,6 75
6 2

o o o i o e e v e e o A o A o o o
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Trén doan BE: 0" =0" = 1972 - (3 —7,939) =33
Trén doan EC: 0" =0" = w =-1,7
Trén doan CF: 0" =0" = 5,592 = (=3,815) =3,135
Trén doan FD: Q" =0" = @ = 1,864

Két qua thé hién trén hinh vé& (H.5.9.19)

c. Biéu dd lyc doc (N): trung voi dudng chuan.

* Cdc trwong hop khdc ciia dam lién tuc:

a. Dam lién tuc c6 thira: (H5.9.21)

- Phan dau thira 1 finh dinh q
nén c6 thé xac dinh va v€ biéu do l

n N , . R 0 n+1
noi luc bang cac phuong trinh céan pey
bang tinh hoc. 7-;- 7-;-
- Thuc hién gét bo dau | C | H.5.9.21 d
thira, dua tai trong V,é thanh cac P=qd
lyc tdp trung tai goi twa bién M =P.c P )
(H.5.9.22). C6 hai quan ni¢m vé /_1> <1\ M= (]d
moémen goi tua nay: .
+ Xem la ngoai lyc thi can % 7-;5-
ké n6 khi vé& biéu dd (M2) H.5.9.22 n+1
+ Xem 13 momen tai cac gdi twa trong phuong trinh 3 momen, thi ching 1a
M, va M;+;. Trong h¢ trén hinh (H.5.9.22) thi My, = -P.c va M,;;; = —% .
Pén day ta tro lai bai toan dam lién tyc 2 dau khép.
b. Dim lién tuc co ddu ngam:(H.5.9.23)
Thay ‘ thé ngam hodc 3 —.
ngam trugt bang mot nhip co6 do p ,_;S_ >
ctng EJ = o ¢6 chiéu dai tuy ¥ H.5.923
hodc chiéu dai bing khong va EJ, = EJ. . =0

dugc lién két v6i trai dat bang 0
s lién két twong duong voi g B ’5_ g En“‘l
ngam hodc ngam  truot.

(H.5.9.24) L=0 H.5.9.24 k1 =0

Sau khi thuc hién nhu
trén, ta dua dam vé thanh hai dau khop va tro lai bai todn da biét.

Vi du: V& biéu 6 mdomen cudn cua hé trén hinh vé& (H.5.9.25). Cho biét EJ =
1080T.m>; ¢ = 0,005radian; A; = 0,03m; A, = 0,02m; h,gy = 0,4m; hg; = 0,3m.

Pua hé vé hé trong dwong 2 dau khép nhu trén hinh vé& (H.5.9.26)
1. Bac siéu tinh:
n=Cu+tN=2+0=2 (tinh trén hé tuong duong)

o o o i o e e v e e o A o A o o o
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2. Tao hé co ban, danh sb cac géi tua, v& biéu dd (M3). Két qua trén hinh
(H5.9.27& HS5.9.28)

0 day ta xem M = -P.2 = -4 la mémen M trong phuong trinh 3 momen.

3.Viét phuong trinh 3 mémen cho cac gbi tya trung gian:

o7 20°C

¢ q= 1,2T/1’1’1 P,=2T
I 0|
1

H.5.9.25
A ]§J B A 40°C 2]ZEJ A

L 5 » 4

2m )I( 2m )I( 4m )I( 2m |
20°C
P:1=2T P.=2T
q=12T/m
o EJ=w l

s <”\ M =4T.m
8 3 ~1:"5' 10°C ﬂ H.5.9.26
L 1=0 | U 5 o S

M M M- M-
0 1 /, ~2 3 H.5.9.27
/,;5-\ %
=1,2T/m
l H.5.9.28
2.4
m @
5 (T.m)
2.4
5,752
4038 2,038 5 H.5.9.30
il @
® @
0,038 (T)
4,838
H.5.9.31

®
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)

AM, +2(0 +2,)M, + M, +6J {“"a‘

i=1
o / Z,-Z, Z -7,
+6Ejo[h_l(t2'_t”)'§l+h2( —1,). }+6E]{ ¢ } 0
coa2
M +2(A, + A )M, + A, M, +6J
i=2
Qa [ Qa Z -7, Z,-7
+6EJOL—2(t22 t)22+h (1 —t33)). }+6EJ{ ]lz 2+ 313 2}:0

