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LO1 NOI DAU

Nhu mot nguyén tic, cdc nganh k§ thuat, cong nghé & 14t ca cdc bac hoc
déu cdn phai va duge trang bi cac ki€n thic vé co hoc. Tuy nhién, co hoc la mot
Iinh vue rat rong bac gém nhiéu mén hoc nhy co hoc 1y thuyét, nguyén 1y mdy,
chi tiét may, stic bén vat lidu, ca hoc két cdu, 1y thuyét dan héi, 1y thuyét déo, 1y
thuyét tir bién... Do nhiéu nguyén nhan ma thdi gian dao tao & cdc bac hoe ¢
xu hudng rit ngin d6i véi mol qudc gia. Vi vay, viéc chon moét két cau gido
trinh hop 1y vé co hoc vit rin néi trén dé cho ngudi hoc c6 du kién thic ti€p thu
céc mon hoc ni ti€p, déng thdi c6 thé nghién cdu nhitmg vin dé khdc nhau cia
cd hoc 13 mot dé tai néng bong nhél clla ngay hom nay ¢ nudc ta trong viée dao

" tao cdc k¥ su lam viéc trong linh vuc cong nghiép.

Hién nay nhiéu trudng dai hoc cong nghé trong nudc va wén thé gisi da
khong con giang day riéng ré cdc mon co hoc néu trén nita ma ngudi ta ging
day chiing trong mot gido trinh théng nhat. Mon hoc nay & Viét Nam lan dau
tien duge t8 chifc vao thang 10 nim 1970 do mét nhém nha gide ma tic gid la
mot trong s6 d6, déng thoi 1d nhimg nha khoa hoc ddy nhiét tAm cua trudmg
DHBK Ha N6i nhan trach nhiém td chic, xay dyng, dio tao va giang day. Muc
dich cha mon hoc mang tinh khoa hoc lién hoan nay la nhim cung cap nhiing
kién thic co ban nhdt vé co hoc va nhitng ing dung k¥ thuat cta né cho sinh

vién cdc trudng dai hoc k¥ thuat va cong nghé.

V&i muc dich hoan thién hon nita noi dung cdc bai giang, dac biét la tinh
ting dung vio k¥ thuat clia noi dung d6 vi khdc phuc mau thudn gay gat gilia
noi dung can truyén dat véi quf thai gian khi thue hanh giang day cdc mon co
hoc néi trén, déng thdi gitp cdc cdn b tré mdi bude vio nghé va cdc ky su dang
hoat dong trong cdc linh vuc cong nghiép, ching tdi thiy cidn phai gidi thigu
cusn CO UNG DUNG TRONG KY THUAT ciing cdc ban. Van biét, giéi thiéu

la cdn thiét nhung cdi chinh 1a hiu xa tu phién huong. Cuén sach duge bién



soan cong phu, chat ché véi sy cap nhat chon loc cc thong tin md&i nhat vao
viec xay dung hé thong ly thuyét lién hoan va nhat quin cua mén hoc nay. Mac
dii rit ¢& ging trong bién soan nhung chac chin khéng wudnh khoi thigu sot.
Chiing toi r4t mong va cam on su déng gop ¥ ki€n trao déi cna cdc chuyén gia,
cac thiy gido va tat cd cdc ban sir dung va doc cudn sdch nay dé cudn sach duge
hoan chinh hon trong lan xudt bin sau. Ching téi xin chan thanh cam on Nha
xuat ban Khoa hoc va K§ thuat, cdc ban déng nghiép da khich l¢ va gidip d8

chung toi hoan thanh cudn sach.

Tiéc gia
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CHUONG 1
KHAI NIEM CO BAN VE CO HOC CAC VAT RAN

Chuyén dong la thugc tinh co ban va 1a hinh thifc 6n tai cua vat chat. Vi
thé, vat chat v chuyén dong khong thé tach roi nhau. Trong mon hoc nay ching
ta chi nghién ctru mot loal chuyén dong don gian nhat: D6 la chuyén dong cd
hoc. Chuyén dong co hoc 13 sy thay déi vi tri cha d6i tuong (diém, vat) trong
khong gian theo thoi gian. Khong gian va tho glan duoc hiéu 1a chiing cd tinh
tuyét doi khong phu thudc vio vt chat va chuyén dong. Khong gian fréng rong,
nghiem diing cdc tién dé va céc dinh 1y ciia hinh hoc Oclit (Euclide), cdn thon
gian dugc thira nhan [a mot d6i 56 doc lap khi khao sét chuyén dong cha déi
tuong.

1. MO HINH NGHIEN CUU

Déi tugng duge nghién e chu yéu trong moén Hc_}c nay 14 vat ran va he vat
ran gém hai loai sau day:

a) Vat ran tuyét doi:

Vat rén tuyét d6i 12 nhimg vat rAn ma khoang cach gifta hai diém bas ky
ciia né khong thay doi trong qud trinh chuyén dong. Khi nhitng vat ma kich
(huéc va hinh dang c6 thé bo qua trong céc tinh todn ma khong anh huong dén
két qua thi duge goi la diém.

b) Vit rin bién dang:

Vat rén bién dang la nhing vat in mang tinh vat chat. Do do khoang cdch
giita hai diém bt k¥ trong nd <6 thé b thay ddi dudi téc dung clia mol truding
bén ngoal.

¢) He vat ran:

Tap hgp tdt ca cac vat rén c6 chuyén dong phy thuoc nhau duge goi 12 mot
hé vat ran hay mot co hé. Trong mon hoc nay ta quan tam 16i cac co hé hay gap

trong céc thiét bi va mdy moc.



I1. TOA PO SUY RONG - CHUYEN PONG KHA DI VA BAC TU DO

1. Toa do suy rdng

Xet vi tri cha mot vat thé tic {4 xét vi uf tuong doi ciia né d6i véi mot vt
tdy mdc d€ so sanh. Vat 18y mSe d¢é so sanh duoe goi 1 he quy chiéu. Vi tri cla
mot doi tugng duce xét ndo d6 d6i véi he quy chigu da chon thudng duge xic
dinh bdi mot tap hop nhimg thong 53 goi 1a nhimg théng $& dinh vi (hinh 1-1a,
b, ¢, d).

¥ Tou dg suy rong la 1ap hop ahimg thong s6 dinh vi ciia vdt the déi véi heé
quy chiéu da chon.
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Hinh 1-1

Tren hinh I-1a mo ta ba cdch xdc dinh vi trf ca diém M trong khoéng gian:

- Céch 1: ba toa d¢ Dé-cic x, vy, z.

- Cdch 2: ban kinh vecto m

- Cach 3: khi bigt dudng cong ma di€m M & trén d6 thi ¢6 thé dung toa do

cong S = 6?1\;1

Trén hinh 1-1b mo ta thanh OA quay quanh O ¢6 dinh trong mit phang
hinh v&. Vit cia OA ¢6 thé duoc xdc dinh chi bdi géc ¢ hoac hinh chigu OA
trén OX.



Trén hinh 1-ic mo6 ta mot miéng cing (S) chuyén dong trong mat phang
XOy. Vi i cua (5) hoan toan duge xdc dinh bdi doan AB gin cimg trén né. C6
thé xdc dinh AB nhd toa dé cla A(Xn, Va) VA goc ¢, cling ¢ thé xic dinh AB
nhiy toa do A (X, Ya) va B (xp, yg).

Trén hinh 1-1d mo ta mot con lac vat 19 chuyén dong theo phuong Ox. Vi
tri cba con lac duge xac dinh néu biét x4 va .

Trén hinh 1-le mo tad mot co hé (co ciu tay quay thanh truyén) vi tri clia co
cdu nay ¢ moi thoi diém chuyén dong clia né duge xdc dinh, néu bigt goc .

Qua cdc vi dy trén ta thiy dé xdc dinh vi tri ciia mot d6i tuong c6 thé ding
toa do Pé-cdc, toa do cong (toa do tu nhign), gée léch va ding hén hop cdc toa
do d6. Thuat ngit toa do suy rong ra ddi 1a nhu vav

S6 toa do suy rong doc lap véi nhau va vira di dé xic dinh vj tri clia co he
duoc goi 1 s6 toa do suy rong di. Néu giita nhimg toa do suy roéng cd méi lién
hé todn hoc véi nhau ta ¢6 s& toa do suy rong du (hinh 1-1c). Phuang trinh biéu
dién quan hé d6 goi 1a phuong trinh lien két. Trong trudng hop hinh i-lc,
phuong trinh nay cé dang:

AB =/= \/(XH “XA)Z +(¥g _YA)E

2. Chuyén vj kha di va s& bac ty do cla hé

* Lién két 1a nhing diéu kién hinh hoc hay dong hoc rang budc chuyén
dong tu do clila mot ca he.

* Tap hop nhitng chuyén vi vo ciing bé 1uy ¥ va phi hgp voi lién két (khong
pha v& lien ket) cha he goi la chuyén vi kha di (CVKD) cia h¢ va duge k¥ hieu
Ja &, (hinh 1-1e).

* 86 bic tu do cua he la s6 chuyén vi kha di doc 1ap va ciing 12 s6 toa do
suy rong du,

I1I. KHOP BONG - CHUOI PONG VA CG CAU
1. Khép dong
X€t hai vat cd bién gidi phan biét tua trén nhau. Ta néi hai vat ndy ndi dong

v6i nhau néu khoang cdch gia hai diém bat ky cia ching thay déi trong qud
trinh chuyén dong cla hé. Néu khoang cach khong déi thi ta ndi hai vat thé dé



da ndi tinh hay ghép cimg vdi nhau va co h¢ twong dudng véi mot vat ran tuyét
doi. Mot vat duoce ndi dong v6i mot vat khde, goi 1a méot khau. Tap hop cde diém
tua cla hai bién cla hai khau duoc got 1a khap dong, tap hop céc diém tua thuoc
moi bién gidi goi [a thanh phan khdép dong hay khép cho.

Phdn loai khop dong va ky hiéu

Khép dong 6 theé phan loat theo dac trung déng hoc, nghia la ta s& goi
khdp dong 1a khép dong loai m,néu s6 CVKD doc 1ap cla khiu khao sdt so vdi
khau ¢on lai duge 1dy 1am hé quy chi€u bang m. Trong gido trinh nay ta chi xét
khop déng phdng tire 1a mbi diém ca khau chuyén déng trong méat mat phing
song song nhau. Nhu thé ta s& chi ¢6 khdp loai mot (néu 1a khdp quay hoic
khap tinh tién) hay khop loai 2 {n€u }a khép Ian). Trén hinh 1-2a, b méo ta khép
tinh ti€n va sa dé quy udc.

) ) z o)

- [ ]

Hinh 1-2

Tren hinh 1-3a, b, ¢ m6 ta cac khép quay (khdp loai m = 1) A, B, O, O, va
khdp lan (khop loaim =2) C, K.

Hinh 1-3
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2. Chudi dong va co cau

Mot ¢ hé gém nhiéu khau ndi dong vdi nhau goi la mot chudi dong. Trong mot
chudi déng néu mdi khau duge ndi voi it nhat hai khau khdc thi ta c6 mét chubi
dong kin. Trudng hop nguoc lai, ta c6 mot chudi dong hé. Dé biéu dién céc co
cdu va chudi dong ta thuong ding luge d6 cdu tric (hinh 1-3c, d).

% Cor cdu la mot chudi dong kin ¢6 mgt khdn ¢d dinh. Khdu 6 dinh trong
mot co edu goi la gid. Nguoi ta quy wde vé thém cdc nét gach nho dé ddc trung
cho gid (hinh 1-3a, b).

3. Bac tu do clia cd cau phiang

Co ciu phéng la ca cdu trong d6 cac diém cha cdc khau chuyén dong trong
nhimg mat phing song song vdi nhau. Trong mot ¢o cdu, khau co qui luat
chuyén dong cho trude goi la khau dan, cac khau con lai goi la khiu bi dan hodc
thanh truyén.

Bdc tu do ciia co cdu phdng duoc xdc dinh nhu sau

Goi k 12 s6 lugng khau dong clia mot cd cdu, néu cdc khau dé riéng ré thi
mbi khau ¢6 3 bac tu do, k khau dong ¢6 3k bac ty do. Nhung cdc khau nay lai
ndi v6i nhau bang p, khép toai 1 (khép quay hoac khdp tinh ti€n) thanh thi
ching bi giam mat 2p, bic tr do . Ngoai p; khép loai } néu ching con ndi véi
nhau bang p, khép loai 2 nita (khop lan) thi s6 bac ty do lai giam them p,. Cudi
ciing 56 bac tr do cla co cdu chi con lai la:

W=3k-2p, -p2

k 1a s6 luong khau dong ciia co ciu;

p; 12 s6 lugng khdp quay hoac khdp tinh tién;

p, 12 s6 Jugng khdp lan.

Chu y:

- Khép dong 1a tap hgp céc diém tya gilta bién gidi cua hat khdu cho nén
néu mot niit ma cé 3 khau ching han thi § d6 ¢6 hai khop.

- Néu W = 0 ta ¢6 hé hoic két cau tinh dinh.

- Néu W < 0 ta cé hé hoac k&t cdu siéu tinh.

1]



IV. VAT RAN TU DO VA VAT RAN CHIU LIEN KET

Mot hé chat di€m bat bién va lién tuc dugc goi 1a mot vdt réin tuyét doi.
Cac vat rin thudng gap lai ¢6 thé 6 lién quan dén nhau hoac khong, ta cé vdr
ran kidng ur do va vdt réin tu do.

“Vdr rdn e do la vdt rdn c6 thé thie hién moi di chuyén vo ciang bé tir vi
tri dang xét sang nhing vi iri lan cn ciia né. Trdi lai, né mat 56 di chuyén cia

no bi cdn tro thi vat dy goi la var rdn khéng ti do.

1. Lién két va phan luc lién kat

Lién két la nhimng diéu kién can & chuyén vi oy do clia vit dang khao sar.

Trong mot tap hgp cdc vat rin néu ta quan tam tdt vat nao thi vt dy goi la
vdt khdo sdr. Cic vat can trd chuyén vi tu do cha vat khao sdt goi la var gay lién
két. Tac dung twong hé giita vat khao st va vat gay lién két goi 1a L Tién két.

Luc ma vat gay lién két tac dung lén vdt khdo sdt goi la phan luc lién két.

* o Phdn e lien két cang phitong, trdi chiéu voi chiéu chuyén déng bi cdn
tro. Citdng do ciia phdn e lién két phy thuée vao luc tac dung lén vt khdo sdt.
® Phdn lirc lién két chi xdy ra & viing tiép xiic giita vdt khao sdt va var gay
lien két. )

Tién de giai phéng lién két sau day cho phép dp dung cac dinh luit Newton
vao viéc nghién citu ca hé khong tu do.

* Trang thdi chuyén dong hay ding yén cua hé khong thay déi khi thay thé
cdc lién két ddt lén hé bing cdc phdn tuc lién két tiong tng.

2. Cac loai lién két thudng gip

Tren hinh 1-4 1a cic loai lién két thudng gap ¢6 moét phan luc lien két, cic
ky hiéu biéu dién chiing vi céc phdn luc lién két tuong ing. Lien két nay goi 1a
lien k€t goi tua cing di dong.

Tren hinh 1-5a 14 lién ngam cing thue va ky hiéu mo (4. Lién két nay co ba

) -> > —

phan lyc: R, H, M*,

Trén hinh 1-5b mo ta lién két hai phan luc R va H va k¥ hi¢u ma ta tuong
tng. Lién k&t nay goi Ia lien két g6i tia ciing bat dong.
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Lién k&t trén hinh 1-5¢ 14 1ién két goi twa din hoi moét phan lyc.

Lién k&t mo ta trén hinh 1-5d 12 lien k€t khap quay (ban 1€) trung gian gitta

hai phin cla doi wwong.
. , . . —> —_—
Hinh 1-5¢ mo t4 lién két ngam truot ¢é hai phan Juc H va M*,
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CHUONG 2

PONG HOC

Noi dung ctia dong hoc 1a nghién ctiu cic dac trung cia chuyén dong
(phuong trinh chuyén déng, quy dao, van téc, gia t6c) clla mot doi twong (diém,
vit, co hé) doc lap véi nguyén nhan gay ra chuyén dong do.

I. CAC PINH NGHIA

Gid sir chuyén dong cia diém M duge xét trong hé quy chidu ¢6 dinh R,
(O, X;, ¥, 2)). Viui cba nd duge xdc dinh bang vecto vi tri & thoi diém t (hinh 2-1).

x{t)
- >
r=r(t)y =4 y(

z()

Goi: M{) 1 vi tri cOa diém o thai diém t.
_) .
MM’ 1a vectd chuyén vi ctia M.
q i
M” (t+At) 14 vi tri ctia né & thai diém (t+AL).

a) Qu¥ dao L cha diém M

z1 My
Ar
r M (t+Al)
_}
r{t)
(R}
—
r{t+At) (L)
o Yi’
X
Hinh 2-1
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Puong (L) ma M v& ra trong khong gian trong. qud trinh chuyén dong
goi 14 qu§ dao chuyén dong déi vai he quy chi€u R;. Néu L 1a dudng thang thi
chuyén déng cla diém goi la chuyén dong thang. Néu L 1a dudng cong 1a noi
chuyén dong cta diém 1a chuyén dong cong.

b} Vecto van toc va vecto gia téc

Vectd van 16¢ trung binh duge dinh nghia nhu sau:

— > -> —
;{—* MM r(t+ Ay -r(t) _ Ar

M™ oA At At

Vecto gia 16c trung binh gilta hai thbi_gié'm t va (t+AL):
_._._’

— V(I +At) - V() AV
Wy=s ———— = 77

At At
Van t6c tite thai va gia tée tic thivi 1h cdc g6l han sau day:
— e i ’
g . - . Ar dl' d OlM
V= lim Vyy=lim —=—=—"—
A0 AMoDAL dt dt
—> AV aV 4V
WM = lim —_— ==
A= At dt dt

Chi 56 i gin véi hé quy chi€u ma trén do ta khdo sit chuyén dong.

IL. TRUONG VAN TOC VA GIA TOC TRONG VAT RAN - TOOCXO

PONG HOC
Van t6c cha mbi diém M, clia vat ran S, dugc xét trong h¢ quy chiéu R, la:
'OM
. d'0.
VI.(M = 1 k
k) T
_-*
. Zk
_z’i' 1\ {Sy)
{Ry}
. %

5 v M,

=

Hinh 2-2
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Cho hai diém M, va N, thude S, duge gin rén hé toa do (Ry).
——— —
Vi (Sy) 1a vat rin tuyet d6i, nén vij tri tuong déi cua OLNR Vil OkMk la bat

bién theo thoi gian. Ching ta hiy tim quan hé van 10c giira v (N va Y (My).

Theo quy tac dao ham vectg, ta c6:

—_— i k —_
3 . ) . —_—
Vi(M,) = dOMy _ 4 OiM + Q. AOM
k dt k i k
— dON, d'ON, T ——
V(N = d]t = dli +Q AON,
k —» —» —> —_—r —»

V(Nk)—V(Mk)— d (0 N, —OM, )+ Q) ~O;N, ~O;M,)

d (M k)""QLA(N[ Nk)

k ”
— d"MN
Nbung M, N, =§E trong (Ry) nén *—d:—k = (.
—> —_ T ——
Suy ra: VN = VM) + QA MN, 2-1)

Biéu thic (2-1) cho ta quan hé van tdc gilta cdc diém Ny va My. Tinh chat
clia (2-1) 12 tinh chét cha mot toocxa. Ta ¢6 thé phéat bi€u nhu sau:

Truding van tdc cla cdc diém trong vat ran khi Vf_l[_l})i}y chuyén dong 1a mot
trudng phan déi xing. Trudng dé cling vai vecto quay Q2 lap thanh mét toocxo
ma 1a goi 14 toocxo dong hoc. Momen cua toocxo 1a van t5¢ cha cdc diém va
vectd cha toocxo la vectd van tdc goc.

. Né&u xdc dinh duge vin toc tai mot diém bat ky cla vat ran va vecto quay
QL thi trudng van t6c trong vat rin 1a hoan toan duge xdc dinh theo (2-1).

