e Tap hop cdc chit diém trén mat cit vuong géc voi truc thanh la hinh
phing rén tuyét doi, cu thé hon la cdc bén kinh cha mat cit ngang ludn luén
thing, c6 do dai khong ddi va 1am thanh nhitng goéc khong d6i trong qué trinh
bién dang.

2. Ung suat va bién dang

Theo cdc gia thiét ndi trén thi cdc mat ¢t ngang cia thanh (hinh 10-2) chi
¢6 bién dang trugt. Khi d6 bén kinh p tai diém C cia mat cdt bi xoay di mot géc
de, diém C trén mit cét rdi t6i vi trf Cy. Do do trén mat cit ngang (vudng goéc
v6i truc z) chi ¢6 ting sust tiép T, (mg sudt nay vuong goc voi ban kinh p tai C.

Goi v, va T, 12 gbe trugt (do trugt tuong d61), tmg sudt trugt tai di€m C
(ting véi ban kinh p), de 1a gée xodn tuong ddi gidta hai mat cat chi edch nhau
mot doan dz. Ta thdy (hinh 10-2¢):

CC, _ pdo
=1 = — = — a
Yp = 1&Yp DC qz (a)
Theo dinh luat Hdc vé trugt thi quan hé t = f(y) la:
do
1,=Gy,= G— b
o Yo 4z p (b)
Khi thu gon he tng suft {t,} vé tam mat cat ta dugc:
Jpr,dF =M, (c)
F

K& dén (b) thi cong thic (c) trd thanh:

dp r 2. _ ~do o _
Gajp dF-GE;JP—Mz (d)
F
"Tir (d) ta c6 géc xodn ty d&i 6 nhu sau:
M
g= (;—qz) = G_.TZ (10-3)

p

Jp = IpzdF trong (d) va (10-3) duge goi la mémen quén tinh doc cuc cua
F

mit cit ngang.

P4y 1a phuong trinh vi phan theo chuyén vi géc xoén ¢(z).
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Khi thay (10-3) vao (b) ta dugc cong thifc tinh Ung sudt tiép tai mot diém C
bat ky trén mat cat ngang:

= —Lp (10-4)

Cong thite (10-4) cho ta thdy tng suét 1i€p phan b6 theo quy luat bac nhat
doc theo ban kinh p. Khi p = R, (g suét cé gia tri 1n nhat:

M M

Tmax = Jz = W’ (10-5)
) p
R

trong do:
R - ban kinh mit cit ngang cha thanh;
- J/R - momen chéng xodn cha mit cit ngang clia thanh (don vi I3 m?‘).

IIL. CHUYEN VI, NOI LUC VA PHUGNG PHAP XAC PINH CHUNG

1. Céac quan hé co ban giita chuyén vi, ndi lyc va tai trong ngoai

Ta hiay khao sdt diéu kién cén bing clia mo6t doan thanh cé chidu dai dz
(hinh 10-3a,b). K€t qua coa viéc khao sdt cin bing va cdc dao hiam lién tiép sau
do cho ta quan hé (10-6). Bang cich dao ham lién ti€p theo z hai vé€ phuong
trinh (10-3) ta nhan duoe quan hé (10-7)

do M,
"AM, = ]f\fI“l E G.J
ipi
2
L (10-6) de _ m,() (10-7)
dz ' dz? Gl
anz _ (1) dn(p _ {n—Z)( )
— e m @ " =
dz dz _ G;J

Y pi

w7

_a.,m,,)/ X
MU|>0

M, + AM,>0

Hinh 10-3
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2. Phuong trinh van nang cha goc Xx0an ¢,(z) va moémen
ndi lyc M (2)

Céc guan hé (10-6) va {10-7} hoan toan tuong ty todn hoc nhu cdc quan hé
(9-3) va (9-4) trong bai todn kéo (nén). Vi thé thay cho E;F, U, N;, P 92)
ciia bai todn kéo (nén), ta phai 14y tuong Ung la Gijpi, Pipe Mipe My, m(z). Tuong
ty cdc phép bién déi da lam trong bai todn kéo (nén), trong truong hop nay khi
quy udc dau duong ¢clia ngoai lye xodn M; va m,(z) nhy hinh 10-4 va do sy

trong ty ndi trén trcong thife (9-10) dén (9-14) ta ¢d:

* m;{z) > 0

z
4
Hinh 10-4
2.1. Dang ma tran
(5.2} = [Bal 1By} [BiRALSo T+t IB,|.A!Son} (10-8)
(S5 (a) ) = (B [Brcyl o B LASI) 4% B A[Sel (109

Khi f, = const va Gyl = const vt Vi, cdc quan hé (10-8) va (10-9) c6 dang:
1S.(2)} = Byl B A Sy ]+ + Bl ALS
n*( )} ] nl t* nl { tH L n] {!n} (10_10)
(Sha} =B ASy )+t |B,1-A(Soat
Trong cdc cong thic ten day [Bjl, {Si(z)}. A{Sp,} 1an luot 1a:

AlSut = (B0 My » Amgi(z), Am’ni(2), Amyi(2), .y (10-11)
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IlBi] ~ i pi itpi i pi (10-12)
0 o o P>

(S(n)) = 1S = J[‘b"”‘)} (10-13)
M,(z)

2.2. Dang biéu dién tong

S .0 ¢ 9
a) @ (2) = AD: +M-—'—+Am-—1'—+Am'-—'—+--- 10-14
1) QolZ) Z{ Poido Di al, Uy 0i G, } ( )

i= P
b) My(z) = Z(M;H‘bn + Amgiy + Am'g ¢y + Amids + - )
i

v6i 1 = const va Gl = const, 7.