O dau bai cho biét o =1,2.10°(°C~ sk, =0,3m ;5 hogy = 0,4m; EJ=1080T.m"

4. X4c dinh cac dai lugng trong phuong trinh 3 momen:
M0 = 0; M3 = -4; th; = 40°C; t;3 = 20°C
Zy=-0,0051, ; Z,=0,03; Z,=0,02; Z,=0
0=0; o, = %.2.4 =4a, =b, =2m; o, = %.4.2,4 =6,4;,a, =b, =2m
_ : Jo
Chon Jy=J, tinh A, = ll..J—
—> 7\,1 O 7\,2 4 7\,3
Thay vao:

1=1: 00+2(0+4)M,+4M, +6J[0+j;i}+

-0,005.1, —0 -
+6EJ[0+0]+6EJ{’ =0, 005 0}:0

1 4
— 8M, +4M, =-12-0,015EJ =-28,2
4.2 642}_

1

4J 42J

+6EJ{0 +i(40 _20)&} " 6EJ[0 -0,03 N 0,02—0,03} 0
0,4 2 4 4

— 4M, + 12M, =8 - 21,6 - 600EJ + 0,06E] = 43,424
{SM, +AM,y =282 {Ml — 6,401<0
AM, +12M, =43,424 "~ |M, =5752>0

5. V& biéu d6 noi lyc: o
a. Bi€u d6 mémen (M): treo bi€u do (H5.9.29)
b. Bi€u d6 luc cat, luc doc (H5.9.30 & H5.9.31)

II1. Tinh dim lién tuc bang phwong phap tiéu cr mémen:

* Muc dich: La di van dung khéo 1€éo phuong phép phuong trinh 3 mémen
dé tinh dam lién tyc nhiéu nhip chiju tai trong chi tac dung 1én 1 nhip ma khong phai
giai hé phuong trinh chinh tic. Néu truong hop tai trong tac dung Ién nhiéu nhip thi
co thé 4p dung nguyén 1y cong tac dung dé dua vé thanh téng cua nhiéu bai toan,
moi bai toan tai trong chi tac dung 1én 1 nhip.

Vi dy: Hé trén hinh (H.5.9.32) ¢6 thé phan tich thanh hai trudng hop nhu trén
hinh (H.5.9.33 & H.5.9.34)

o o o o o e o A o A o o o

1=2: 4M, +2(4+2)M, +2.(- 4)+6J[

2
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Véi dam lién tuc nhiéu nhip chiu tai trong tac dung 1én mdt nhip (Vi du dam
trén hinh (H.5.9.33) & H.5.9.34), ta co nhﬁfng nhan x¢&t sau:

1
1+ H.5.9.32

&,5-,5-,5-,3,,5-,5-,5-

’ a. Puong dan hodi (dudng dut nét) luon theo hinh séng trén nhitng nhip ké
tiép nhau.

b. Trén nhitng nhip khong chiu tai trong tac dung thi mémen ubn tai hai gdi
tira lién tiép ludn trai ddu nhau, momen uén tai gbc tua gan nhip chiu tai trong hon
s€ 0 gia tri tuyét d6i 16n hon. Trén nhimng nhip nay biéu d6 moémen udn 1a doan
thang cat dudng chuan tai 1 dlem goi 13 tiéu diém ménmen.

+ Nhimng tiéu diém nam bén trai nhip chiu tai trong goi 14 tiéu diém trai. Ky
hléu Fi.

+ Nhiing tiéu diém nam bén phai nhip chiu tai trong goi 1a tiéu diém phai. Ky
hléll F'i

O day i 1a chi s6 nhip thir i.

c. Ta dinh nghia: ty s6 duong va 16n hon don vi cua 2 momen ubn tai 2 gbi
tua lién tlep cua nhip khong chiu tai trong tac dung la ty s tiéu cu momen.

