SUC BEN VAT LIEU — XOAN THUAN TUY

CHUONG V
XOAN THUAN TUY

1. Khdi niém vé xoanthuan tuy

1.1. Pinh nghia:
Xét mot thanh tron chiu tac dung cua

P %
7 ngau lyc m=P.a
- m: momen xoan ngoai luc

- m phai nam trong mit phang

vudng goc voi truc thanh

Khi tac dung vao mdt thanh nhitng ngoai luc 13 nhitng ngiu lyc ndm trong mit phang
vudng goc voi truc thanh thi ta ¢6 thanh chiu xoan.

Vi du: Céc truc truyén dong trong hdp sb, may tién, truc may khoan, miii khoan ...
1.2. Noi luc va biéu d6 moment xoén ndi lue:
1.2.1. Noi lyc:

Xét mot thanh chiu tac dung ngoai luc my, My, Mg nhu hinh v&. Dung mat cat 1 - 1, xét
can bang bén trai cua thanh. Pé can bang v6i momen ngoai luc thi trén mat cat 1 - 1, ndi
luc phai 2 mot moémen. Mémen d6 goi la moémen x04n ndi luc, ky hiéu M,

il' Y AY
| | |
mq ma ms3 X m1 M; X
A L ., £ : Y R A A -
I
1

Dau ciia moment xoan ndi luc M, :

- Xét can bang bén tréi:
/ M z >0

l

/ MZ<O(

Momen ngoai lyc thuan chiéu kim dong ho

M6men ngoai luc nguoc chiéu kim dong hd

- Xét can bang bén phai:
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Tri s6 moment xodn ndi lyc & mit cit ciia phan thanh dang xét bang tong dai sd cac
moment xodn ngoai lyc tac dung lén phﬁn thanh dang xét do6.
1.2.2. Biéu d6 mdmen xoan ndi luc
> Céc bude vé& biéu do:
- V& duong chuan song song vdi truc thanh.
- Tinh mémen ndi lyc trong ting doan, biéu dién bang cac tung do theo ty 1¢ xich
- Dit (+) bén trén, dat (-) bén dudi dudng chuan
Vi du:
V& bicu d0 momen xodn ndi lyc clia thanh nhu hinh v& c6 mc = 3KNm,
mp = 1KNm, mg = 2KNm bo qua ma st & cac gdi

Mc Mp Me
(1 a4
A7 {/C D E 7B

Il "
3KNm —|[{1\= || 2KNm

I

Dung phuong phap mit cit, tinh mémen xoan ndi luc trén timg doan thanh:

+ Poan AC : Tai mit ¢t 1 - 1 c6 Myac =0
+ Poan CD : Tai mit cét 2 - 2 ¢d Mycp = — mec = —3KNm
+ Doan DE : Tai mit cit 3 - 3¢0 Mpg =— Mg+ mMp=-3+1=-2KNm
+ Doan EB : Tai mit cit 4 - 46 Mg =0
V& biéu dd theo qui udc
* Nhdn xét:

— Trén cic doan thanh khéng c6 mémen phan bd, biéu d6 1a mot duong thing song
song hay tring véi dudng chuan.

— Tai vi tri dat cdc mOémen tép trung, bi€u do cé budc nhdy, tri sO budc nhdy bang
tri sO cdc mOmen tép trung

1.3. Lién hé gilra moment ngoai luc v4i cOng sudt va van toc goc:

Goin 1a sb vong quay cua tryc trong mot phit (vong/phut)
N la cong suét cua truc truyén dong (W)
M la moment xodn ngoai lyc (Nm)
Ta co6 su lién hé gitra moment ngoai luc vdi cong suit va van toc goc nhu sau:

M :9,55E
n
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2. Ung sudt va bién dang trong thanh mdt cit tron_chiu xoin:
2.1. Ung suit:

Dé thiét 1ap cong thirc tinh ng sudt ngudi ta thuc hién cac thi nghiém va xem bién
dang bén trong thanh ciing nhu bién dang bén ngoai thanh. Xét thanh chiu xodn nhu hinh
AY

b Y
X
( [/ [ /|
([T [ _ .
NN X -
Khi chua c6 mdmen xoin Khi ¢c6 mdmen xoén
tac dung tac dung

vE. y

Quan sat thanh sau khi chiu tac dung luc ta théy:

— Trén mat cit ngang ctia thanh chiu xodn khong c6 hién tugng co hay dan dai nén
nén khong co6 tng suit phép.

