BO GIA0 DUC VA PAO TAO |
TRUONG PATHQC KY THUAT CONG NGHE
KHOA KY THUAT CONG TRINH

BAI GIANG MON HQC

SUC BEN VAT LIEU 2

TP.HCM, 05/2008







Bt HOC KY THUAT CONG NGHE TP. HO CHI MINH
- KHOA KY THUAT CONG TRINH

BAIGIANG MON Hoc
SUC BEN VAT LIEU 2

(STRENGTH OF MATERIALS)

Ths. VO MINH THIEN

TP HO CHI MINH, 2008







Chudng 9 .
XOAN THUAN TUY

9.1. KHAI NIEM

1- Binh nghia ‘ , y

Thanh chiu xodn thudn tdy khi trén cdc mit cit ngang chi ¢6 o
mét thanh phin néi luc 13 mémen xofn M, tdc dung trong mit phing
thing gbc vdi truc thanh (xOy), (H.9.1). ‘

Trong thyc € c6 nhi€u c&u kién trong co khi, xay dung chiu

xodn nhv cdc truc truyén dong, k&t ciu chiu lyc khong gian, dim d8
6vﬁngm Hinh. 9.1

2- Biéu dé ngi lyc

Biéu d3 ndi lyc cia thanh chju xofn ciing dugc vé& biing cdch x4c dinh ndi luc theo phuong
phdp mit c4t va diéu ki€n cin bing tinh hoc TM/z = 0. :

a) Xét mot tryc truyén dong chiu téc dung cia ba ngdulyc xodn . (H.9.2.2)

M= 10 kNm

M = 10 kNm
My 4y
nmy Mz
M, =7 kNm
W

Tmy M:= 10 kNm

M: (kNm)

d)

c)

Hinh 9.2. Vé biéu dé néi lyc bing phuong phdp mat cdt

Thyc hi¢n mit cit tai mot vi tri trong doan AB, xét didu kién cin bing phin trdi (H.9.2.b), c6
thé thdy riing d€ cin bing ngoai luc 1 nglu lyc xofn, tai ti€t dién dang xét phii c6 ndi luc 1a mémen
xodn bing va ngugc chiéu nén chi cin ding mot phuong trinh cin bing ZM/z = 0.

' - Theo quy w6c ddu, mémen xofn néi lvc duong khi nhin vao mit cit thiy M, quay theo chiéu
kim ddng hé va ngudc lai, ta ¢6: ; '
M,-10=0=M,=10>0
Tudng ty, cit qua doan BC, xét phén trdi (H.9.2.c):
M,+7-10=0=>M,=3>0

Mbmen tai c4c ti€t dién ciia hai doan diu thanh bing khéng, bidu dé ndi Ivc v& 3 H.9.2.d.

b) Xét mét thanh console chiju tdc dung cla hai ngdu lyc (H.9.3.a), 4p dung nguyén 1y cong tdc
dung, phén tich thanh t8ng cla hai trudng hgp tdc dung riéng 1 nhu trén H.9.3.b va H.9.3.c. Trén mdi
trudng hop, ngoai luc 12 mot nglu lyc gay xodn, do d6 ndi lyc trong thanh cling 13 mémen xoin, gi4
tri clia ndi lyc phai bing gi4 trj clia ngoai luc va ngudc chiéu.
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C6 thé nhin xét ddu ciia ndi lyc 12 duong khi nhin vao dau thanh thdy ngoai lyc quay thudn
chiéu kim ddng hé va ngugc lai. Bi€u d n6i luc ca timy thanh v& ngay wén H.9.3.b.c. Bifu d két
qué (H.9.3.d) 12 t3ng dai s& hai bi€u 45 uén.

" | My=8kNm '
/’ M= 5 kNm
aj

\ [/ J/ '

: ]
b) N + J// M:=5

v/
o % @) M.=8

® M =5
d) )
M,=3

M, (kNm) T
Hinh 9.3. Vé biéu dé néi luc (dp dung nguyén ly cong tic dung)

3- Céng thitc chuyén déi cong sudit dpng co ra ngéu lic xodn (moémen xodn ngogi luc) trén truc

Khi tinh todn c4c truc truyén dong, thudng ta chi bi€t cong suit truyén cla méto tinh bing mi
lyc hay kildwatt va t8c d6 truc quay bing vbng/phut do d6 cdn chuyén d6i cong sudt truyén ra ngau
lyc xo4n tic dung 1én truc.

