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Chwong VI: Tinh bén thanh khi rng suat khéng doi
6.1. Khai niém

6.1.1. Khai niém

- La tinh toan thanh dam bao diéu kién ben.

- Tinh mirc d6 chiu lwc thanh sao cho khéng bi pha v khi lam viéc
max|o|<[c]; max|r|<[7]

Trong chwong nay chi xét (rng suat la hang sé (khéng thay
doi theo thei gian, nhiét do, sw hoat déng cua chi tiét may...)
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Chwong VI: Tinh bén thanh khi (rng suat khéng doi

6.1. Khai niém

6.1.2. Phan loai cac trweo'ng hop chiu lwe cua thanh
a. Trwong hop chiu lwe dorn gian

Khi trén mat cat cta thanh chi cé6 mét thanh phan néi lwc

1. N, (lwe doc tryc): thanh chiu 2. Q, (lwe cat): thanh chiju cat
kéo nen dung tam

—

3. M (moment udn): thanh 4. M ,(moment xoan): thanh
chiu uén thuan tay chiu x0an thuan tay

v W
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Chwong VI: Tinh bén thanh khi (rng suat khéng doi

6.1. Khai niém

6.1.2. Phan loai cac trweo'ng hop chiu lwe cua thanh
a. Trirong hop chiu lwec phuece tap

Khi trén mat cat cta thanh chi cé ttr hai thanh phan ndi lwc tré Ién

1.Qy, M, : thanh chju uonngang 2. M M ,+ thanh chiju udn xién

phang 2
. :

3. M,,M,N, : thanh ) 4. M _,M_, M, : thanh chju uén
chiu uén va kéo nén dong thoi va xoin déng thoi

i
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Chwong VI: Tinh bén thanh khi (rng suat khéng doi
6.2. Thiét l1ap cong thirc tinh trng suat phap téng quat

Hai gia thiét vé mat cat ngang

Gia thiet ve cac thé doc: o
Trong qua trinh bién dang, cac th& doc khéng x6 day lan nhau, tuec la

O, =0, = 0 , chi ton tai O, theo phwong song song truc thanh

Gia thiet vé mét cat ngang: ' ,
Trong qua trinh bien dang, cac mat cat ngang lu6n phang va vuéng
goc véi truc thanh. Khéng cé rng suat tiep trén mat cat ngang.

I =ly Tty = 0
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Chwong VI: Tinh bén thanh khi rng suat khéng doi

6.2. Thiét 1ap cong thirc tinh trng suat phap téng quat
Tir nhirng gia thiét trén, c6 thé chirng minh rang dé thiét 1ap cong
thq’c tinh &rng suat phap tong quat cho thanh, ta chi can tinh moét trng
suat phap o, theo phwong song song truc thanh.
Gia st xét 1 thanh chiju lwc sao cho trén mat cat ngang cua thanh cé

cac thanh phan ngilwc N,,M_, M , lién hé vi phan véi o, bang cac
bieu thuec:

-

N, = JazdF
2 ﬁ F
M, = [o,ydF
X ~
l M, =|o,xdF
y k ‘
Tw dinh luat Hooke o, = E¢&, ta chirng minh dwgrc céng thirc:
N M M
o, = LA X y_|_ y X (*)
FJ, J,
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Chwong VI: Tinh bén thanh khi rng suat khéng doi
6.3. Tinh béen khi thanh chiu kéo nén ding tam

Khi thanh chju kéo nén dung tam, trén mat cat ngang chi cé thanh
phan o,

Z

N
o, =
F

ng suat phap phan bd déu trén mat cat ngang cua thanh

Pieu kién ben cua thanh:

o,|  =max

maX

21 <|o]
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Chwong VI: Tinh bén thanh khi rng suat khéng doi
6.4. Tinh bén khi thanh chju uén thuan tay

Khi thanh chiju uon thuan tay thi trén mat cat ngang chi c6 thanh
phan moment uén M , nén céng thirc tinh trng suat phap la

ng suat phap 1a ham phan bd bac nhat theo phwong y.
Nhirng diém nam trén dwéng song song véi truc x ¢é cling gia tri o,
Nhirng ditmcé y=0= 0, =0, ta c6 I&p trung hoa, trén mat cat

ngang la truc trung héa x, chia mat cat ra thanh 2 viing bij kéo c,>0
Vabinén o, <0
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Chwong VI: Tinh bén thanh khi rng suat khéng doi
6.4. Tinh bén khi thanh chju uén thuan tay

b Gmin
' v 1,
5 / max X

ymax
®

y ) O max

\ 4

Tai |&p bién: ng suat phap dat cwe tri (min hoidc max)

