Chuong 7. Thanh chiu luc phiic tap

Chuong 7. THANH CHIU LUC PHUC TAP
I. KHAI NIEM

— Khi trén MCN ctia thanh xuat hién tir hai thanh phan noi luc trd 1én thi
goi 12 thanh chiu luc phiic tap. Vi du, mot truc truyén vira chiu xodn vira chiu
uon, ...

— Téng qudt nhat khi thanh chiu luc

phiic tap, noi luc trén MCN ¢6 thé ¢6 6
thanh phan (hinh 7.1).

— Phuong phdp tinh: ap dung nguyén
1y cong tac dung: ting sudt hay bién dang
o o . . S x O |Qx
do nhiéu yéu toé (ngoai luc, nhiét do, do / M
lin cua goi tua, ...) gdy ra dong thoi trén M’ Q 7< ’
mot thanh thi bdng tong iing sudt hay M
bién dang do ting yéu to gdy ra trén
thanh dé. Hinh 7.1

II. UON XIEN

<\

1. Binh nghia

= Khi trén moi MCN chi c6 hai thanh phan n6i lyc la M, va M, nam trong
cdc mat phang quén tinh chinh trung tam ctia MCN (hinh 7.2). Khi chi y dén
luc cét trén MCN c6 thé c6 cdc thanh noi luc M, Q,, M, vaQ,.

a) b)

Puong tai

at  phang
tai trong

Hinh 7.2

= Goi M 1a vecto tong cua cdc vectd M, va M,, ndm trong mat phing V
chita truc z, nhung khong triing véi mot mit phang quén tinh chinh trung tam
ndo. Giao tuyén clia mat phang nay v6i mat phiang cit ngang goi 1a duong tdi
trong. Phan M thanh 2 thanh phan:

M, = Msina; M, = Mcosa,

= Trong uén xién dudng tai trong di qua trong tam nhung khong trung véi

mot truc quan tinh trung tdm nao (hinh 7.2b ).
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Chuong 7. Thanh chiu luc phiic tap

Dé tién cho tinh todn ta quy udc dau cho cdc thanh phin noi luc sau:
Momen uon M,, M, mang ddu duong néu né lam cang vé phia chiéu duong
cua truc y, x (hay gdy ra ving sudt kéo ¢ mién cé tung do y, x duong) va nguoc
lai sé mang ddu dm.

2. Ung suét phap trén MCN
— Theo nguyén ly cong tic dung, ting suat phéap tai mot diém bat ki trén

MCN c6 toa do x, y duoc tinh theo cong thic: S, = (7.1)

X y
J, Jy
= M,, M, coi la duong khi lam cang phén chi€éu duong cua truc y, truc x.

— Trong ki thuat nguoi ta ding cong thitc sau d€ khong cin chid y dén ddu
M M
LAYRLL

y
= Ta sé& chon dau “+” hoic dau “-“ tru6c moéi s6 hang tuy theo cic momen
uon M, va M, gay ra tng suét kéo hay nén & di€ém dang xét.
= Néu goi a la géc cua duong tai trong hop véi truc X (hinh 7.2b):
tga = M,/M, = M, = Msina; M, = Mcosa
= Go6c a. duge goi la duong khi quay tir chiéu duong truc x dén dudng tai
trong theo chiéu kim dong ho.
3. Phuong trinh duong trung hoa
= Tur (7.1) ta thady phuong trinh dudng trung

cua M,, M, vatoado x,y: 0, =% (7.2)

hoa
My

M, .
TV x=0 (73) hay Y=~ M—J— X=X19B (7.4)

Iy Jy
do th——M—J— h tp = ———= 7.5
trong do M, J, ay tgo. J, (7.5)
= Pudng trung hoa 1a mot dudng thang di Puong
qua trong tam cua MCN va khong vuong géc A B trung
v6i dudng tai trong nhu trong uoén phang. /hoa
= Tu bi€u thic (7.5) = d6i v6i cdc MCN ™" 0 x
c6 vO sO hé truc quan tinh chinh trung tam nhu =
hinh tron, céc da gidc déu canh, ...(J=J, nén
tgatgP = -1) thi khong xay ra hién tugng uén D C
xién phang. Vi dudng tai trong s& = v6i mot y
truc quan tinh chinh trung tam, con dudng
trung hoa s€ trung v6i mot truc quin tinh O max
chinh trung tam tha hai vudong géc v6i duong
tai trong. Bai todn khi d6 chi 12 uén phang.