+ Dbi v6i nhip nam bén trai cta nhip chiu tai trong:

M, st b g .
k, = ————: go1 la ty so ti€u cu trai.
i—1
+ D61 vo1 nhip nam bén phai cia nhip chiu tai trong:
M ..
k',=——=-: goi la ty sO ti€u cu phai
Mi
D¢ thay néu biét dugc ty sO tiéu cy momen thi sé biét dugc vi tri cua tiéu
di€ém momen va nguoc lai.

d. Ta s& vé& dugc biéu d0 momen néu biét duoc 2 yéu td:

+ Momen udn tai 2 géi tua cua nhip chiu tai trong.

+ Céc ty sb tiéu cy momen.

1. X4c dinh ty so tiéu cu :

a. Ty s6 tiéu cwr trai: (k;)

Xét 2 nhip thtr i va (i-1) nam bén trai cla nhip chiu tai trong tdc dung. Viét
phuong trinh 3 mémen cho gbi (i-1):

Ay M, +200  +AIM,_ + .M, =0
(Ai.1p = 0 do trén cac nhip nay khong chiu tai trong tdc dung)
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Chia 2 vé cua phuong trinh cho M;; ta duogc:
M, M,

A, i=
i-1 i-1
Mat khac: &, = —ﬂ,ki_, _ M,
Mi—] Mi—2
Thay vao, rat gon ta dugc:
k, _2+/l 2+L (5-27)
A’i kl 1
Cong thirc (5-12) ¢6 tinh truy hoi nghia 1a c6 thé xac dinh dugc k; néu biét
duoc k;
+ Néu gbi tua diu tién 1a khép: (H.5.9.35) m@ﬁ}
2 H.5.9.35
+ Néu g01 tira dau tién 14 ngam: (H.5.9.36)
Pua vé hé twong duong co gbi twa dau tién 1a M, M
1

khép (H.5.9.37), ta c6 ko = . Tir cong thitc (5-12) ta 1159 36§ .

tinh duoc: S Sl

A 1
=24+ 92— Mo
k] + l] |: O:| W Ml
S
SRR > 4
A, o0 =0

b. Ty s6 tiéu cw phai: (k') H.5.9.37
Tuong tu, ta thiét 1ap dugc:

po—os e L (508

A’i k'i+]

Cong thirc truy hoi (5-13) dugc xac dinh theo chi s tiéu cu phai cta nhip
cudi cung;

+ Néu g01 tua cu01 cung la khép: k'y =00

+ Néu g01 tua cudi cung la ngam k' =2

2. X4c dinh mdémen udn tai 2 gbi twa céia nhip chiu tai trong tic dung:
Gia su tai trong tac dung Ién nhip thr i, mémen can xac dinh 1a M;;, M..
Bang cach phan tich phuong trinh 3 momen cho 2 gdi tua thiri va (i - 1) ta dugc két
qua:
_6Jyo, bk'i—a, 6w, bk'

.—da.
M, = e Bt il Ml 5-29
SV A Y O N S | (5-29)

1 1 1

M __6J,0, ak b :_6? ak —b (5-30)
1A, kK, -1 1P kK-
Chu y:
- Néu tai trong tac dung 1én nhip dau tién va gbi twa dau tién 1a khép:
6w, ak,—b 6w, ax-b 6w, a
I kk,-1 12 Twk',-1 12k

1

MOZO; M]:—
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- Néu tai trong tac dung 1én nhip cudi cung va gbi tuwa cudi cung 1a khép:
(k'n+] = OO)

'
M :O M __6a)n+] bn+]kn+]_an+] __6a)n+] bn+]
e T S T
n+l n+1" n+l n+l n+l

3. V& biéu do ndi luec:

a. Biéu d0 mdémen:

- Trén nhip chiu tai trong tac dung: dung tung d6 cua 2 gdi twa clia nhip va
treo biéu d6 (M o) vao.

- Bén trai ctia nhip chiu tai trong: 1a nhimg doan thang ké tiép qua tung do tai
cac géi tra duoc xac dinh:

i

i-1
ki
- Nhitng nhip bén phai cta nhip chiu tai trong: 1a nhiing doan thang ké tiép
qua tung do tai cac goi tya dugc xac dinh:
M, =M
i k'l-

b. Bi€u do luc cat: Dugc v€ bang cach suy ra tur biéu d6 momen.
c. Biéu do luc doc: Thuong trung voi duong chuan.