1. Tinh chat ddng chidu cha trudng van tdc trong vét ran

Vi trudng van téc 13 mot toocxa nén né ¢d tinh chat dang chi€u. Thuc vay
néu ta nhin vo huc’mg ca hai v& cuia (2-1) véi Mka 1a s& duogc:

—— e — .y

VI, MUN, = ViM,). MR, + MN QL A McNp)

Do M €2, A MyNy) = 0, nén:
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— —_—— —» —_—
VI(Nk). Mka = VL(MR) Mka hdy

— —»
VN = VM)A -

- > - - o ~ U - - ~ 3
Trong d6 u la vecto don v| tren g1d M N,, con MNy = MyNi.u. Két qua
(2-2) duge phét bidu dudi dang mot dinh 1y hinh chigu van t6c sau day:

Binh Iy: “Hinh chiéu vdn t6c cia hai diém thuge var rdn chuyén déng lén

phuong di qua hai diém dé thi bang nhau” (hinh 2-3).
Biéu thuc cta dinh 1y:

— -
heVi(N, )} = he V(M) @ (2-2%)

Hinh 2-3

2. Cac viduy

Vi du 1: Hiy xdc dinh van 16¢ ca diém M, clia con lac Ole (Euler) so vo1
hé toa do R, (hinh 2-4).

h e
}: f ¥4
_).
e X{t) > ¥2
—_
— O ?; 0 E
NV FETrEr [
ALSEEES
i
Z ! M\, -
o : X2

Hinh 2-4
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e —_—

— —_ —* —»
001 = X(I)Xl » OIMZ = IXZ . &= (_Y|’ Xz) B V(](Mz)"}
Giar:

* Phuong an 1:

E— d“r(-)m\?_’ —_— —> ——>
Vl}(MZ) - d OM2 = OO[ + O]Mz
t
X(0) ! sinf X + Isinf
—

00,=<0 . O,.My={0 = (-Ilcos@ ; OM,=< —lcos#

0 O O 0

R, R, R, R,

- _'_} .
Ta lay dao ham OM,; so va1 (R,):

d'oM, d'oM, —% —>
= 2+ 07 AOM,
dt | dt

—

—»
Q) = O vi hai hé toa d6 (R,) va (R;) song song v6i nhau. Do dé:

X +if8cosé
— -
V'(M,) =¢ 18siné
O
Ry
* Phuong dn 2:
O|M2 gﬁn llén vih (R2)

» —» —»

V“(M )= VYO + QF AOM, (a)
_ — (e
4900, d'00 - O
- V0 = L _ 490, +Q‘,‘,«00|=d0 '
dt dt dt
X X
— — - —
00,=10 = VY0)p=¢0 O] =0
0 0
R, R,
0
—_— —_— —
—QY=Q + Q) =40
9‘
R,



Thay cdc két qua tinh todn nay vao (a) ta riit ra:

X O {sinf X+ {osh
ViM;)=70 + (O & —lcosf = {&iné
9] & 18] O
R, R, R, Ry

3. Truong gia toc trong vat ran chuyén dong

Gia toc ctia diém N € R d6i1 vdi hé quy chiéu (R,) duge xdc dinh bai:
> d' >

Vay quan h¢ giita Wi(Nk’) VA W'(Mk) nhur the tao?

"

> —_—

Ta da biét ring VI(N) = V(M) + Q) A MN,

—— gl QL T T2 d'MN,
WI(Nk)= —VI(MI\) + Z\Mka‘l‘ Q;( A
dt di
Nhung
i k —_ ——» = e
' d"M N
dM N EMNG o A MN, = QL A MN,
dt d
SYIRN —
d*Mm
Vila —** =0
dt
>
il — > =
W(Nk) W(Mk)+ EAMN + Q) A(QAMN)  (2-3)
hay:

—
E M, + (0]

o — o=

QQuan hé (2-3) cho thay trudng gia t6c khong phéi la mét toocxa.

Vi du 2: Xac dinh vecto gia tde cha diém M, so v6i R, trong chuyén dong

cla con tac Ole trong vidu 1.
Giai:

* Phuong dn dao ham:



—>  d°VOM,) d'VIM,) = ——
W(M,) = = B Q) AVIMY)
dt dt
X + 16cos
—_— — —_— .
ViQli=0 vi VM, ={I&ind
O
RI

Do dé:
3(. + .-'é'?.cosé‘— 16%in8
WO(M,) = J(;{si110+ .-'0‘2(:039
O
R,
* Phuong dn dp dung cong thic (2-3):

—»>
Ly oy i

- —» —> —

> e d 5
WIMy) == WO + ——== AOM, + QY A (Y A OM)

-

X
—_—r
-WU(OI)z O
0
R,
0
it or —>  — e
Q 1
Lt L + OV A =<0, (Q =0)
dt dt -
g
R;
O fsiné féi:os@
—
dﬂ iy > -
dQ2 AOM, =40 A {-lcos® = {i6sing
t
g 0 o)
R, R, R,
0 17058 —.-'().inn(;"
— — e . . .
O A(QSAOMy) =40 A I&ing = <10%cosf
8 Lo 0
R, R R,
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Thay céc két qua nay vao (a) ta co:
X + l6cos8- 16 %sind
a 32
WO(M,y) = {I&in6+16°cosd
O
R,

L CAC CHUYEN PONG CO BAN
1. Chuyén dbng tinh tién cla vat ran

Pinh nghia:
* Vit rdn cé chuyén déng tinh tién néu mét duong thing AB bdt ky trén vt

lucn luon ¢6 phuong khidng doi trong qud frink chuyén déng (hinh 2-5a).
— —

AB = hang

Hinh 2-5

Ngudi ta thudng ldy tén quy dao cla cac diém trén vat chuyén dong tinh
tién dé goi tén chuyén dong cla vat. Ta goi 1a vat chuyén dong tinh tién thing

hay trdn, néu quy dao cia cac diém trén vat 1a nhimg dudng thing hay tron.
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Tren hinh 2-5b m6 ti chuyén dong tinh tién tron ¢ha thanh truyén AB trong
co cdu binh hanh. Vi trong qud trinh chuyén dong BC ludn ludn song song vl
gia cd dinh 0,0, va mai diém trén AB déu ¢é quy dao tron. Vi du cac diém A,
Mva B

Ta ciing ¢6 thé l[am mot dinh nghia 1éng qudt nhu sau:

Vit (S,) gén ciing voi hé quy chi€u (R, ) duge goi la chuyén doag tinh tién
d&i véi he quy chigu (R)), n€u cdc truc 103 d6 cia (Ry) ¢6 phuong khong A61 50
v6i (R;) 0 moi thal diém (hinh 2-6).

—
> Z
Z
(R)
/ ’ !
X
' (S
Hinh 2-6
Tir dinh nghia d6 va tir (2-1) 1a co:
_— — — >
Vk (Mk) - Vk (Ok) \"1 QL = O (2'4)
Tuong tu nhy vay doi véi gia 16¢ theo (2-3) ta rit ra:
W, (M) = Wi(Oy) (2-5)

Dinh 1y dudi day chi 1o tinh chat cua chuyén dong tinh ti€n.

* Pink Uy

Trén vat rdn chiyén dong tinh tién quy dao ciia mot diém déu nhu nhau,
yan 16c va gia 16c cia mol diém & méi thoi diém déu bang nhau, van téc goc

bang khong.

—_—

Toocxd van t6c¢ ¢ cic toa do [Qk = O Vi (00 )

Y nghia thuc tién cla dinh 1y la & chd, dé nghién cliu chuyén dong cha ca
vat ta chi cdn nghién clu cdc dac trung dong hoc clia mot diém dac trung trén
vat. Diém do thudong la khéi tam ciia vat.
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2. Chuyén déng quay cla vat rin quanh mét truc c& dinh

Pinh nghia:

* Néu trong qua trinh chuyén déong, vdt rdan ¢6 hai diém luén luén o dinh,
fa néi vat rdn o6 chuyén dong quay quanh truc 6 dinh gua hai diém dé.

Chuyén dong ndy con duoe dinh nghia nhu sau:

Vat ran (S,) gan cing vao hé quy chiéu (R,) dugc goi l1a quay quanh hé
quy chi€u ¢ dinh (R)), né€u c6 mat truc cia (Ry) ludn ludn ¢6 dinh & trong
(R;) (hinh 2-7).

X
X,

Hinh 2-7

Tinh van téc V (I) cua diém I € (z;, z,).

Theo (2-1) thi VI'I; (I) = O, cu the la:

—» — = —
V(D = VIO + O A0,

1i —_—
—-> -
O =0

Van toc quay cla (S5;) quanh truc z; 1a:

> - = - —)- ->

Qf =¢z=97=Q2z
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—_— —_ »

Van tdc dai tai M e S, 1z V(M) = Q) A TM

I—-.-* N
. Vecto V' (M) ¢6 phuong vudng géc véi ban kinh quay R = IM, ¢6 chién

phu thudc chiéu quay cua QL =) vh c6 40 1dn bang: Vy = RQ.

Trone chuvén dong gquay niy toocxo van 16c tueng duong vdi mot veclo
g ¥ wng quay hd ] g 2 .

trugt ¢6 toa do [ .V, (1) = 0]

Tinh gia tdc cla digm M:

Nhung:

W{(M)

—

_[of
W Ty > >
Vith =0, Tez,.z
_— | 1 i | e ? 1!
:dV(NI):ko AIM + QL/\dIM
dt dt dt

£ - + QL AIM
dt

M M = — [deM )
' -0

—_—

Vi vay biéu thiic cia W'(M) 6 thé viét lai:

W'(M) =

;T

—>
de;( —_— —» —_— —»

A IM Q) A {QL A IM)
t

d'a,
kA TM + Q) () IM) - IML.( Q. Q)

dt
. 'O
= -IM. (gzL)z + dd LA M (2-6)
t

(Chi y 1a vi QL vuong géc véi IM nén 2} (Q .IM) = 0).

Hay

———— —

wiM) = w! + w! (2-6%)

—_— 2 —

- Y
Trong d6: W! = —IM. [Q} | 1a gia 18¢c phdp tuyén. Gia 16c ndy hudng vao
g n k

1am quay [ va ¢6 do lon la:

>
t —

T

24

e
d4'Q;
dt

W! =RQ?  (viIM=R, Q =)

-—
A IM ta gia t6c tiép tuyén. Gia tdc nay c6é phuong ti€p tuyén



véi qu¥ dao clia M tai M v ¢6 chiCu phuy thude vao chiéu cla gia t6c géc € =
4ol i o
Tk =g 6 do 6 1A

dt

W! =Re

Chuyén dong xody tinh tién (Helicoidal)

Mot vat ran S vira quay quanh truc z; € Ry, vita trugt doc theo truc z,, € R,

A b}
a) Z 24
¥4
. Yo
Xg
8
\ h
~p
X gk l icee s
/ &
XU
Hinh 2-8

Khi d6 ta néi rang vat rin S c6 chuyén dong xody tinh tién (hinh 2-8). Vaﬁ

t6c ctia mot diém P nao dé trén vat rin duge cho bai bidu thitc 1oocxs (2-1):

- > > dh—=> db—>» —*
VIP)= V(O +Q2 A0 P=—k + —k ~AQP {(2-7)
dt dt
-d— Ja 16¢ do cua Oy so véi O, hila doan dutmg OO, Chu y rang
1

. . —

3—81’ AOP= %H—T{ A (00 +0P) = ‘;—OE’ A OP

t dt t

Nhir vy toa 46 cua toocxo dong hoc tai O, sg la:

— Yy -
ot -
t
. (2-7%)
> dh o
Vl (Ol) = E;k
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Quan hé (2-7*) cho thdy chuyén dong Helicoidal bao gém mot thanh phin
chuyén dong tinh ti€n doc theo truc chung (z, = z,) va mot thanh phén chuyén
dong quay xung quanh truc chung. Trén hinh 2-8b mo t& chuyén dong
Helicoidal clia mot cdi vit S.

IV. HGP CHUYEN PONG

1. D}t bai toan

Khdc vai cdc chuyén dong di duge nghién citu trong muc L. Muc nay xét
chuyén dong ciia déi fuong véi mot he qui chigu di dong so v8i hé qui chidu
khéc dugc xem nhu 13 ¢§ dinh. Bai todn n3y duoc goi 13 bai todn Hop chuyén
déng. Bai todn duge dat ra dudi dang mo hinh 1y thuyét sau day (hinh 2-9a).

a)

Hinh 2-9
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Péi tugng S chuyén dong so véi di tgng B trong khi doi tugng B lai
chuyén dong so véi d6i tugng A duge xem | c6 dinh.

2. Cac dinh nghia

Mot hé toa do R, duge gin cing vio d6i ugng co dinh A va hé tryc toa do
R, duge gan ctmg vao d6i tuong chuyén dong B. He truc R, duge goi 1a hé dong.

Chuyén dong tuyét doi la chuyén dong cla déi tuong S so v6i he truc
dinh O;x;v;z;. Van t6c_¥z‘a gia t6c trong chuyén dong nay goi 12 van 8¢ va gia 10¢

—_
tuyét d6i. Ky hieu1a V, va W,

Chuyén dong tuong d6i 12 chuyén dong clia doi tugng S so voi hé truc di
dong Ox;y;z,- Van toc Vé_gia t@’ trong chuyén dong nay goi la van 18c va gia
16¢ trong d6i. Ky hiéu la V va W

Chuyén déng theo 12 chuyén dong ciia hé dong R; so v6i hé c6 dinh
Oyx;yiz;. Goi M* la diém thuoc R;, tai thoi diém Khéo st dang tring v6i M.
Piém M* nhu vay duge goi 1a triing diém cha diém khao sét. Van toc va gia toc

> ®
theo duogc ky hieu 1a V, va W,. Ching 1a van 16¢ va gla toc cua M .

3. Hgp chuyén dong cha diém
a) Hop van toc

Muc dich clla phidn nay la tim céch xac dmh van t8c tuyét d6i va gia toc
tuyét doi cta diém. Nghia 12 xdc dinh v (M) = V , M e S. V6i muc dich d6 ta
str dung biéu thic sau day:

—_ — e
O'iM = OIOJ + O] N1:

, —— L m——
—> 40,0, d'OM
VM) = +
dt dt
Nhung:
dIOin 1_}
= ViO)

= VM) + Q ~OM
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—)‘—P_"—-‘-)'-"—'—'—P

VM) = VM) + ¢ Q AOM+ VIO

—)' -_— - —
VIM) = VI(M*) + V(M) (2-8)
hay:
V(M) = v (M*) + v,(M) (2-8%)

Trong (2-8):
—» —

VM) = V(M) 14 van téc tuyét doi coa diém M deéi véi he truc 6 dinh R;
(Oix;yiZ))-

VJ-'(M*) = V. (M*) la van t6¢ theo. DS 1a van toc cia M* € R, do1 v6i he
cd dinh R, (O,x;v,2,).

—* 4 - o r e - P

VI(M) = V (M) 12 van 8¢ tuong ddi ctia M d6i véi hé quy chiéu dong Ry.

—>
Tinh chal cia vecto Vj' (M*):

>

—»
o V/(M*) = -V (phan xitng theo chi s6)
—> —

NPT
VEM®) + Vi (M)

o V/(M*)

K&t qua (2-8) duge dién dat dudi dang mot dinh 1§ saw:
Binh 1§ hop van téc cia diem

* Voot van t6c tuyét doi ciia mot diém bdng tong hinh hoc cde vecto vdn

toc theo va van 16c tuong déi cita no”.
- - —»

V,=V. .+ V, 2-9)

[

b) Hop gia toc

- —

Pé tinh gia tdc tuyét déi cva diém M, nghia 13 W'(M) = W (M), ta str dung
biéu thiic sau day:

VIOM) = VIOM) + Q) A OM + VI(O))

. »

> iy iy i d'VHO)
W'(M):dV(M)=dV(M) d (Ql OM)+———J
dt dt dt
nhimng:
dviegMy  dviemy T T
- = + Q’- ~ VM)
dt dt

—— 3 —

= W(M) + Q‘ A VM)



di > — dl—“—’ — —» [

- ——(Q' AOM) = d—Q’ AOM + Q’ ~ %—OM

[ G— (dj -
=——Q'AOM+Q' -—J M—»SZ AOM

dt | dt )

P > —— —

= CCII—Q AOM+ Q A (VI + Q' ~ OM)

di e —_—
Tir dé ta cd:

>
40 —— — — —>'J
+

AOM + Q'}- K\(Qg ~OM

_— —

- e _
W'(M) = W/(M) +LW‘(0J-) — .

— .

+ mij A VIIM)

WM = WM+ \‘\f’jL (MY +2 Qj A VIV (2-10)
— —_ i 3

WM = W, (M) la gia 16¢ tuyéi doi;

— —

W](M} = W,(M) |2 gia t6c tuong doi;

_—
W (M) W.(M ) la gia toc theo;
._.—y e

(M) = ZQ' A VXM 1a gia téc Coriolis (Q} = Q).
K&t qua (2-9) duge phat biéu thanh mot dinh Iy sau day:

Pinh ¥ hap gia toc:
Gia e tuyét d6i ciu mot diém bdng tong hinh hoc cde gia to¢ theo, gia toc

tiree ot va gia téc Coriolis.

- > >
W, = W, + W, + W, (2-10%)
¢) Biéu thirc Coriolis
— —>
\‘VL = ZQ FAS V

—_ —_ o
Vecto Wy 1a mot \'ectd vuong géc voi mit phing xic dinh boi €, va V Co

thé xac dinh chiéu cia WL bang phuong phdp lhuc ha.nh nhu sau: Chicu V lén
rnat phang vuong goéc voi Q ta dugc hinh chiéu V cla V réi quay hinh chiéu
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—_ . > .
ay di ot gée 90" theo chiéu quay cva Q. . Phuong chiéu W, 1a phuong chiéu
* . . 3 - . n _>' . a2 rl
cha V. sau khi quay, con vé do Ién cla W, duge cho bdi biéu thie:
— —
W, =2Q.Vsin(Q,,V,).

—_
Quy tdc xdc dinh W, dugc mo ta trén hinh 2-9b.

4. Hgp chuyén dong tinh tién cta vat

Dinkh Iy:

Hap hai chuyén dong tinh tiéh déng thoi ciia mét vdt rén la mot chuyén
déng tinh tién voi vin 1oc bdng tong hinh hoc hai vdn téc ciia cée chuvén déng
thanh phdn.

> > >
Va=ve+vr (2‘11)

Gia slr cé mot vat rin S chuyén dong tinh tién véi van 6c V, d6i véi he quy
chi€u dong R;, trong_k’_hi do R; 1a chuyén dong tinh ti€n ddi véi he quy chiéu ¢
dinh R; v6i van t6c V|. Van t6c ciia mot diém bat ki M € S theo (2-8%) duge
Viet:

—_ > —>

gt - — -
VM) = V(M*) + V(M) = Vj' +V:=V, +V

j e ¢

Cong thic nay ding cho moi di€ém thuodc vat, cho nén chuyén dong tuyét

dsi clia S 1a chuyén dong tinh tién véi van tée tinh tién:
i —> —»>

V.=V, +V,
- Dinh 1y di dugce chitng minh. —
ot
Vi du 3: Tim van td¢ va gia t6c wyét T '
- Lot
d6i, theo, tuong d6i ciia con trugt A. Bigt ;’/ o, o
Q) = hiing, ¢ = 60° (hinh 2-10). i %% \ s
_A—t-__,_._. . _.._.r
Gidi: "l\ I /»’ E772
\ : /
Chuyén dong cia K so véi gia la \‘h_i 1 K
chuyén dong tinh tién. Chuyén dong cia |' |
con trugt A so v6i K 1a chuyén dong wong
d6i. Chuyén dong cla A so véi gid la
chuyén déng tuyét d6i. Vay: Hinh 2-10

30



V,=a.0;V,=V,cos60° =a 2; V.= V,sin60" =a. Qy/3/2.
—> —
Vi chuyén dong theo 1a tinh tién nén gia t6c Wy = O, do dé6:
- —>

G\f’: = W;‘ =W;+ W..
Chiéu phuong trinh nay lén phuong thing ditng va nam ngang ta co:
W, .cos60” =W, = a. Q2f2;
_ WP sin60° = W, = a.0> Q23 /2.

Vay & thai diém nay A truot cham dén vé phia trén, con K tinh tién nhanh
dén vé phia trdi.

5. Hop chuyé?n déong quay quanh hai truc giao nhau

Dinh ly:

Hop hai chuyén déng quay dong thoi cia mot vat rdn quanh hai truc giao
nhau la mét chuyén dong quay quanh truc ticc thoi di qua giao diém cé vecto
vdn téc goc bdng téng hinh hoc hai van téc géc thanh phdn (hinh 2-11).

Gia sir ¢c6 mot vat rdn S quay quanh
truc II véi van toc goée 37 = 3“ , trong khi
truc E}ﬁy l;_l_i’quay quanh truc I véi van téc
géc Q; = Q, . Goc giira truc I va II la ¢.
Chon truc I € R; c6 dinh, truc II € R; di
dong. Chuyén dong hop thanh la mot
chuyén dong quay quanh truc quay tic
thoi A, véi van toc goéc tuyét doi €, va
nam trén A,

>
Q, =0, + O. (2-12)

Truc A, chia géc @ l1am hai géc 5, va

3, theo ty 1¢&:

Hinh 2-11

Q, sind,

Q, sind,

(2-13)

Van t6c cia mot diém M bat ky lhuf)c S v6i ban kinh vecto dinh vi 12 OM =
theo dinh nghia la:



V. CHUYEN DONG SONG PHANG
1. Pinh nghia

Mot var ran dige gor la chuyén dong song phdng néu klodng cdch tir moi
diém ciia w6 déi mor mdt pheng quey chicu cd dinh tuon luon khong doi frong que

trind chiyén dong.