Gia sit c6 m6t ngiu lyc xodn M, (don vi 1 N.m) tdc dung lam tryc quay mdt géc o (radian)
trong thdi gian t, cdng sinh ra 1a: '

A=M, a (a)
Céng sudt 1a:

a
= =M, = =M, ‘ )

trong d6: @ - 12 vén tdc géc (rad/s), don vi ciia cong suit [ N.m/s.
Goi n 13 s6 vOng quay cia tryc trong mdt phit (vong/phiit), ta c6:
2xn 7wn

77760 30 ©
©
Ti (b) va (c), ta suy ra:
a) Néu W tinh biing ma lyc (CV, HP), 1mi Iyc=750N.m/s =0,736 KW:
M, < 30W _ B0TSOW 0o W oo o1
an an n

b) N&u W tinh biing kildwat (KW), 1 KW ~1020 N.m/s:

M, - 30W _30.1000W o0\ W 0
nn nn n

9.2. XOAN THANH THANG TIET DIEN TRON
' 1- Thi nghi¢gm - Nhén xét

L&y mot thanh thing ti€t dién tron, trén mit ngodi c6 vach nhitng dudng song song va nhifng
dudng tron thdng géc véi truc, tao thanh lusi 6 vudng (H.9.4.2). Téc dung 1én hai ddu thanh hai ngiu
Iyc xofn ngugc chiéu, ta thdy truc thanh vin thing, chidu dai thanh khéng d8i, nhitng dudng tron
thing géc véi truc vin phing va thﬁng'géc v6i truc, nhitng dudng song song vdi tryc thanh nhitng
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2
1. M,

IS S A ANANS G AR M % LT
[ : L | N axet : AN A A
RN RN HE - ; ' =
A A% f—rs AN A N
1_J2

dz

a) b)
Hinh 9.4. Nh@n xét bién dang xodn trén mat ngoai

dudng xodn 8¢, 1udi 6 vudng thanh ludi binh hanh (H.9.4.b).

Tit cdc nhan xét trén, c6 thé dua ra cdc gia thi€t 1am nén ting cho viéc thiét lap cdng thidc tinh

todn nhu sau:
* 2- Cdc gid thiét

a) Trong qud trinh bi€n dang, mit c4t ngang vin phing va thing géc véi truc thanh.

b) Trong qué trinh bi€n dang, cdc mit c4t ngang khéng c6 chuyén vi theo phu’dng truc thanh,
moi bdn kinh vin thing va chiéu dai khéng d6i.

3- Céng thiic itng sudt tiép

C6 thé nhan thdy, theo c4c gia thiét rén diy, bién dang cia thanh chju xo4n thuin tdy chi 1a sy
xoay tudng d6i giifa cdc mat c{t ngang quanh truc.

P& xét bién dang xo#n cla mét phan t§ tai mét di€m bat ky ban kmh p trong thanh, ta téch
phan t§ bing ba cip mit ct nhu sau:

- Hai mit phing ct (1-1) va (2-2) thﬁng g6c vdi truc cdch nhau doan dz (H.9.5.a).

- Hai mit phing ct chita truc hgp vdi nhau mét géc do (H.9.5.b).

dz

b)
Hinh 9.5. Nghién cuu bién dang ciia phén t6 chiu xodn

- Hai mit cdt try dong truc z (tryc thanh) b4n kinh pvap+dp(H.95.a).

Theo cdc gia thiét, trong qu4 trinh bién dang, so véi c4c di€m E,F,G,H thudc mit cdt (1-1), cdc
diém A,B,C,D cia phén t§ trén mit cit (2-2) dich chuyén dén A’,B’,C’,.D’ phai nim trén cung tron
ban kinh p va p + dp, déng thdi OA’B’ va OC’D’ phdi thing hang.

Goi do 12 géc gifta hai dudng thing OAB va OA’B’, d6 1a géc xoay clia mat cit (2-2) so vdi
mit c{t (1-1) quanh truc z, goi 12 géc xo4n tuong d8i giita hai ti€t dién 14n cdn cdch nhau dz.

D4i v8i phan t§ dang xét, géc A’EA sy thay d6i g6c vudng clia mit bén phan 16 goi 1a bién
dang trugt (géc trugt) y cia phin 5.

T (H.9.5.b), ta c6:

AA pd ‘
tgv~7=ﬁ=9£ (a)

(a)
Theo gia thi€t b), vi khong ¢6 bi€n dang dai theo phu’dng doc truc, phudng bén kinh va phuong

3



vudng géc vdi bén kinh nén khéng cé Ung suit phip tdc dung 1én cdc mat cia phan (3. Theo gia thi&t
a) cdc gée vudng clia mat CDHG va mit BAEF khong thay d6i nén khong ¢6 dng suat ti€p huéng tim
trén mit A,B,C,D. Do gi3 thi&t b) moi ban kinh vin thdng nén khéng c6 tng sudt ti€p hudng tim irén
mit AB,EF.

Nhu vdy trén mit cdt ngang clia thanh chiu xodn thuin tdy chi ton tai ¢ng sudt ti&p theo phuong
vudng géc ban kinh, goi 1a 1, va phan 1§ dang xét & trang théi trugt thuin tiy.