Vi dy: V& biéu do ndi luc caa hé cho trén hinh (H.5.9.38)

1. Tao hé co ban danh sb céc géi tua, v& biéu dd (M3), xac dinh cac dai
lugng:

MW =03 =0y =0

2 2 32

0, =—Ilf =—44=—

23 4 3 3

, J

Chon Jy=1J, tinh A, = li'T

—> A =3m; A, =2m; A3 = Ay =3m.
2. Xac dinh céc ty s0 tiéu cy momen:

a. Ty s0 tiéu cu trai:

k, :2+£ 2—L
A ki—]

Thay k; = co va tinh truy hdi:
1 2 1
k, :2+§[2——}:5;k3 :2+—[2——}:3,2;k4 :2+3 2—L =3,68
2 3 5 3 3,2

o0

2

b. Ty s6 tiéu cu phai:

k' = 2+£ 2 b
A’ k'i+]

Thay k'; = oo va tinh truy hoi:

i

1 2 1
k'3:2+E 2—— =4k, =2+—-12—— :4,625;k']:2+g 2- ! = 3,498
3 00 3 4 3 4,625

3. X4c dinh mémen udn tai 2 géi tua cua nhip chiu tai trong:

o o o o o e o A o A o o o
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M, = 602)2 bok'ymay 6.232 24625-2 o,
2 kk,-1  4°375.4,625-1
M, :_602)2 ak, = b, :_6.232_ 25-2 446
2 kk',-1  4°375.4,625-1
4. V& céac biéu dd noi luc:
a. Biéu d6 mémen: Két qua trén hinh (H.5.9.40)
b. Biéu db lyc cit: Suy ra tir (M). (H.5.9.41).
c. Biéu dd luc doc: Trung v6i1 duong chuén.
q=2T/m

A B C D E
H.5.9.38

T T T -

A J

3m )I( 4m )I( 3m

~—

q=2T/m

H.5.9.39

4
£ % 2% e 2

H.5.9.40

(T.m)

H.5.9.41

(T)

H.5.9.42
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§10. TINH DAM LIEN TUC TAI DPAT TREN CAC
GOI TU'A PAN HOI

I. Khai niém: 13 nhitng dam lién tyc dat trén cac géi tua co kha ndng chuyén
Vl theo phuong vuong g(’)c‘ vO1 truc dém nhu cot c¢6 chiéu dai hiru han hé dam d6
dam dang xét (H.5.10.2), dam trén cac gbi phao (H.5.10.3)...

H.5.10.1

H.5.10.3 GOI PHAO H.5.10.2

Goi k; 1a h¢ sd dan hoi coa gbi twa thiri. V& y nghia, k; la chuyén vi coa g01
tira thr i khi gdi chiu luc doc bang don vi. Vi du, hé sé dan hdi cta cot th i co tiét

dién F;, chiéu cao d; s& 1a k; = % Vay néu phan lyc tai g61 tra thur 1 1a R; thi
chuyén vi tai gdi tira ndy 1a k;R;. Ta biéu thi cac gdi tua bang cac 10 xo véi hé s6 k.

I11. Phwong trinh nAm momen:

1. H¢ co ban:

Khong mét tinh tong quat, ta xét cac nhip th (i-2), (1-1),1, 1+ 1), (1 +2)
ctia mot dam lién tyc dat trén cac gbc twa dan hdi nhu trén hinh (H.5.10.4). Tuong
tir bai toan dam lién tuc, tao h¢ co ban bang cach loai bo lién két ngan can chuyen vi
gbc xoay tuong ddi cua 2 tiét dién 2 bén gbi tya trung gian (thay han bang khép)
(H.5.10.6)

2. H¢ phuong trinh chinh tac:

Xét phuong trinh thtr 1 ciia hé phuong trinh chinh tac:

oM, +6,M,+..6,M, +A,=0

Nhan xét rang: 8, =8,.;5,,1a chuyén vi goc xoay twong dbi ctia 2 tiét dién &
2 bén gc‘)i’tua thr k do M; = 1 gy ra. V&1 cach chon hé co ban nhu trén thi M; chi
gay ra bien dang tai nhip tha (i - 1), i, (i + 1), (i +2) (H.5.10.9) va chi gy ra
chuyén vi goc xoay tai cac goitua (i-2), (1-1),1, 1+ 1), 1+ 2). Dieunay coy
nghia 8,),01)>0:>8 s> Opiany % 00ON céc he 88 Sy (k#i-2,i-1,i,i+1)=0.