Nhu vay, doi véi vat rin R chuyén dong song phing s& tén 1ai mot mat
phiang 7z thuoc R luon ludn ty U€p xic véi mat phang ; duge xem i ¢6 dinh
trong qué trinh vat ran chuyén dong. Do d6, dé nghién cifu chuyén déng cia R
ching ta chi edn nghién ciu v trf twong doi cua thigt dien S € m so véi m
(hinh 2-12).

b) Y A

Xx

y A Y'

/ P ,.1/;/ ' S

% P - /

I,/ P y /
e / - (M() L~ ‘>_(1
/6,1// A -
X
0 »

Hinh 2-12

2. M6 hinh nghié&n curu cia bai toan
Chuyén dong song phing clia mot vat hoan toan dugc dac trung bai chuyén

dong cla mot mat cit S song song véi mat phang quy chidu ¢6 dinh 7. Do dd1a

c6 mo hinh nghién ciu dudi day.

3. Nghién ctru chuyén dong cha vat (S)

Trong mat phang ciia S ta lap mét hé truc toa do c6 dinh R,(Oxy). Liy mot
diem O, bat ky wrén S lam cuc lap mot he dong R {O,x,v)) sao cho luén ludn
song song véi R, (lap léng khéng) vi mat hé roa do R (« WX'Y') g8n cimg vao S
va quay cung vdi S quanh O, (hinh 2-12b). Nhu vay S duge dinh vi béi diém
O)(Xy,¥0,) va goc @(A1) gilta R, vA R™ . Do d6 phuong trinh chuyén déng cia vat

ran chuyén déng song phang vi cdc van t8c va gla t6¢ cha noé c6 dang:
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xt)l = xm([) VUI.X = illl(t) ; Wu[x = ;(11“’)
Yo, = Yo (D) > (2-15) Vo = Vo 1 Wopy = ¥ou(D (2-16)
o =o® Q=9 ; Ep = (D)

Chuyén déng song phdng dd dugc phan tich thanh hai chuyén déng dong
thot: chuyén déng theo cing vai cuc Oy (tinh tien) va chuyén dong quay ruong
dot quanh O, (hinh 2-12b).

4. Quan hé van t&c giira hai diém thudc vat

Pinh 1. Vin t6c ciia diém M thudc vit bing téng hink hoc cdc vdn téc cua

cue O va vdn (oc cua diém M trong chuyén déng quay wiong déi quanh O,

(hinh 2-13). Ay,
Theo (2-1) van tdc cla mot diém
M e Sla: - ?
v M
— > — MOy v
VM =Vo, + Vuo 2-17 0
V6 Vo, = Gy A 1M
Theo cong thic (2-2*) vé tinh o

ddng chiéu ciia toocxo van téc ta ¢6:

— —
hegmVm=heomVo,  (2-18) Hinh 2-13

5. Tim van téc tuc théi va phuong phéap xac dinh né
Tam van toc tire thoi “P” (TVT “P?)

G méi thai diém luon ludn ton tai mét diém trén hinh phdng S cé vdn téc
tuong doi béng khong. Biém dé goi la tdm vdn t6c tie thoi cia hinh phdng, ky
hiéu la “P". Ciing c6 thé néi: Tam vdn t6c
titc thoi 1a diém tai d6 vdn t6c tuyét doi ciia
vdt khdo sdt va vat quy chiéu bdng nhau.

Ta s& chiing minh nthan dinh trén nhu sau:

Ta hiy xét doan thing AB thudc S nim
trén mit m (hinh 2-14). Trén hinh 2-14 ta
xem 7, 1a mit phing cta hinh v& v m; ludn
Juon tya trén d6. Vay van t6c WA) v W(B)
ciing ndm trong mat phing cla hinh V&. Hinh 2-14
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Tir A va B ta vach hai dudng thang vuong géc v6i V(A) va Y(B). Giao diém
cha hai dudng thing nay dugce ky hiéu la P.

Theo tinh chat dang chiéu ta thiy ng:ay ring moi diém trén AP déu c6 van
tdc va phuong cla ching la vudng goc vGi AP vi h‘lnh chi€u ciia chiing lén
phuong cia AP phat bing khong bang hinh chiéu cia v(A)

Tuong ty nhu vay ddi véi cac diém trén BP. Vay tai P van tdc tai d6 c6 hai
thanh phédn hinh chiéu lén hai truc khic nhau déu bing khong. Diéu dé cd nghia
VP =0.

Ta néi ring P la diém duy nhét & thoi diém ¢ clia mat phing 7, ¢6 van toc
bang khong.

Thuc vay, gia st ta con mot diém K nio dé trong 7, md van tdc tifc tho tai
d6 cling bing khong thi ta s& ching minh rang vin toc tai A va B ciing bang

khong. N&i A v6i K va B v6i K. Hinh chiéu cia v(A) va v(B) lén phuong KA va
KB ciing phai bang khong.

Nghia la _V’(A) va v(B) ¢6 hai hinh chi€u trén hai phuong khdc nhau bing
khong. Van tdc d6 phai bing khong.

Nhir vay chuyén dong cla m; trén 7 & modi thoi diém duge xem 12 su quay
clia 7, chung quanh P, Chiing ta ky hiéu tam van téc tic thdi ndy la Py, (dé chi
chuyeén dong cla 7, d6i va1 7).

6. Dudng nén va dudng lan

a) Dinh nghia: O mébi th01 diém dang xét ta phai phan biét ba diém P: mot
diém ném trén 7 vdi van tc vz(P) = 0 (van t8c cha 7 d&i vai 7). Diém nay,
nhu di néi O trén, 1a diém Py

Mot diém nam & trén 7y ¢ van 1oc _:} (P) - 0. Ky hiéu diém nay 12 Py,.

Diéra thit ba 1a diém hinh hoc P. Khi thai gian troi di thi diém tam van 16c
\e thari s& di chuyén (it diém nay sang diém khéc cd trong 7, va 7. T d6 ta c6
dinh nghia sau day:

Tdp hop cdc tdm van t6c tire thei trén mdt phdng c6 dinh m; duge goi la
duwing nén (Iy) hay con goi la duong cdn cit.

Tdp hop cdc tdm vén 16¢ titc thot trén mat phang chuyén dong my duge goi
fa duomg lan (13).
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Ta c6 dinh 1y sau day:
b) Pinh ly: Duong lin () ldn khéng truot trén dudng nén (), trong khi
7y chuyén dong trén m;.
Thuc vay, gia sir ta c6 dudmg nén (I'}) va dudng lan (I';) nhu trén hinh 2-15.
- —>
Gei vg) 12 t8¢ do cha P trén dudng nén (I')) va v(;" la t8¢c do cta P rén
duong lan (I';) so vO1 mat ;.
Nhur ta da biét dinh 1y hop van t6c trong h¢ truc ¢6 dinh va he truc di dong la:
> > -
v, =V + v, I
v, 1a van t6c tuyét doi
Jav ctu
1’: an ye 1 ds,
v, 1a van toc turong déi P
V. 1a van téc kéo theo g, T
Do dé ta cd the viet :
T _ T _’l j
V(P) - v(p + \;(2 }(P) Hlﬂh 2‘15
+ =
Trong d6 vg)(P) 14 van t6¢ kéo theo clia P trén I'; so v6i T'y. Ta bi€t rang
van (6c nay 1a bing khong vi P 12 tam van tdc tic thoi. Vay ta ¢
:’1]"] - :(13)
Diéu dé c6 nghia la:
ey Bele
dsy =dsy = v(p).dt= V(P)‘ dt
Duomg lan lan khong truot trén dudng nén.
c) Phuong phdp gidi tich dé xdc dinh dudng nén va duong ldn

Trén hinh 2-16 mat ¢6 dinh 7; duge biéu dién bang hé truc toa 4o Ox,y,
va mit di dong m, duge biéu dién bdi O,x,y,. ¥y A
0, dugc xdc dinh bdi cdc toa do (a, b) trong Y x
he truc O,x,v. Goi #1a goc tao boi O,x( va X2
0,%, va M 12 mot diém thuoc mit phing 7.

Cic diém Q,0,M lién quan v6i nhaun boi _
bidu thic: - -

— —» —> '
OM = 0,0, + OM Hinh 2-16
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. i " .,
Chiéu O|M xudng céc truc toa dod ta cé:
X; = a+ X;c088 - y,8in 8
i (a)
¥i = b+ X5inf + y,cosé

Toa do cua diém c6 t6c do bing khong (n€u diém d6 tén tai) phai thoa min
cde diéu kién sau day:

ax, = da _ Xz siné‘ig—yz u::ost‘}'gﬁ =0
dt de dt dt
dy db d@ . ,d8
d—tl = m + X, cosé’?{—y2 smﬂ-a? =0
Tiurdé ta co:
—dq% = X,8iné + y,cos 8
(b)

db
—— =X,0088 - vy,5in#
18 2 Y2

Vay phuong trinh thong s¢ cita dudng nén va dudng lan 1a nhu sau:

Véi duong nén: Pem (b) thay vdo (a). Ta ¢6:
Xj=a—- —
dé
da

=b+ —
¥1 40

.~ Vi duong ldn: Dem nhan phuong trinh ddu cla (b) cho siné va phuong
trinh thit hai cho cos@ r6i thuc hién phép cong v&€ véi v&. Tuong ty nhu vay
nhung véi cdch nguge lai. Nhan phuong trinh ddu véi —cos & v phuong trinh thut
hai v6i sin6réi cong v& Véi ve ta dugc:

(2-19)

Xy = :—;sing - %cos&
: : (2-19%)
da db .
y2 = — cosf + —ssiné
dé dé

7. Phuong phéap thye hanh xac dinh TVT ‘P”

Truée heét ta khio sét sy phan b6 van t6¢ lén S._)Ttr Col% thic t_@h va& 8¢
(2-17) khi chon VTV “P” thay cho O ta ¢6: Vi = Qgp A PM, khi Qgp # 0 thi
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Vi = Qgp - PM. Nghia ta quy luat phan b6 van toc trén hinh phang S giéng nhu
vit rir} quaé; quanh truc di qua “P” véi van tdc goe tuyét doi Qgp (hinh 2-13).
Khi Qg = O thi van tdc moi diém trén S déu bang nhau. Ta néi S tiph tién tic
) -> - > > > > —-> > —->
thoi. That vay: Vi = Vm + Yame nhung Vg = O Vi Qgp = 0. Do d6 Vi = V.

Khi x4c dinh tam van tdc tic thai ta thudng gap nam trudng hop dugc cho

trén hinh 2-17. TVT “P” la giao diém cha hai dudng thang vuong goc véi% va

-_Y:N 131& M va N (hinh 2-17a, d) hodc dudng thing AB va dudng théng qua miit

V. Vi (hinh 2-17b, ¢). Cdc miii tén kép (> ) trén hinh v& chi cdch vé cdc

dudng thang néi trén. Khi $ 1an khong trugt trén L thi diém tiép xuc gita Sva L
14 tam van 16c tire thoi “P” (hinh 2-17e).

8. Cac bai toan ap dung

Vi du 4. Xét he c6 cdu hinh nhu hinh v& 2-18. Tim v4n 8¢ diém B va van
t8c géc chia khau AB. Cho bigt Q = 3 rad/s. Py

Gidi: JQ
AR

- Voi A lam cye ta co:
> - —»
VB = VA + VABVéi VA = 0A Q.
Tir hinh vé 2-18.
Vg = Vafeos30 = 2a. Q3 /3.
Vig= Vg2 =a QV3/3.
Van t6c goe cha thanh truyén AB la:
Qap = VAg/AB = Q3

(Ban doc c¢6 thé nhan duge két qua
nay bang phwong phdp tam van toc tiic thin). Hinh 2-18
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Vi du 5. Mot banh xe tam O bdn kinh R 1an khéng trugt trén dudng L |, vin
t6¢ tam banh xe 12 V. Tim van t8c¢ cha cde diém A, B, C trén vinh bdnh xe?
(hinh 2-19).

Gidi:

Theo dé bai thi 1i€p diém giita banh xe va L 1a TVT “P". Do d6 van téc gbc
cua banh xe la:

V v

3] i

“oP R
Vi"P” la taim quay tic thdi nén:

Va=QgpPA = %Rﬁ = \EVU

Qgp

Tuong tu ta ¢6 van toc cua cac diém B, C rén

vanh bdnh xe:

VB = QSP'BP = Yé'_) .2R - 2V“.
\ Hinh 2-19
Ve=QgPC= -2 RV2 =2V,

Phwong,chiéu tdc vectd két-qua duge chi trén hinh 2-19.

9. Quan hé gia t&¢ giira hai diém thudc vat

Pinh ly: Gia téc ciia mdt diém M thudc var bang tong hinh hoc cde gia t6c
cila cuc O va gia téc ciia diém M trong chuyén déng quay tiong dét cia hinh
phdng quanh O {hinh 2-20).

—» —» —> —> - —>

Wy = Wo, + Wyg, = Wo, + Wy, + Wy,

(2-20)

e —_— —» —_ —>
3 T - . n —
Vdl WMU| = Egp N O|M . \""\“YMO1 = QSP A VM

Chuing minh dinh Iy

Vi he dong chuyén dong tinh tién so v&i he

¢d dinh nén _W-M ¢d cong thirc theo (2-10):
—r — -— — —_— — — %

Wy= Wi+ Wy =Wip+ W= Wy + Wy,

Hinh 2-20

Cu thé hon ta ¢6:
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—

—_— - —
— T H
Wy = WO] + Wmol + WMO1

Dinh 1y da duoc chimg minh.

Vi du 6. Mot banh xe 1 lin khong trugt trong vi du 5. Cho biét & thoi diém

khao sdt tam O ¢6 van tdc V“ va gia toc W(, Tim gia t6¢ diém A va P?
Gidi:

Gia 18¢c géc €gp cla banh xe:

4V, 1
ggp = Lgp = —[*—) = _R_Wu

dti, R
dv .
(d—” - W{T = Wu \J’i “O” Chllyéﬂ déng
t
trén dudng thfmg). PR U A A

R

Véi O™ lam cuc thi theo (2 20) ta c6:
—_— —_— — Hinh 2'21

W;—\ =W, + WAO"'WA()

trong do: W;\O L AO, chiéu phu thudc €sp, tri 6 Wi, =Regp=W,,.

e . . 5 \
W 1o chiéu hudng vé cuc "0, tri s6 Wip= RQgp = R;

Tir hinh 2-21 gia toc cla A ¢d gid tri:

2
n V2
WA = J(Wu + WAO )2 +(W;\0)2 = [Wn + ﬁ} + W&

Tuong ty véi “O” lam cuc ta ¢é (hinh 2-21):
e > >
_) x
trong d6: Wig L PO, chiéu phu thudc ggp , tri s6 Wg,=W, .

o s \A
Wp chiéu hudng vé 1am 07, tri s6 Wpg= ?" :

Tir hinh vé dé thay:

o —
Wp= Wpg vacourso Wp =

w!i
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CHUONG 3
CO CAU BON KHAU

I. CO CAU BON KHAU BAN LE PHANG
1. Cac dinh nghia

Mot co cau phdng gém bén khau ndi v4i nhau bing céc khép quay goi 14 co
cdu bdn khau ban 1€ phing.

Trong co céu ndy khau c6 dinh goi la gid (4), khau ddi dién véi gid goi 1a
thanh truyén (2), cdc khau néi gid (/) va (3) goi I tay quay hodc thanh Jic tuy
thugc khau dé ¢6 quay toan vong hay khong. Dudng tdm cia mét khau la duong
thing ndi hai tam khép quay cia khau d6 (hinh 3-1).

2. Didu kién quay toan vong cia khau néi gia

Neéu dodi hoi co céu c6 tay quay thi khau néi gid cia né phii quay duge toan
vong. Vi du hdy tim diéu kién quay todn vong clia khau ndi gid / nghia 1a tim
diéu kién d€ diém A, thudc khau (/) v& nén mot vong trdn tam O, ban kinh OA,
trong qud trinh chuyén dong (hinh 3-1b).

Ta hinh dung rang n&u khdp A dugc giai phéng thi khau (/) quay tu do
quanh O. Diéu ndy cho thdy néu c6 khép A ma vén mudn khau (/) quay duge

toan vong thi vé€t cher A, tdi dau, vét cho A, ciing phai t&i d6. Theo nghia d6 ta
c6 thé vigt {A(} c {A;).

Nhimng phan tich trén cho phép phat biéu diéu kién quay toan vong clia
khau néi gid du6i dang hai dinh 1y sau:
a) Dinh Iy (dinh tinh):
Khdu noi gid (1) quay duoc toan vong khi va chi khi tdp vét ché (X} chita
trong tdp vét ché (X)) ciia thanh truyén (j) ké né.
(Xt < (X1
X; 1a khép ndi khau (i) v6i khau (j).
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Hinh 3-1

b) Pinh 1y (dinh lirong):
Trong co cau bén khau ban 1€

1) Néu téng chiéu dai cha khau ngén nhat va khau dai nh&t nhd hon téng
chidu dai cta hai khau con lai thi ¢hinh 3-2a, b, ¢):

a. Néu chon khau ké v&i khau ngin nhat lam gid thi khau ngén nhét 12 tay
quay, khau néi gi cdn lai 1 thanh léc (hinh 3-2a).

b. Né&u chon khau ngin nhdt lam gid thi ca hai khau néi gid déu la tay quay
(hinh 3-2_b).

c. Néu 14y khau d6i dién véi khau ngin nhdt 1am gid thi ¢4 hai khau néi
gid déu 1a cin lic (hinh 3-2¢). '

2) Néu téng chiu dai ciia khau ngdn nhat va khau dai nhét i6n hon téng
chiéu dai ciha hai khau cdn lai véi bat k¥ khau nao 1am gia thi hai khau néi gid
déu la can lic (hinh 3-2d).
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Hinh 3-2

3. Ty s van tdc gilra hai khau ndi gia

Trong chuong 2 ta dd nghién cifu k¥ tam van tdc tic thai (TVT). b6 la
diém c6 van t6c twong A6i bing khong, hoic cé thé néi 1a diém ma van t6c tuyet
déi clia né thudc méi vae bang nhau.

a. Tam van toc tive thoi tueng doi:
Tr& lai co cdu bdn khau ban 1é OABC trong d6 OC (khau 4) 1a gia. Thanh

truyén AB (khdu 2) c6 chuyén dong song phang. TVT cta khau 2, ky higu Py,,
Ia giao cia OA (dudng tam cla khau 1) va CB (duong tam cla kbau 3).

Né&u bay gid ta lay CB (khau 3) lam gi4 thi ta lai cé OA (khau 1) ¢6 chuyén
dong phing (CDP). Luc nay TVT cla khau I, k¥ hiéu 1a Py lai 1a giao cia AB
(dudng tam clia khau 2) vdi OC (duong tam ctia khau 4), (hinh3-1a).

* Pinh Iy A. B. N. Kennedy:

Trong co cdu bén khdu bdn 1€ tam van téc tic thoi twong doi gilta hai khdu
khéng ké nhau la giao diém ciia hai duing tam cia hai khdu con lai.

b. TV s6 van téc cia hai khau néi gia:

Theo tinh chét ciia TVT: Vi = vV (a) -
13 13

Nhung v}‘,:; = o,.OP; v2 vg‘; = 05.CP}3

Thay vao (a) ta ¢é: ©,.0P5 = ©3.CPy4

hay: il." = 2" = —'"CPH

©;  OPp;

K&t qua nay dugc phat biéu dudi tén goi dinh 1y Willis:
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* Pinh Iy R. Willis:

Trong co cdu bén khau bdn 1¢, duong tdm ciia thanh truyén chia dudng tam
cia gid tam hai doan thdng 13 I¢ nghich véi vdn t6c géc ciia hai khdu néi gid.

Nhdn xét:

- P13 ndi chung ludn luon thay déi nén ij; 1A mot dai lugng bién thién, nhu
vay néu khau din (1) quay déu (o; = hang) khau bj din 3 s& quay khong déu
(w4 # hing).

- Khi' P4 chia ngoai doan OC, 1,5 > 0 cdc khéu (1) va (3) quay clng chiéu.
Khi P; chia trong doan OC, i3 < 0 cde khau (1) va (3) quay nguge chidu nhau.

- Khi tay quay va thanh truyén dudi thing hay chap nhau, P tritng vé& O,
ws = 0, thanh lac (3) d6i chiéu quay. Lic nay cdc vi tri CB, va CB; goi la céac vj
tri bién cta thanh lic (hinh 3-1b).

Bac biét, & co cdu hinh binh hanh P(; & xa o, lic ndy i;y = 1, khau bj din

(3) ¢6 cling van toc gée voi khau dan (1) (hinh 3-le).

IL. CAC BIEN THE CUA CO CAU BON KHAU BAN LE

Tir co cdu bén khau ban 1€ bang nhing lap luan todn hoc va cdc giai phép
ciu tao phii hop, ta ¢6 thé tao ra nhitng co cau mdi v duge goi 1a nhimg bién
thé clia co cdu bén khaw ban 1€, Vi thé phuong phdp nghién citu co ciu bén
khau ban 1¢ s& dugc dp dung cho cdc co cau bién thé dudi day.