Ap dung Dinh luit Hooke vé trugt cho phédn t6 nay (H.9.6), ia ¢6:

=Gy (b)
Pua (a) vao (b), ta duge: /7
‘ T, = G.p.'d—(p (c) : : -—/>

dz :

Goi dF 12 mét dién tich vo cing nhé bao quanh di€m 5™
dang xét, thi ©,.dF 12 Iyc ti€p tuyén téc dung trén dién tich '
dé vi 7,dF. p 12 m6men ciia Iy t,.dF d6i véi tim O. !

Téng cic mémen nay phdi bing M,, cho nén ta c6 thé
viet: M, =ft,dFp () ' |
F .

Thay (c) vao (d): Hinh 9.6. Phan t6 trugt thudn tiy
M, = jc.p.ﬂdF.p T (e)
g d

z

Vi G.do/dz 12 hing s8 d6i v6i moi di€m thudc mit cdt F, nén ta c6 th€ dua ra ngoai du tich »

phén, khi d6 tich phin j p*dF chinh 1a mémen quén
F

tich circ J, clia mit c4t ngang d6i véi tim O, ta dugc:

do.r 2 do
M,=G.—|p°dF=G.-2J 03]
| 3
T (f) ta c6:
d, _ M,
ey (g)

P .
C6 th€ thdy ring, dp/dz chinh 1a géc xodn trén mét don vj chi€u dai goi 1a géc xodn i d6i
(rad/m). D3t 6 = do/dz, ta c6: : .

M
H=—"1 h
GJ, ®
Thay (g) vao (c) ta dugc cong thic tinh ¥ng sust ti€p:
M
=7 £p , (9.3) -

P

Ung sufft tiép thay déi theo quy ludt bic nhat, bing khong tai tim O va cyc dai tai nhitng di€m
trén chu vi. -
Bi€u d6 phan b§ ung suit ti€p tai moi diém trén mit cit ngang th€ hién trén H.9.7.a. Trén
H.9.7.b, thé hién wng sust ti€p d5i wWng trén cdc mit cit chifa tryc.
' Trong (9.3), thay p bling R, ta dugc gi4 tri ing su4t ti€p cuc dai:

Hinh 9.7. Phdn b6 itng sudt trén mat cdt ngang va ung sudt tiép doi ung




LM, M,
™, JJ/R

&G W _de

19 P =R

ta dugc: Tmax = M, ‘ 9.4)

W, - 80i 12 mémen chéng xodn clia mat cit ngang
Tiét dién tron dic:
J, RS D3
W = P = = —
° R 2 16
Tiét dién tron réng: ‘
nR® nr® gxR3 4, D3 4y 3 4
— — = 1~ = 1- =~ 0.2D°(1 -
3 2 g (1-n") T -7
trong d6: 1 - 14 ty s§ gitta dudng kinh trong va dudng kinh ngoai (d/D)
4- Cing thiic tinh bién dgng khi xodn
T (g), ta c6:

M
do = —=2
03 GJp dz

do - 1a géc xodn tudng d6i giita hai mit c4t cdch nhau dz, do d6 g6c xodn tuong d6i giita hai mat cit
cdch m{t doan biing chiéu dai L cda thanh la:

~ 0,2D?

W, =

L L M _
o= [do= [ Gt 09
) o o
Khi thanh gdm nhiéu doan, méi doan c6 MZ/GJp 14 hiing 56, cong thic (9.5) trd thanh:
M,L
Q= . 9.6
¢ Z( o (9.6)

o

Géc xodn ¢ dugc quy wéc duong theo chi€u duong ciia mémen ndi Iyc va ngugc lai.

5- Diéu ki¢n bén - Diéu ki¢n ciing

D€ thanh chju xo4n khéng bj ph4 hoai do bén phai dim bao diéu kién bén:

Tmax < [1] .7
[t] = % /n v8i: 1, - 12 itng sudt ti€p nguy hiém cda vit li€u, x4c dinh tif thi nghiém
n - 13 hé s6 an toan.

Théng thudng 1, khé x4c dinh chinh xdc, ta thudng ding cdch gidn ti€p nhu sau:

Phin t5 chiu xodn thudn tdy 12 phan & & trang thai trugt thudn tiy 12 mot trang thdi ing sudt
phifc tap, theo thuyé&t bén ng sui't ti€p, didu kién bén 1a:

0y-03 < [cs]
thay ;=1 | va oi=-]1 |,tadm_5c:
Tmax < [%] 9.8)

Theo thuyé&t bén th€ ning bi€n d8i hinh dang, didu kién bén 1a:

Jc,z +c§ + o;‘; -(6y.0, +¢2,03 +03.0¢) < [c]
thayo,=lt |, 0,=0va o3=-l1 l,tadu’qc:
Tmax -

<[%] ' 9.9)

D&i vdi thanh chju xofn, ngoﬁi diéu kién bén con phdi ddm bdo diéu kién cing nhu sau: 0 ,,, <
(6] - (9.10) '




