CO KY THUAT — XOAN THUAN TUY

CHUONG 9: XOAN THUAN TUY

1. KHAI NIEM VE XOAN THUAN TUY

1.1. Dinh nghia:
Xét mot thanh tron chiu tac dung ciia ngau

P
ot lucem=P.a

- m : momen xodn ngoai luc

- m phai nim trong mit phang vudng goc
vO1 truc thanh

Khi tac dung vao mét thanh nhiing ngoai luc 14 nhitng ngiu lyc ndm trong mit
phang vudng goc véi truc thanh thi ta ¢6 thanh chiu xoén.

Vi du: Cac truc truyén dong trong hop s, may tién, truc may khoan, miii khoan ...
1.2. Noi lwe va biéu d6 moment xoin ndi lwe:

1.2.1. Noi luc:

Xét mot thanh chiu tdc dung ngoai luc my, m,, Mz nhu hinh vé. Dung mat cat 1 - 1,
xét can bang bén trai cua thanh. B¢ can bang vo1 momen ngoai luc thi trén mat cat, ndi
luc phai 1a mdt mémen. Momen do6 goi la mémen xoan ndi luc, ky hiéu M,

b Y

Dau cua mément xoan ndi luc M, :

- Xét can bang bén trai:
AN
Momen ngoai lyc thuan chiéu kim déng ho

M, <0

‘&4( Moémen ngoai luc nguge chiéu kim dong hd
- Xét can bang bén phai: M,<0 ‘ /4
l
(/]
M,>0 {
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Tri s6 moment xodn ndi lyc & mit cit cia phan thanh dang xét bang tong dai sd céac
moment xo4n ngoai luc tic dung 1én phan thanh dang xét do.

1.2.2. Biéu d0 mOmen xoan noi luc

Cac bude v& biéu do:
- V& dudng chuén song song véi truc thanh.
- Tinh mémen ndi luc trong timg doan, biéu dién bang cac tung d6 theo ty 1é xich
- Pat (+) bén trén, dit (-) bén dudi dudng chuan
Vi du:
V& biéu d6 moémen xoan ndi lyc cua thanh nhu hinh v& c6 mc = 3KNm,
mp = 1IKNm, mg = 2KNm

» 1.

GV O
M,

I
3KNm —{ |||\ - 2KNm

[

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

+ Poan AC : Tai mat cit 1 - 1 ¢6 Myac =0
+ Poan CD : Tai mat cit 2 - 2 ¢6 M,cp = — mc = —3KNm
+ Doan DE : Tai mat cdt 3 - 3¢ Mype = — M+ Mp=-3 + 1 =—2KNm
+ Poan EB : Tai mit cit 4 - 4 c6 M,gg =0
V& biéu do theo qui wéc
* Nhdn xét:

— Trén cac doan thanh khong c6 mémen phan b, biéu d6 1a mot duong thang
song song hay trung véi dudng chuén.

— Tai vi tri dat cac mémen tap trung, biéu do c6 budc nhay, tri sO budc nhay
bang tri s6 cdc mOmen tip trung

1.3. Lién hé gitra moment ngoai lwec voi coOng suat va van toc goc:

Goi n 1a s vong quay cia truc trong mot phit (vong/phut)
N 14 cong suét cua tryc truyén dong (W)
M 1a moment xo4n ngoai luc (Nm)
Ta c6 su lién hé giira moment ngoai lyc v&i cong suat va van téc goc nhu sau:
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M :9,55E
n

2. UNG SUAT VA BIEN DANG TRONG THANH MAT CAT TRON CHIU
XOAN:
2.1. I'J’ng suit:

Dé thiét 1ap cong thire tinh ing suit ngudi ta thue hién cac thi nghiém va xem bién
dang bén trong thanh ciing nhu bién dang bén ngoai thanh. Xét thanh chiu xoan nhu

hinh ve€. Y AY
X X
[ [ [/ [ /
1 [ . _ .
N 7).
M
Khi chua c6 mdmen xoin Khi ¢c6 mdmen xoén
tac dung tac dung

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

— Trén mit cat ngang cua thanh chiu xodn khong c6 hién tuong co hay din dai
nén nén khong c6 tng suit phap.

— Céhc mit cit ngang xoay trugt twong d6i v6i nhau, thanh c6 bién dang truot va
chi co ung sut tiép co phuong vudng goc véi ban kinh di qua diém dang xét, phan bd
doc theo ban kinh bét ky theo qui luat dudng thing.

