Chuong 4. XOAN THUAN TUY THANH THANG

I. KHAI NIEM VE XOAN THUAN TUY

1. Pinh nghia

= Mot thanh chiu xoan thuén tuy khi /‘
tréen MCN chi ¢6 mot thanh phan noi
luc 12 mémen xoan M, (hinh 4.1).

T

= Ngéu luc P-P tao ra moémen xoan, /
cO gia tri bang P.a. /
2. Lién hé giira momen xoan ngoai luc - e
vOi cong suat va sé vong quay Hinh 4.1
= Cong do momen xoan ngoai luc M
(Nm) thuc hién khi truc quay mot géc a theo thoi gian t: A = Ma

A Ma N

= Do d6 cong suat N (watt-W): N ZT—TZ Mo — M :g

trong d6 ® - van téc goc (rad/s); n la toc do [vong/phit (v/ph)].

, i
= Van toc goc: ® :%rad/s

. N
— Néu cong sudt N tinh bing kW thi: M =9549—(Nm)

n
- , , 3 ~ N N
= Néu cong sudt tinh biang ma lyc thi: M= 7162;(Nm) .
3. Cac gia thuyét tinh toan
Quan sat doan thanh tron chiu xoan (hinh

7777777\\
4.2) trudc va sau khi bién dang, thdy: [ [ [ //_IJ;/

= MCN ban diu phang va thang géc véi A\
truc thanh thi sau khi bién dang van phing va \\\\\\
thang géc véi truc thanh, khoang cich gifta @) Trudc bién dang |
c4ac mat cat khong thay doi.

— Céac ban kinh cua thanh truée va sau khi
bién dang van thang va c¢6 do dai khong ddi. -t

= NO6i mot cdch van tat, khi thanh tron
chiu xodn, chi xdy ra hién tuong quay ciia
tiét dién ngang quanh truc thanh. Nhan xét
nay da duoc Ili thuyét va thuc nghiém xac Hinh 4.2
minh la dung.

b) Sau bién dang
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IL. UNG SUAT TREN MAT CAT CUA THANH TRON CHIU XOAN

= Khao sdt mot thanh tron chiu xoan thudn tuy (hinh 4.3a).
P

7D . / T
<p7/t /

B/

Mt cit 3

T
— Tach tir thanh Mot doan dai dz (hinh 4.4)
—> Theo quan h¢ giita ndi luc va ing suat ta co:
M ;= ITdeF (a) 4
F .

— Mait khiac theo dinh luat
Hic:

=Gy b T e 4
T, 1a Ung sudt ti€p trén MCN tai \
diém céch trong tam mat cit mot 3 4
khoang bang p. - dz -
— Theo hinh 4.4:),dt$ co: Hink 4.4
~fgy=—-—
Y~ 19y 4z (c)

vGi do 1a géc xoan tuong doi gitta 2 mat cat 3-3 va 4-4; dz 1a khoang
cach gitra 2 mat cat do.
do ,
— Ky hiéu: 0= oz 12 g6c xodn ty d6i.

— Thay (c) vao (b) r6i vao (a), ta co:

M
M, _jG.e.p dF=G.8J, = 6= G 4.1)
F .

p

= Thay (4.1) vao (c) 1di vao (b), tacé:|*» ~ j P (4.2)
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— Ung sudt tiép 16n nhat: Tmax = W (4.3)
p
trong dé: W, :Ep goi 1a modun chéng xoan cua mat cat ngang co thi
nguyén la (chiéu dai)’; R 1a ban kinh ctia mit cit ngang.
J, nD°
- D6i v6i hinh tron: W, === --~0,2D’
nD? d
- DGi v6i hinh vanh khan: W, == (1-1") #0,2D* (1-n") ; n=

— Biéu d6 tng sudt biéu dién nhu trén hinh (4.3b). Ta thdy tng suat
ti€p phan b6 theo quy luat bac nhat phu thuoc vao khoang cach p dén
trong tam mat cit ngang.

IIL. BIEN DANG

— Bién dang tai mit cit z cua thanh tron khi xoan dugc thé hién bang
gbc xoan tuong doi gitta hai mat cit ngang cdch nhau mot don vi chiéu dai,
goi 1a géc xodn ti doi, tix (4.1) ta ¢6:

_de _ M,

=1, a1 g (rad/m) (4.4)
= Gé6c xo0an tuong do6i gitta hai MCN cach nhau mot khoang dz la
M
do=—>=—dz
® GJ

P
= G6c xo0an tuwong doi gitta hai MCN cdch nhau mot khoang / goi 1a
g6c xodn tuong doi cla thanh:
/

MZ
¢ = O GdeZ (rad) (4.5)

= GJ, dugc goi 1a d¢ ciing xodn. Né&u trong sudt chiéu dai / cta thanh,

2 s Mz A A - A A N P DN N
ty sO ISR khong doi hoac khong doi trong tung doan c6 chiéu dai /;:
p

_ MZ] — X MZli
PTG, | hoac = LG (4.6)

Tir cdc cong thic trén ta thady khi chiu xoan, diac trung hinh hoc cua
MCN khong phai la dién tich F ma la momen doc cuc J,,.
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IV. TINH TOAN VE XOAN THUAN TUY

— Dam bao di€u kién bén va di€u kién cing.