Chii y. 6 = M,/ GJ, c6 don vi 1a Radian/m. Do d6, néu [0 ] dugc cho biang d6/mét (°/m) thi phai ddi
ra Radian/mét theo hé thitc- ’ '

G\Ba;d) 6(;0) ‘
m W 9.1
2r 380 | -1

Dya trén di€u kién bén (9.8).(9.9) va didu kién fﬂng (9.10). %2 ¢6 thé tinh todn thanh chiv xodn
theo ba bai todn cd ban nhu sau:
’ - Ki€m tra bén, citng (bai todn ki€m tra)
- Xéc dinh tdi trong cho phép
- Xdc dinh dudng kinh (bai todn thi&t k&)
6- Thé ndng bién dang dan héi
Khi mét thanh din héi chiu tic dung cia ngoai lyc va vat liéu cdn 1am vi€c trong giai doan dan
héi, trong thanh ¢6 tich lty ndng lugng goi 1a th€ ning bién dang dan héi. Trong trudng hgp t6ng

quét, th€ ning riéng tich 18y trong mét don vi thé tich 1a:
: 1

u= -ﬁ[of +05+ o2 - 2u(0,.05 +05.03 + 03.0,)]
Thayo-.=ltl,02=0v503=—|tl,tadugc: -

u= —IEJ ‘tg (a)

v8i E=2 G/(1 + W), thay vao (a), ta dugc:’
17 :
==_r b

U=3G (b)
Thé ning tich 1dly trong mét doan dz la:

dU=[udv= fudF.dz ©

\ F '

Thay (b) vao (c), ta dugc:

2 2 2
1t 1 M dF.dz 1M
U= [>B- (5. Trp2dfdz 1M, osp
2 2
; 2G 7 2 Js G 2G Jy -[
L1 M2
hay: dU = = s d
nd 2 GJ,dz @
Vay thé€ ning trén doan thanh c6 chidu dai L 1a:
L 2 . ’
1M -
U= 5 ) dz (9.12)
o
D&i v8i mot thanh gdm nhidu doan, mdi doan c6 M./GJ, 12 hdng s6, cong thifc (9.12) trd thanh:
1, M2
== ; , .13
o-i3dh o
7- Dang niit gdy ciia cdc vét ligu .

‘ T
T G -
— A= T
TP
a) b '
Hinh 9.8. Trang thai ung sudt tai mot diém trén mdt ngoai
Nghi€n cifu trang thdi wng suit cia truc tron chiu xodn, ta thdy tai mot di€m trén mit ngoai,

phin t§ & trang th4i trugt thuin tdy chiu Wng sudt ti€p cyc dai Tp,y (H.9.2), & trang thdi ndy, theo hai
phudng nghiéng 45°so véi truc c6 Ung sudt kéo chinh va \ng suit nén chinh 6, =-0;3=|1| (H.9.8.b).
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Mitkhdc, qua thi nghiém, ta ciing bi€t ring vt liéu déo (nhu thép) chiu kéo. chiu nén 4t nhu
nhau, con chiu cit thi kém hon, do d6, khi mdi truc thép bi xodn sé bi gdy theo mit c4t ngang, do tng
Sudt HEPp T,., rén mit it ngan g (H.9.9).

Hinh 9.9. Dang nit gdy ciia vt lieu déo chiu xodn

Véi vat li¢u don nh gang, chiu nén va chiju c4t rdt t6t, con chiu kéo rat kém nén khi xodn s& bi
gdy theo mit nghiéng 45° so véi tryc do tng sudt kéo chinh o, (H.9.10).

Vi vit liéu c6 ciu tao thd nhu g6, chiu ct doc thd rat kém nén khi xodn s& bj nit doc theo
M, [\ M,

Hinh 9.10. Dang nut gdy cia vét liéu don chiu xodn

dudng sinh do ng sudt \ng suit ti€p dSi Wng v4i Ung suit ti€p trén mit ct ngang (H.9.11).

Vidu 9.1. M6t dong co c6 cong suit 10 KW, truyén mot ngdu lyc xofn 1€n mét tryc trdn dudng linh D
tai ti€t dién A, van t6c truc n = 1400 vg/phiit. Gid s hi¢u sudt truyén 13 100% . Khi d6 tai tiét dién B,

Hinh 9.11. Dang nut gly cia vét lidu g6 chiu xodn

C nhin dugc cong sudt truyén lan lugt 13 3 KW va 7 KW (H.9.12.a). X4c dinh du’dng kinh D, sau d6
tinh g6c¢ xodn Qac.

Cho biét: [o] = 16 kN/em’; [0} = 0,25%m; a = 0,5 m; G = 8.10° kN/cm’.
3 KW/,’ 10 % 7KW
B
B Zan e Jew ¢
| e |

‘ 12087 6957 48,70

' ~
. b) /Jé-lB 1/1 A / C .