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

MZ
=500
Trong do :

— M, : tri s6 tuyét ddi momen xodn ndi luc tai
mit cit ngang chtra diém tinh tng suit (Nm)
— J,: Momen quan tinh doc cuc ctia mit cat

d6i vé6i trong tam O ctia n6d (m*)

— p: khoang céach tir diém tinh ung suat I dén
Ung suat tiép phan bo trén trong tam mat cat O (m)
mat cat ngang tron dac Tai mot mat cat, M, va J, khong doi, t, phu

thudc vao p

M
= Tnax = =R
‘]o
Dét JEO: WO = ‘Cmax:'vIZ (N/mz)

0o
W, : mémen chdng xodn cua mit cit ngang thanh (m°)

J,: Momen quan tinh doc cuc (m*)
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J, va W, dic trung cho kha ning chdng xodn ctia mit cat ngang thanh, néu W, tang thi
Tmax giam, thanh c6 kha nang chiu xoan tt.

+ Véi thanh c6 mit cit ngang tron dic ¥
J,=0,1d"%, w, = 0,2d° - 1=

+ V6i thanh c6 mit cit ngang tron rong

J,=0,1D* (1— o), W.=0,2D° (1 - o) v(m:%

i Ay
2.2. Bién dang: ¢ y

Quan sat bién dang cua thanh chiu xodn ta thiy: giita cic mit cit ngang c6 goc
xoay, duoc goi 1a goc xodn tuyét doi, ky hiéu ¢
M,.| (ad) hay o280 M: g
G.J G-J

Yo ) 0

(d9)

@:

Va gbc xodn tuong ddi, ky hiéu 0
180-M

0= = 0=""" (do/m)
I n-G-J

0

Trong d6 : G - M6 dun dan héi cta vat liéu chiu xodn (N/m?)

3. TINH TOAN VE XOAN THUAN TUY:
3.1. Piéu kién bén va ba bai toan co ban:

3.1.1. Diéu kién bén:
Ung suat tiép 16n nhat trong thanh khong dugc vuot qua tng suat tiép cho phép
M

T = —2 < [t] (N/m?)

(0]
- M, : Gia tri tuyét dbi cia mémen xoan nodi luc (Nm)
- W, : Mémen chdng xoin cua mit cit ngang (m°)
3.1.2. Ba bai toén co ban

Ne g1k A M
a) Baitoan kiémtrabén: 1, = WZ <[1]

0

MZ

<]

b) Bai toan chon mit cat ngang thanh : W, >

Suy ra cong thure tinh dudng kinh thanh tron
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+ Vi thanh tron dic : d > 3|2
0,2[t]
+ Véi thanh tron rong = D > 3 M,
s “V02-(1-a*)[1]

c) Bai toan tinh tai trong cho phép : M, <W, . [t] hay [M,] =W, . [1]

3.2. Diéu kién cirng va ba bai toin co ban:

3.2.1. biéu kién cung:

Goc xodn tuong dbi (hay bién dang xodn) 16n nhat khéng vuot qua gidi han cho phép
_180 M,
T G-J,

0 <[6] (ddo/m)

Trong d6 : [0] : Goc xodn twong ddi cho phép cua thanh (46/m)
G : Modun dan hdi cua vat liéu (N/mz)
J, : Mémen quan tinh doc cuc ctia mét cit ngang thanh (m?)
3.1.2. Ba bai toan co ban

a) Bai toan kiém tra do cting : 0 = 180, GM\; <[0]
Tc .

0

. , M
b) Bai toan chon mat cat ngang thanh : J, > 180 M,

T G-[@]
+ Mat cit tron daic =>d=>4 &
n-0,1-G-[0]

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

+ Mat cét tron rdng = D > zi/

c) Bai toan tinh tai trong cho phép: M, <G-J, [9]& hay [MZ]:G-J0 [6]%

* Vidu:
Mot truc ¢6 duong kinh khong d6i d = 5cm, chiu luc nhu hinh v&. Cac ngoai luc,
momen mg = 3KNmM, ma = me¢ = mp = 1KNm. Cac doan AB =BC =CD =2m.