Vay ta viét phuong trinh tht i:

61’(1’ Z)Mi 2 +6i(1’ ])Mi 1 +6"M' +61’(1’+])M1+] +61(1+2)Mi +AiP =0

Phuong trinh nay g01 la phuong trinh ndm momen.

3. Xac dinh cac hé s0 ciia hé phuong trinh chmh tic:

Céc hé sd nay ngoai anh huong cua bién dang udn con phai ké dén bién dang
doc tryc trong cac gbi tua dan hdi.

61’/{ = (Mz )(Mk)+ szi ']mG
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[®] [©]
. . < 7 | HS5.104
= = = =

;; —\ — — — ;; —

1 i+1 l l i+2
H.5.10.5

1-2 l i-1
g_ ki g_ Ki-1 éki g_ Ki+1 é ki

Miz: M2 Mt Mia Mi M Misi Min Miz  Min

__97%/\' ‘/é-/\' ‘J\é—/\' ‘/é; ‘) ~ _ HS5.106

Mix=1 H.5.10.7

O

I T

H.5.10.8

1 1
1/1i1 IT 1/1i 11 lfl/li T’rl/li

1

1
1/1i-2 7~l lf 1/l

1/
Mii=1

H.5.10.9
(M)

1 1
l/li‘LT l/lill 1] 1/1in1 T)’ 1/li+1

7 ~ 7 H.5.10.10

o G o Citl
Rie Ri Ri Rit Rin
ai )L bi ai+i )l( bi+1

Trong d6: (M, )(M,) 1an luot 1a bidu'dd mémen ubn do M; =1, My = 1 tac
dung 1én hé co ban gay ra.
N, .N . lan lugt1a luc doc (phan lyc) trong gdi tua thir m do M; = 1 va M,

=1 tdc dung 1én hé co ban gay ra.
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d, k,
B = 0+ (7)o = L
- 1— 1 EF]] l l
l. d,, 1 1. d.
S, =——+(—+—)(~—— F(—+—)(—>).—=
Y 6El (4_, )( 1-) EE] (ll- AR
Ik k, 1
T 6E). (zl._, ) I, ( I, 1 i
[, [, d,, 1 1 d, 1 1 .
S, =——+—" 4 (—)(—— +—) = () (——).
' 3EJ1 3EJ1+] ( )( ) EF1] (lz li+]) EF ( li+] )( li+]) EFi+]
[, [, k
=——+ =K —+— k,+(—)"k,,
3EJ1 3E‘Ji+] 12 (lz lz+] ) ( 1+] )
Thay chi sb i trong hé s6 i) bang (i—l) ta s€ duoc o, .
[, k, 1 ki 1 1
61(1+]) a _(_ _) ] (_+_)
6EJ1+] li+] li li+] li+] li+] li+2
Thay chi s6 i = (i + 2) trong hé s6 0,4 tas€dugc 6.,
ki+
6i(i+2) :l l]
i+17i+2
S6 hang tir do cia hé phuong trinh chinh tic:
AL \(AS° INEE NAY dm
Ap :(Mi)(MP)+szi'NmP'

(M) 1a biéu d6 mdémen udn do tai trong gay ra trén hé co ban.

(N!):lyc doc (phan lyc) trong géi tya m do P gy ra trén hé co ban.

wa, ,b

= i+17i+1 _ R
iP IEJ lH_]EJ ( )( i— ]) EF] ]
F IR ) £ (T HR )
1 li+] EF lz+] o EF1+]
Dl | i + ki R, —(ll+i).kiRl. +E.Ri+,

AiP:
ll.EJi [ EJ.., /

i+l i i i+l i+1

Céc dai lugng o;, a;, bjco y nghTa nhu trong phan phuong trinh 3 momen.