48,70

©) 2087 = M (N.m)

Hinh 9.12. Truc tron chiu xodn va bidu dé noi luc M,

L)

Gidi. Goi ngdu lyc xodn tdc dung tai A, B, C lin lugt 13 M,, My, M. Ap dung cbng thitc chuyé’n‘dc‘;i



ta dugc:
M, =9740.10/ 1400 = 69,57 N.m
M, = 9740.3/1400 = 20,87 N.mm
M3 =9740. 7/1400 = 48,7 N.n
S¢ d6 tinh cda truc & (H.9.12.b), bi€u dd mémen vé & (H9.12.¢).
Theo diéu kién bén: '

Tmaxs[‘[]:Mz= Mz <[‘{]$D32 MZ =D> Mz

W, 02D°" 0,2[t 02x
véi: [t]=[0c]/2=8kN/cm?, M, = 48,7 Nm = 4870 Nem, ta duge:
D >14,49 cm
(a) |
Theo diéu kién cing:

. Mz Mz 4 Mz Mz
Omex < [0] = GJ, ~Goiw* - fbl=p* > Go1p) = P *{Go1p) :
véi: [6] = 0,25%m = 0,00436 Rad/m, M, = 48,7 Nm = 4870 Ncm
G = 8.10°kN/cm? ‘
tadugc: D2 11,17cm o (b)
Dé thda c hai yéu ciu (a), (b), ta chon D = 15 cm.
Ap dung cong thifc (9.6), ta dugc:

M,L 4870 50
- - = 0,006 Rad
Pac Z:(G.Jp l 8x10°x0,1 x15%

Vi dg 9.2. M6t thanh tiét dién tron dudng kinh D hai diu ngam chiu lyc nhu (H.9.13). V& bi€u d8 noi
Iyc va xédc dinh gi4 tri [M, ] theo diéu kién bén.

£¥a! ;L /D/kﬁ# @jg |

ar2 a | a | a2 |
— T—t

N

B

Hinh 9.13 Hinh 9.14

Ta thdy, dudi tic dung ngoai Iyc 1a cic mémen xo4n téc dung trong mit phing thing géc véi
tryc thanh thi phdn Iyc ph4t sinh tai cdc lién k&t ngdm A va E phai 12 c4c mémen xofn M, , Mg trong
cdc mit phing thdng géc véi truc thanh gid sit c6 chidu nhy trén H.9.13.

D€ x4c dinh mémen phén ligc, sit dung diéu kién can bing 1a
IM/z =0, ta c6: ~ Ma+Mp=2M,

M3t khéc, 4p dung phuong phdp mit c4t tinh ndi luc tai mot
ti€t di¢n bat ky, thi dy, trong doan AB (H.9.14), ta dugc:

My+M,=0 A T % .

Ta thdy, véi cdc phuong trinh (a) va (b) ta khong dd didu -
ki¢n xdc dinh phdn lyc hay n6i luc cda thanh, goi 12 bai todn siéu
'~ tinh. A oy // Mo
D€ gidi loai bai todn ndy, phdi b8 sung mot hay nhidu A )
phudng trinh bi€n dang ty theo s& 4n s&, thiét 14p b didu kién M_F 2Mo
bi€n dang ciia bai to4n. 4 v
Théng thudng, ta 1am nhu sau: v AZ -/ Mo
Tudng twgng bé ngam E, thay bing phan lyc tuong \tng Mg, A (4/3M
+ c)

Ml | = — J
8 . v oM L= |(5/3)M




gid dinh ¢6 chiéu nhu (H.9.15.a).

Tai E 13 ti€t dién ngam do d6 géc xoay cia 66t dicn iai £ phdi bing khong, ¢g = () chinh ia
diéu kién bi€n dang. _

Ap dung cong thitc (9.6) tinh goc xoay tai ti€t dién E, réi cho bing khong ta viét duge phuong
trinh bién dang. '

Ap dung nguyén 1y cOng tdc dung, bi€u d6 mémen xodn do titng tru’c‘iﬁg hyp tai gdy ra duge vé
GH.9.15.b.

1

Pg = Ppa = Z(Igj:)i
P P P P
.:> Mg = -g—Mo
Tinh @g theo (9.6) nhu sau:
- K&t qua dudng, Mg diing chiéu chon.
Xéc dinh dugc Mg, ta v& dugce bi€u d6 mémen M, 3 H.9.15.c.
Cin cf bi€u d8 noi Iyc, ta thay: M, .= (5/3)M,.
-Tir diéu kién bén, ta c6:

M
T max S[t]:> 021’)3 S[‘t]

5M 0,2.03
02D° ~ H? M, <[] 5

9.3. XOAN THANH THANG TIET DIEN CHU NHAT

Thi nghi¢m xo4n thanh ti€t dién ch@ nhit cho thiy nhifng dudng song song v thing g6c vdi
tryc kh6ng con song song va thing géc véi tryc, ti€t dién bj vénh (H.9.16.a,b), gia thi€t mat c4t phidng
khéng thé 4p dung dugc. Do d6, khong thé dura trén cAc gid thi€t d€ don gidn héa bai todn dudc.