IL.1. Cd cau tay quay con trugt (CCTQCT)
1_. Sy hinh thanh cua CCTQCT:

Cho co cau bon khau ban 18 QABC vdi tay quay (1) va thanh lic (3) (hinh
3-1a).

Gia sir tam quay C ddn ra vo tan theo huéng BC. Khi &y qu¥ dao tron clia B
thanh mot dudng thing. Thanh lac CB bay gidy chuyén dong tinh tién qua lai
theo phuong vuéng géc BC. Vi khau (3) bay git chuyén dong tinh ti€n nén chi
can xét mot doan cha nd. Co cdu bon khau ban 1€ tré thanh co cdu 1ay quay con
truot véi tay quay (1), thanh truyén (2) va con trugt (3) chay trong ranh (4).
(Khép quay C(3,4) da dugce thay bing Khdp tinh tién).
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Co c4u tay quay con truot trong dé quy dao cla tdm con trugt B khéng chay
qua tam cua tay quay goi 12 co cdu tay quay con trugt léch tam. Khodng cdch e
tir tdm clia tay quay dén quy dao ctia tam con trugt goi 13 tAm sai. Néu e = Ota
¢6 co cdu tay quay con truot chinh tdm (hinh 3-3a, b).

2. Péc di€m dong hoc cia co ciu tay quay con trugt

a. Diéu kién quay toan vong ciia khau néi gia (hinh 3-3b)

Chi xét diéu kién quay toan vong cua khau (1). Thao khép quay B. Tap vét
chd {B,} 1 tap diém phii dudng tron tam A bdn kinh AB = /). Tap vét ch {B,]
12 mot tap diém pht dai mat phéng rong 2/; nhin quy dao ciia C lam tryc d6i
xing. Khau (1) chi quay toan vong khi: (B, } < {B,! (dang tap hop).

Hayla/  +e </, (dang metric)

b. Ty s6 van toc giita hai khau noj gia

Khau (1) c6 chuyén dong quay, dic trung van t6c cita né 13 ;. Khau (3) ¢
chuyén dong tinh ti€n, dic trung van t6c cfia n Ia vy. D€ tim ty s6 van t6c ta
dua vao TVT P13.

Theo dinh 1y Kennedy, TVT P, [a giao cla dudng tam thanh truyén (2) va
dudng 1am cha gid (4). Dudng t4m thanh truyén (2) Ia dudng ndi khép quay A
va B. Dudng tam cia gid (4) 1a dudng ndi tam quay O v6i tam quay C 3 o trén
dudng vuong gée véi quy dao cta B (con truct B chuyén dong tinh tién nen
duge xem nhu chuyén ddng quay quanh tim & vo cung ¢é bdn kinh 13 dudng
vuong gée véi phuong ciia chuyén dong tinh tién) (hinh 3-3a).

Két luan:

Budng tam ciéia mét khdu c6 khdp quay O va khdp trugt B la dudng rhéfng
qua tam khdp quay O va vudng géc véi phuong tink tién cia khop truot B.

Theo tinh chédt cia TVT, ta c6:

() _ +;(3)
VP13 - VP|3
RTI1)]
Nhlmg VPH = (01.0P]3

Vi, = V3= Vg (vi khau 3 ¢6 chuyén dong tin tién)
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Tir d6 suy ra:
. Va
33 = — =0P,
@

Vi P, bién d6i nén ty sd van toc iy = ;i clia co ciu tay guay con trugt la
|
mot dai luong bién thién phu thudc vao vi tri cla tay quay OA. Nhu vay, khi tay
quay quay déu, con truot 3 tinh tién khong déu (Vg # hang).

Lac thanh truyén va tay quay dudi thing hay chap nhau thi P, triing véi A.
Van t6c chia con truot 3 biang khong, con trugt d6i chiéu chuyén dong. Céc vi tr
C, va C, tuong ng duge goi 1a cic vi tri bién clia con trugt. Khoang cdch CyC,
goi 12 hinh trinh cta con truot (hinh 3-3b).

P131|-\__‘ -
. 2
o ; B! .
C¢ : FPELEL S 4 FLLEFEP jﬂ_}l;‘l‘l‘.
[+ a ' : C
Budng tam I =
khau 4 (gia) Dudng tam khau

3 (con trugt)} b)

Hinh 3-3
I1.2. Co cdu culit

1. Sy hinh thanh co cdu culit
Tir co cdu tay quay con trugt, néu d6i gid clia co ciu ta s& duge mot co céu
md&i véi tinh ning khdc hdn (hinh 3-3a).

Chéng han néu ta 14y khau (1) hoc khau (2) 1am gié ta s& duge mot ¢ cdu
méi c6 tinh nang 12 bién chuyén dong quay cia khau din thanh chuyén dong
quay hoac l4c clia khau bi dén. Co cfu nay c¢6 tén 14 co cdu culit (hinh 3-4a, b).

2. Dac diém déng hoc clia cd céu culit
D€ cho viac ddnh s6 cdc khau thong nhat (khau cd dinh 14 gid thudng dénh

s8 (4), khAu ndi gid thudng ddnh s6 (1) va sé (3) ta d6i tén cic khau, cdc khép.
Nhu vay ta ¢6 ¢o cdu culit OABC nhu (hinh 3-4b, d).
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wa

X
Pudng tam
khau 3 {con trugt)

Pudng tam

0 w2~ khau 4 {culit
a) 3 Kha 4 ou ) )

Hinh 3-4

a) Diéu kién quay toan yong ctia khdu noi gid:

Trudce hét ta xét diéu kién quay toan vong cha khau (1). Théo khép quay A.
Tap vét cho {A,} la tap diém phi duong tron tam O ban kinh OA = I,. Tap V€l
cho |A,) 12 tap diém phi toan mat phang. Nhu vay di€u kién:

{A,) < | A;} luon ludn thoa man. Khau (1) quay toan vong.

K&t diéu kien quay toin vong ctia khau (3). Théo khép truot A. Tap vét cho
{A,} 1a 1ap dudng thing chay qua B. Tap vét chy (A} 1a tap duong thing cat
dudng tron tam O bin kinh {;. Khau (3) quay toan vong khi va chi khi motl
dudmg thing qua B déu ct dudng tron (O,-1,) nghia 12 phai thoa man dicu kién
[A;) C {A,}. Khi 8y tam quay B chi ¢6 thé nim trong hay trén vong tron tam O
ban kink OA =1, (hinh 3-4d).

Khéc di, diéu kién quay toan vong cua khau (3) 1a:

lo<
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b) Ty s6 vdn téc giita hai khdu noi gid
Khau néi gid (1) quay quanh O dic trung van 16¢ cla né 12 ®,. Khau néi
gid (3) quay quanh B, dac trung van t6¢ clia nd 1a w4,
@, _ BP;

Dua vao TVT Pya d€ tim 1 56 i3 = — =
. 4 Op13

Diém P|; thay ddi theo vi tri cta tay quay (1) nén ty 6 van toc 14 1a mot
dai lugng bi€n thién.

I1.3. CO cau sin

1. Sy hinh thanh ce ciu sin

Trd lai co cdu culit OABC (hinh 3-5a). Cho tam quay B ra o theo huéng
OB. Khau (3) v6n ¢6 chuyén dong quay tr¢ thanh chuyén dong tinh ti€n theo
phuong vuéng gbée voi OB trude day. Vi tri cta khau (3) xdc dinh béi toa do
diém A: x, = OA.sinp. Cho nén co cdu co tén la co cdu sin. Dang cdu tao cu thé
nhu (hinh 3-5¢.,d).

2. Pac diém dong hoc ciia co cdu sin
a) Piéu kién quay toan vong cia khdu ndi gid (1)

Théo khép quay A. Tap vét cho {A;} 1a tap diém phu dudng tron tam O
bén kinh /,. Tap vét chd {A,] latap diém phil toan mat phing co cdu. Diéu kien
1A} < [Ay]) ludn ludn thoa man. Khau (1) luén ludn quay toan vong.

2) TY s6 van téc giita cdc khdu noi gid
Khau (1) ¢6 chuyén dong quay, van t6c cba nd 1a o;. Khau (3) ¢6 chuyén

dong tinh tién, van tdc cua nd la vs. Tim ty s6 van 10 13 = —% =7 Dya vio
W

TVT P,s. Py 12 giao clia dudng tam khau (2) va dudng tam khau (4). Dutng tdm
khau (4) 12 dudng vudng géc v6i phuong trugt cua khau (3) vé tir O. Pudmg tam
khau (2) 1a dudng vudng géc voi phuong truot clia khau (2) vé ur diém A (hinh
3-5¢).

Theo tinh chat cia Pj3: V) = v
: P13 Pi3
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trong do Vl():; = 0,.0P,
VF():; =V, (vi khau 3 c6 chuyén dong tinh tién)

Thay vao ta ¢é: ©,.0P; =V,
\Y

Hay i3 = m—j’ = OPy3
1
c
A w
\\”‘* 'Dudng tam
0 Buang tam con trugt 2
khau 2 {con trugt)
-~ 4 *B
X Budng tam
‘/ khau 3 b)
a) l
= =]
| |

f”-‘t_“"- A p)

r’, (I)1: al El-

r" i N

-.t“ _____ - s

N, 4 ol /
~ I ey
e

|
¢} d)
Hinh 3-5

I1.4. Cd céu tang

Trd lai co cdu culit OABC (hinh 3-5a). Cho tam quay O ra v6 ciing theo
huéng BO, lic ndy “tay quay OA” cd chuyén dong tinh ti€n theo phuong vuéng
gée v6i OB trude day, ¢6 thé mo ta OA trugt trong ranh vudng goc véi OB.

Vi tri chia thanh OA xédc dinh bing toa do ciia diém A, x, = l.tgg trong do
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/ 12 khodng cdch OB 161 ranh truot cia OA, @ 12 gée gitta BA v6i phuong thing

ditng . Chinh vi vay co cdu ¢6 tén la co clu tang (hinh 3-6a,b).

@]

—_
A

IX
"

it

]
]

LAY

.

Hinh 3-6

III. CAC VI DU AP DUNG

* Vidu 1:
Cho co cdu nhu trén hinh 3-7. Hay tinh ty s0 truyén i3, ©.? Khiu 1 va
khau 3 ¢é quay dugce toan vong khong?

Bi¢t OA = 10 cm.
Pis

K‘x“fﬁ\h‘w

AU Y L

F-y

Hinl 3-7
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Giar:

Theo dinh 1§ Willis ta ¢6: i,3 = BP4/OP)3 = (40/4/3)/10//3 = 4.
Do dé w4 = /4 = 6/4 = 1,5 rad/s.

Vil =10 NEPS I, = 10, cho nén khau 3 khong quay duge toan vong.
Khau 1 ludn luén quay dude toan vong.

* Viduy 2:

Hay giai bai todn trong vi du 4 chuong 2 bang cac dinh 1y Kennedy va
Willis?

Gidi:

Theo dinh 1y Kennedy cdc P 3 va P,y duoc cho trén hinh 2-17. Theo dinh 1y
Willis ta co:

‘ v . . P OP

13y = - =OP|3:>V_1.=(D‘131.T1nh OP]:},: o B = 13

) : OB \/az +3a’

1 2a 6a \Y wa )
= OP;= S=.Dod6V;=Vp= = ViGap= —2- = — = —.
3 EENE RT3 UM AR, T % 3

=tg30" =
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CHUONG 4
CO CAU BA KHAU

Trong chuong nay ta s& xét mot s6 cg cau gém ba khau thuc hién mot ham

s6 truyén cho trude nhd cde Khop cao.
1. CO AU TAM TICH
1. Tam tich la gi?
Tam ticn % gu¥ tich ciia tdm van tée tie thei trong mot hé quy chién nao
dé. Tam tich duge ky hiéu 1a T;, i 1a tén hé quy chiéu trén dé quy tich ciia TVT

“P” duge xay dung.

Hinh 4-1



2. Co cidu tam tich
Dink nghia

Co edu ba khdu thiee hiéie mor ham truxvén cho tricde nhey khép cuo do cde

tam tich tao thanh got ld co edt tam tich (hinh 4-1),

3. Phan tich déng hoc cd cau tam tich

Cho co cdu tam tich vdi khiau dan T, khau bi dan T, quay quanh céc truc
¢d dinh O, vi O,. Hay xdc dinh ham truyén i, = i;5(¢) cia co ciu va ham
chuyén vi @ = ¢-(©,) caa khiu 2. Bai todn nay dtfgc goi 1a bal todn phan tich

dong hoc cua co ciu tam tich.

4. Téng hgp déng hoc cd ciu tam tich

Bay gidr ta xét bai todn nguge cha bai todn trén.

Cho trudc ham truyén is; = ip((p;) tim tam tich T, vi T, quay quanh tryc
co dinh Q, O, truyén dong véi ham truyén trén. Bai todn nay dugce goi la bai
todn tdng hop dong hoc (hay thiét ké dong hoc) co cdu tam tich.

e Diéu kién truyén chuyén déng ca ciiu tam tich 1a gée truyén dong (goc
gilta dudng tam cia gid va tiép tuyén chung tai tiép diém cha hai tam tich) y = /2
(hinh 4-1b).

Dic biét khi 1;, = hing, ciic (am tich & cdc vong trdn ¢b 1am trung vai tam
quay thi y = n/2. D¢ dam bao déu kién iruyén dong ctia co ciu tam tich, cin
thém véu 16 ma sat vio ving ué€p xdc. Co cdu tam tich truyén déng nhd ma sat o
khdp cao duge goi la co cdu ma sat.

Vi du: Hay thiét k€ dong hoc ¢d cdu tam tich thay thé cho co cdu bdn khiu
ban 1¢ phan binh hanh O;ABO; cho trén hinh 4-1a. Trong dé O|A = O3B ;
0,0, = AB. Khau { quay vdi van (6c géc € lam cho khau 3 quay quanh O vdi
van téc goc Q.

Giat:
Ty 56 truyén cla cd cdu bén khau giita khau / va 3:
R
€24 OyP;

TVT “P,y” 1a giao giifa khau 2 va 4.
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Dé& c6 ¢ cau tam tich ta phai xay dung céc tam tich Ty va Ty (quy tich cua
P,, khi ay khau / vi khau 3 1am hé quy chiéu) (hinh 4-1a).
Xét hai tam gigc O AP vi BOsP (d€ cho gon ta k¥ hiéu Py5 = T). Hai tam
gidc nay cd
g6c OFA = BPO; ; AO,P = 038P va O,A = BO3 = & 0, AP = A BOsP.
Rut ra:
PO, = PB, PA = PO; hay PO + PA=FB + PO, = 0,05 = AB = const.
Nhan thiy ring diém P c6 tong khoang cdch khéng ddi 161 cde diém O va
A, ciing nhu 16i cde diém Oy vi B. Nén tam tich T, 1a mot elip nhan Oy va A la
cic tieu diém, con tam tich Ty 12 elip nhan Oy va B lam cic tiéu diém, Khi co
cdu phan binh hanh chuyén dong, cdc T, va T; lan khong trugt trén phau LEp
diém cla ching 1a TVT “Py3" nam trén dudng ndi cac am quay O, O, Nhu vay
mudn truyén chuyén dong tir khau 2 sang khau 3 v8i ty s6 truyén i), cha co cdu
phén binh hanh ta chi viéc cho tam tich T, quay quanh O; lan khong truoi vdi
tam tich T5 quay quanh O,. Nghia la ta da thay co cdu bon khau biang co cau ba
khau gém gid O, 05 va hai khau dong 1a T, va T

I1. CG CAU BOI TIEP

1. Bién dang d6i tiép 1a gi?

Mot khép cao ¢6 hal bac ty do (vira lan vira trugt trén nhau) thi mo1 thanh
phdn khdp cao duge gor la mot bién dang doi tiép. Diéu kién rang budc la cic
bien dang déi ti€p khong tring véi tam tich.

2. Pinh nghia

Co cdu ba khéu thic hién mot ham truyén cho triide nho khép cao do cdc
bién dang doi 1iép tao thanh goi la co cdu doi tiép.

3. Phan tich déng hoc clia cd ciu ddi tigp

Dinh ly:

Trong co cdu d6i tiép phing. phdp tuyén chung ciia cdp bién dang doi tiép
Tuén luon di qua tdm van 1oc tic thoi tiwong dét giita chiing.

Chirng minh dinh 1y

Ta tudng tuang viéc doi gid gilta khau 2 va khau 3. V6i khau 2 lam gia thi
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khau / thuc hién chuyén dong song phiang. Khi dy van tdc cua cic diém K. O,
thuoe khau / ¢é phuong nhu hinh 4-2a. Piéu nay xdc dinh vi tri coa TVT “P".
Phap tuyén chung n-n vuong gbc voi van 16¢ cua diém K,. Do do, phdp tuyén
nay phai di qua TVT.

Hinh 4-2

1. CO CAU CAM

Co cdu cam 1a co cdu dai tiép dung dé bién chuyén dong, thong thudng 1a
mot chiéu clia khau dén thanh chuyén dong qua lai theo quy ludt xdc dinh cla
khav bj din. Trong co cau cam khau din goi la cam, khau bi dan goi 1 cin
(hinh 4-3a, b, c). !

a) b)
SJ mm
T A e
7 |T—“ i J'[ {| tl
s RN L
40 31 .i._,;..-._._.__,.._ | - 11{
s+ T . A
s E‘.'.'?‘ *|
sl AT e VERL [ h b
'—r 1 i _.I__ T - I.. . ‘ ‘ :_
o d} 77243 55r3mrmu:wm;7/&;2&/2;2 Ry
Quy lugt chuyén dong cda can S
. Hinh 4-3
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IV. CU CAU BANH RANG

1. Khai niém chung vé cg ciu banh.rang

Trong co cdu doi 1iép khi mot khau ¢ nhiéu bién dang tirong tu ké nhau thi
phdn vat thé giita hai bién dang ké nhau goi la rang. Khoang tréng gita hai bién
dang ké nhau goi i rdnh rang. Co cdu d6i ti€p truyén dong bing ring goi l& co
cdu bdnh rang. Trong co cdu banh rang, qud trinh ti€p xdc giifa cic bdnh rang
gol la qua trinh an khép cla banh rang.

Trong ché& tao may ¢6 nhiéu co cau ding dé truyén chuyén dong quay gifta
cac truc. Khi hai truc cdch xa nhau ngudi ta ding xich, dat truyén; khi hai truc
gan nhau thi ding cdc banh ma sit, banh rang.

Céc banh rang truyén tai 16n hon nén duge ding rong rii trong cong nghiép.

Tuy theo vi tri tuong déi cua hai truc, ¢d cdc leai banh rang khic nhau
nhu sau:

- Bdnh rang tru dimg cho hai tryc song song quay nguge chiéu hodc cling
chiéu v&i nhau (hinh 4-4a, b, ¢, d, ).

- Banh ring ¢on ding cho hai truc cit nhau (hinh 4-4g).

- Banh vit va tryc vit ding cho hai truc chéo nhau ¢hinh 4-4h).

O hai trudmg hop cudi, goc gitra hai truc thudng 1a 90°.

Tuy theo ciu tao.cua rang ngudi ta phan biét:

- Rang théng 13 rang c6 phuong cla duting sinh mat tru (hoac mat nén) nhu
hinh 4-4a, b, d, e. Ngo&i ra ¢d rang nghiéng, rang chif V, ring cong (hinh
4-4i, k, 1, m), kha nang tam viéc clia cdc rang nay t&t hon rang thang.

- Rdng than khai 12 rang ma dudng bao 1€l dién (profin) cla né ¢ dang
duong than khai cia vong tron nhu phan tich trén hinh 4-5a. Bdnh rang than
khai 12 loai thong dung c6 nhiéu uu diém ndi bat s& duge nghién ciu k¥ dudi day.

Co cdu banh rang dugc dung dé truyén chuyén dong gifta hai truc quay vai
ty s& truyén xdc dinh. Pac biét, ki mot bdanh rang ¢é tdm quay & xa vo 1an.

chuyén dong ciia né s& la chuyén dong tinh tién, 1a goi day 1a mot thanh rang.
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Hinh 4
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Ta c6 co can banh rang - thanh rang dimg dé€ bién chuyén dong quay thanh
chuyén dong tinh tién va nguac lai (hinh 4-de).

Co cdu banh rang duge ding dé truyén chuyén dong gifta hai tryc vai ty s6
truyén xac dinh. Nhu vay vé cong dung ma ndi thi co cdu binh rang va co c&u
tam tich {c6 ma sat & chd tiép xiic) khang ¢6 gi khac nhau. Diéu khdc nhau co
ban 12 & cu cau banh ring cdc bién dang cla ring gin véi cdc tam tich ty 1eén
nhau, ddy nhau chuyén dong. Muén ty s6 truyén khéng doi cdc bién dang nay
khong thé 14 cde dudng cong tuy y. Nam 1754 Euler 1a ngudt dau tién tim ra cap
bién dang than khai ¢é § nghia k¥ thuat hon ¢, vi nd thoa mén yéu ciu an khap
161 nhét, ty s6 truyén khong dai va dé ché tao.