a) V& biéu d6 moment xoan ndi luc cia truc.
b) Tinh tng suit nguy hiém nhét cua truc.
¢) Tinh goc xoan twong dbi 16n nhat va goc xoan tuyét dbi caa toan tryc.
Biét G = 8.10* MN/m’
Giai

a) Vé biéu d0 moment xoan ndi luc cua truc:
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3

>

3

™

5
<X
=

2KNm
1KNm

M,z =—Mm, =—1kNm

M,ge =—M, + My =2kNm

1KNm —

M, =—m, +m; —m. =1kNm
b) Tinh Ung suat nguy hiém nhat cua truc
Mit cit nguy hiém thudc doan BC
Mo Mo 2.10°

T - = - =80-10° N/m?
maxBC Wo O,2.d3 0,2.(5_1072)3

c) Tinh Bpay:

M, 180 My, 180 2.10° 180°

0. = _ 180 . = 2,29 do/m
G, m= GOld* = g8.10°.01.(5.102) =

* GOc xoan tuyét doi cua tung doan truc la:

M, ag | as 180° -10°-2 1180° _ 2090

¢ = =
¥ 63, m 8.10°.01-(5107) =
M gc - lgc 180° 0
== =20, =458
Pec G'JO T max
M, - 1op 180° 0
= z :2,29
Peo G-, T

* G6c xo0an (toan phan) cua truc bang

®ap = Pag + Ppc + @Ocp = 4,58°

Cau hoi on tap :

1. Thé nao 1 thanh tron chiu xoan? Cho vi du

2. Noi luc trong thanh chiu xoan 1a gi? Trinh bay cach xac dinh ndi luc d6?

3. Néu cach vé& biéu d6 mément xoén ndi luc?

4. Ung suét trén mit cat thanh chiu xoan 1a ing suat gi? Viét va giai thich cong thirc
tinh ung suit tai mot diém bat ky?
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5. Viét va giai thich cong thuc tinh (mg suét 16n nhat? Néu qui luat phan bd (mg suat
trén mat cat ngang thanh?

6. Bién dang trong xoan 1a bién dang gi? Viét va giai thich cong thirc tinh goc xoan
tuyét ddi va tuong d6i?

7. Khi tinh toan vé xodn phai tinh theo nhimng diéu kién nao? Néu cac bai toan co ban
tinh toan vé xoan?

BAI TAP CHUONG 9

1. V& biéu 36 mémen xodn ndi lyc ctia thanh nhu hinh vé ¢6 :
Mc = 3KNmM ; mp = 1IKNm; mg=2KNm

A |\mc I\mD I\mE B
U e
777,

c\{ D\ EN 7

2. V& biéu dmé momen xoan ndi luc cac truc chiu luc nhu hinh vé: "
m D m m m

A C A me me B 1 2 4

» /] / A L2 L/ / A 4

I T T T 7

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

R
a4 ¢

¢) m; = 100KNm, m, = 60KNm, m; = 20KNm d) m; = 20KNm, m, = 60KNm, m; = 10KNm
my = 20KNm m; = 30KNm m
m2 1 m3 m, m5 ml m2 AS m4
Y . - /
“VoA V V V.7 V \ V
e) my = 400KNm, m, = ms = my = ms = 100KNm f) my = 10KNm, m; = 10KNm, ms = 50KNm
ms; = 30KNmM

3. Mot thanh tron duong kinh d = 6¢cm, chiu x04n boi mémen m = 5000Nm. Modun
dan hdi khi truot cia vat liéu thanh 1a G = 8.10*° N/m?, [t] = 8OMN/m?, [6] = 0,6
%m. Kiém tra thanh theo diéu kién bén va diéu kién cung.

4. Mot tryc truyén quay véi toe dd n = 200v/p, truyén cong suat N = 300KW; truc bang
thép ¢ g suat cho phép [tc] = 40MN/m?, [6] = 0,3 %/m, G = 8.10"° N/m% Tinh
duong kinh cua truc.
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5. Xac dinh duong kinh cua truc truyén c6 mdmen xo0dn ngoai luc m = 300Nm;
biét [t] = 25MN/mZ.

6. Mot truc truyén dudng kinh d = 10cm, quay voi van tde n = 300v/p, cong sut
N = 330KW, truc bang thép c6 [t] = 80MN/m? . Kiém tra truc theo diéu kién bén.

7. Mot truc rong quay vé6i tbe do n = 100v/p, truyén cong suat N = 5882K W truc bang
thép c6 tng suét cho phép [t¢] = 30MN/m?. Theo diéu kién bén, tinh cac dwong kinh
clia mit cat ngang truc, biét ty s6 .= d/D = 0,6.