1v. prEU KIEN BEN - PIEU KIEN CUNG

1. Pidu kién bén - Ba bai toan thudng gap

Tuong tu két qua (9-17), (9-18), {9-19) dgi véi bai todn kéo (nén), trong
truding hop bai todn xodn ta co ba bai todn sau day:

a) Bai toan kiém tra diéu kién bén:
MZ

W

< 1] (10-15)

Tmux

Trong (10-15), {1} dugc goi Ja tng suat ti€p cho phép.
h) Bai todn thiét ké

M F3
W,z —— (10-16)
[t

M,
D=3 : (10-16a)
02110l = n*)

trong déon = D' d va D 1a dutimg kinb trong va ngoal cua mat cit, n =0 ung vii

Cu thé hon:

thanth ¢6 mat cdt tron dac.



c) Bai todn chon tdi trong cho phép
M, £ W] (10-17)
Mémen xodn noi luc M, trong (10-17) 12 ham xic dinh theo tai trong
ngoai.
2. Piéu kign ciing - Ba bai toan thudng gap

Néu goi [6] v (@] 1a gbc xodn ty doi va gdc xoin tuyét d&i cho phép ciia
thanh thi tuong tu thanh chiu kéo (nén) ta c6 ba bai todn sau day theo diéu kién
cuing:

a) Bai toan kiém tra diéu kién cung

Opax S [B] VA& Q@ = [p] (1C-18)

b) Bai todan thiér ké

M
J oz —= 10-19
P Glel ( )
= 4 MZ
Cu thé hon: Dz 2 (10-20)
' 0,1[8]1.(1-n")G

c) Bai todan chon 1di trong cho phép

M, = f(P) < GJ,[0] (10-21)

V. XOAN THANH MAT CAT NGANG KHONG TRON

1. Thanh mit cat ngang chir nhat <1

D6i véi cdc thanh c6 mat cdt ngang 2

khong tron, sau khi bi xodn cdc mat cét
khong cdon phéng nita ma bi venh di.
Nhitng nghién ctu sau hon cha co hoc vit
rin bign dang cho thdy trén mit cat

——

ngang chia thanh cling chi c6 Ung sudt

ti€p. DSi v6i thanh mat cat ngang chl

«— 3

nhat, luat phan b6 ing sudt ti€p dugc
biéu dién trén hinh 10-5. Hinh 10-5
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Ung suit & cdc diém bién clia ma cat phan bd khong déu doc theo chidu
dai clia cdc canh. Diém gitta ctia canh dai ¢ fing sudt ién nhit T, Cu thé 1a:

- Ung su4t ti€p 1on nhat trén canh dai:

Ty = Tmax = ;[l:? (10-22)
- Ung sudt ti€p 10n nhat trén canh ngan:
= 7T, (10-23)
- Géc xoin tuong ddi:
0= M, S (10-24)
G.Bab’

Céc hé s6 o, 7, B phu thude vao ty 56 a/b va dugc cho trong bang 10-1.

Bang 10-1

alb 1 1,5 | 1,75 2 2,5 3 4 6 8 10 o

0.208 | 0,231 | 0,239 { 0,246 | 0,258 0,267 | 0,282 | 0,299 | 0,307 | 0,313 ] 0,333
B | 1,141 0,196 | 0,214 | 0229 0,249 10,263 | 0,281 | 0,299 | 0,307 [ 0,313 0,333
y | 1,000 | 0,859 | 0,820 | 0,795 0,766 | 0,753 | 0,745 | 0,743 | 0,742} 0.742 0,742

5. {oAn thanh thanh mong

Trong k¥ thut (nhat 1 k¥ thuat hang khong, k¥ thuat déng tdu) ngudi ta
thutng dung thanh thanh mong. Ly thuyét thanh thanh mong (vi du clia Vlaxov)
cung cp cho ta ddy di nhdt cich x4c dinh su ing x{r cha cic loai thanh nay dsi
véi nhitng vat liéu khac nhau.

a) Thanh cé thanh mong kin (hinh 10-6a)

Khi bi xodn, trén mat cat ngang ciia thanh chi ¢é tng sudt ti€p phan bs déu
theo chiéu day cna thanh. Ung suat tai mot diém bt k¥ A cha thanh duge cho bi:
— M Z