Doi véi nhivng mét cat cé truc trung hoa trung véi truc doi
xtrng (mat cat hinh tron, hcn, hinh chir l...):

Kk ,n .
ymax o ymax — ‘O-max‘ T ‘O-min‘
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Chwong VI: Tinh bén thanh khi rng suat khéng doi
6.4. Tinh bén khi thanh chju uén thuan tay

O

O

min

ymax

ymax

O

y max

Doi véi nhivng mét cat c6 truc trung hoa khéng trung véi truc doi
xtrng (mat cat hinh L, hinh chir T...):

M
yri:nax % Yinax = ‘O-maX‘ 7 ‘O-min‘ — ‘GZ‘max - ‘ ] X‘ Mmax
X
pat W — J,  goi la moment chéng udn ciia mit cit, dic trwng cho
d X

y kha nang chiu uon cua dam.
max
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Chwong VI: Tinh bén thanh khi rng suat khéng doi
6.4. Tinh bén khi thanh chju uén thuan tay

Moment chong uén W, ctiia mét s6 hinh phang thwéng gap

1. Mét cat hinh chir nhat y T
Wx: JX X
ymax h >
J
Wy:Xy
h/2 3 2
bh h bh
J. =|yidF = by =—; VY. =—=>W =—
b/2 3 2
b°h b b°h
2 2 . _ -
Jy=[XdF = | X’hdx=""5 X =5 =W, ==
F “b/2
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Chwong VI: Tinh bén thanh khi rng suat khéng doi

6.4. Tinh bén khi thanh chju uén thuan tay
Moment chong uén W, ctiia mét s6 hinh phang thwéng gap
2. Mat cat hinh tron

y A
R
W, =
ymax X
>
J
Wy — Xm:X \

J 7R’
2 4
3 3
y =RoW =T D 01D]
4 32
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Chwong VI: Tinh bén thanh khi rng suat khéng doi
6.4. Tinh bén khi thanh chju uén thuan tay

Moment chong uén W, ctiia mét s6 hinh phang thwéng gap
y

3. Mat cat hinh vanh khan

W, = W
ymax X
J
"= ‘
‘JP 7Z'D4 4
Jy=Jd,=—"= 1-7")

2 64
y .. =R=W =0,1D°1-7")
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Chwong VI: Tinh bén thanh khi rng suat khéng doi
6.4. Tinh bén khi thanh chju uén thuan tay

Dieu kién bén tdng quat cta thanh chiu udn thuan tay

:M :‘Mx‘max i
max o] ] |V | w <[o]

X X

1. Thanh lam bang vat ligu déo: [o]|=[o] =|o]

o~ =[]
2. Thanh Iam béng vat lisu don: [ ], <[o],
e <[],
O x| # O in
O rmax = “\JA—‘ Viax  Ormin = “\J/I—‘ Yimax
or < [G]k o = ‘Gmin‘ < [G]n
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Chwong VI: Tinh bén thanh khi rng suat khéng doi
6.5. Tinh bén khi thanh chiu uén ngang phang

Khi thanh chju uon ngang phang, trén mét cat ngang cé hai thanh
phan ndi lwc M, va Q,, tao ra rng suat phap va trng suat tiep.

1. Tinh &rng suat phap:

o, = 3] y
ng suat phap la ham phan b6 bac nhat theo phwong y. Twong tw
nhw khi thanh chiu uén thuan tay.

2. Tinh (rng suat tiép: S (y).0
_ X\ Ky

Ty
J,b(Y)
S.(y)= f(y): Moment tinh cia phan dién tich tinh tr diém
X y y ] A z . X Ke  r.a s
muon tinh rng suat doi voi truc trung hoa.

b(y) = f(y): Chiéuréng cia mat cit ngang di qua diém muén
tinh (rng suat va song song vé&i truc trung hoa.
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Chwong VI: Tinh bén thanh khi (rng suat khéng doi
6.5. Tinh béen khi thanh chiu uén ngang phang

Céng thire tinh 7, cho mét s6 mat cat thwéng gap

1. Mat cat ngang la hinh chir nhat:
SX — FCyC
F.=b(h/2-

y)

hi2—y hi2+y

Ye= YT

2 2

A

szbh3/12; b(y)=Db 4 )
S, (¥)Q, 6Q, (h* 3Q,
> — — — — — max
Thay vao 7, 1.b(y) Ty on® | 2 y = T, > bh
\_ y,