2. budng than khai va tinh chat cda né

Pinh nghia:

Khi mot duong thang lin khéng tritot trén mét vong tron, quy dao cia mot
dicm K nao dé cia dwong thang goi 1a duong than khai ciia vong tron (sau nay
ta sé goi 1dr la duong than khai). Vong tron nay goi la vong tron co s cua
dudmg thdn khai.

Tinh chdt cua duong thdn khai (hinh 4-5):

Theo sy hinh thanh ctia duong than khai, ta thay:

- Dudmg than khai khéng c6 diém nao nam trong vong cd s0.

_ Phép tuyén ciia dudng than khai la ti€p tuy€n cia vong co sd va nguoc lai.

- Tam cong N tai diém K cua dudng than khai nam trén vong co 0, ban
kinh cong NK bang cung 1an NM.

- Bién dang than khai thoa mén dinh ly an khép Willis.

Dinh Iy Willis:

Dé dém bdo 1y s truyén khong doi, phdp tuyén chung cua cdp bién dang
rdng phai ludn fnon di gua mot dién c6 dinh trén dudng néi cde tdmn quay.

Nhu vay d€ ¢6 ty s6 truyén khong déi thi phip tuyén chung cba cap bién
dang than khai phai di qua diém c& dinh trén dudng nobi cic tam quay. Theo
dinh 1y da6i ti€p & wen, diém d6 1a tam van tde e thoi tuong dai cha cap bién
dang than khai. Thuc vay, phdp tuyén chung NN, qua tiép diém K déng thoi la
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ti€p tuyén clia 2 vong co sd c¢6 ban kinh rp, va 1o, - Ti€p tuyén nay cat dudng
0,0, tai P. Vi ti€p tuyén hai vong co s& va duong ndi cdc tam quay la co dinh
nén diém P 1a ¢6 dinh, nhung theo dinh 1y d6i ti€p diém P lai 1a TVT tuong doi
gita hai bién dang than khai nay. D6 la diéu can chimg minh.

N K

S dudng than khai

vong trén ca s@

vong co‘\sé/
4
/ZZ\
3. Cac théng sé hinh hoc cua banh rang (hinh 4-5c)

- Chiéu cao cla rang gii han boi vong dinh rang r. va chiéu sau cta ranh

®
Hinh 4-5 .

giGi han boi vong chéan rang r;.
Trén mot cung tron dong tam véi vong dinh ring va vong chén rang, ta co
cdc cung voi tén goi: '
- Chiéu day rang: S,
- Chiéu rong ranh: W
- Budc rang: t,

- S6 rang ctia mot banh rang: z
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Néu goi d 1a dudng kinh vong chia tie 1a vong trdn trén d6 S = W (cdc chi

0 x duge bod di). Tacd: nd =1z

dat — = m va gol la modun cua rang, gla try cua madun duoc tiéu chuan hod
Pl

thanh nhimmg s& tron dé tien cho viéc tinh todn vh ché tao banh rang.
d=m.z

Cic kich thudc dai khac cling duoc 1inh todn thong nhat theo médun m cla

rang.

4. Bic trumg an khdp cua cap banh rang than khai

Khi cap bénh rang than khai an kKhdp, giao diém P pifta phdp tuyén chung
ca bién dang rang va dudng noi tam ciing 12 TVT tuong dd1, duge goi'la tam an
khdp (hinh 4-5d).

‘Tam tich do P gay ra trén hai bénh rang 13 hai vong tron ti€p xic nhau 1ai
P, cdc vong tron ndy dugc goi 14 cdc vong lan ciia cap banh rang, bdn Kinh cua
ching la:

l‘L1 :O].P“ r[-z :OZP

Mot cip banh rang phing duge goi la ndl ti€p hay ngoal ti€p néu hai vOng
tron lan noi tidp hay ngoal GEp.

Tiép diém K cia cap bien dang d6i tép goi la diém an khdp, quy tich cua K
trong mit phing gin v&i gia duoc goi 1a dudng an khép. Trong cap banh rang
than khai duong an khdp la dubng thing, né la ti€p tuyen chung clia haj vong o 50.

Gée gilta ti€p tuyén chung cha cap bién dang va tiép tuyén chung cla hai
vong lin goi la goéc an khép a. Trong cap banh rang than khai, goc an kKhap
khong d8i trong qué trinh dn khop.

Ty 6 truyén cua cap binh rang than khai la:

o

3

— L,
L= =

|

$

i
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o, Ioy,

Nhung I, =

r, = ——

v L2
COSQ cosa
. . I ., In
Nén: ij;= fait S P S
©7 L I'py,

Vi 1y, Vi 1p, kbong déinen ty s6 truyén i;; khong phy thuoe khoang cich
truc giita hai banh rang, nghia 14 néu vi mot 1y do ndo do ma khoang cich tryc
gilta hai banh rang cé thay déi, ty s& truyén clia cap bdnh rang than khai vin giif
nguyén (day 12 mot wu diém ndi bat cla cap banh rang than khai).

V. HE BANH RANG
1. Cac dinh nghia

Co ciu banh rang dung dé truyén chuyén dong gita hai truc véi ty s6
truyén xdc dinh. Ty $6 nay phu thugc ban kinh (s6 rang) cna banh rang.

Khi hai truc xa nhau hodc muén ¢6 ty sd truyen 16n khong thé chi dung hai
banh ring ma phéi ditng nhiéu banh rang.

Mot diay gdm nhiéu banh rang dn khép véi nhau goi 1a mot hé banh rang.
Cédc hé banh rang duge chia lam hai loai: Hé bdnh rang thudng va h¢ banh rang
vi sai.

* Hé banh rang thuong la hé trong do cde bdnl rdng c6 tric quay cd dind

Heé bdnh ring vi sai 1a hé trong dé mdi cap banh rang co it nhat mot banh
rang ¢é truc quay di dong.

2. Ty s6 van téc cua mdt hé banh ring

a/ Hé banh rang thuong (hinh 4-6a, b va 4-7)

Ty s6 truyén ciia mot hé banh rangthudng bang tich cdc ty s6 truyén ciia
timg cip banh rang, ciing bing ty s6 gilfa tich s6 s0 rang cta cac banh bi dan v6i
tich s& 6 rang cta cdc binh din. V&i hé bdnh ring phéng, néu dé ¥ dén chiéu
quay cla cdc bénh rang, ty s6 ndy mang d4u am (hodc duong) néu s cap banh
rang ngoai tiép 1& (hoac chan).
©,

Z Z

P — i 2 3

lln 1 (_._1) TS S
W, Z, T2 Z

m 13 s& eap binh rang ngoai tiép.
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Hinh 4.7. Két cdu hop giam t6c binh rang mot cap :

1. Vo hop glam t6c: 2. Banh rang (hodc banh vit);
3. Truc; 4. O bi; ﬁ Nt xa diu; 6. Van kiém tra dau.

ir I
(5]

=
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b) Hé banh rang vi sai

Mot hé banh rang vi sai don gian duge mo ta trén hinh 4-8a. Banh ring co6
truc quay ¢6,dinh goi 1a banh rang trung tam. Banh rang ¢6 true quay di dong
goi 1a banh rang vé tinh, khau mang binh ring vé tinh goi l1a can (hay tay quay).

Heé bdnh rang vi sai cé mot banh rang trung tam ¢é dinh con dugc goi la he
banh hanh tinh (hinh 4-8b).

Pé tim hé thifc gilta cdc van tdc gée trong hé vi sai ta ¢6 thé chon cin (hay
tay quay) lam h¢ quy chiéu dong. Viée lam nay tuong duong véi viée cho thém
méi khau trong hé mot van téc gée phu bang ©,,. Lic nay hé vi sai “bién thanh
mot hé thudng™ trén hé quy chiéu dong la tay quay. Ty s6 van toc tuong dot cua
mot cap banh ring doi v tay quay s€ la:

o 0 — (0 I: z

= —"—"t=xt= + 2 (cong thic Willis)
(l)j _(qu r-l Zj

G

Hinh 4-8. Hé banh ring vi sai vi hanh tunh.
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CHUONG 5

CAC PAC TRUNG HINH HOC CUA CO HE

1. MOMEN KHOI LUGNG

b& cua khéi lugng co anh hudng rat nhicu t
cdc momen kKhoi luong.

Su phan Gi chuyén dong cua cd
hé. Pac trung cho sy phan bo khoi lugng nay la

1. Cac dinh nghia

% Momen ciia mot dai hiugng A6t véi mét chudn nao do ia tich ctia khoang

cdch lu§ thiva k véi dai liwong &y

aio 46 ¢6 toa do va khoi

he gom n chat diém, mbi chat diém tha K
= + B + v duoc dinh

Xét ca
va mg. Momen khéi luong cdp m

luong 1a Xk, Yk» ZK
nghia nhu sau (hinh 5-1a, b).
i}
* Biéu ihttc Zmeﬁy%z\{( déi véi hé chdt diém roi rac, jx"yﬂﬂ dm dot
K=l M
vl hé chdt diém lién tuc, dige goi la momen khéi hegng cdpm = o+ A+ ycua
cor hé Aot véi hé toa do Oxyz.

a) Momen Khoi huong cap khong

Néu o = B =y = 0 ta c6 momen khoi tupng cap khong.

Khai luong cla co hé: Tmyg =M hay jdm =M (3-1)
M
b) Momen Khai luong cap mot
Newo=1,B=7=0tacd Tmgxg = Sy
hoac jx.dm = Syz) (5-2)
M
goi 1a momen khoi luong cap mot cia hé déi v6i mat phang toa do yz.

Cac momen Knhoi luong cdp mot Siyz)» Sixy) ciing dugce dinh nghia tong tu.
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¢) Vi tri cua Khéi tam

Xc = M v Y= M v I = M (5-.0.

d) Momen khdi lugng cap hai

Néva=2, B=y=0tacd: mexi = Fyzy

hodc [x*.dm =1J,, (5-4)
M

goi 1A mémen khdi luong cdp hai cua h¢ d61 var mat phang toa do yz.

Cdc momen khai luong cdp hai khdc ciing duge dinh nghia tuong ty.

Cu the Iz, ], = ZmK[x,z( +yf< +zf()
hoic J, = j(x2 +y2 +z%).dm (5-5)
M
Jiy = Zmgxgyx hodc Iy, = J‘xy‘dm (5-6)
M

¢) Truc quan tinh chinh trung tam

* Truc Ox dioc goi ld truc qudn tinh chinh néuta cé: I =J,. = 0. Cdc truc

Ov va Oz ciing s€ la nhitng truc qudn tinh chink, néuJ o =J . =0 0. =1, = 0.

* Hé truc Oxyz duge goi 1a Iié truc qudn tinh chinfi trung tam néu "0 la khoi
tam cuavatva: J = J,. =J., =0.Cu thé hon: S, =S, =S. =1, =J.=1,=0.

2. Cac trudng hgp thudng gép clia mémen khdi lugng cap hai

a) Thanh manh déng chat (hinh 5-1c)

MI? M’

‘]02 = 3 ; JCz = 12 (5‘7)

b) Vanh tron déng chit va éng tru mong (hinh 3-1d, ¢)
Je, = MP? (5-8)

¢) Pia vanh khan dong chat (hinh 5-1g)
1

Jo, = EM(rf + rﬁ) (5-9)
Khir,=0var,=rthi Jo = %Mr (5-10)
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1. MOMEN DIEN TiCH

Trong muc I ta lam quen vé cic momen khéi lugng ciia mét vat thé d6i véi
ha toa do vuong gée Oxyz ma trén d6 vi tri cdc vat thé duge xdc dinh. Cu thé la:
jxayﬁzvdm (5-11)

M

Momen khdi lugng nay cécdpm =o + 3 + 7.

D& thiy la khi thé tich V ciia vat thé (ma trong d6 khéi lugng M duge xdc
dinh) suy bién theo mot phiong nao d6. Vi du: theo phuong Oz, thi ta s€ nhan
duge mot hinh phang F trong mat phing Oxy gidi han bdi dudng cong f(x,y) = 0.
N6i cach khéc, tich phan (5-11) tuong duong vdi trudng hop dic biét ma & do
v = 0 va kh6i lugng phan bd déu trén hinh phing F va bing don vi. ‘

Tir nay vé sau, 1a s& chi khao sdt cdc dac trung hinb hoc clia hinh phang
trong mat phing nay va ky hiéu dién tich clia nd 1a F (hinh 5-2). Cdc dac trung
hinh hoc cba hinh phédng trong cdc mit phing Oxz, Oyz de sur suy bién cta dv
tuong tng theo cac phuong Oy va Ox ciing duge gidi quyét hoan toan tuong tu.

Theo cich dit vin dé néi teén, ta c6 thé d& dang rit ra mot cich true tigp cic
mémen tuong Ung tir cong thitc di bigt vé cdc momen kh6i luong cha vat thé.

1. Mémen dién tich c¢ap k
fx*y*dF =0 véik = o+ (5-12)
F

Pai luong nay goi 1a momen dién tich cdp k cla hinh phang F d61 vdi hé
truc xy (hinh 5-2a,b).
2. Mémen dién tich cap 0
Khi & = B = 0, tich phin (5-12) ¢6 dang:
F= {dF (cm’,m’) (5-13)
F

3. Mémen dién tich cép 1
Khio=0,p=1via=1,B=0,umong (mg tacé:
S.= [ydF vas,= jxdF (cm®, m") (5-14)
F F
Céc tich phan S, S, c6 wn goi & mémen tinh cua hinh phing d6i vdi céc
tryc X va y.
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* Khi momen tinh ciia hink phang F doi vat mét truc nao dé bing khong thi

triee dy goi la trie trung tdm. Giao diém cia hai truc trung tam goi la rong tém
ciia hinh phdng.

Né&u ky hi¢u toa d¢ trong tam C cla hinh phang F trong hé toa do XOY 1a
XcvaYe, con X, y la toa do phan to dF trong hé toa do xCy ta c6:

jx.dF
Xe= L=F
ST F T F
jv.dF (5-13)
YzﬁzF
€Ty F
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4. MOMEN DIEN TiCH CAP 2
Khi o = 1,8 = 1, tich phan (5-12) cho ta:

Txy = jxy.dF, (em*, mY) (5-16)
F

Jyy: con goi la momen quin tinh ly tam cua hinh phang F d6i v6i he truc XOY.
Khia=2.B=0vaa=0, B =2, ta nhan tir (5-12)

Ix= [y’dF valty= [x2dF [y*dF, (cm®, m") (5-17)
F F F

Céc da) lugng nay goi la moémen quén tinh coa hinh phing F déi v6i truc X
va'yY. '
Néu goi p 12 khoang cdch tir phan 16 khao sdt dF dén gdce toa do thi:
p?=x?+ §2

o= [y?dF + [x’dF = [p?aF, (em". m" (5-18)
I F F

va ta ¢o: ]

Tich phan J, goi 12 moémen qudn tinh doc cyc c(a hinh phang F déi véi goc
toa dO vA bang téng momen qudn tinh 461 véi cdc truc vudng goe v nhau tan O.
Tir céc cong thic dinh nghia cdc momen qudn tinh cip hai ¢ rén ta rat ra:
nyzﬁo; Jx>0; JY'}O’. Jp)‘O
Khi Jxy = 0 thi hé truc xQy, goi 1a hé truc quan tinh chinh.

* Hé truc qudn tinh chinh ¢ géc tog do ddt 1ai trong tam C ctia hinh
phang F dioc goi la hé truc qudn tink chink trung tam ciia hinh phdng do.
Nghiala: J,=0:8,=0; S, =0.

5. M6émen dién tich cap hai dai véi cac hinh don gian
a) Hinh chir nhat (hinh 5-2¢)

h
2 3 3
2 2 bh b'h
Ix= [y dF = {y bdy =~ Jy== (5-19)
F _—-—
2

b) Hinh tam gidc (hinh 5-2d)
Goi tryuc X 1a tryc qua trong tam va x, la truc trang v6i canh day. Khi do,
theo dinh nghia ta ¢6:
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3 36
h 3
b bh’
Ix, = JyidF = T{'I 2(h-y,)dy, = > (5-20)

F 0
¢} Hinh tron (hinh 5-2e)
Theo dinh nghia cua moémen quén tinh doc cuc, ta tinh dugc:
ps

4
Ip= [p?dF = [[p’pdgdp = % =0,1D* (5-21)
F F

Do tinh chit d6i xing tod tron va quan he J, = J, + J, ta rit ra momen

quan tinh d&i v&i cdc true trung 1&2m:

] 4
I =]y= “2& = EI;— = 0,05D* (5-22)

d) Hinh vanh khan (hinh 5-2g)

Trong truéng hop nay ta s& tim cdc momen qudn tinh ciia hinh vanh khan
nhtr 13 hiéu gifra hai momen quan tinh cia hai hinh tron dac cé ban kinh R var:

mR*  ar? T, 4 4 xD* 4 .
J,=—-—"—=—(R" -t = —(1- 5-23
P 5 5 2( ) 2( n) { )

1 T4 4 aD* 4 4 4
Jy=Jy==J, =—(R"—-1r') = —(1- = 0,05D7(1 — 5-24
x=Jv=5" 4( ) ) (I-m") {(1-n") (5-29)

6. M&i quan hé giira cac mémen quan tinh ddi véi cac truc
song song

Gia sit mémen quan tinh déi v6i cdc truc Ox, Oy va dién tich hinh phéing
nhur da biét. Ta cdn tim c4c momen quan tinh cua hinh phing niy ddi véi cic
true méi Ox, va O,y tuong ing song song vdi cac truc xOy (hinh 5-2h).

Tir (hinh 3-2h) ta cé:
Y =y+a
Xl =X+ b
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Vi vay theo dinh nghia vé€ momen quan tinh ta nhin duoe:

Iy, = [YPdF = [(Y+2) dF = [Y?dF +2a [YdF +a® [dF
F

E F F F
Tx, =Jx +2aSx +4’F (a)
Tuong tu nhuthé: Jy =Jy+2aSy + b’F (b)
Pai véi momen qudn tinh ly tam
Tx,v, = [X\Y\dF =Jxy + abF + aSy + bSx (c)
F

Néu cdc truc cii Ox, Oy la nhitng truc trung tam (d6i v6i cdc truc nay Sy =
Sy = 0), thi cdc cong thife (a), (b), (c) cé dang:
Iy, =Jx+a'F
Jy, =Ty +b'F (5-25)
Jx,v, =JIxy +abF
Cha yden J, = Ty + Ty, . tardtra:
J

o, =Jp+ (@' +bIF

Trong trudng hop cén tim cdc mémen quén tinh d6i v6i hé truc trung tam
khi di biét cdc moémen quén tinh d&i vai hé trye bat k., ta gidi cdc phuong trinh
(5-25)

Ix=1x, —aF
Jy=Jy, —bF (5-26)

JXY = JXIYI — H.bF

7. Quan hé giita cac mémen quan tinh cap 2 khi xoay truc toa do
Bai toan dude dit ra nhu sau: Gia sir momen qudn tinh cla di¢n tich F déi
vdi he truc Oxy di biét: Hiy xdc dinh cdc momen qudn tinh cua F dét vé1 he
truc Ox,y; xoay di mot géc o doi vdi hé truc Oxy. Tir hinh 5-3 ta ¢6 quan hé
giita cdc toa d6 cla dF trong hai h¢ toa do nay la:
X) = XCOSCL + ysing

¥ = ycosol — Xsinc
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Y

Hink 5-3

Theo cong thire (5-17), ta cé:

J,, = [y1dF = [(ycosa—xsino)’dF
F F

Iy, = J.xde = j{xcosa+ysina)2dF
F F

Vo = Jxly,dF = _[(xcosu+ysina)(ycmo:—xsina)dF
F F

Khai trién cdc tich phéin nay ta duge:

Jo+3, I,-1y _ )

I = 3 + cos2o —J,, sin2e
I

J,, = "2 L+ = —Lcos2a+F, sin2a ’ (5-27)
I, -1,

Ty, = —-’5-2—’sin20t+lx_\,c0520. }

N€u h¢ true Oxyy, 1a he truc quan tinh chinh (J, , = 0) thi cong thac xdc
dinh phuong cédc truc qudn tinh chinh duge rit ra tir cong thife thit ba cia (5-27):
2)y

x —‘Jy

ig2a = - {5-28)

]

Phuong trinh nay luén ¢o6 hai nghiém xdc dinh 2 truc quan tinh chinh Ox,y,.