IF b,

trong d6: b, - chiéu day cba thanh tal A;

Ta (10-25)

F - dién tich gi6i han bdi dudng tam cha thanh (con goi 1a dudng chu
vi trung gian S cta thanh).
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Géc xodn ty dsi c6 cong thic:
M ds
0= —4 9 — (10-26)
AGF™ § b
trong do:

C_f - tich phan theo duong cong kin S.
S

b) Thanh cé thanh mong ho

Gia slr mat cat ngang cua thaph gém nhiéu chi nhat manh ghép lai (hinb
10-6b). Ky hiéu a;, b; la bé dai va bé rong cta dai chir nhat thif i. Ung sudt tiép
19n nhat tai diém gifra canb a; duge tinh theo cong thic:

M
Tmax = ']szi (10-27)

A

PR

trong do:

m!»--

z (10-28) / gian a; &

--F, s

1 - he 56 dién chinh duge cho o3 -
trong bang 10-2. b)
Hinh 10-6
Bang 10-2.
M3t ¢ét ngang n
L 1,00
L 1,20
T 115
C 1,12
Géc xo4n 1y 81 o cong thire:
M
= —% (10-29)
Gl

Néu mat cat ngang 12 mot dai cong thi khi tinh ting suat va géc xodn ty doi
duoc coi nhu mot dai chit nhat ¢é chidu dai bang chu vi.
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VI. CAC Vi DU AP DUNG

Vidul:

Cho mot truc chiu xoan nhy hinh 10-7a. Hiy x4c dinh dudng kinh d cua
truc, néu [t} cua vat liéu truc 1a 2000 Nfcm

Giai:

Tir bidu dé momen xoan noi luc, xéc dinh biang phuong p
ho thay mit cat nguy hi€m thudée doan AB

hdp mat cit hodc

van nang duge cho trén hinh 10.7b, ¢
cé6 M, = 200 Nm.

M’ =200 Nm szmimm
N Vevuvsva¥aL arn”
a) / 200 N /m{ﬁn
HH 2l 11
@ \u LN 100
Hinh 10-7

Theo cong thic (10-16) ta cb:

0,2d" > —=
(1]
hay:
3 Mz
Y 0.2(1]

3
= _2@90_. = 4,7 om
0,2.2000
Viduy 2:

Hay viét biéu thiic gidl tich, v& cdc bieu do chuyén vi va néi luc dsi véi
thanh duoc cho trén hinh 10-8a. Sau d6 kiém tra xem diéu kién cfmg ¢é dam
bao khong? Bigt [6] = 0,10%m; G = 8.10'" N/m% J, = 937.5.107" m*

d=
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57 3000 / 1000 7 (Nm)
e , 7 6= 8e!
4 L 2 3¥ sp=9375.4070
e—— 7 ——»
e 5 o
a} 7.5 »
& A
o -
LY
N T
> S
\\ g
N Lt
)
b) AN
\
A M,
‘ 1178.10° «
“:" : 2
1,778.10
0 1 2 3 z_
c":o «:(2
i o
& ]
o -
g \
c) /
Hinh 10-8

Biéu thic clia chuyén vi @(z) vd momen xoan nd1 lyc M(z), trong trudng
hop nay dugc thiét }ap theo (10-8) hoac (10-14), cu thé la:
2 3

GI,0(z) = Mg, .2+ 500% - 250;‘3—I +3000(z - 2) +

i=1
z-2)

3

+ 250

~ 1000(z - 5)|._,
i=2

(z-2)°

+ 3000 + 250

2
M(z) = My, + 500z - 250?—{

— 1000 i

j.=1 ]:2
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trong d6 M, 12 phan lyc xoan lai ngam trai z = 0 vi dugc xdc dinh tlf diéu kién:
o(z = 7,5) = 0. Giai phuong trinh nay, ta cd:
M, = —2322,22 Nm
Thay My, vio cdc biéu thitc 9(z), M(z) v v& cdc biéu do cha ching nhu
trén hinh 10-8b, ¢. Theo dinh nghia:

o=
G,
3
Do do: Bmex = M, - :211}321'10 - =0,18"/m
GJ, 8109375107
Omax > [0 ]

Vay diéu kién cing khong dam bao.

Vidu 3:

Dé xdc dinh cong sudt tuabin hoi nudc, ngudi ta do géc xodn clia truc trén
mot doan chiéu dai 5 m. Pudng kinh ngoai clia truc bang 25 cm va duong kinh
trong bang 17 em. Van tc quay n =25 v/ph, G = 8.10° Njem®.

X4c dinh cong sudt clia tuabin, biét géc xofn do duge la 17, Tinh tng sudt

16n nhat trén mat cit ngang.

Gidi:
T M= 974000~ rirra: W= M.n
n 974000
: ¥) Gl
Tix cp=Mz ritra M, = il
Gl, I
Gl n
974000.f

Ta quy d8i géc xoan do dugc ra rad:

0= ——L =001745 rad
180

vi momen qudn tinh cuc:
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