8. Mot truc truyén d = 20cm, truc bang thép c6 [t] = 100MN/ m?.
a. Tinh mémen xo4n cho phép cua truc.
b. Tinh cong sut truyén cho phép, biét téc do quay cta truc n = 100v/p.

9. Mot truc truyén c6 dudng kinh d = 10cm, truc bang thép c¢6 [t] = 40MN/m?,
G =8.10"" N/m?, [0] = 0,3 %/m. Tinh mémen xoén ngoai luc cho phép cua truc.

10. Mot truc bﬁng thép chiu mémen x0an nodi lue M, = 5000Nm. Truc rong co
a=d/D=0,7, biét [t1] = 60MN/m?.
a. Tinh cac dudng kinh ctia mit cit ngang truc.
b. Néu 1am truc tron dic thi duong kinh mit cit ngang bang bao nhiéu? So sanh?

11. Duong kinh hai truc s& khac nhau nhu thé nao khi truyén dong cung coéng suit
nhung véi van tdc khac nhau n, = 2n; , biét hai truc duge lam bﬁng mot loai vat
liéu nhu nhau?

12. Truc truyén bang thép c6 mit cit tron khong ddi trén sudt chidu dai AB. Trén truc
lip bdn banh ring c6 cac moémen ngoai luc
m, m, ﬂ m, m, m; = 0,8KNmM, m, = 2KNm, m; = 4KNm,
ﬂ 4 m, = 1,2KNm.
ﬂ )4 5/ /B a. V& biéu dd momen xodn ndi luc cua truc
b. Xac dinh duong kinh cua truc theo diéu

kién bén va diéu kién cing, biét [1] = 30
MN/m?, [6] = 7,5.10° ®/m, G = 8.10"
N/m?.

13. Truc ¢6 dudng kinh khong ddi d = 7,5cm, chiu tac dung cua cac moémen X04n:
m; =1 KNm, m, = 0,6KNm, mz = m, = 0,2KNm;
a. V& biéu dd mémen xodn nodi luc cua truc

o m b. Kiém tra d6 bén va do cung cia truc
1 /
;‘4 /L“s /a Biét [1] = 9OMN/m?, [6] = 0,4 %/m,
Z { Z  G=810""N/m’
1 15 M 2m c. Tinh goc xodn tuyét dbi ¢ trén timg doan

truc va trén toan chiéu dai cua truc.
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m 1 m 2 m 3 m 4
14. Mot truc chiu cac momen xodn ngoai lyc; / /
m, = 2387Nm, m, = 1432Nm, A lm 1m im /P
ms = 7161Nm, m, = 3342Nm,;
Truc c6 duong kinh khong déi d = 8cm, G = 8.10"° N/m?.
a. Tinh tng suét 16n nhat cia truc?

b. Tinh gbc X04n tuyét ddi ¢ cua tung doan truc va toan truc?

15. Mot truc bang thép c6 duong kinh d = 90mm truyén momen xoan m = 2,4KNm,
chiéu dai truc giira hai banh truyén dong 13 1 = 4m. Xé4c dinh Gng suét 16n nhit phat
sinh trong truc? Goc xoan giira hai banh truyén dong?

16. Truc thép rong c6 duong kinh ngoai D = 400mm, duong kinh trong d = 225mm,
truyén mémen xoian m = 600KNm. Xac dinh Gng suit tiép 16n nhat tai mit cat
ngang truc?

17. Mot truc truyén d = 20cm, bang thép c6 [t] = 100MN/m?, [6] = 0,4 %/m,
G =8.10" N/m?;
a. Tinh mémen xo4n cho phép cua truc.
b. Tinh c6ng suét truyén cho phép, biét tbc dd quay cua truc n = 100v/p.

18. Thanh tron chiu xodn bdi cdc mdémen ngoai luc: m; = m, = 1000Nm, mz =
5000Nm, my = 3000Nm; Thanh c6 duong kinh d = 6cm, mdédun dan hoi truot cua
vat lisu G = 8.10" N/m?, tng suit cho phép khi xodn [t] = 80MN/m?, goc xodn
twong d6i cho phép [0] = 0,4 %m. Hay kiém tra cac diéu kién bén va cung cho
thanh? (so dd luc nhu bai 2f).
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