P3&i v6i nhiing hinh phing 1A nhitng thép cdn dinh hinh c¢hir 1, T, L, L. thi
cdc dic trung hinh hoc cta ching duge tinh theo cdc cong thic 1y thuyet & trén
vi duoc cho sin trong bang 5-1 “Quy céch thép dinh hinh™ dudi day:
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IV. Thép géc déu canh can néng (theo TOCT 8239-89) r

b - chiéu rong cdnh; J - momen qudn tinh: % r
t - bé day canh ; A - dién tich tiét dién; al 7
r - bian kinh quén tinh; I, - momen qudn tinh [y tam; z z
m - khoi lugng trén mot mét dar; _\;T__lt—’-
7, - khoang cach tir rong tam dén mép ngoai cva canh. v i.J i
N m, Kich thudc A Jx. Iy o max | Tra max Jyo min | Tyo mm ny‘ Zy
kg/m b ] t cm? | cm® | em cm? cm cm? cm cm? cm
5 3,05 50 4 389 | 921 [ 151 ] 148 | 194 38 0,99 | 542 | 138
3,77 5 480 | 11,2 | 153 17,8 [ 1921 463 0,98 | 657 | 142
56| 344 | %6 4 | 438 | 1311173 208 | 218 | 541 111 | 788 1,52
425 6! 5.41 16 (1721 254 2161 6,58 | 1,11 ]| 941 1,57
63 390 | 63 4 | 496 | 189 1195 299 | 245 7.81 125 | 1 1,69
4,81 5 | 643|231 (194 368 | 244} 952 1,25 | 137 .74
572 6 728 | 274 | 1.93| 429 |243 11,2 ] 1,24 | 159 | 178
7 538 | 70 5 | 686 | 319 | 216 | 507 [ 272 132 1,38 | 187 19
6,39 6 | 815 [ 376 |215| 596 | 271 155 138221 184
75] 58 75 5 | 739 1395 | 231 ] 628 | 29t] 164 149 1 234} 2,02
6,89 6 | 878 | 466 1 23 | 79 | 29 | 183 | 148|273 | 206
7.96 7 101 1533 ;229 846 | 289 221 | 1 48 312 210
8 | 678 | 80 | 55 | 8.63 | 52,7 | 247 | 8386 311 218 1159 | 309 | 217
7.36 6 | 938 57 | 247 | 904 |311| 235 | 1,58 | 334 219
8,51 7 108 | 853 | 245 | 104 |300| &7 158 | 383 ) 223
9 8,33 | 90 B 108 | 821 [ 278 130 3.5 34 1,79 | 48,11 243
9,64 7 123 | 943 | 277 | 150 | 3.49 380 | 178 | 554 | 247
10,9 8 130 | 106 | 276 168 | 348 438 | 177 623 | 251
10! 108 {1000 7 | 138 ] 131 | 308 | 207 |388) 542 1,98 | 764 | 271
12,2 8 156 | 147 | 307 233 | 387 609 198 | 863 | 2,75
15,1 10 | 192 | 179 | 3.05| 284 | 384 741 1,96 | 110 1 283
17,9 12 | 228 | 209 | 303 331 |381 889|195 122 ) 291
111 119 | 110] 7 | 152 ] 176 | 34 | 279 1429 727 | 2, 19 | 106 | 2,96
13,5 8 172 | 198 [ 338 ] 315 |428| 81812 18 | 116 3
125| 155 | 125 | 8 | 197 | 204 | 387 467 | 487 122 12491 172 | 3,38
17.3 g 20 | 327 | 386 | 520 |486| 136 | 248 | 192 | 34
19,1 10 | 243 | 360 | 385 571 |4.84 149 | 247 | 21 3,45
22,7 12 | 289 | 422 {382 670 |482| 174 | 246 | 248 | 353
14 | 194 | 140 | 9 | 247 | 486 | 434 738 547 | 182 {2797 274 | 378
215 10 | 273 | 512 | 433 814 | 546 211 | 278 | 30 3,82
25,5 12 1 325 | 602 | 431 | 957 | 543 | 248 | 2,76 354 38
16 | 247 | 160 | 10 | 314 { 774 | 496 | 1229 | 6.25] 319 319 455 | 43
27 11 | 344 | 844 | 495 1340 | 6,24 | 348 | 3,18 | 486 | 435
29.4 12 | 374 | 913 | 494 1450 | 6,23 | 376 | 3,17 | 537 | 439
34 14 | 436 | 1046 | 492 | 1662 | 6,2 | 431 {316 | 815 | 447
38,5 16 | 491 | 1175 | 4,89 | 1866 | 6,17 | 485 [ 314 | 690 | 455
18 | 305 | 180 | 11 | 388 | 1216 | 56 | 1933 | 7.06 | 500 | 3, 59 | 716 | 485
331 12 | 422 | 1317 1 559 | 2093 | 7.04 | 540 353 | 776 | 4.88
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CHUONG 6

TINH CHAT CUA HE LUC
TAC DUNG LEN VAT RAN TUYET pOI

I. LUC VA HE LUC

1. Luc va vecto mémen cla luc ddi vdi mdt diém

Dai lugng vecto co ban dac trung cho tic dung tuong hd vé mat co hoc gita
hai chat diém hay co hé 13 luc.
Trong vit rin tuyét déi, luc duoe quan niém 12 mot dai luong duge truyén
di véi 16¢ dé 16n vo han. Trong chuong nay ching ta s& nghién ctu nhitng tinh
chdt co ban cua hé luc tic dung 1én vat ran tuyét déi.
Ta goi luc ? 12 mot vectu truct cd
duong tic dung nam trén dudng thiang D
(hinh 6-1). Luc? nay c6 thé thay déi diém
dat trén gid D cta ching ma khong lam >
thay ddi dic trung co hoc cua he.

Vecto mémen clia modt luc déi vdi P '“i':;:;&" p
o~ =3 N oy -t A'
mot diém 14 gi?

Goi P 12 mét diém trén vat khao sat.

Vecto momen clia ?dc‘:ii vdi P 1a mot dai Hinh 6-1
luong vecto duce dinh nghia:
—> > — — >
M(P) = f A AP (hay PA A ) (6-1)

Dinh nghia d6 khong phu thudc vi tri cua A 0 trén gid. Thue vay, vi du lay
mot diém A’ khdc A (hinh 6-1). Theo dinh nghia ta cé:

—> > e —>
MP)y =T AAP=fA(A’A+AP)
-tg- — > —

AAP+ A ATA
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- —»

Viriang: fAA'A=0
—> —>
nén M(P){\‘ = M(P)A

-
Xét mot quan hé gifta hat mémen cua f déi vot hai diem P, Q bdr ki trong

khong gian.

Theo dinh nghia ta cé:

— > —
M{Q)=f A AQ
—> —» —»
Nhirng AQ=AP+ PQ
> > —» > —» - —>
Vay: M(Q)—fA(AP+PQ) fAAP+ T APQ
hay: M(Q) = M(P) + f A PQ (6- 2)

Vay tru‘d_& vectd M la mét trudng phan d01 xing. Vecto cia trudng la f
Tap hop f vi M tao thanh mot wocxo. O day f 1a mot lye nén toocxo dd duge
go1 1a toocxa luc.

2. Hé luc
2.1. Phan tir rat gon

-
Cho mot tap hop nhiéu luc f; (i =1, 2, ... n). Goi phan tr rit gon cla tap
hop d6 14 hé hai vecto sau day:

L
= Zfi
=1 (6—3)
—> n» —>
MQ) = 2§ AAQ
i=1
. L=
Ta hiay xét mdi quan hé giita R vd M cia tap hop dé.
_}
Tinh tdng momen cia hé lue f; d6i véi P. Theo dinh nghia ta cé:
n
MP)y= > f, A AP
i=l
n— — —
Nhung vi AP=AQ+QP
— > —> n>» —>
nén M(P) = Zfl P AIQ + Zfl ~ QP
i= =]
. — -> —»
Hay M(P) =M((}) + R n QP (6-4)
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>  — . . . >
Vay R va M lap thanh mot 1oocxg mdi. né 12 téng cia cdc tooexo luc f;.

Truong hop riéng quan trong
L3 _b _—’ .
Khi tong R = 0 tir (6-4) ta co:
— —
M(P} = M(Q) (6-5)

Nghia la momen tai moi diém 1a bang nhau. Ta goi trudng dé 12 mat trudng

ngdu lirc déu.

2.2. Hai hé luc twong duong
Ta ¢6 dinh nghia vé su twong duong caa hai hé hee nhar san (hinh 6-2):

Néu hai h¢ thong vecto luc khdc nhau ¢ cdc thanh phan rit gon déi véi

mot diém nhu nhau thi hai hé thong vecto luc dé 1a trong duong véi nhau. Noj

mat cdch khac khi hai hé thong vecto lue ¢é cing mot toocxs doi véi mot diém

thi ching tuong duong. Nhu vay dé xdc dinh mot toocxo clia mot hé lue ching

—»

_).
ta chi can cdn cif vao cdc thanh phan rit gon R va M cua né.
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I R
>
Hinh 6-2
Ta xét cdc trudng hop cu thé sau day.
2.a. Khi bat bién vo hudng cia toocxo la bang khong
Sau khi riit gon vé 0 ta cé diéu kién:
> —>
J=R.M(O)=0 (6-6)

Diéu do chi co thé xay ra trong cdc trudng hop sau day;
> > —» -

byR=0vaM(O)=0

Nhu vay ta cé mot toocxo khong.



Trudng hop nay lai [a trudng hop hét siic quan trong.
-
Vi f 1a cdc luc nén day la cdc diéu kién can bang cia bé lyc. Muén mot he
luc duge cdn bing thi toocxd lyc cla hé Iue dé phai 12 mot toocxo khong. Nghia
1a phai cé mot luc hai diéu kién sau:

=
{R=O

= (6-7)
M(O) =

——

, . .. i i e .
Sur dung mot hé truc toa dd vudng goc Pé-cac Oxyz v 1, j, k la cac vecto
dom vi trén céc truc toa do thi ta ¢ the viet:
Feoleslesk
=51+ 82) + 53
{ - (©-8)
.Mzh{]l+M2‘]+M3k
(M d&i vdi bit cit diém nao)
Dleu kien R =0 va M =0 dan den sau phuong trinh hinh chiéu vdi ky
hiéu: f ~fml+fwj+f,zk OA—‘(I+)’_]+1’k

81 = IE‘fix =0, M;= Z(yifi, —zifiy)
L= i=1

]

n
s;= Lhy =0, My Z‘(Zifix —xifi;) (6-9)

T
sy= 2f;, =0, Ma= _Zl(xifiy - yifi)
iz

Dé ciing 1a sau diéu kicn cta hé lyc can bang.
> > —» -
OR=0vAMO) =0
bo lﬁ’mc}t trudng ngiu lyc déu. Momen & moi not la bang nhau.

Nghia 12 mot hé lyc dd duoc thu vé thanh hai luc song song bing nhau va

ngugc chidu nhau.
_).

-> > —»
dHR=0vaMO)y=0
Heé thong duge thu \é thanh mot vecto lye di qua O.

> > —>

. e)RiOvaM{O}::O
Vay R vt M(O) phai vuodng géc vdi nhau (hinh 6-3).
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Khi d6 ta luon luén tim thiy mot diém A sao cho N
—_ > —» M[O)

OA AR =MQ)

. |
e b e T . o
Tir biéu thic (T-9) tacé: //’,W
—* R AMO) > n

OAz——_';-2— +KR
R

N Hinh 6-3
Vay he lyc thu gon vé thanh mot vecto lue R tai A.
Hé luc tuong duong v6i mot luc dat tai A.

2.b. Khi bdt bién vo huéng J cia toocxo la khdc khong
Gia st l’chi thu gon mot hé thang cdc tyc ta duge mot toocxd (1) V6 CAC 104
do tai Q 1a [R, M(Q)] va ta co diéu kién:
> -
J=R.M(O)=0 (6-10)
Khi d6 ta ¢6 thé tich (1) thanh hai toocxo (1)) va (1,). Cdc toocxd nay co
chc toa do tai (@ nhu saw:
() {0, M(O)] (6-11)
‘_} .
(1) [R, O] (6-12)

Nhu vay (t,) 1a mot toocxd ngau luc déu (trudng hop c) va (12) 1a mot lyc
di qua Q (glis-x0) (trudng hgp d).

3, Cac trudng hop dic biét clia cac hé luc

3.1. Khi cic luc ciing nim trén mot gia (hinh 6-4)
-
Gia sit cdc luc 1, cung ndm trén gia D.
Hé tuong duong s& 12 mot tuc duy nhét ndm
trén gid D voi

—
f':

1=

—
R = (6-13)

1

" . _> 3 - L] )
Diém dit cua R 12 mot diém P bat k¥ tren D. Hinh 6-4
3.2. He cac lyc ¢6 gia dong quy tai mot diém
Gia sir O 1a diém déng quy cla cdc gid. Trén hinh 6-5 ta v& hai gid thi i va

j nao d6 cua hé.
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Céc phdn tir rut gon tai O cta h¢ la:

- 11—
R = Zfl
1=1
- - '
M(O) =0 (6-14)

Nhu vay hé tuong duong voi mot lwe duy nhat qua O.

Hinh 6-5

3.3. Hé cac luc song song
> ) . pali
Goi u 1a vecto don vi song song Vol Cac vects lire f; (hinh 6-6).

Vecto chinh s& [&:
_)

f = u.Yf (6-15)
i=1

™=
H

oy

1

W

a) Néu R f, =0 (6-16)

1]
s

1

0

thi (a c6 hai kha nang:

o Néu tdng momen cuia hé doi voi mot diém nao dé 1a bang khong:
—_— >

—> n -
M) = Sf AA0=0 (6-17)
i=1

Ta suy ra momen ¢ meoi noi la bing khong va ta c6 mot toocxds khong.
Nghia 12 cdc phuong trinh (6-16) va (6-17) 1a cdc diéu kién dé he luc song song

can bang.
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e Néu 1éng momen cla hé doi v mot diém nao dé 1a khic khong:

—» n—=» . —r
M(O)= 3f, A AO= 0 {6-18)
i=1

Khi dé momen & moi di€ém 1a nhu nhau, ta ¢é mot wrudng ngdu lue déu.

Nghia 13 hé lyc wiong duong mot ngdu lyc (hinh 6-6b).

p
a)
b)
Hinh 6-6
n
a) Néu R=3f 20 (6-19)
i=1
Khi do i} s6 moémen tai O s€ 1a:
n-—* —_—
M(O) > AAO (6-20)
i=l
C6 thé vi€t (6-20) lai dudi dang:
MO) = SEMAAQ) = zf(OA AT) (6-21)
i=l
Vi )n:f]- 1a khac khong nén ta luon luén tim thady moét diém G sao cho:
i=1
n —
> f.0A,
— : .
0G=&=—— (6-22)
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Tir do ta ¢é:
— I >
M(O) = \:OG.Zfl AT =0G AR (6-23)
i=1

Hé ¢6 thé thu gon vé mot lyc duy nhat f{di qua G. Ta dé dang nhan thay
rimg néu la céc lyc song song thi cong thic (6-22) cho phép 1a x4c dinh duge
toa do cha hop luc cua phimg lirc song song do.

Ciing trong cong thifc (6-22) ta chii ¥ rang f; 1a s6 do vo hudéng cﬁa_ft (do
l6m cia Ty, Nhu vay f, phy thuoc vao diém dat luc A; vi m3i diém wong dng vGi
mot lyc. Vay néu xem f; = m; (m; ]a mot khéi lugng nao dé) thi (6-22) dugc viét
lai nbi¢ sau (ban doc¢ tham khio chuong 5 cua sich nay):

no——= >
0

1 —
S f0A, - 3 f0G =
i=l 1=1

n — —_

i —_—
hay Y £GA, = Y mGA; =0 (6-24)
i=1 i=l

Theo dinh nghia G 1a khéi luong clia he khdi hrong m;. Trong truong hop
mot vat thé tin thi (6-24) dugce vietlai dudi dang:

— -
[GALpdv =0 (6-25)
:

V 1 thé tich ctia vat rdn, &V 1a vi phan thé tich tai A; va py 13 kh&i luong
riéng tai A;.

Khi dé (6-22) trd thanh cong thic dé x4c dinh vi tri khoi tam cia hé. Khi
hé nim trong trong trudng thi G 12 trong tam cua hé. Cing ¢0 thé sir dung
(6-22) dé xéc dinh trong tam clia mot he phing (mot dien tich phang). Tuong
tyong hé phing hay dign tich d6 dat vuong goc vdi phuong cha trong trudng Oz.
Cic truc Ox, Oy nam trong mat phing ctia he. Ky hi¢u dign tich phing 1a S. Tai
A ta ¢6 vi phan dién tich dS. Xem trong lugng riéng cia S 1a nhu nhau & mol
noi. Cong thirc (6-22) s& duge viét lai duéi dang (hinh 6-7):

—_
N JoA,as

oG = 2——ro 6-26
3 (6-26)

83



Chigu xuéng cdc truc toa do ta duge cic

Y
phuong trinh dai s6 dé xac dinh toa do trong 0 >
tam G cua hé phang. oS

xdS
XG = j
> 6-27
vds (20 ¥x
YG = -
5 Hinh 6-7

trong d6 X, y la toa d6 cua A,

Cic tich phan & t& s6 (6-27) dugc goi 1a cdc momen finh cta ién tich déi
vdi céde truc Oy va Ox.

3.4. Hé ciac hrc dong phing

Ta goi hé f; 1a dong phang khi moi M
. . " . -
diém A; nam trong mat phang {n) va f T
1a cac vectg song song vai () {hinh l

6-8). Khi d6 cdc vecto moémen phai 0

vuong goéc voi 1.
n A-'/f_?
e A
Néu R = Zfi 1a bing khong va

— = Hinh 6-8
M(O) 1a khdc khong thi hé tuong

duong véi trusng ngau luc déu. He duge thu vé hai vectd trugt trong 7t sONg

song va nguge chiéu.

_’
Néu R 1a khéc khong thi tich vo hudng

> —>

J=R.M(O)=0

He cé thé dua vé mot vecto trugt duy nhét ¢6 diém dat P trén dudng:
> —»
i L
Ob = R A U\;[(O)

IR

3.5. Piéu kién cAn dé hé ba luc tao thanh mét toocxo Khong

—>
+ AR (6-28)

> > > .
Gia sit c6 hé ba vecto f, f,, {3 v6i cdc diém dat A[A,A4 (hinh 6-9). Ta tim

diéu kien dé ba vecto d6 1ao thanh mot toocxo khong.
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Nghia la ta phai ¢6 hai diéu kién:

a) E phai triét tiéu;

b) M cling phai triét tiéu.

Ta hily xét didu kién M phai triét tiéu.

Chon ngay diém A, d€ thu gon vecto momen vé dd.

Ta co:
> — > — >
M(A;) =f, A A A3+ T A AYA;=0 (6-29)
e

Vi f; da di qua Az nén momen cua
né la bang khong. Diéu kién (6-29) noi

. > >
1én rang cac vecto momen do f; va f, gay
\ - —
nén phai thang hang. Mémen 1, A AjAs
phm vudng goc v@i mat phang ta0 boi A,

va f, Momen fz A AjA'), phal vudng goc

v@i mat phing tao boi 12 vi A Nén hai
vectd momen dé phai thang hang cé
- N 2 > . . -+
nghia la mat phéng (f;, As), phai tring Hinh 6-9
v6i mat phing (fz. Aq)
Céc vectoo f1 va f~, phai nam trong mat phang A, AsA..

Vi diéu kien thi hai. Ta phai cé:
B > » _)
i =fi+f+f=0 (6-30)

. . .

Piéu kién nay cho ta két luén rang f; ciing phai ndm trong mat phang

A A,A,. C6 thé xay ra hai kha ning.
- > 4 2

* f, va f, ¢6 phuong giao nhau tai mot diém irong mal phang A A>As. Vay
fq cung phai qud diém dé dé can bing vdi 16ng cua f, va fz

* f1 va f’) song song v6i nhau, Nhu vay f; ciing phai song song vo chung
Ta ¢6 hé ba luc song song ddng phang. ? phai cé gid tri bang tong cla fl va f’)
va phai ¢6 chiéu nguge lai.

Két fugn. Dé mot hé ba lyc tao thanh mot 10oCX0 khong [a ba lyc phai dong
phéng va phai co:
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e i *-D'I -> >
R-_—f|+f2+f3_—"0

Nghia 1a céc diéu kién trén chinh 12 diéu kién dé ba lwc can bang.

II. NGUYEN LY CHUYEN VI KHA DI (CVKD)

Nguyén 1y chuyén vi kha di 1a co s¢ cia tinh hee. N6 duge ding dé khao
st cdc didu kién can bing cla hé luc téc dung lén co heé bit ky. Trong trudng
hop riéng 12 vat ran tuyét doi. Nguyen 1y chuyén vi kha di duge sir dung rét rong
r4i vi hiéu qué cao trong nhiéu Iinh virc khic nhau cua co hoc.

1. Nguyén ly chuyén vi kha di déi véi mét chat diém

Gia sir mot chat diém w do M & trang P,
thai can bang dudi tdc dung cha hé Juc {P}
(hinh 6-10).