1. Piéu kién bén

M

= Diéu kién bén o Tuw =~ =[]

p

[t] 1a ting sudt tiép cho phép cua vat liéu, xac dinh nhu sau:

[t] _ [G]k

2

= Pai v6i vat lieu déo: [] =ﬁ“, vat liéu gion: [1]= ;

= Diéu kién bén trén todn thanh khi dudng kinh thay déi:

hoac [t]= N

[o],

(I

= Vi cong thic (4.7) ta c6 ba loai bai toan co ban sau:

a. Kiém tra bén: theo cong
b. Chon kich thudc mdt cdt

c. Tinh tai trong cho phép:
2. Piéu kién citng

thic (4.7).

MZ[

-

ngang: |W, =

W

p

]

M, < W,[t] = [M,]

4.7)

(4.8)

4.9)

(4.10)

(4.11)
(4.12)

— Goéc xoan tuong doi (hay bién dang xoan) 16n nhat khong vuot qud

gi61 han cho phép:
B, = o <[]
Gd,

[rad/chiéu dai] hodc [do/chiéu dai]

(4.13)

trong d6 [0] 12 gbéc xodn tuong doi cho phép (tra bang). Néu [0] duoc cho

bang (do/chiéu dai) = cong

[0] rad/chiéu dai =

= Theo cong thic 4.13 ta cling co6 ba loai bai toan sau:

thic quy doi sau:
T
180"

[6] do/ chiéu dai

a. Kiém tra diéu kién cing: theo cong thic 4.13

2 MZ
b. Tinh kich thudc mdt cdt ngang: |J, = G[6] = |:Jp:|

c. Tinh tdi trong cho phép:

M, < GJ.[0] = [M,]

(4.14)

(4.15)
(4.17)

— Khi tinh todn theo ca di€u kién bén va cing, diéu kién nao c6 anh
hudng nhiéu hon thi 1ay két qua theo di€u kién ay. D6i véi thanh manh,
diéu kién cing thuong c¢6 anh huéng nhicu hon.
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VI. BAI TOAN SIEU TINH VE XOAN

— Mot thanh tron bi ngam & hai dau chiu tac dung ctia ngau luc M, nhu
hinh 4.9a. V& biéu d6 noi luc ctua
thanh. Mo
= Ngau luc lién két M, va
M;. DPé xic dinh ching, chi c6
mot phuong trinh can bang tinh
hoc:

<
&

NN
AN
. <
T RN

\
I\

A
N
\
|
\

|

N

I
B!
N
L

Ma

O
N

Mo
M—M,+M,=0 (a) A My e

— Muo6n giai bai todn siéu
tinh (bac mot) nay, phai dua vao
diéu kién bién dang cta thanh dé
lap thém mot phuong trinh bo
sung. Tudng tuong bo ngam A
va thay thé bang phan ngéu luc ‘ @
M,, ta duoc thanh tinh dinh
(hinh 4.9b). Hinh 4.9

— Diéu kién thay thé 1a géc xoin ¢, phai bing khong, dé€ bao dam su
tuong duong vé bién dang véi thanh siéu tinh da cho, do do:

—MAa+(—MA+MO)b

—

(pAB (PAC (pCB GJ ) GJ ) (b)
Giai phuong trinh trén, dugc:
b
M, = a+b M, ©)

thay (c) vao (a), suy ra:

a
M= gip 0 (d)

= (Néu M, va M; tinh dugc & trén mang thém dau am, thi ching c6
chiéu ngugc véi chiéu gia thiét ban dau).

—> Sau khi xac dinh dugc cac phan ngau luc M,, M; s& vé dugc biéu do
momen xoan M,(z) cua thanh nhu hinh 4.9c.
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VI. TINH LO XO XOAN OC HINH TRU BUGC NGAN

= Xét mot 10 xo xodn Oc tru tron, chiu lyc doc P (hinh 4.10) véi: h 1a
budc cua day 10 xo, d la duong kinh day 10 xo, D la duong kinh trung binh
ctua vong day 10 xo, a la géc nghiéng cua cac day 10 xo, n la s6 vong day 10
XO.

= Gia thiét:
1. G6éc nghiéng o rat bé,

budéc h cua 10 xo khong

o

16n 1am h < b
am 10"
2. Puong kinh d va D phai

. D
thod man d<§.