Thay céc hé s6 ta dugc phuong trinh 5 mémen dudi dang khai trién.
Trong truong hop dam c6 do cung EJ = const, chiéu dai cac nhip bang nhau
(bang 1), cac gbi twa co hé sé dan hoi 1a nhu nhau thi phuong trinh 5 mémen c6

dang:
M, , +(1—-4o)M,  +(4+6a)M, +(1-4a)M,, +

+aM +l6 (w,a, +o

i+2

)+al(R_, —2R, +R,)=0

i+1 1+]

6E]

12

k

Trong do: a =

Sau khi thiét 1ap va giai hé thong phuong trinh 5 mémen, ta s& xac dinh va vé

biéu dd nodi lyc nhu di trinh bay trong phan dam lién tuc.
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§11. TINH HE SIEU TINH CHIU TAI TRONG DI PONG

) I. Puong anh huwéng co ban: la duong anh huong cua cac an X, 1a cac an
sO thay thé cho cac 1ién két bi loai bé khi tao hé co ban.

1. HE co ban: ’ L o

Tao hé co ban bang cach loai bo cac lién ket thira va thay the bang cac an s6
Xy nhu trong phan hé co ban cia phuong phap lyuc.

2. Hé phwong trinh chinh tic:

D¢ v€ duong anh huong ta gia thiét trén cong trinh chi c6 1 lyc P =1 di dong
theo 1 toa do z. Luc nay bang don vi va duy nhat tac dung nén s6 hang tu do chi con
Agp va dugc thay bang dyp. Do do, h¢ phuong trinh chinh tac c6 dang:

0,X,+0,X,+..0,X, +6,,=0
0, X, +0,X,+..6,, X, +0,, =0
6,X +6,X,+..9,X,+0,,=0

3. X4c dinh cac hé sé ciia hé phwong trinh chinh tic:

a. H¢ so chinh va phu: (&y,).

Oxm khong phu thude vao lyc P =1 di dong va dugc xac dinh nhu hé chiu tai
trong bat dong: 5, = (M )(M,).

b. S6 hang tu do: (5yp)

Oxp do P =1 dong gay ra nén s thay doi theo toa do chay z cua luc P di
dong. Khi xac dinh oyp ta nén chia phiéu truong hop cua lyc P =1 di dong voi moi
truong hop P di dong trén mdt phan tir thude h¢. V&i moi truong hop ta vé duoce
mdt "dang "ctua (M ;).

S = (M )M7)

4. Giai h¢ phuong trinh chinh tic: i

Str dung phuong phap hé s6 anh hudéng. Trong phuong trinh nay cac an Xy
duoc biéu dién qua cac s6 hang tu do (8p) va hé so anh huong:

X, =B1161p + B126,p +---ﬁ1n5nP
X, =By6,p +P05p + "'ﬁannP

Xn = ﬁnlglP + ﬁn262P + "'ﬁnngnP
Trong do6 PBi: 1a hé s6 anh huong, dugc xac dinh theo cong thirc sau:

, D.
ﬁik — (_1)1+ki] _1k

D
D 1a dinh thirc ctia hé s chinh va phu cta hé phuong trinh chinh tic:
0,,0,,..0,,
b 3020,
6,0,.90,,

Dy 1a dinh thuc dugc suy ra tir dinh thiec D béng cach loai bdé hang thir 1 cot
thir k (hoac hang k cot 1)
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Sau khi xac dinh dugc Xy (1a ham theo toa do chay z ciia P =1 di dong ), cho
z bién thién sé v€ duoc d.a.h.X,.

II. Puwong anh hwéng phan lwe, ndi lue, chuyén vi:
Sau khi tim dugc cac duong anh huong co ban, ap dung nguyén ly cong tac
dung ta c6 thé v& dudng anh hudng cua dai luong S (ndi luc, phan luc, chuyén vi...)
theo biéu thirc sau:
d.a.h.S= S .(d.a.h. X)) +8S,.(d.ahX;y) +..S .(dahX,) +dahS® (5-31)
Trong d6: S, 1a gia tri ctia S do riéng X, = 1 giy ra trén hé co ban.
d.a.h.Xy: 1a cac anh huong co ban.
d.a.h.S°: dudng anh hudng cia S trén hé co ban. Néu hé co ban chon 1a
tinh dinh thi d.a.h.S° dugc v& nhu trong phan co hoc két cau L
* Chu y: Do phuong trinh duong anh hudng S(z) 1a ham béc cao theo z nén
trong cach v& thuc hanh ngudi ta st dung phuwong phap diém chia va lap thanh bang
tinh. C6 thé tham khao noi dung cta bang (B.5.11.1) bén dudi.
B.5.11.1 Bang tinh d.a.h.S trong h¢ siéu tinh