— Céac mit cit ngang xoay truot tuong d6i véi nhau, thanh c6 bién dang truot va chi c6
g suét tiép c6 phuong vudng goc véi ban kinh di qua diém dang xét, phan bd doc theo
ban kinh bat ky theo qui ludt dudng thang.

Ung suit tai mot diém I bat ky trén mat cat duoc tinh nhu sau:

I\/IZ
T, = ] p
Trong do6 :

~ M, : tri sd tuyet ddi mdmen xodn ndi luc tai mat
cat ngang chtra diém tinh ung sut (Nm)
— J,: Momen quén tinh ddc cuc ciia mat cat doi
v6i trong tdm O ciia né (m?)

— p: khoang cach tir diém tinh Gng suét I d&én
trong tAm mdt cit O (m)

Ung suét tiép phan b trén

Mat cat ngang tron dac Tai mot mat cit, M, valJ, khong doi, T, phu
thudc vao p
M
= Thax = =R
JO
J M
Dat EOZ W, = t1,,=-2 (N/m)

o
W, : momen chéng xoin ciia mit cit ngang thanh : m®
J, va W, dic trung cho kha ning chdng xoan ctia mit cit ngang thanh, néu W, ting

N .o ’ 5 - . < A I
thi Tmax giam, thanh c6 kha nang chiu xoan tot. Iy

+ V6i thanh ¢6 mit cit ngang tron dic
J,=01d", W,=0,2d° . -

+ V&i thanh ¢6 mit cit ngang tron rong
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J,=01D*(1-a, W,=0,2D* (1 - o) V(’)’ia:%

2.2. Bién dang: 0 AY

Quan sat bién dang ctia thanh chiu xoén ta thiy: giira cac mat cat ngang c6 goc xoay,
duogc goi 13 gbc xodn tuyét ddi, ky hiéu ¢

M, | 180-M, -1
=—— (rad) ha =——— (do
¢ G-Jo( ) hay ¢ G @
Va goc xoan twong ddi, ky hiéu 0
ezﬂjgzw(d@/m)
I n-G-J

Trong d6 : G.J, : do cung khi x04n

3. Tinh todn vé xodan thudn tuy:

3.1. Diéu kién bén va ba bai toan co béan:
3.1.1. Diéu kién bén:
Ung suét tiép 16n nhat trong thanh khong duoc vuot qua tmg suat tiép cho phép
M

Tmax -

2 <[] (N/m?)
o
- M, : Gia tri tuyét d6i cia mémen xodn ndi luc (Nm)
- W, : Mdmen chéng xoin cua mit cit ngang (m°)
3.1.2. Ba bai toan co ban

VTERT A M
a) Baitoankiémtrabén: 1, = WZ <[1]

0

M

z

<]

b) Baitoan chon mit cit ngang thanh : W, >

Suy ra cong thtrc tinh duong kinh thanh tron

+ Vi thanh tron dac : d >3 M,
0,2[<]
. Cox M
+ Véi thanh tron rong = D >3 o~
0,2-(1-a*)[t]

c) Bai toan tinh tai trong cho phép : M; <W, . [t] hay [M;] =W,. [1]
3.2. Piéu kién clrng va ba bai toan co ban:

3.2.1. Didu kién clrng:
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Goc xodn tuong ddi (hay bién dang xodn) 16n nhit khong vuot qua gidi han cho phép

180 M,
G-J

0

0 (d6/m)

Trong d6 : [0] : Géc xoan twong dbi cho phép cua thanh (46/m)
G : Modun dan hdi khi truot cua vat liéu (N/m?)

J, : Mbment quan tinh doc cuc ciia miat cat ngang thanh (m*)
3.1.2. Ba bai toan co ban

: M
a) Bai toan kiém tra do cimg : 0 = 180, S < [6]
Tc .

0

, M
b) Baitoan chon mat cat ngang thanh : J_ > 180 M,

o G-[@]
+ Mat céttr(‘)ndéc =d>4 &
n-0,1-G-[0]

180- M,
n-0,1-1-a*)-G-[0]

+ Mit cit tron rong = D > zi/

c) Baitoan tinh tai trong cho phép: M, <G-J, [6]& hay [MZ]:G-J0 [6]%

* Vidu:
Mot truc c¢6 duong kinh khong ddi d = 5cm, chiu luyc nhu hinh v&. Cac ngoai luc,
momen mg = 3KNmM, ma = mc = mp = 1KNm. Cac doan AB = BC =CD =2m.

a) Vé biéu d6 moment xo4n ndi luc cia truc.
b) Tinh tng suit nguy hiém nhat cia truc.
¢) Tinh goc xodn tuong d6i 16n nhit va goc xodn tuyét ddi cua toan truc.