Nguyé&n Thanh Nha B6 mén Co Ky Thuat — Dai hoc Bach Khoa Tp.HCM



Chwong VI: Tinh bén thanh khi rng suat khéng doi
6.5. Tinh bén khi thanh chiu uén ngang phang
Céng thire tinh 7, cho mét s6 mat cat thwéng gap

2. Mat cat ngang la hinh tron:

Qy T max X
3 - y g
y
sz = BQTy(RZ o y2) — Tnax — % ‘%’RmZax
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Chwong VI: Tinh bén thanh khi rng suat khéng doi
6.5. Tinh bén khi thanh chiu uén ngang phang
Céng thire tinh 7, cho mét s6 mat cat thwéng gap

3. Mat cat ngang dinh hinh:

Q,.S,
Tmax —
X J. .d
>
QyS)I(:)
Ty =
J. .d
d(h .Y
Sy =S, ——| ——t| —> Moment tinh ctia phan dé déi v&i tr
X X 2 2 p l-'lcx

Ung suat tiép 7,, phan bo trén phan dé theo quy luat bac nhat
nhwng gia tri thwong rat nho so véi 7,, nén co the bo qua.
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Chwong VI: Tinh bén thanh khi rng suat khéng doi
6.5. Tinh bén khi thanh chiu uén ngang phang

Trang thai (rng suat va cach tinh ben

O

min

Oc

1. L&p bién (A, A')
ng suat phap dat cwe tri, (’ng suat tiép bang 0 > Trang thai U'S don

ol = e <[]

X
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Chwong VI: Tinh bén thanh khi rng suat khéng doi
6.5. Tinh bén khi thanh chiu uén ngang phang

Trang thai (rng suat va cach tinh ben

Gmin

Oc

2. Lép trung hoa (B)
U'S tiép dat cwe tri, US phap bang 0 > Trang thai U'S trwot thuan tay

@ Thuyét bén US tiép I&n nhat (7 _19]

[ 7] < ]] (TB3) 2
@ Thuyét bén thé nang bién @éi  ;_[9]

hinh dang (TB4) L. \/§

Nguyén Thanh Nha B6é mén Co’ Ky Thuat — Pai hoc Bach Khoa Tp.HCM



Chwong VI: Tinh bén thanh khi rng suat khéng doi
6.5. Tinh bén khi thanh chiu uén ngang phang

Trang thai (rng suat va cach tinh ben
' O

min

Oc

y | A

3. Lép trung gian (C, C’)
Co ca U'S phap va US tiép > Trang thai U'S phang dac biét

. ) . [ 2 2 [
@ Thuyét bén U'S tiep I&n nhat Ot _max = \/Uc +4rc < |0

® Thuyét bén thé ning bién déi hinh dang Oy ax = \/Ucz; +37¢ <|[o]
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Chwong VI: Tinh bén thanh khi rng suat khéng doi

Ba dang bai toan tinh bén
1. Bai toan kiém tra bén

- Kiém tra I&p bién trwéc

- Kiém tra I&p trung hoa

- Kiém tra 1&p trung gian (néu la mat cat dinh hinh I, T, L, U...)
2. Bai toan xac dinh kich thwéc mit cat ngang

- Dwa vao I&p bién dé tinh so bd kich thwéc mét cat ngang

- Kiém tra bén 1&p trung hoa

- Kiém tra 1&p trung gian (néu 1a mat cat dinh hinh I, T, L, U...)
3. Bai toan xac dinh tai trong cho phép

Twong tw dang 2
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Chwong VI: Tinh bén thanh khi rng suat khéng doi

Tinh bén thanh khi thanh chiu
uon va xoan dong thoi
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Chwong VI: Tinh bén thanh khi (rng suat khéng doi

Mot so trwd'ng hop chiu lwc cta thanh
a. Trwrong hop chiu lwe dorn gian

Khi trén mat cat cta thanh chi cé6 mét thanh phan néi lwc

1. N, (Iwc doc tryc): thanh chiu 2. Q, (lwe cat): thanh chiju cat
kéo nen dung tam

—

3. M (moment udn): thanh 4. M ,(moment xoan): thanh
chiu uén thuan tay chiu x0an thuan tay

v W
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Chwong VI: Tinh bén thanh khi (rng suat khéng doi

Mot so trwd'ng hop chiu lwc cta thanh
b. Trro'ng hop chiu lwec phirc tap

Khi trén mat cat cta thanh chi cé ttr hai thanh phan ndi lwc tré Ién

1.Qy, M, : thanh chju uonngang 2. M M ,+ thanh chiju udn xién

phang 2
. :

3'MX1‘My‘1N’z : thanh . 4. M ,M_, M. : thanh chju uon
chiu uon va kéo nén dong thoi va xoin d)c(“mg thoi

i
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Chwong VI: Tinh bén thanh khi (rng suat khéng doi
6.6. Tinh béen khi thanh chiu uén va xoan dong th&i

- Thanh chiu udn va xoan dong th&i thwérng xay ra & cac truc quay
cua may.