Diém z dahX, | dahX, dahX, | dahs$S° | dah.S

Vi du: V& dudng anh hudéng mémen udn tai tiét dién k cua hé trén hinh vé
(H.5.11.1). Cho EJ trong cac thanh bang hing s trén toan hé.

1. V€ dudng anh hudng co ban:
a. Bac siéu tinh:

n=3V-K=33-7=2
b. hé¢ co ban va hé phuong trinh chinh tac:
- Hé co ban: (H.5.11.2)
- Hé phuong trinh chinh téc:

6, X, +6,X,+6,, =0

{62]X1 +6,X,+0,, =0
c. Xéc dinh cac hé sé cta hé phuong trinh chinh tic:
- Hé s6 chinh va phu 8:

1 1.3 2 2
= (—. =2 ZDn2==
! (EJ 2°3 ) EJ
1 131 1
0,=0,=—.—.—.1l=—
E] 2 3 2F]
2
22:E_J(:511)

- Xéc dinh s6 hang tu do Oyp:

Chia dudng xe chay ra 1am ba doan (phan tir) AB, BC, CD. Ung véi mdi
phan tir ta chon gdc toa do tai dau trai. Ung vi mdi phan tir, ta v& duoc (M %) tuong
ung (H.5.11.5— H.5.11.7)

+ Khi P = 1di dong trén AB (z<[0;3])

(M) M) = 1 z(3- Z). 1 .lM:L.Z(9—22)
El" 3 23 3 EJ 18
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H.5.11.3
(M)

HS5.11.4
(M>)

H.5.11.5
(Mp)

H.5.11.6
(Mp,)

H.5.11.7
(M)

H.5.11.8
dahM;

H.5.11.9
d.a.h.Mk

8yp = (MZ)(M;]) =0
+ Khi P = 1di dong trén BC (z<[0;3])

1 z3-2) 3 (23-2) :L z(3-z)(6—-2)

— 11
S =(M)YMS,)=—. 3.—.— .
v = (M) (M) El" 3 2°3 3 EJ 18
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1 z(9-2%)

ElT 18

+ Khi P = 1di dong trén CD (z<[0;3])
=(M )M },)=0

=(M,)(M},) =

- (T, = ZE= 20022

d. Giai hé phuong trinh chlnh tac:
{X] = ﬁ1161P + ﬁ]262P
Xz = ﬁ2]6]P + ﬁ2262P

, D.
ﬁik — (_1)1+ki] _1k

D
2z
poPn Oo|_|E1 2E]_ 15
62] 622 L i 4(EJ)2
2E] EJ
15 8EJ
B =(1)"— -
EJ 4(EJ) 15
1 15 2E]
=(=D*. / =
P =1 2E] 4(ED* 15
2E]
By =B _F
15 8EJ
B =(-1)— -
R AED? 15
Thay vao phuong trinh:
+ Khi P = 1di dong trén AB (z<[0;3])
_ 52
x, =S L2020 2B 1 -2
15 EJ 18 15 33,75
2_2EJ 1 z(9- Z) 8EJ 2(9-2%)
15 EI 18 15 °

+ Khi P =1 di dong trén BC (z<[0; 3])
C8E] 1 z(3—-z)(6- Z) 2E] 1 z(9-z )
15 EI 18 15 EI" 18

1

1 1
= zB3-2)(6-2)+—z(9-z>
33,75 2@ A= D)+20-20)
_2E] 1 z3-z)(6-z) 8EJ 1 z2(9-z%)
> 15 EJ 18 15 "EJ 18
1 1
= z3-z)(6-2)— z(9-2°
13570702 7020 -2
+ Khi P =1 di dong trén CD (z€[0;3])
X]:_SEJ.O 2E] 1 z3-2)(6-2) _ 1_2(3_2)(6_2)
15 15 "EJ 18 135
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Cho z bién thién trén timg doan ta c6 thé v& dugc cic dudng anh hudng co

ban.