Goi 8r 1a chuyén vi kha di cia M. Véi
chuyén vi nay do 16n va phuong clia céc lue Ia

khong thay déi. Cong nguyén to cla nhiing

Hinh 6-10

lue nay trén chuyén vi kha di 3r la:
YSA = P, 51 + Py dr+ ... + P dr= [Z P, }Sr
=1

Trong d6 P, 12 hinh chi€u cfa luc P, 1én phuong 3r. Vi hé lyc can bang nén

Zn:Pr = 0. Do dé:

i=§

oA =0 (6-31}
K&t qua nay 1a noi dung cha nguyén 1y CVKD d6i vdi mot chilt diém va
duoce phat biéu nhu sau:

“Néu mot chdt diém chiu lyc 6 trang thai cdn bang thi téng cong cuia 1dt cd

cac luc trén cdc chuyén vi khd di phdi bang khong”.
Diéu kien can bang cha mot he luc c6 thé duge suy ra trye ti€p tr nguyeén 1y

nay. Cy thé 13, vi trong (6-31) 1 # 0 cho nén ZPir = 0. Pay 1a diéu kién can
=1

bang cla hé luc {P}.
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2. N&i dung cla nguyén 1y CVKD déi v8i mot co hé

2.1. Lién két 1y tuong

x Cg hé chiu lién két 13 tiedng khi tong cong nguyén 16 clia cde tuc lién két
trong moi dt chuyén khd di ciia hé bdng khéng.

2.2. Luc hoat dong

* Lyc hoat déng la luc sinh céng trong moi di chuyén khd di cia hé.

2.3. Nguyén Iy di chuyén kha di

* Diéu kién cdn va di dé co hé chiu lién két Iy tidng can bang ¢ vi iri dang
di chuyén khd di

X8t la tong cong nguyén 16 ctia cde lic hoat dong trong moi
ciia hé tix vi i 4y bdng khéng. ’

a) Piéu kien cén: Néu co hé can bang thi

+ .
%5Ay = ZFy by = 0

b) Diéu kién di: Néu co hé can bing va cd ZBAg =0 thico hé tiép tye can
bang. '

Né&u 18y dao ham cla cong nguyén 10 theo thoi gian, ta dugc cong sudt cua
lyc hoat dong, nguyén 1y di chuyén kha di con duoc phat biéu:

* Pidu kién cdn va di dé co hé chiu lién két ly twong can bdng ¢ vi tri dang
ét I t6ng cong sudt cia cde lyc hoat dong bdng khong.

Bai toan tim diéu kién can bing ciia cdc co cdn duge gidi mot cach nhanh
chéng khi 4p dyng nguyen ¥ nay.

2.4. Cac bii toan ap dung

Vidul:

A -> >

Mot mdy €p truc vit, tay quay chiu ngau luc (Py,Py). Hay tinh lyc ép 1én vat
3, cho biét bude ren vit 12 h, chiéu dai tay quay 1a 2! (bd qua ma Sat) (hinh
6-11a).

Gidi:
Miy ép & trang thai can bing nén nguyén 1y chuyén vi kha di cho ta:
T5A = P.21.6¢ — N3;.9s = 0. Do d6, Ny = P.21. 5pfos
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Khi truc vit quay duge mot géc S thi ban €p tinh tién duge mot doan la 5.

Vi vay:
85 = h.80/2n
Thay s vio biéu thitc ciia Ny, ta duge:
Ny = 4n.L.P/h

Vay lyc ép lén vai 3 la:
— —»
N3 =-Ny

2{
A i a-*
ntl P
-
Ssl Ny, 2
A/

e
o

s, ey

Hinh 6-11
Vidu2:

Thiét bi ép nhu hinh 6-11b, Cho biét M, hiy xdc dinh lyc P ép len vat C?
(Didp 6 P = tMcig/h).

{11, PIEU KIEN CAN BANG CUA HE LUC TAC DUNG LEN VAT RAN
Vat ran 1a co hé bat bién hinh hinh hoc chiu lién kéi dimg (khong phu
thude thai gian) va by wong.
Vat rén can bang thi hé luc tic dung l1én né can bang. Nghia la, nhu da ro g
_)
trén, toocxo clia hé lyc do phai la tooexo khong. Vi cde toa do tat O R = 0 va

_’ "_’
M,=0
Pinh 1y:
“Diéu kién cdn va di dé mpt vat ran can bang la vecto chink va vecid
mémen chinh déi véi mér diém nao dé ctia hé luc tde dung lén vat dy dong thoi

triét tiéw”.
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* Cdc dang can bing ciia hé lyc phing:

Dang 1 Dang 2 Dang 3
et —
EXK =0 (l) Zm‘_.\(FK) =0 (1 EmA(FK) =0 (1)
—» | —_
2Yg =0 (2) | Zmp(Fr) =0 (2) Emp(Fx) =0 (2)

—
zmn(FK) = 0 (3)

TX =0 (3)

_..+
chtFKJ =0 (3)

O 14 diém bat k¥ | Truc x khong duogc vudng A, B, C khéng thang hang

g6c vé1 AB

IV. CAC BAI TOAN TINH HQC

1. Piéu kién tinh hoc

Bai todn xét didu kién can bing clia co hé dudi tac dung cia céc huc duge
goi 1a bai toan tinh hoc. Co hé c6 thé 1a mot co cdu hodc mot ket cau.

Trong trudng hop hé luc phdng s& phuong trinh can bang tinh hoc c6 thé
duoc 1ap cho méi khau 1a 3, do dé néu h¢ ¢6 n khau 1hi s& phuong trinh céan
bing c6 thé thiét 1ap 1a 3n. Vay diéu kién tinh dinh clia bai todn [a s6 khau va 80
khdp dong phai thod man hé thuc:

In=2p, +

hay W=3n-2p ~p,=0

Diéu nay ndi lén ring, dé xdc dinh phéan luc lien k€t trong mot co cau, ta
phii tdch ra tir né nhimg nhém c6 s6 khau va 56 khép thoa man he thirc trén.

M&i nhém nhu thé goi 13 nhém tinh dinh hay mot mi€ng cing.
2. Vidu
Vidu 3:
Co cdu tay quay con trugt ¢ trang thdi can bang dudi tic dung cha luc va

cdc ngau lyc. Hay xdc dinh dp lyc khdp dong trong co cdu va ngau lyc phdt
dong M,, bo qua ma sdt  cac khdp dong (hinh 6-12).

Gidi:

Vi co cdu ndy ¢ mot bac ty do nén dé xédc dinh cdc dp luc khép dong ta

89



phai tich ra tir co c4u nhitmg nhém tinh dinh bing cdch thio khdp quay B va
khdp tinh tién C nhu trén hinh (6-12b). Tu diéu kién can bang cla cdc nhém

finh dinh ta ¢é thé xdc dinh dugc cac dp luc khép dong cdn tinh. Cu thé la:
. M., Pry3

R) BC-M,=0 = Rj=—2 = R
BC /3

Dé xdc dinh Ry vi R}, ta c6 thé dung da gidc luc hoac lap cdc phuong

trinh hinh chi€u cia cdc luc 1én cdc phuong P vi Rys. K&t qua ta co:

Ry=Rjy = PA/3 va Rpp = \’(R;',_)Z +(R}2)2 =2P

Tir diéu kien can bang va nguyén 1y tdc dung va phan tic dung 1a co:
Ry = —Ran Ry =-Rpp

Pé tim ngdu lyc M, vi phan lyc lién két a1 A ta sit dung cac diéu kign can
bing ctia khau 1, cu thé la:

Sma(F) =0 = M, = Ry xcos30” = Pry/3

Phan luc lién két cta gia 4 va doi v6i khau 1 1a:

-f{:i =Ry ™ Ry =P

Hinh 6-12

V. NGUYEN LY D’ALEMBERT

Nguyén ly D’Alembert cho ta phwong phap gidi cdc bai todn vé co he
khong tir do. Su két hop dinh ludt co ban cta Newton va tién dé giai phong lien
két 1a tu tudng co ban clia nguyén 1y nay.
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1. Nguyén ly D’'Alembert

a) Déi vai chat diem

* “Trong chuyén déng cia chdr diém, cdc hyc thitc syt tdc dung vao chdl
diém ciing voi liee quan tinh cua nd tao thanh mét hé lyc can bang”.

- > —
Fg +Rg + E' =0
_- > " N . w " - ) o

Trong d6: Fg, Ry luc thue va phan Iyc lién két dat vao chét diem c6 khai

lugng my.
o . .
Fil = —my. Wy luc qudn tinh cia my

b) Péi voi hé chat rin

* “Cac lye thue sie ddt vao cde chdr diém cita hé cing véi cde luc quan tinh
ciia hé tao thanh mét hé hgc cdn bang™.

—» - — >
_ e qr _
R= Y F +R*=0
M, = Zmo(FK) + MY =0

—_— —

RY va M 1a cdc phén tir thu gon (vects chinh va vectd momen chinh) cua
hé lyc qudn tinh d6i véi diém “O” cla ca he.

Gi4 tri thue hanb clia nguyén 1y D’Alembert 1a & ché n6 cho mot phuong
phap giai bai todn dong luc theo kiéu tinh hoc thudng goi la phuong phdp tinh
dong. Ngodi ra, cac phuong trinh clia nguyén 1y nay khong chira nodi lyc nén
viec 4p dung ching dé gidi cdc bai todn rdt thuan ti¢n va nhe nhang.

2. Lyc quan tinh cla vat trong cac chuyén déng thudng gip

a) Vat chuyén dong tinh tién (hinh 6-13a)
— — —
Ry =Z-mgWy = -M.Wg
—
M, W, 1a kh6i lugng va gia e khoi tam cla vat.

b) Hinh phing quay quanh truc ¢d dinh Oz vuéng géc vdi hinh phing
(hinh 6-13b)
R =-MWg; M! =-Jg,¢
¢) Hinh phéng chuyén dong song phing (hinh 6-13c)
—

RE = MWy ; Mg =-Jo, %
G =MWq Mg=-Ic, £
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Vidu 4:

Truc A quay vdi van tdc géc o khong doi trén dé gén hai miéng cing
phang vuéng gdéc v6i truc. Cac miéng cing ¢é khoi lugng m vd m, v6i cdc khoi
tam tuong dng G|, G, cdc do léch tam tuong Ung e, ¢,. Xdc dinh phan luc lién
két dong luc & cdc é A va B? Biét ring O,G, // O,G; (hinh 6-13d).

Gidi:

Cic luc tdc dung 1én hé duoc cho trén hinh 6-13d.

Tir diéu kién can bang cla hé luc ta ¢6 ba phuong trinh:

IX=X,~-F+F -Xg=0

TA=V,=0

Lm,(F) = aF, + 3,5aXg - 2,5aF, =0
. Giai hé nay ta riit ra:

Xg = (5eym, — 2e,my)w0*/7 ; Xa = (5e;m; — 2e;m)e/7 5 V4 =0.
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CHUONG 7

CAC PINH LY TONG QUAT CUA PONG LUC HOC

1. PONG LUQNG

1. Dinh nghia
en . - £ Pl e E - oAt - > >
Gia sir mot vat ran (S) chuyén dong so vdi hé quy chi€u R, (0, X,. ¥, Z,).
Trong vat rdn nhu thé 16n tai mot trudng vecto van téc va khéi fugng clia cac
chat diém. Tit cic van 16c va khdi lugng chia cdc diém, ta ¢6 thé thigt 1ap duge
hai trudng vecto sau day:
— - .
c’= [V (P)dm goi la dong luong cia he
Pe(S)
Dai lwong vecto bang tich gifia khoi lugng ciia chdt diém vai vecto vdn 16c

ctia né duge goi 1a dong heong cia chdr diém.

— —> —>
M°(A) = [APAV"(P)m goi 2 momen dong luong ciia he
Pe(S)

déi vai diém A nao do.
Quan hé giita M"(A) vd M"(B) la:
—» b —» —» . )
MY(A) = M(B) + AB A 6", (A va B 1a hai diém bt k¥ thude (S))
i — ’
Nhu vay M°(B) va ¢" tao thanh mot toocxo goi 12 toocxa dong luong.

—» —
Tinh ¢” va M"(A) nhu thé nao?

2. Tinh d9ng lugng

Theo dinh nghia:
— — d(’!O-—’P dl) e %] —_— —
o= [V'(Pydm = i dm = — [OPdm = — - (M.OG) = MV"(G)
dt dt dt
(S} (3} (5)
— —>
hay ¢’ = MV'(G) (7-1)
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trong dé: O la gdc toa do, P 1a diém bat k¥ thuoc (S), con vé khéi luong thi bat
bién trong cd hoc Galilé (Galiléenne);
M 12 kh&i lugng toan hé dat & khai tam (G);
.__).
V(G) 12 van 16¢ cha khéi tam d61 vdi hé quy chiéu (R,).
3. Tinh mémen déng lugng toan hé
3.1. Binh 1¥ Koéning
Chiing ta hiy khio sat 73
chuyén d(’mg cua vat (S) so véi A
R, (O, x[,.‘ n,z ) thong qua
chuyén dong tinh tié’n cua hé
toa d¢ dong. RU((, xu,yn, z.) -

¢6 goc ¢ khoy tam (G) dai vé
(R, (hinh 7-1).

Hé toa do R., duge goi 12

hé quy chiéu Koéning va
chuyén dong cha (S) so véi
(Rz) duge goi 1a chuyén dong Hinh 7-1
quanh khai tam (G).
Goi N 12 mot diém nao dé thude (S) thi:
—» — —>
M°(N) =[NP A V*(P)dm
Pe(S)
Theo dinh 1y hop van téc:
— —r, —l);
VOP)y = V7 (P + Vu(P)

—_—
Vi (R ) chuyen dong tinh tién so véi (R)) nén Vl,* P) = _V”(G).

—_ * —_p

VU(P) = V" (P} + V"{G)

—

MO(N) = INPA V“ (P)dm + jNPAv“ (G)dm
(S} (8

—» — — —
M (N) = M” (N) + [ jNPdm] A VUG)
{Sh

94



— — — —
MY(N) = M"(N) + NG A M.V(G)
% = - ot
M (N) = M" (G) + NG A M.V (G) .
— —x N _’;

M"(N) = M" (G) (vi G 12 gbc toa 4o cua (Ro) nén V" (G) = 0).

Do dé ta ¢6 dinh 1y Koéning:

“Momen dong luong ciia hé (S) doi véi mor diém so vdi hé quy chiéu R,
bang 16ng mémen dong luong ciia hé dot véi hé quy chiéu déng R:; vd mémen
dong lugng cia khoi iam mang khol liong todn heé”,

Cong thic dinh 1y:

— >

—_—
M(N) = M*(G) + NG A M.V*(G) (7-2)
3.2. Momen déng lugng cia vat rin

Ta s€ tinh momen dong lugng déi vaéi
di¢m Oy € (8), tai d6 ta 1ap mot hé toa do
e .

Rk (Ox.Xk.¥k.Zx). Theo cong thic (2-1)
vé su lién hé van t6c giffa cac diém cia

vit chuyén dong thi:
> - - —

Vi(P) = VI(Og) + Q% A OfP

Do do momen déng lugng cua (S) doi

vdi diém goc toa do Oy L -
—* — 7 > > X
MY{Ok) = [OxP A Vi{P)dm =T, +];
) Hinh 7-2

Trong dé:

— —_— — o —*

Iy = [O¢Pdm A Vi(Oy} = 0xG A mV'(Oy)

(5

(3)
V6i J, 1ama tran qudn tinh kh6i lugng caa vat va cd biéu thic:

J\ _ny '"sz
JOK = J‘), Jy _sz
sz _sz Jz
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Cuéi cling momen dong lugng cha S d6i vdi diém Oy 1a:
— - —_— —>

M(Oy) = To, Ok +OgG A VIOM

3.3. Cac truimg hgp dic biét
— - —» —

* Khi Ok 6 dinh trong R; thi Vi(Oy) =0 = V(Oy) = T, Ok

* Khi O = G (O 1a khdi tam)
o —» —»

M(O) = M(G) = T50k

va d&i véi mot diém N e (S) ta lai trd lai cong thatc (6-2). Cy thé 1a:

M'(N) = M"(G) + NG A M.VY(G)
— —
nhung M7 (G) = J;QF
—»
v R; chuyén dong tinh tién déi véi (R;):
- =
Qi = Qy

M'(N) = 1;Q) + NG AM.V(G)

I1. TOOCXO PONG LUC HOC

1. Dinh nghia va cach tinh toocxd ddng luyc hoc

(7-3)

(7-3a)

(7-3b)

(7-4)

Mot hé chit diém (S) chuyén dong s& xdc dinh hai trudng vecto gia t6c

lugng va moémen clia gia 16¢ lugng doi véi mot diém (mémen dong luc d61 véi

mot diém).

—> —>
g’ = _[W”(P)dm goi la gia t6¢ lugng cla hé (S)
($)

H" * ﬁ . B '
3MA) = IAP ~ W'(P)dm goi 1a momen cla gia to¢ luong d&i vat diém A

5

nao doé trong khong gian (R,,).

Ta xét quan hé momen cta gia t6¢ lugng dGi v6i hai diém A, K tuy ¥ véi

KA + AP =KP.

- — > — > —> >
5(Ky= [KP AW(P)dm= [KA A W'(P)dm+ [AP A W'(P)dm

{(5) (3) (3)
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—_—
Sau khi dira KA ra ngodi tich phan va chd y la:
2

_“p th > "
fw'(Pydm = [———d g (p) jv (P)dm = 32— fOPdm =

(S) ) K (S) dt” (s

= -d—(M oG = W"(G), ia thu dugce:
de’
> > —
8“{1{) 3'(A)+£” A AK (7-5)
Nhu vay 6“( A)va a 1ao [hanh mot t00cX0 va vi goi |2 toocxo dong luc hoc.
K&t qua: jw“(P)dm M.WSG) (7-6)
(S}

Cho thdy: “Gia tdc lugng cia mot hé béng gia téc lugng cia khoi tdm mang
khéi fwgna todn hé™.

Rt tu nhién ching ta co thé tu dat ra mot cau hoi fa giua moémen dong luc
hoc {(momen gia tée lugng) 5 (N) va mémen dong lugng M '(N) ¢6 mdi lién hé

nao vdi nhau khong?

Dusi day ta s& gidi quyét can hoi do.

o —r [ —— —_—

a
4 MINY = j\IP A VO(P)dm
dt
)
dn — —
= j-—(NP A VY (P)dm
& dt
dl} —
= [—(NP)A Vo(Pdm + jNP A WO(P)dm
{S) dt (8)
d“ﬁ’é — —_—
Nhung o = V(P) - V°(M)
’ t
do do: Q_MT@—) VN A jv”(p)dm + 3N
{
(5)

Tir dﬁy_rgl ra quan hé cn tim gita momen gia t6c luong SY(N) vi momen
dong lugng M"(N) nhu sau:
= (A i!
3(N) = Hd M (N) +V“(N) AMV”(G) (7-7
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Céc trudng hop riéng:
« Khi N 12 mot diém c& dinh trong R,;:

> is_)
SN = E_M(_I\D (7-8)
dt
e Khi N triing v&i Xhéi tam G:
- -
+ 4
611(6) = d T:l‘II(G) {7_9)

Nhi vay khi N ¢& dinh trong R, hoac tring v6i trong tam cla vit ran thi
tugng quan giifa hai toocxd la:

“Dao ham ciia toocxo dong fugng bdng toocxo gid toe long”.
_va 1, 12 toocxa dong luc hoc va toocxd dong hoc thi ta €6

* —> -
X N = — d v . ~ L}
‘[“ = _ch_“- Cu thé la: T[SU(N), Eu] - Iv[M (N) b ]
- dt ) dt

Né&u ky . higu

2. Nguyén |y cd ban cua cd hoc cé dién

Khi téc do cia vat rin chua dat dén toc do dnh sdng, nghia la nho hon
300.000 kmy/s thi dinh luat bao toan khéi luong van ding. Khi dé nguyén 1y co
bin ciia co hoc c6 dién duge phat biéu nhu sau:

Tén tai mot he quy chiéu duge g0i 1a hé quy chi€u Galilé hay hé quy chi€u
tuyet d6i v6i thoi gian tuyet d&i sao cho mbi mot he var chdt 5, toocxd dong luc

hoc 12 bang toocxd luc cha nhimg ngoai luc téc dung 1&n heé:

> > —
e’ =R =MWg (7-10)
e —
d'(A) = M(A) {(7-11)
Néu A 1a 6 dinh trong (R) tacor
d(t.,
) L) = (10 (7-12)

(y) 1a toocxo luc clia ngoai luc tdc dung 1én h¢.

Bidu thie (7-12) con c6 nghia 1a:
_._}

@7 R
‘161‘; (7-13)
-
PR M
dt
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111. PINH LUAT CO BAN

)&ct mot chit diém P thuge he chat diém (S) chuycn dong. Chat di€m P chiu
tdac dung cla hai loai lyc: ngoai lyc dF va ndi luc dF Theo dinh luat Newton

ta cO:

—_— - —»
W'dm = dF, + dF,

1. Tinh chat cua ndi lyc

Cac phan tir thu gon cia toocxd
hé noéi luc:
, o
« Téng vecto R:
> {}(—-—» —_
Ri= 2 Fp,p, +FP]-IP'|] 0
i=1
trong do:

- w p— s -
Fpi,pj va ij}rpi l14n lugt la luc

ma diém P, tac dung len diém Pj va lyc

ma diém P; téc dung lén diém P;.