Biét G = 8.10* MN/m?
i/ I
/A VIE /< (/D

2KNm +
1KNm

a) Ve biéu d0 moment xoan ndi luc cua truc:

1KNm -

Gidi
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M,z =—Mm, =—1kNm
M,ge =—M, + My =2kNm
M, =—m, +m; —m. =1kNm
b) Tinh tng suat nguy hiém nhat cua tryc
Mit cat nguy hiém thuéc doan BC
Mg M 2-10°

Troee = 2 = = ~80-10° N/m?
"W, 02d° 02(5.107)

c) Tinh Omax:

o My 180 _ My 180 2.10° 180°

"7 GJ, = GOLd* n 8.10°.01.(5.10%) =
* Goc xodn tuyet ddi cua tirng doan tryc la:

M, as - |ag 180° ~10°-2 180°

=-2,29°

¢ = =
P63, o 8.10°.01.(6.1072)
M, - 180°
S —20  —458°
Prc G'JO T max
Mo 'ICD 180° 0
=—1= =2,29
Peo G-, T

* GOc xoan (toan phan) cua truc bang

@®AD = @ap + @aC + @cp = 4,58°

Céau hdi on tap :

Thé nao 1a thanh tron chiju x04n? Cho vi du

Néu cach vé bi€u d60 mément xoan ndi luc?

Howbde

tinh ng suat tai mot diém bat ky?

5. Viét va giai thich cong thuc tinh tng suat 16n nhat? Néu qui luat phan bb tng suét

trén mat cat ngang thanh?

6. Bién dang trong xodn 1a bién dang gi? Viét va giai thich cong thirc tinh gbc xodn

tuyét ddi va tuong di?

7. Khi tinh todn vé xodan phai tinh theo nhiing dieu kién nao? Néu céc bai toan co ban

tinh to4n vé xoin?

=2,29 do/m

No&i lyc trong thanh chiu x0én 1a gi? Trinh bay cach xac dinh ndi lyc d6?

Ung suét trén mit cat thanh chiu xoan 1a Gmg suat gi? Viét va giai thich cong thirc
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BAI TAP CHUONG V

1. V& biéu d6 mémen xo0in ndi luc cta thanh
nhu hinh v€ ¢6 :
Mc = 3KNmM ; mp = 1KNm ; mg=2KNm,
b6 qua ma st & cac goi.

2. V€ bieu d6 mémen xoan ndi luc cac truc chiu huc nhu hinh vé:
m m
D m 3 m

D R . Y .
G T T U O A VA U

a) mc = 10KNm, mp = 30KNm, mg = 10KNm b) my; = BKNm, m, = 20KNm, mz = 40KNm
mg = 10KNm m, = 12KNm

AL (—LF

¢) m; = 100KNm, m, = 60KNm, m; = 20KNm d) m; = 20KNm, m, = 60KNm, m; = 10KNm
my = 20I§1Nm m; = 30KNm

L/

L R S
VooV V V \ v

e) m; = 400KNm, m, = m; = m, = ms = 100KNm f) my = 10KNm, m; = 10KNm, mz = 50KNm
) m, = 30KNm
3. Mdt thanh tron dudng kinh d = 6¢cm, chiu xoan bdi momen m = S000Nm. Modun dan
héi khi truot cia vat liéu thanh 1a G = 8.10"° N/m?, [t] = 80MN/m?, [6] = 0,6 %/m. Kiém
tra thanh theo diéu kién bén va diéu kién cung?
4, Mot truc tmyén quay voi tdc d6 n = 200v/p, truyén cong sudt N = 300KW; truc bﬁng
thép c6 tng suit cho phép [tc] = 40MN/m?, [0] = 0,3 %/m, G = 8.10'° N/m®. Tinh dudng
kinh cua truc?

AR

5. Xéc dinh duong kinh cta truc truyén c6 mémen xoan ngoai lyc m = 300Nm;
biét [1] = 25MN/m?;

6. Mot truc truyén duong kinh d = 10cm, quay véi van toc n = 300v/p, cong suét
N = 330K W, truc bang thép c6 [t] = 8OMN/m? . Kiém tra truc theo diéu kién bén?