X

COHOQC KET CAUII
:2EJ0_8EJLZ(3—Z)(6—Z):_ 1
157 15 EY 18 33,75

2. Pudng anh huéng mémen uén tai k:
da.h. M =M, (d.a.hX))+M,,(d.ahX,)+d.ah M;
d.a.h. M dugc vé trén hinh (H.5.11.8)

Ta lap bang tinh toan: Chia duong xe chay ra lam 12 doan, mdi doan dai

1

Mk] - g;Mu:O

z(3-2z)(6-2)

Page 55

0,75m.

Phantir z(m) |d.ahX;| d.ahX; [ M,,dahX; | M,,dahX;| dah M |dahM
R 0__|_. L L R O ___]._. O___f._ ! 0 __
| 0,75_|.-0,187 | 0,047 | _-0,063 | __¢ 0 ___|._. 0.75__]_0,687

AB | 15 | -03 | 0,075 | __ 01 ]S 0O ___|__ 075 1065 _
| 2,25| 0,263 | 0,066 | _-0,088 | __( 0 ___]._. 0,375 _ | 0,287

3 0 0 0 0 0 0
O R O 0 0| 0| 0 __
0,75 (0,216 [ 20,122 1720072 [ " 0] O X

BC | 15 0225 [ 0225 | 720075 [ "7 0] 0___]-0,075

(2,25 (0,122, 20216 ]~ 20,041 [~ 0] 0. "] -0041°

3 0 0 0 0 0 0
o[ o [0 ] R 0. 0| 0__
0,75 0,066 | -0,187 ]~ 0,022 ~ [~ 0] 0~ _]o0022”
cp [ 15710075 [ 03 ] 0,025 [T 0] 0~ _]70025°
2,25 [ 0,047 [ 20263 ]~ 0,006 _ [~ 0] 0___]-0016"

3 0 0 0 0 0 0
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Bang 5.12. Bang tinh d.a.h co' ban va d.a.h.My
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§12. BIEU PO BAO NQI LUC

Theo thot gian tac dung Ién cong trinh, tai trong dugc chia thanh 2 loai:

+ Tai trong lau dai: Noi luc do né gy ra khong doi.

+ Tai trong tam thoi: Noi lyc do n6 gy ra s€ thay doi.

Tai trong tac dung Ién cong trinh gom 2 loai trén nén ndi lyc s¢ thay do6i
trong sudt qua trinh ton tai ctia cong trinh. Do do, khi thiét ke can phai xac dinh cac
gia tri dai s6 16n nhét va nho nhat ctia ndi luc tai tat ca céc tiét dién ctia hé. Néu biéu
dién no 1én trén mot dd thi s& duoc biéu dd goi 13 biéu dd bao ndi luc.

I. Pinh nghia biéu dd bao ndi luc:

Biéu d6 bao ndi luc 12 biéu dd ma mdi tung d6 cua nd biéu thi gia trj dai s6
ctia nodi luc 16n nhit hodc nho nhét do tai trong lau dai va tai trong tam thoi cé thé
c6 gdy ra tai tiét dién twong ng.

I1. Cach thuc hién:

Dé don gian, ta xem tai trong tam thoi tic dung dong thoi 1én tirng nhip cta
hé va tién hanh cac budc sau:

Buée 1: V& biéu do ndi luc do tai trong 1au dai tic dung 1én toan hé giy ra
(Sw) ‘ .

Buoc 2: Lan lugt vé cac biéu do ndi luc do tai trong tam thoi gdy ra sao cho
moi truong hop tai trong tam thoi chi tdc dung 1én mot nhip cua h¢ (Sy)

Bude 3: VE biéu dd bao noi luc bﬁng cach xac dinh tung d6 16n nhét (nho
nhat) tai cac tiét dién cua hé. Biéu thirc xac dinh c¢6 thé duge viét:

Sk =8k +ESEH+)
Snin = Sia + 25, ()

k' chi tiét dién xac dinh tung d6 biéu do bao.

SE(+), =Sk(-): liy tong cac truong hop ndi luc tai k do tai trong tam thoi

giy ra mang ddu duong hay am.
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