=W

Hinh 7.3
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4. Biéu dé umg suét phap trén MCN

= Theo (7.1) mat {ing su4t 12 mat phang, nén tng suit phap phan bs déu
trén duong thang song song véi duong trung hoa. Do dé ta cé thé vé biéu do6
phan bo tng suat phap trén MCN trong hé toa do nhu hinh 7.3. Truc tung la
duong trung hoa, truc hoanh vuong géc v6i dudng trung hoa.
5. Diéu kién bén

— Diém nguy hiém 1a céc di€ém xa dudng trung hoa nhat vé phia kéo hoac
nén = trang thai Gng suat cta diém nguy hiém 1a trang thai tng suat don.
MCN nguy hiém dugc biét dua vao bi€u dé M, va M, lua chon mat cat khi c6
ca M, va M, cung dong thoi 16n.

= Diéu kién bén c6 dang:

- Doi v6i vat lieu déo: |of _ <[o] (7.6)

- DGi vé6i vat lieu gion:|o|__ <[s],  (7.7) |9]_, <[o], (7.8)

S L
K, min JX n (79)

= Néu MCN cua thanh 12 hinh chit nhat hodc nhiing mat cat cé hai truc
do6i xing nhu hinh hinh 7.4:

‘Xk‘z‘xn‘::xmw63>‘yk‘:‘yﬁ‘::ymw
G = | Oinl 3 O =%+% (7.10)

J. . J
trong dé:Wx:ﬁ’ Wy:ﬁ (7.11)
max max Hinh 7.4
= Truong hgp nay di€u kién bén s€ la:

M
c :%‘Yk‘*“]—y

max
y

‘<

N
NITISSSS
N

DN

M| M| ™,
i tnell L«
Vat liéu déo: W, + W, <[o] Wx + W, [],(7.13)
— Tir di€u kién bén trén ta suy ra ba bai todn co ban sau:
- Kiém tra bén theo (7.6) hoac (7.7) hoac (7.8).
- Tim tai trong cho phép. Goi [P,] 1a tai trong suy rong cho phép, ta co:

M, =k, [RP]; M, =k,[P] (7.14)
k,, k, 1a cdc hang s6. Tir diéu kién bén, vi du theo (7.12) ta suy ra:
k([R], ko[P]_ k
| Pl<[o]/] — 42
w, w, sl hay [R]=[o] wx W, (7.15)
- Chon kich thuéc MCN

83



Chuong 7. Thanh chiu luc phiic tap

= Vi chua biét tri s6 J,, J,, Xy, X, ¥i Yo = ta c6 thé chon thi tinh theo uén
phing do thanh phdn mémen doi héi kich thudc 16n, réi thir dan.
— Dai v6i cac mit cit (hinh 7.4), ddu tién ta c6 thé tinh theo cong thiic:
M, +CM W
W >—> Y s C=—X%
x [o] vOi W (7.16)

y

= DGi v6i hinh chit nhat c6 chi€u cao h va bé rong b thi C = h/b. Déi véi

mat cat hinh chit I lic dau c6 thé 1y C = 8, va hinh chit U 1ay C = 6, sau do
kiém tra tinh todn lai.

Vi du 7.1: Cho dam chiu luc nhu hinh 7.5. X4c dinh s6 hiéu mat cat dam
thép chit I, vi tri duong trung hoa. Cho P = 2400N; q = 4000N/m; | = 2m;a =
30°% [o] =16000N/m>.

Bai giai: Mat cat nguy hiém tai ngdm co:

2
M :%+ Plcosa = 12160 Nm

A

X

My = Plsina = 2400Nm

Thir 1an thit nhit ta 1ay C = 8.
Theo cong thuc (7.39):

M, +CM .
Y =196¢cm

W, 22—

ol

Ta chon mat cat chir I s6 20 c6 cac gia tri
nhd6 hon va gin nhat W =184cm’;

W,=23,lcm’.
Thﬁ’ lal. Gma)( = _Gmin
MX |\/Iy 2
" %E—_][G]loo _ 17000-16000 100 = 6. 2% > 5%
(e}

Do d6 ta 1dy mat cat s6 20a c6 W, = 203cm’ , W, = 28,2cm’
Khi dé:

M
o - M, My _ 1216000 N 240000 _14500N / orm?
W, W, 203 28,2
Ung suat nho hon:
Gmax — O] 100 — 1450016000, . 0. 4%

o] 16000
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Vi gitta thép c6 s6 hiéu 20 va 20a khong con s6 hiéu nao khac nén ta chon
dam thép ¢6 s6 hiéu 20a.
Xac dinh vi tri duong trung hoa. Tra bang vdi 1(20a) ta c6 J,=2030cm*;
J,=155cm* Do d6 tai mat cat ngam, phuong cia dudng trung hoa la :
tgB = J My 2030%x2400
IM, 1 155x12160

hay B =+68°50

III. UON - KEO (NEN) PONG THOI
1. Binh nghia

+2,58

= Mot thanh duogc goi 1a chiu uén - kéo (nén) dong thoi khi trén MCN clia
thanh c6 cdc thanh phan ndi luc la lyc doc N,, momen uén M,, M, (hinh 7.6).

= Vi du 6ng khoi vira chiu nén do trong lugng ban than G, vira chiu uén
do tai trong gi6 q (hinh 7.7).

-

y
Hinh 7.6 Hinh 7.7
2. Ung suét phap trén MCN
= ﬁng sudt phap tai mot di€ém trén MCN dugc xac dinh theo cong thiic:

G —NZ+MXy+Myx
z F ‘]X ‘]y (718)
M
hoic ©:~ N, | 1+ M-Xz y+——7X (7.19)
- F NI N,Ij :

trong d6:  F - dién tich MCN;
i, 1, - ban kinh quén tinh chinh:

iX :"‘]X/F, iy =4[Jy/F’
J» J,- momen qudn tinh chinh trung tam ctia MCN;

X, y - toa do cua diém tinh Gng sudt.
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= Quy udc dau cua N, (chuong 2), cia M,, M, nhu trong uon xién.
— Cong thuc k¥ thuat c6 dang:

M
cz:i‘Nz‘i‘“f:‘\y\i‘J—y‘\x\

F y

— Cdc gia tri déu 1ay gia tri tuyét doi. Con 18y ddu “+” hoac “-” trudc moi
s0 hang tuy theo luc doc 1a kéo hay nén va cic momen uoén M,, M, giy ra
ting suét kéo hay nén ¢ di€ém dang xét. A
3. Phuong trinh duong trung

hoa / .

= Tu (7.18) ta suy ra phuong trinh A
duong trung hoa la:
N, M, M,
=t YT x=0 (721 c
X '\; o=N/
hay:1+ mz y+ Nzi% x=0 (7.22) Vy
— Duong trung hoa l1a mdt duong
thang khong di qua trong tam cla Hinh 7.8
MCN nhu trong uon xién.
4. Biéu dé umg suét phap trén MCN
= Tuong tu nhu trong uén xién do mit cét tng suat 1a phing, nén ng suit
phdp phan b6 déu trén dudong thang song song véi dudng trung hoa. Biéu do
phan bo ting suat dugc vé nhu hinh 7.8.
5. Diéu kién bén
— Piém nguy hiém la cic diém & chu vi, xa duong trung hoa nhat vé phia
kéo hoic phia nén. Trang thai ting suét ciia diém nguy hiém la trang thdi ung
suat don = diéu kién bén 1a :

(7.20)

/BBut)nghunghda

X
>

- D6i véi vat lieu déo: 0] <[0] (7.23)

- Gi véi vat lieu gion: 0], <[c], 5 o], <[o], (7.24)

i6:. O :+‘Nz‘+‘Mx“y‘+‘My“X‘ 795

trong do: max = p 3. ], (7.25)
N,| M, M

G min . = || ) ‘M—‘ Jyy‘\X\ (7.26)

Xy, ¥y 12 toa do ctia diém chiu kéo céch xa dudng trung hoa nhat.
X,, ¥, 12 toa do ctia diém chiu nén c4ch xa dudng trung hoa nhat.
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— Néu MCN cua thanh c6 dang nhu trén hinh 7.4 thi 1i luan tuong tu nhu
trong udn xién ta co:

RN

O max F Wx Wy (7.27)
G :+‘NZ‘_‘MX‘_‘MV‘
e ) (7.28)