.......

b)

Hinh 8.16. a) Trudc khi chiu mémen xodn

b) Trong qua trinh chiu mémen xodn

Nghién citu xodn thanh ti€t di€n chi¥ nhat bing Iy thuyét dan hdi, ngudi ta thu dudgc cdc két qud
nhu sau: ' : '

Trén mat c4t ngang chi c6 wng suft tiép, tai tim va cdc géc, ing suat ti€p bing khong. Trén hai
tryc dGi xitng cua ti€t dién, dng suit thay ddi theo dudng cong, ting din tif tdm va dat gia tri cyc dai
tai trung di€m ciia cdc canh. Tai trung di€m canh dai, dng sust ti€p dat gid tri 16n nh&t Ty, ; tai trung
diém canh ngdn, ting sudt nhé hon Ty, goi la 1, .



Phin bé ting sudt ti€p tai cdc di€m trén cic truc d6i xdng, cdc canh ti€t dién va cdc dudng chéo
duge biéu dién  HY 17

|
J/t/

Hinh 9.17. Sy phén b6 ing sudt tidp trén tict dién chit nhdt

a. Ung sudt tiép:

M
Tmax = ahl:z ’ T], = Yrmax (914)
b. Géc xodn tuong déi:
M, .
= 9.15
Bhb? (9.15)

Trong d6: a, v, B - 12 c4c hé s phy thudc ty s& (canh dai/canh ng4n) dugc cho trong bang 1.
Bdng 9.1. Gid trj o; 3, B

b

: 1 1,5 1,75 2 2,5 3

a 0,203 | 0,231 0,239 0,246 0,258 0,267 -
B 0,141 0,196 0,214 0,229 0,249 0,263
Y 1,000 0,859 0,820 0,795 0,766 0,753
h .

5 4 6 8 10 @

a 0,282 0,299 10,307 0,313 0,333

B 0,281 0,299 0,307 0,313 0,333

Y 0,745 0,743 0,742 0,742 0,742

9.4. TENH LO X0 HINH TRU BUGC NGAN CHJU LUC DOC TRUC
L xo 12 mét bd phan duge ding réng rdi trong nganh cd khi ché& tao, dugc 14p dit tai nhifng

chd cdn gidm chén do tdi trong ddng nhu d€ méng thang m4y, hé théng nhiin trong 6t6, d€ mé to

cdng sudt Idn...

Lo xo hinh try dugc cdu tao bing cich quin mét sgi day thép ti€t dién vudng, chir nhit hoic
tron quanh mgt I6i hinh try dudng kinh trung binh D, trong st dung, 1d xo chi chju lyc theo phuong
truc cla hinh try nay. ' '

10




Trong phdn ndy, chi xét 16 xo ¢6 cdc vong gdn nhau goi 1a I xo hinh try budc ngin (H.9.18.a).

P

Hinh 9.18. ¢) Dgng l6 xo hinh tru busc ngdn (h nhé)
b) Biéu dién noi lyc trén tiét dign ddy 16 xo

Ding mét mit cdt chita truc tru c{t qua mot sgi diy 10 xo, téch 16 xo 1am hai phth, xét diéu
kién can bing ca mdt phan 16 xo nhv trén H.9.18.b, ta dugc:
IDg=0=> Q, =P

IM/o=0=>M, =P.—]22

Nhu vdy trén mit cit dang xét ¢6 tdc dung cla lyc cit Q, va mémen xodn M,, ching déu gy
ng suit ti€p: '
T=1Tm + 1
Tai mét di€m ba't ky trén mat cit nga-ng, céc thanh phin dng sui't dugc bi€u dién nhv (H.9.19).
Bé qua d¢ nghiéng cia ddy 10 xo, coi ti€t dién dang xét 12 tron, ngoai lvc tdc dung 1&n 10 xo P 12 lyc
kéo hay nén c6 thé thy rling, tai mép trong ciia mit c4t ddy 10 xo, diém A trén H.9.19, dng suit ti€p
dat gid tri cye dai,

Hinh 9.19. N¢i lyc va ung sudt trén mat cdt ddy 16 xo

" Mbdt c4ch gin diing, Ung suit tiép tai diém nguy hi€m c6 thé tinh nhu sau:

pD

= + _QY+Mz_£+ A2
Tmax STQPIM Tt T F Y g8
n o

16

Thyc chélt 1o khong phin bs déu, con cdng thic tinh Ty nhu trén khéng chinh x4c vi tiét dién
khéng tron do d6 nghiéng cla diy 15 xo ciing nhu sgi diy 16 xo khong 13 thanh thing, cho nén trong
tinh todn thyc hanh, ké dén k&t qua do thyc nghiém, ta c6 thé 14y:

11



P
2 8.P.D _—
vk gt g 9T 9.10
s nd? nd3 R
. 16
D +0,25
véi k = d
D
— 1
d .
bi€u kién bén 1o x0: 1., < [t] (9.17)-

Khi ché tao 1o xo, mét dic trung rdt quan trong 1a d6 co, din cda 10 xo khj chiu lyc doc tryc try.
S dung nguyén 1y bio toan ning lugng, b3 qua cdc mat mdt nang lwgng, cong ngoai lyc T hoan toan
bién thinh thé ning bi€n dang dan hdi U. , '

Ta c6 cdng clia ngoai Iuc P trén do co, din A clia 16 xo la:

T = %.P.A (2)
Thé nang bi€n dang dan hdi tich liy trong 10 xo (b6 qua th€ ning do Q):
1 M2L
U==32z
22 G,
22 2 43
U= 1P°D n.Iz.n - l 8.P .D4 n (b)
2 4 Grd*/32 2° G4
o 8PD°n P
vé 4tri, T=U,ta dudc: A = == 9.18
¢ gid tri a duge Gd C » (9.18)
4
véi: - Gd
8D°n

trong d6: C - 1a d6 cing clia 10 xo0; n - 56 vdng chiu lyc cia 16 xo

d - dudng kinh sgi 10 xo0; D - dudng kinh trung binh c¢da try

G - module din hdi trugt cda v4t licu lam 19 xo.
Vi du 9.3. Hai 16 xo ¢6 do cing C; = 8 kN/cm va C, = 5 kN/cm cing chi€u cao H, dugc ghép déng
tryc try, cdng chiu mét Iyc P = 50 kN (H.9.20.a). Tinh lyc tic dung trén titng 10 xo, tinh chuyén vj ciia
diém dxt lyc. |

a)

Hinh 9.20. a) Hai Ib xo ghép déng truc tru _
b) Biéu dién ngoqi lyc va ngi luc tde dung len 16 xo

Gidi. T4ch 1d xo theo mat cit (1.1), xét cdn bing phin trén, goi phdn lyc ciia 16 xo 13 R, , R,
(H.9.20.b), 4p dung diéu kién LY = 0, ta dugc: :
Ri+R, =P (a)
Lifc tdc dung va phdn lyc 16 xo ciing trén mét dudng thing nén chi dp dung mot diéu kién cin
bing, do d6 chi c6 mét phuong trinh chita hai £n s0, ta gip bai todn siéu tinh.
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Piéu kién bi€n dang: chuyén vi cda Id xo 1 phdi bing 15 xo0 2: ‘
=2 ' ' (b)

R, R, oN .
Lt =15 R =ZLR, C)
c, ¢, hrg .
Thay (¢) vao (a), ta dugc:
' P C.
R, = = 2
& 1+ Cl C1 + C}2 o
C, (d)
@=R, =Pl1-—C2 |__C p
‘ C,+Cy| C;+Cy

Thay gid tri P, C,, C, vao (d):
R; =30,76 Kn; R, = 19,23 kN
Chuyen vi cia diém dit Igc chinh 13 d9 co cia 10 xo 1 hodc 1o xo0 2 M=y
=A=R,/C;=30,76/9 = 3,945cm.
Vi dg 9.4. M{t thanh c6 EJ rit 16n dugc xem 12 biing w, dugc dit trén ba 15 xo ¢6 4o cting 14n lugt 1a
C, =5 kN/cm, C; = C, = 10 kN/cm ch1u tdc dung cda lyc P = 50 kN nhu trén H9.21.a. Tim lu’c tac
dung trén c4c 16 xo, tinh géc nghiéng ciia thanh ABC. Cho a = 0,5 m.

) [ A B [
Cz L | Tnz TR@
1|, a er | a qL a qL a 1L
b)

Hinh 9.21. a) Thanh ABC tuygt d6i citng dat trén ba 16 xo
b) Ngoai lye va cde phdn lye ciia cdc 1o xo

Giai. Goi phén luc ciia c4c 10 xo 1in lugt 1a Ry, R, R3(H.9.21.b).
Piéu kién cin bing: .
2Y=0 = R +R;+R;=P (a)

YM/A=0 = Rpa+R;3a=P2a
hay: R; +3R;=2P (b)

Piéu kién bi€n dang: Gid sw, du6i tic dung clia ngoai luc, thanh ABC cé vi tri mdi nhu &
(H.9.22):
A2
‘ / S
S ——=fyg As

Hinh 9.22. So d6 chuyén vi ciia thanh ABC va bién dang cia cdc 16 xo

Ta cé: A=A +(13) ;.
R R, 1R
Thay cédc gid tri Ci=5kN/cm, C; = C, = 10 kN/cm vao (c), rdi gidi hé (a), (b) (c), ta dugc phidn
Iyc cia cdc 19 xo, cling chinh 12 lyc tdc dung lén céc 10 xo:

R;= P/ll R, =4P/11; Ry = 6P/11
Ti d6, ta tinh dugc bi€n dang clia c4c 10 xo:

A =091cm; A,=182cm; Ay=2,73 cm
Géc nghiéng ctia thanh ABC la:
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180~ ot = (s — A)/3a = 0,012 Rad
BAI TAP CHUONG 9

9.1. V& bi€u d8 mémen xoin. tinh ng sudt ti€p 16n nhat va géc xodn tai diu ty do cta thanh. Cho:

My =360 Nm, a=50 cm. G = 8.10° N/em? (H.9.26), d=73cqn,
4Mo Mo 2Mo
/A VAR
/, J ] B AR A
A _8 — _ .
I i ]
" ! |
N WL
M i) T |
Hinh 9.26
9.2. V& bi€u db nji luc, ki€m tra d6 bén va d6 ciing cia truc tron bidt [] = 3000 N/cm?, [0]

=0,5/m, G = 8.10° N/cm? (H9.27), My=1kNm, a= 40 cm. Tinh géc xo4n tai B va C.
9.3. V& bi€u 56 mémen xoin va tinh Ung sudt ti€p 16n nh4't trén cdc mit cit ngang nguy hiém clia
truc tron nh trén H.9.28. Cho: G = hiing s5.

M M
4
7 /3 7 /‘l z
43 g = [ /
‘7 j/i % 4
P B / | 4
e Jo @ @ 2 |
— | — >
Hinh 9.28
4M, 2M, Mo
A A
/ / v
E
A7 \/-l/ el
|
/, 4 |
e ® T
I >«
Hinh 9.27
l—
o)
[€
B )
Hinh 9.29

9.4. Mot tryc chju xofn nhe H.9.29. X4c dinh Wng suit ti€p T, cla truc AB, géc xofn ®as , ndi lyc
trong hai thanh CD va CE. Cho E = 2.10" N/cm?, G =8.10° N/em®, M = 2 kNm, a = 2 cm,
F=4cm? d =6 cm. Xem puli tai C I tuyét dSi citng.

9.5. Mét truc truyén dong ti€t dién tron, dudng kinh D. Tai puli A, truc nhin dugc cong suit truyén Ia
15kW. Gid sit hiéu suat truyén 1a 1, khi d6 tai c4c puli B, C va D truc truyén di cc cOng suit ldn
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lugt 12 4 kW, 8 kW va 3 kW (H.9.30). Tinh dudng kinh D theo diéu kién bén va diéu kién cing.

Cho: [1] = 2 kN/em? ; [0] = 0,4%m; G = 8.10° kN/cm’, t5¢ 46 motg truyén n = 150 vg/ph.
l& LL _J-ML
AN AR ARSY
O I
N D
Hinh 9.30

9.6. Trén mit ngodi cia mot truc trdn chiu xofn thuin tiy, ngudi ta ding tdm dién trd va do dugc
bién dang dai twong ddi theo phudng 45°so vdi truc 1a £ = 30.107.
Tinh m6men xo4n tdc dung Ién truc. Cho: E = 2.10*kN/cm?; p = 0,3.

P
yam

Hinh 9.31

9.7. Ngudi ta n6i hai truc cung dudng kinh D = 8 cm bing mit bich va bén bu 16ng ¢ 20 bd tri d6i
xifng trén dudng tron dudng kinh 20 cm (H.9.32). Tinh mémen xoZn I6ns nh4t c6 thé tic dung
1&n tryc theo di€u kién bén ciia tryc va bu l6ng.
Cho: [t], = 4 kN/cm’; []y = 2 kN/cm?.
Vi tri bu léng

N R % L

/

Hinh 9.32

9.8. Hai tryc trdn biing thép va dura dugc néi v6i nhau bing mit bich va bu l6ng chiu mét m6m¢n
xoin M nhu (H.9.33). Tinh mémen xo4n ndi lyc tdc dung 1€n hai truc. Cho: Gy, = 2Gd'i"'; Daura =
1,5Dy,. v

thép. dura

' /_. Do _ T 1P _|__

ANNNNANANRNN
I

o ONOONNNNNNNNNNN

Hinh 9.31

9.9. Hé chiju lyc nhu § H9.32.2,b
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Tinh tng suit trong 10 xo0 1 va 2. :

Tinh chuyen vi ditng rai C, xem thanh ABC la tuyét ddi cing.

Bi€t: D;=6cm, d, =1 cm. a, = i), D =S cm
P=1kN G, =G, =810 kN/em?

,,‘2—«(/8\,‘11,112—-0

b
3 Hinh 9.32 )

9.10. Mot thanh wyét d6i cing AB dugc dit trén ba 16 xo ¢
- d3t 3 diu B nhu trén H.9. 33. Tinh Iyc tic dung 1én céc 10 xo.
Tinh chuyén vi ding tai B. Cho: C; = 2C,=2C, =2 kN/cm; P = 8§ kN;

lp

6 cing s6 vong va chiu mét lyc P

a=1m.
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