1. Ung suat

= Tudng tuong cat day 10 /

xo bang mot mat cat di qua D
truc cua 1o xo va xét su can K
bing cua mot trong hai phan. M
N N . A A
— Thanh phan noi luc: Pl U
Q,=P va M,=PR=PDJ2. P oy T
= Néu budc h cua 10 xo 2 Hinh 4.10
khong 16n 1lam =MCN la
hinh tron.
= Ung sudt do ngu lyc xodn M, va lyc cit Q, gay ra déu 1a tng suat
ti€p, ki hiéu twong tng 1a Tty va 14
M PR
Ty = Zp:—p. TQ:&ZLLP
J, J, F nd’
—> ting sudt ti€p T tai moOt diém nao do 1a téng hinh hoc clia hai thanh phan
ing suat tiép. t,,, 1a tai diém A trén bién clia mat cat ngang, tng véi duong
kinh trong cua 10 xo (hinh 4.10c).
8PD 4P 8PD[ d j
max 3 + 5 = 3 1+—
nd® nwd nd 2D
= Trong thuc t€, d cia day 10 xo thuong rat bé so v6i D cua 10 xo, nén ti
s0 d/2D c6 thé bo qua so véi 1.
8PD
= Tmax = k 3
nd

T

trong d6 k 1a hé s6 diéu chinh ké dén anh hudng cua luc cat Q, va anh
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~ D/d+0,25

huong cua do cong vong day 10 xo: D/d—1

:kSPD<

= Diéu kién bén khi tinh todn 10 xo 1a: | Tmax o [T]

2. Bién dang

— Ngoai do bén, con phai tinh lugng co gian cta 10 xo.

= Goi A la luong co gidn cua 10 xo do luc doc P gay nén. Cong cua
ngoai luc P trong bién dang do la:

x " 2 |*
v e P
A=|P(y)dy=|cydy=c = =
[rope -] -2
= Cong A bang cong bién dang dan hoéi U trong 10 xo:
9 9 2|® 2
(0] cp.p 1 1 M/ 1M/
U=|M dp=|codp=c— =—F==-M ¢o=—M —2=——=
! (9)de l@q) 2| "2 272 'GJ, 2GJ,
trong d6: [ — chiéu dai cta day 10 xo.
M2/
= Theo nguyén 1y bao toan nang luong A = U, ta c6: PA= GJ
p
o, 8PD’n
= Thay tri s6 ctia /= tDn va M, = PD/2: |A = adt
— Luc cén thiét d€ gay nén mot bién dang don vi cua 10 xo, dugc goi 1a
[P G
do cung cua 10 xo, ki hiéu 1a C: » 8Dn

—=D0 clng clia 10 xo dugc tinh bang N/m.
VII. Vi du ap dung
Vi du 4.1: Cho dim diu ngadm dau tu do chiu mémen xoan tap trung
M, (hinh 4.11a). V& biéu d6 momen xoan.
Bai giai
St dung phuong phdp mat cat, ta duoc: M,-Pa=0 — M,=P.a
Biéu d6 momen xoin duoc vé trén hinh 4.11b.

/ | /":ﬁ"-a a
7 , 1| / 3

b)
Hinh 4.11
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Vidu 4.2: V& biéu d6 M, cho thanh chiu luc nhu hinh 4.12.
Bai gidi

1. Phan luc tai ngam C: 300 Nim 600 Nm 2000Nm/m
M, =0— M, =900Nm /« /.

2. Chia ddm thanh hai doan: K

- Poan AB cat thanh & mat . 40em e goem — 25N

N2

20 mé Iye

cat Zl\(0S21S4OCI’n) va xét su mmgm,\m
can bang phan trai, ta tim dugc 300 Nm
M, =300 Nim. | K1
- Doan BC cat thanh & mat 200 Nm
cat z, va xét su can bang phan ol gz, Zy <0
phai ta co: Y

M, =900 - 1000.z, Hinh 4.12

Veé bléu do 1\/[Z nhu Ny No
trén hinh 4.12. / / /

Vi du 4.3: Cho mot — — — T a)
trucc MCN hinh vanh
khan (duong kinh d, D) b 40 mé Iyc
chiu luc nhu hinh 4.13a.
Cic puli 1, 2, 3 1a bi 50 mé e~ 6# D 30 mé Iyc
dong c6 cong suat N, = b)
40 ma luc, N, = 20 ma
lyc, N3 = 30 ma luc, Hinh 4.13
puli O 1a cht dong. Cho
biét n =1000vong/phit, n=d/D =0,6, [t]=4500N/cm?, G=8.10°N/cm?,
0°=2°/m. X4c dinh D, d.

Bai gidi: Biéu d6 cong sudt duoc vé& trén hinh 4.13b. Mit cit nguy
hiém c¢6 N, = 50 mi luc = Mzns = % N = 718(2)80 50(Ncm)

Chon kich thudc theo di€u kién bén (4.11), ta c6:
M nD’ 4 716200.N 16 716200.N
W>"2_w,=—(@1-n")=——-"_D>3——=— "2 ~3,64cm
p [T] = "'p 16 ( Tl ) n ['C] — i/ TN [T] (1_n4)
Chon kich thudc theo di€u kién ciing. Tur (4.14), ta suy ra:
M nD* 4. _ 716200N, x100x180
0, =—=<[0]_7,= 1-n")> ° =

so sanh ta chon: D=3,64; d=3,64. 0,6 = 2,18cm.
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