- Trén thanh thwong c6 1ap cac chi tiét banh rang, 6 do, 6 d& chan.
- Tiét dién truc thworng 1a hinh tron hay hinh vanh khan.

Clutch Case
Quter Innzr
Tronam 3sion Tranamiszsion

Shaft

I —

Cuteh 1-
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Chwong VI: Tinh bén thanh khi (rng suat khéng doi
6.6. Tinh béen khi thanh chiu uén va xoan dong th&i

Gear
Selector

FROM ENGINE TO DIFFERENTIAL

©2003 HowStuffWaorks Layshaft
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Chwong VI: Tinh bén thanh khi rng suat khéng doi
6.6. Tinh béen khi thanh chiu uén va xoan dong th&i

1. Thiét 1ap cdng thirc tinh (Png suat tiép cho thanh chiu xoan

{% dz M P2
A
(%MYO J

X - M, >0: Nhin
vao mat cat
ngang (phan
khao sat) > M,

M quay theo chiéu

7 W ' Him dong ho

(0000000000+X00000000)] ™, Q

ANANAN

X

o

0
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Chwong VI: Tinh bén thanh khi rng suat khéng doi
6.6. Tinh béen khi thanh chiu uén va xoan dong th&i
1. Thiét 1ap cdng thirc tinh (Png suat tiép cho thanh chiu xoan

ZMOZ:MZ—MA:O: M, =M,

- Mat cat ngang chuyén dong tron quanh O
> Trang thai US trwot thuan tay > T, Ll Ol

Mz =\T de Tmax
'F[ ’ M, >
- Dinh luat Hooke: T, = G;/p & O \ X
3 g i
Y, - Do bién dang goéc
v, ~t9(y,)
Tmax
LYy
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Chwong VI: Tinh bén thanh khi rng suat khéng doi
6.6. Tinh béen khi thanh chiu uén va xoan dong th&i

1. Thiét 1ap cong thire tinh (rng suat tiép cho thanh chju xoan

Xét phan to: dz
d A
7o *190,)=p Yo
N gozconst
do /
=>17,=6p— |
dz Zl \ r O
N
— M, ij 2% hdF = Gd¢jp2dF Gy, 42
° dz
dgo M, M,
=7 =—2=%p
~ a2 - GJ, 7,
4 3
Moment chong xoan: W, = Jo _Jp_7R_ 7R ~0,2D%r _M,
P R 2R 2 W,
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Chwong VI: Tinh bén thanh khi rng suat khéng doi
6.6. Tinh béen khi thanh chiu uén va xoan dong th&i
2. Cach tinh bén

< . M M
Cong thirc tinh (png suat phap téng quat: o, = JXy+J—yx
. - . . . X y
M, LM, =N,=M +M,
M,
tgﬂJ :
M|
o) M, \/I\/IX2+I\/I§
Zmax_\Nu - Wu
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6.6. Tinh bén khi thanh chju uon va xoan dong th&i
2. Cach tinh béen

M u
R AM y N-
X ‘ ) X)
M, >/0
N * O-min
Q
z-max
z-max
O-max
T

max
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Chwong VI: Tinh bén thanh khi rng suat khéng doi
6.6. Tinh béen khi thanh chiu uén va xoan dong th&i
Thuyét bén (ng suat tiép I&n nhat (TB3)

2 2
Oy :\/Griax +4T§1ax :\/C\/I/; +4\|>\/|/; WO :2Wx
M;+M? 4M? [MI+MZ+M;] M,
th: > + ; = > =
W, AW W, Wi

2 2 2
My = M2 +M?2+M;
Thuyét bén thé nang bién doi hinh dang (TB4)

2 2
o :\/Griax +3z'§]ax :\/VI\\/I/; +3VI\\/|/; W, =2W,

\/MX2+M§ 3M? \/MX2+M§+O,75M22 M,
G — + — —_
td

W2 AW 2 W2  Wx

My = MZ+M?2+0,75M
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