Vi du 7.2: Cho mot thanh chiu luc nhu hinh 7.9a. Tim gia tri ing suat G,
va G, V1 tri duong trung z
hoa va vé biéu d6 phan bo
ing suat phdp trén mat cat
nguy hiém. Cho: P, = 160
kN; P, = 4kN; P, = 240kN;

Q
~

b)

Q

\\\R
\ U

R
y
X
- |
h2 min n X
q=2kN/m; 1=2m; b=12cm; A2
h=16 cm. 2 P //

Bai gidi A B ]

Mait cat nguy hiém tai ;: % B
dau ngam. Vi tri dudong 9|/~ y : {
trung hoa va biéu do ing [ | / d
suat phap duoc vé trén hinh 4 Omax
7.9b. <

Luc doc: Hinh 7.9

N, =—-P, —P, =—(240+160) = —400kN |
Ph gl 2x 4x10*
5 s M, | =—2—+—=160x8+——=1680kNcm

Momen uon: | x| 5 5 100x 2

Pb Pl 2
M, | == +—2-=160x6+4x10° =1360kNcm

Gia tri ing suat phap 16n nhat va bé nhat theo (7.27), (7.28) la:

N M M
o N my +\ | 400 ,1680x6  1360<6 _, /0o

F W, W, 12x16 12x6 16x12

N M M
__INJ M M| 400 1680x6 13606 3 91kNem

"TF W, W, 12x16  12x67  16x12?
Vi tri dudng trung hoa: dudng trung hoa cit truc x va truc y tai cdc diém:
N, iy o i

M ° M

y - X
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2 2

., N b
2 2
tongds  1x =75 = 2L 3em’, I§=E:12cm2

N,<0 M, >0 M, >0
Khi thay bing s6 ta duoc: Xo =3,93¢m . y, =5,07cm

IV. UON - XOAN BONG THOI

1. Dinh nghia

= Mot thanh goi 1a xoan va uén dong thoi. Khi tréen MCN cua thanh ¢6 hai
thanh phan noi luc 12 mémen xodn va mémen uén (hinh 7.10).
2. Ung suét trén
MCN tron - diéu
kién bén

= Ung sudt phap
do momen udn gay
ra. Ung suéit/tié’p do
momen Xxoan gay
nén phan b6 nhu
trudng hop xoan
thuan tuy (bo qua
anh hudng cua luc
cat Q).

— Diém nguy hiém trén mat cat nguy hiém 1a giao diém cla dudng tai
trong v6i chu vi: diém A hoac B (hinh 7.11). Ung suét phép va tiép c6 gid tri:

_\Mu\:,/M§+M§ as M,

Hinh 7.11

B

A —loB | = T =
Chx =[O W W (129) T Ty (7.30)
=> Vi phan t6 & trang théi (ng suat phang nén diéu kién bén c6 dang:
Smax <[O] (7.31)

= Vi du theo thuyét bén ting suat tiép 16n nhit ta cé: 64 =vo’ +41°
= Thay céc gid tri ciia 6 va 1 theo (7.29), (7.30) va chu y W, =2W,, ta c6:

M2 +M2 +M?
L MM My = ME M M (7.32)

u u

—> Theo thuyét bén thé niang bién déi hinh déng :

MZ +M? +0,75M2 M
_ (5% + 372 :\/ VYV _ Wtd v6i M :\/Mi +M? +0,75M2 (7.33)

u u

(@
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. N , k
= Theo thuyét bén Mo ta ¢6: 64 =6, —ac, <[o]

k
2 c
trong d6:  o,,=—+ (Ej e QZQ
T2 2 [G]
vai My, =25 ML= M + 25 MM (7.34)

M,,; dugc tinh theo cac thuyét bén thich hop (7.32), (7.33), (7.34).

Vi du 7.3: Mot truc truyén bang thép chiu luc nhu trén hinh 7.12. Trong
luong Puli G = 3kN, cong suat va sO vong quay ctia moto la: W = 5S0kW, n =
500vg/ph. Kiém tra bén truc theo thuyét bén thé niang bién déi hinh dang biét
[c]=12kN/cm?,

Hinh 7.12
Bai giai: So d6 chiu luc clia truc biéu dién trén hinh 7.12a, trong d6:
o= _314x500 52,4rad/s; M :ﬂ=0,955x103Nm = 95,5kNcm
30 30 ®
Luc cang day dai x4c dinh theo diéu kién can bang cia moémen xoan:
MoTD LD _tD _ 2M_2x955 o ;
2 2 2 D 80
T,=2t, =2x2.38=4,76kN; P=T,+t, =4,76+2,38 = 7,14kN
Ung suat tuong duong tinh theo thuyét bén thé nang bién déi hinh déng:
M, MZ+M2+0,75M?
W, 0,1xd?