7. Mot truc rdng quay vé6i toc do n = 100v/p, truyén cong suat N = 5882KW; truc bang
thép c6 tng suit cho phép [t] = 30MN/m?. Theo diéu kién bén, tinh cac duong kinh
clia mit cit ngang truc, biét ty sb o. = d/D = 0,6?
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8. Mot truc truyén d = 20cm, truc bang thép c6 [t] = 100MN/m?.
a. Tinh mémen xo4n cho phép cua truc.
b. Tinh cong sudt truyén cho phép, biét toc do quay cua truc n = 100v/p.

9. Mot truc truyén c6 duong kinh d = 10cm, truc bang thép c6 [t] = 40MN/m?,
G =8.10"° N/m?, [0] = 0,3 %m. Tinh mémen xoén ngoai luc cho phép ciia tryc.

10. Mot tryc bang thép chiu mémen xoin ndi lrc M, = 5000Nm. Truc rdng co
o =d/D=0,7, biét [t] = 60MN/m?.
a. Tinh cac duong kinh ctia mat cat ngang truc.
b. Néu 1am truc tron dic thi duong kinh mat cit ngang béng bao nhiéu? So sanh?

11. Pudng kinh hai truc s& khac nhau nhu thé nao khi truyén dong cting cong suat nhung
v6i van toc khac nhau n, = 2n; , biét hai truc dugc 1am bang mot loai vat liéu nhu
nhau?

12. Truc truyén bang thép c6 mit cat tron khong doi trén sudt chiéu dai AB. Trén truc lip
bbn banh ring c6 cac mémen ngoai luc
m, m, m, m, m; = 0,8KNmM, my; = 2KNm, ms = 4KNm,
A ﬁ A ms = 1,2KNm.
ﬂ 1% V /B Xac di‘nh du(yr}g kinh cua truc’ theo diéu
kién bén va di€u kién ctrng, biét [t] = 30
MN/m?, [6] = 7,5.10° %/m, G = 8.10"
N/m? 2

13. Truc ¢6 dudng kinh khong ddi d = 7,5cm, chiu tac dung cua cac momen X04n:
m; =1 KNm, m; = 0,6KNm, mz = mg = 0,2KNm;
a. V& biu d6 mdmen xodn ndi luc cua

truc?
m ml <X A LA )
m, m, 2 b. Kiém tra do bén cua truc?
20/ ﬂ » Biét [1] = 9OMN/m?’.
& 1 1,5 M om { 7 c. Tinh goc xodn tuyét ddi ¢ trén timg doan
‘ truc va trén toan chiéu dai cta truc?
d. Kiém tra theo diéu kién cing cua truc,
biét [6] = 0,4 %/m, G = 8.10"° N/m?.
. My M M3 m,
14. Mot truc chiu cdc mOémen xoan ngoai lyuc; /
= = A B
m; = 2387Nm, m, = 1432Nm, im im im
m3 = 7161Nm, my = 3342Nm,;

Truc c6 dudng kinh khong d6i d = 8cm, G = 8.10™ N/n?.
a. Tinh (mg suat 16n nhat cua truc?
b. Tinh goc x04n tuyét dbi ¢ cua tung doan truc va toan truc?
15. Mét truc bang thép c6 duong kinh d = 90mm truyén mémen xoan m = 2,4KNm, chiéu
dai tryc giita hai banh truyén dong 1a 1=4m. Xac dinh ng suét 16n nhat phat sinh trong
truc? Goc xoan giira hai banh truyén dong?
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16. Truc thép rdng c6 duong kinh ngoai D = 400mm, duong kinh trong d = 225mm, truyén
mdémen xoin m = 600KNm. Xac dinh Gng sut tiép 16n nhit tai mit cit ngang truc?

17. Mot tryc truyén d = 20cm, bang thép c6 [t] = 100MN/m?, [6] = 0,4 °/m,
G =8.10" N/m?;
a. Tinh mdmen xoan cho phép cua truc.
b. Tinh cong sut truyén cho phép, biét toc do quay cta truc n = 100v/p.

18. Thanh tron chiu xodn béi cac mémen ngoai lyc: my = my; = 1000Nm, mz = 5000Nm,
ms = 3000Nm; Thanh c¢6 dudng kinh d = 6cm, mddun dan hoi truot cua vat liéu G =
8.10" N/m?, ting suét cho phép khi xodn [t] = 8OMN/m?, gbc xoén tuong dbi cho phép
[6] = 0,4 %m. Hay kiém tra cac diéu kién bén va cing cho thanh? (so db luc nhu bai 21).
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