Mat cat nguy hiém tai C vé phia CB, tai do:

Oy =
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M, :%I=75chm; M, =%=178chm; M, =95,5kNcm

Céc bi€u do noi luc duoc biéu dién trén cac hinh 7.12b, c, d.
Thay so vao ta duoc:
J75% +178% +0,75x 95,5’
O 0,1x6°

Vay truc thoa man di€u kién bén.
3. Ung suét trén MCN hinh chi nhat - diéu kién bén

= Gia st tai MCN nguy hiém c6 cdc thanh phan noi luc M,, M,, M, biéu
dién trén hinh 7.13. D6i véi

=9,72kN/cm? <[<5]:12kN/cm2

trudng hop dang xét, cic diém B, b
D c6 tng suat phap cuc tri:
B _ |MX| ‘My‘ D
Omax = —
W, W,
M
M z
ol = _M_M ’ /] \ /
min Wx Wy h / A
. . . /
— Momen xoan sinh ra tng 4 /& X
suat ti€p: M, B
A |Mx|
Trox = ==
p e / Cc ~
M Z
T=yT = y| d y
1 max Wp 5
Hinh 7.13

véi W, = ahb?

— Chung ta chua biét dugc trong ba diém A, B, C di€ém nao 1a nguy hiém.
Vay ta phai tinh tng suat twong duong cho ca ba phan t6 1ay & 3 diém nay,
sau do so sanh diém ndo cé 6,4 12 16n nhat.

- D6i v6i phdn t6 & diém B: Ou = Oy :—‘MX‘ +—‘My‘

p S P max WX Wy

- D61 voi phan 166 diém A (vita ¢6 ting sudt phdp vita c6 T,,,):

2 2
. L ) M M,
— Thuyét bén tng suat tiép 16n nhat: O =o' +41° = \/[Wy] +4[W J

y

2
= Thuyét bén thé nang bién doi hinh dang: o} =Vo’+37* = \/{—Wy] +3(\|\//|sz
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- D61 vdi phdn 166 diém C:

. N c Mx 2 Mz 2
= Theo thuyét bén thu ba, ta c6: Ow = \/( m j +41 7. w, J
2 2
9 N c Mx Mz
—> Theo thuyét bén thit tu, ta c6: Cw = \/( Wx} +3| 7. WJ

V. THANH CHIU LUC TONG QUAT

1. Pinh nghia: Mot thanh chiu luc téng quat khi trén moi MCN cuia né c6
day da sau thanh phan noi luc

= Vi anh hudng cua luc cit bé so v6i anh hudng clia cdc thanh phan noi luc
khéc, nén thudng ta bd qua anh hudng ctia luc cit.
2. Thanh mat cat ngang tron
= Vi N, gdy ra ting suat phan b6 déu tréen MCN
nén cling giéng nhu thanh MCN tron chiu uén
doéng thoi véi xodn, cac di€ém nguy hiém vén 1a

c4dc diém A, B (hinh 7.14).
= Ung sudt phdp tai cac diém d6:
- M N
Omax = ‘ U‘ +—=
W F
M N
Opmin =~ ‘ - ‘ +—= d
\ W, F Hinh 7.14

O cdc diém nay ngodi gid tri Gng sudt phdp cuc tri, cdn c6 tng suét ti€p 16n
nhét do xoan gay ra:
M| M,
Trnax = -
W, 2W,
= C4c phan t6 A va B & trang théi Gng sudt phang.Viéc kiém tra bén cdc
phan t6 nay theo cac thuyét bén da trinh bay & chuong 4.

3. Thanh mat cat ngang hinh chir nhat

— Cac diém nguy hiém dugc xét tiy theo gid tri ctia cdc noi luc tdc dung trén
MCN tuy theo vat liéu thanh la déo hay gion.

— N6i chung diém nguy hiém Ia cdc diém géc, diém giita canh dai va gitta
canh ngin. Viéc phan tich diém nguy hiém nhu trong phan uén déng thoi véi
xoan.
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