(7-14)
A
2
0 4
+
Xp

Hinh 7-3

Theo nguyén 1y tic dung va phan tac dung thi

—_— >

—>

Fp e, + Foyp =0

« Téng vectd momen d61 voi diém “O” nao do.

M(0) = 3,

i=1

—>

QP AFPJJP + OP /\Fp‘,rp

(O, APy, = OF, AP s

—y —>

= i(op AFP;P) (op.l ’\pin] A Fp

Fo)

= }E(af’. AFP;P] (OP AFPIP) (E;’J ~Fpp,

3

i=l

=0

e
ij}rpl +FP|'JIPJ

— —_— >
)+[P-,Pj AB;P;) =0

\______v___—/\,_,__y___l

=0
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Tém lai:
Toocxo ndi luc la mot toocxd khong:
- > —»
R, =0, M(O)
2. Dinh ly chuyén déng cua khoi tam
Péi vot hé chat didm (8), tir (7-14) ta co thé viét:

o > =
[We(Pydm = fdF, + [dF,
P(5) Pe($) Pe(S)

._*
Vi cde noi luc tao thinh toocxo khong nén de-l =0
Pel3)

> >
bat dec = R: hop luc cha ngoai luc, 14 rut ra:
Pe(S)
—> >
MW"(G) =R (7-15)
M 12 khéi luong toan he dat & khdi tam G.
—_—
WG) 1a gia téc clia khoi tam trong chuyén dong so vé&i R,
K&t qua (7-15) duge phat bicu dudi dang mot dinh 1y nhu sau:

“Khéi tam ctia hé chuyén dong nhie mor chat diém mang khot lugng toan hé
chiu tdc dung cua tuc béng vecta chinh ciia hé ngoai luc tdc dung 1én hé”.

Quan hé (7-15) tuong duong v6i ba phuong trinh vo hudng sau day:
Mx (G) = R}
My, (CG) = Ry (7-16)
Mz, (G) = R}
Dinh 1y nay_c}hogé’iy noi luc khong ¢6 anh huong tdi chuyén dong ctia khoi
wam. Do d6. néu R = 0 thi kh6i tam chuyén dong theo quin tinh.

Vi du 1: Thanh AB =/, trong luong Q. Ddu B chiu mot vat nang P. Tim
chuyén vi S cta thanh khi P di chuyén tir B dén A. Biét lic ddu AB ding yén
trén nén nhan (hinh 7-4).

Gidi: Cac luc cho va phan luc déu vuong géc v6i AB cho nén theo (7-16)
kh&i tam chuyén dong theo quén tinh trén phuong x. Vi lic ddu h¢ dung yén
nén x,, = hang véi moi t. Cu thé la:
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x& = x§&'. Theo (6-22) thi toa do

kh&i tam lict =0 valict =1, >0 la: A £r2 B
! P I —1 x
Q _+ . I:I:l.‘l:l:"...-l:l:':l: -
X0 = ﬁ_,z_g__z , ta Yp
G P+Q )
e s— ;
N A‘f T X
9[S+1J+ES .-.:.:..'¢'-:.:.:-:.i-:.:-:.:-:.. >
U g 2 g p Q
G P+Q
T . Hinh 7-4

g

Tir diéw kién x5 = hiing véi moi t ta rit ra:
S= P -}
P+Q
3. Binh ly médmen dong lugng
Momen d61 vai diém N nao d6 1a (hinh 7-3):
- > - — —- > >
|NP AdF = {NP A W'(P)dm (chi ¥ 12 jNP A dF, = 0) hay
Pe(S) Pe(S) Pei{S})
—_— '
M,(N) = 8°(N) (1-1'D

Va vi rang:

I, duMu N) PR —_—

"Ny = amM @ + V(N A MVI(G)
Cho nén:

4] U
M,(N) = 5’—1\’;—(& VO A MVO(G) (7-18)

a) Néu N = G thi:
— dl)Ml] G —_—
M,(G) = __dt—(_) = 3(G)
k. ___.+ _+
b) Khi N duoc ¢6 dinh trong R, = VU(N) = 0 thi:
—

—_— t 3] ——
M.(N) = 9—“%9 = 5%(N)
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Két qua (7-17), (7-18) tao thanh dinh 1y sau day:

binh 1y: “Dao hdm theo thot gian cia mémen dong liong {hay chinh
momen dong licc) déi voi mot chdt diém bing tong hinh hoc momen ciia cdc e

tdc dung 1én chdt diém déi véi cimg diém dé™.
Birh Iy nay ciing ¢6 thé duge phét biéu dudi dang:
“Toocxa cita hé ngoai hue 1hi tuong dicong véi toocxs dong lic™.

Dinh 1y nay ciing chi 4p dung dugc trong hé quy chiu Galile.

Vidu 2: Mot dia tron ¢6 trong luong Q, bin

kinh R. Trén vanh dia ¢6 mét chat diém trong T:\

lugng P. Dia quay quanh truc A v&i van tdc goc BIfF—=>R,

€2, (hinh 7-5). Tim van tdc goéc cha dia lic dong

diém P chay trén vanh dia theo chiéu quay cia B (])Q‘;
u

- . .. v gy 1y >

dia v4i van to¢ trong d6i (so v&i dia) 1a u ? |'

. Gidi: P
A.'.:I.”R,q

lén hé gom trong lugng Q cua dia, trong luong P Hinh 7-5

Xét hé gom dia va dong diém. Lue tic dung

cta dong diém, phan luc & cdc 6 A va B. Momen
ngoai luc déi v6i truc A bang khong: M (A) = O Vi P / Q /A, RA va RB cit A.

Do d6 mémen déng hrong d6i véi truc A theo (7-18) duge bao toan: M(A) =
hang Vt.

Lict=t,=0.
MP(A) = J,Q, + ma(m.v )

Q—R— Q, +E RQ R
2g 8
=9-£-RZQG (1)
2g .

. 5 nt P L] = . - 't - - o - e >
Goi €2 1a van téc gée cha dia khi dong diém chay trén vanh véi van toc u

thi van t8c tuyét d6i cna dong dié€m 1a:
— > >

v, QAR+U:>V =RQ +u. Othmdlémnaytlul>t thi:
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MNUA) = TA0 + 2 (u+RQJR (2)

=]
Cho (1) = (2) ta rit ra vin t6c goc cua dia € kh dong diém tham gia

chuyén dong:
Q= Qu — __gB.___ ok
(Q+2P)R

IV. PONG NANG

1. Pinh nghia
Gia st ¢6 mot hé chat diém (S) chuyén dong so vai R, chat diém P € (S)

—_—
¢b van 16c VU(P) vi kh6i lugng dm, dong nang cha chit diém la dai lirong vo

huéng sau day:
—

1..2
T= | ZV°(Pydm (7-19)
PeS :
Trong hé toa do Koéning R: _theo dinh 1y hgp van toc ta co:
—_—

—» —_
VP = V' (P) + VHG)Y

Do d6, dong ning clia he déi vl hé toa do R, la:

e i L (oot oo
T,= = (V" (@udm + = [V'@dm + — [VT(BVIG)dm
(5) 2 15 2 tS)

-
T, =T, + % VO(GIM

1 3 - o - e
trong d6: Ty = 3 IV““(P]dm va V7(G). '[V” (Pydm = VAG).MVY(G) =0
(S8) (S} .

Vi G a géc 10a do (R0 ).

2. Binh ly déng nang
Trong hé quy chi€u Galile (Galiléenne) va khi bd qua anh hudng cna lyc
quén tinh theo va luc quén tinh coriolis, ta ¢6 thé viét, theo dinh luat Newton II:

— — —
W'(PYdm = dF, + dF;
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dv“ P

o 1 e 2 > > >
VOP) = d[[2dm.V“(P)] ~ (dF, + dF,).V(P)
> —
= d ( 1 oM v“(G)] “R.V(P)

Tich phan hai v€ cdc cin twang dng 4, G va Py, P, ta cé:
P4
1 =
—MV; LRV jR.dP = A
2 2 "
1
_} .
A 1a cong cla luc R, trén chuyén vi P Py Vivay ta cé:

AT = Tz - T] =A
Trudng hop luc R, 12 dao ham cua ham th& nang U(P):
—)

—_—
R, = —-gradU = dA=R.dP= —dU, 1r (7-21) suy ra:
dT=dA =-dU = dT+dU=0 = T+U=E=hang

(7-20)

{7-21)

Cong thic T+ U=E = hing 1 noi dung cua dinh luat bao toan nang Iugng
¢o hoc.

Vidu 3:

Co cdu bon khau O,ABO, chuyén dong trong mat phang thing ditng goém

hai dia tron déng chat bin kinh r trong luong G, = G Trong lugng thanh

truyén AB 13 G,. Xdc dinh Q va g cha cic dia khi co cau chuyén déng tir v1 tri

nghi ban dau ¢, = 30”161 vi trf @, dudi tic dung cia trong lyc (hinh 7-6).
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Giai:
Daong nang cia hé T, =T, + T, + T3, trong do:

T, = 0.5.0°.0,5.G,.1%/g); T, = 0,5.G,.(w.r*/g). Do d6:

-

0.5(0.r)* M"

_ 0500 (G, +Gy)
g

Ty

Cong do cdc luc gay ra trén chuyén vi tuong tng la:

A = Gy.h = G,.r.(sin30" - sing,). Theo dinh ly bién thién dong nang trong
trudmg hop nay ta cdé:

T, = 0.5(0’.0).M" = G,.(0,5 — sing,), trong d6 M = (G, + G,)/g.

T d6 rit ra la:

o = \/ZGQ.(O.S —simQ,)
rM
Pao ham theo thoi gian ca o ta cé:
_da  Gj.cos9,

dt M



PHAN II

CO HOC VAT RAN BIEN DANG
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CHUONG 8

CAC KHAI NIEM MG PAU

Tir phdn nay ching ta & xét tic dung trong clia lyc lén vat ran thuc, tic 1a
vat thé c6 thé thay déi hinh dang, kich thudc khi chiu tic dung clia moi truong

xung quanh né.

1. MO HINH NGHIEN CUU

Vat rén bién dang 1a tap hop chc chit diém c6 cdc tinh chdr sau:
1. Vé mat vatly

a) Lién tuc, dong chat va dang hudng

Vit rén dugc goi 1a lién tuc néu mot phan td bé tuy ¥ cuia nd déu chifa vo s6
chit diém, duge goi Ja déng chat khi tinh chit co 19 cba né tai mol diém déu
b phau va duge goi la déng hudng khi tinh chit co 1y cha né theo moi hudng
déu nhu nhau.

b) Dan hdi tuyén tinh, bién dang bé va ¢ trang thai tu nhién

Dudi tic dung clia ngoai lyc, moi vat rén thuc déu bi bi€n dang vi ngoai luc
lam thay d6i vi tr{ tuong doi vén c6 gitta cic phdn 1 cdu tgo nén vat ay. Luc
lién két von o6 giita cac phanp tiI (dé giit cho vat rin c6 mot hinh dang nhit dinh)
lic d6 sé thay d6i c6 khuynb hudng khoi phuc lai vi tri ban du giita cdc phin
1.

Vat ran duge goi 1a dan héi tuyet 461 néu no ¢ kha nang phuc héi hoan
toan hinh dang va kich thudc ban dau v6n c6 sau khi ngoai luc thoi tac dung.
Bi&n dang duogc khoi phuc hoan toan sau khi hét ngoai tuc duge goi 1a bién dang
dan héi. Trong thyc 1€, khong cd nhing vat dan hoi tuygt déi. D61 véi nhiéu vat
rin khi ngoai lyc chua vugt qud mot gidi han nhat dinh thi bién dang cha nd 1a

bién dang dan hdi, nhung khi vuot qui giéi han dé thi vat chi khoi phue duoc
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mot phén bign dang. Phin bien dang khong khoi phuc duoc, goi 1a bi€n dang
déo hay bién dang dur.

Var dan héi tuy€n tinh la vat ¢6 bién dang ty 1& bac nhat vo1 noi lyc. Nhitng
vat dan héi khac duge goi 14 dan héi phi tuyén (quan he bi€n dang va ndi luc la
ham phi tiyén).

Bi¢n dang duoc coi 12 bé néu nod rit nho so véi kich thude tuong ng ciy

vat. Diéu nay cho phép bd qua cac IiCh va cic Juy thira cua dao ham chia bién
dang trong céc tinh todn.

Trong moét s¢ bai todn, khi bi¢n dang bé, ¢d thé xem diém dat cia ngoai
lue, do dd, vi tri tuong dsi cta ngoai lyc khong thay ddi khi vat bi bién dang.
Tinh chdt nay ciing véi tinh chit tuyén tinh néi trén cho phép st dung nguyén 1y
cong tac dung (dinh'luat 111 Newton).

2. Vé mit hinh hoc

Vit rin nghién ciu ¢6 mot trong ba dang sau:

a) Khoi 1a mo hinh clia nhimg vat thé ¢6 kich thude theo ba phuong tryc
giao déu tuong duong nhau.

b) Tém va vo la mo hinh ciia nhitng vat thé ¢6 hai kich thudce rdt 19 so vdi
kich thude thit ba.
¢) Thanh Ja mo6 hinh ciia vat thé ¢6 kich thude theo mot phuong dp dao hai

phuong con lai.

IL NOI LUC, UNG SUAT VA BIEN DANG

1. Noi luc va cac bai toan cd ban

Xét mot vat ran can bang dudi 1ac dung cha hé luc {Pj Ta tudng tugng
dung mot mat cit qua mot diém nao dé chia vat lam hai phan, H¢ phan luc cla
phdn vat thé bén phai tdc dung lén phén vat thé bén trdi 1ai mat cét vira dung va
ngugc lai goi 13 noi luc tal mat cat dé.

D& théng nhat tén goi noi lyc, qua trong tam C clia mat cat, ta chon hé truc
toa do nhur sau (hinh 8-1a). |
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- Truc Cz tring véi truc cna thanh.

- Truc Cx hudng vé phia ngudi quan sit,

- True Cy 1ap thanh mot tam dién Cxyz.

Khi thu gon h¢ noi luc tdc dung bat k¥ trén mat cit vé tam C ta ¢6 6 thanh
phan ngi luc sau day:

Luc doc ky hiéu 1a N,
Luc cét hay lue ngang ky hiéu 1a Qva Q,
Ngau lyc xoin ¢6 mémen M, ky hicufa M,

Ngau luc uén cé momen M, ky hieula M, va M,

Trong timg trudng hop cu thé, mot vai yéu t6 nQi lyc cé thé khong cé.

Céc yeu 16 ndi luc x4c dinh loai bié€n dang tai tiét di¢n dang xét. Bién dang
clia vat thé néi chung c6 thé rat phie tap, song bao gid cling 1a t6 hop ciia nhitng
bién dang co ban. Tuong iing véi cdc bién dang co bin, ta ¢6 bai todn cg ban
sau day (hinh 8-1b, ¢, d, e, g).

- T N>
P! P
T il
b
e R T —— . >
F'_:,. ............. .F__P_
C) P .’

3) H—JT?’ 9)

Hinh 8-1
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1) Kéo (hoac nén) ding tam: néu hé noi luc & mat cit ngang tuong duong
vai mot lue doc N, = 0.

2) C4t (hay truot): néu hé ndi Juc & mat cat ngang tuong duong véi mot
lyc ngang Q, = 0 hodc Q, # 0.

3) Xodn: néu he noi luc & mat cit ngang twong duong véi mot ngau lye ném
trong mat cét, ngdu luc nay goi 1 ngau lyc x0an, momen cua nd ky hiéu 1a M, = 0.

4) Usn: néu he noi luc & mat cit ngang twong duong véi mét ngau luc nam
trong mat phing vuéng géc v6i mat cat, ngau lyc nay goi la ngau luc udn,
moémen cla nd ky higu 1a M, # 0 hodc M, = 0.

Dé bit loai bién dang trong timg doan thanh va bi€l tai mat cit nao noi lyc
dat cure tri (mat cit nguy hiém), ngudi ta v& do thi clia ndi lyc doc theo thanh.
P4 thi nay goi 1a biéu d6 ndi lyc.

2. Lién hé vi phan giira néi lyc va ngoai luc

- Xét sy can bang clia mot phan td thanh chiéu dai dz chiu luc téng quat
duong q,(2), q,(z), m,(z) (hinh 8-2a, b, c).

dz M i) > ¢ M, + dM
- y b A F 3 A
N N+ dN
- i — b -1,
{
a) qz(Z)>O
b) Q; - dz . Q,+ dQ
m,>0 LM rdM,
Mz VeVl ValVadW747i .
VAVA/4% 2

Hinh 8-2
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Tir cic diéu kién can bang ta rut ra:

tZ¢ =0 ™ q/fz) = dN
dz
dQ,
Yy =0 > Z) = —
K qy( ) dz
- aM, d*M,
wme, (Fg) =0 > Qlz) = L ovaqz) = >
) dz dz
- M
Tm,(Fg) =0 > my(z) = dd;

 Céc két qua nay dugc phat bi€u nhu sau:
a) Dao ham cdp mot theo phuong z tong ing véi Q,(z). N(z), M,(z) lan
lugt baz.> cudng do ngoai luc: qy(2), q,{z), m,(2).
b) Dao ham cap mot theo z clia My(z) bing Q,(2).

¢) Pao ham cép hai theo z clia My(z) bang q,(z).

3. Ung suat
* [Tng sudt la ngi luc trén mot don vi dién tich mdt cdt

Ung suit tai mot diém c6 toa do Xy trén mat cat khao sat duge ky hiéu la:

-
> . AP
= bm —

AF—0 AF

C6 thé phan tich tng sudl gthémh 3 thanh phan theo 3 truc toa d6: G5, Ty
va 1,,. Thanh phin o, theo phuong phap tuyén chia mat cat goi 1a ing sudt phip,
c&c thanh phén t,, V2 T,, ndm tén mat cit goi 14 tng suat ti€p. Trong ky higu
{tng sudt tiép, chi 56 thi nhat biéu thi phuong phdp tuy€n clia mat cit z, cdn chi
s& thit hai biéu thi phuong clia dng suit ti€p (X va y).

> > —> —>
P=0C,+ Ty + 1y

Khi thu gon hé ting sudt nay vé tam C clia mat cit ta ¢6 6 thanh phin ndi
lue (hinh 8-1a) nhu sau:

N,= fo,dF M, = fo,ydF
F F
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= f1,,.dF = [o, xdF
F
J‘t.ﬂ, M, = I(sz X -1, .y)dF
F F

4. Khal niém vé trang thai img suat tai 1 diém

Ta hdy tudng tugng tich ra quanh mot diém K trong vt thé dan hoi chiu
fuc can bang mét phan t8 hinh hop ¢6 cdc canh la dx, dy, dz (hinh 8-3) khi cdc
canh phan t6 tién dan i 0 thi phan t6 thu nho vé diém K. Trén cdc mat cit khic
nhau di qua K cdc thanh phén tng sudt c6 gid tri khac nhaw. Ta cd dinh nghia
sau day:

Tdp hop tdt cd nhitng ting sudt ¢6 thé 6 trén a1 cd ede mdt cdt ¢d thé cé di

qua mét diém goi ld trang that iing sud tai diém do.

C6 thé ching mmh ring tal mbi diém cia vat thé bao gids ciing ¢6 thé tim durge
ba mat cit vuong géc véi nhau, trén d6 chi ¢6 ung sudt phdp ma khong ¢6 1ng sudt
tiép. Nhiing mat &y goi 1a mat chinhy phuong phép tuyén cta ching dugc goi la
c4c phuong chinh. Ung suat phap trén cic mat ay duge goi la cac img sudt chinh,
Nhitng ttng suit chinh déng thai la nhitng Gng sudt phip cuc tri cia mot trang
thdi ttng sudt, Cdc 1ng suat chinh dugc ky hiéu 12 ©,, 03, 04 theo quy udc:

o) > 0y > 04

Né&u ca ba iing sudl chinh déu khdc khong thi trang thidi ung sudt 4y duge
goi 14 trang thdl @ng sudt khai. N€u mot trong ba ting sudt chinh bing khong ta
néi d6 1a trang thai tng suil phirg. Néu chi mot trong ba ung suat chinh khic
khong thi ta c6 trang thdi dng sudt don. Cdc trang théi (ng suit nay lan lugt
duoc cho trén cdc hinh 8-3a, b, ¢, d.

a4
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5. Bién dang va chuyén vj

Dudi tic dung clha moi trudng ngodi (ti trong, nhiét d6...) vat thé b bien
dang. Xét diém K trong vat thé dé (hinh 8-4).

x|
0
/ z
a) v
X
X F e
k3
X
& 42 w9 gz
j x| a ar
K oy
i H*"&Ed,z
b) 0 dz z

Hinh 8-4

Diém K trudc khi bién dang c6 toa do x, ¥, Z va & trang thdi bién dang c6 vi
tri mét K v6i cdc toa do x°, y°, 2’. Su thay d6i vi tri cila mot diém K nhu vay
duge goi 1a chuyén vi cha diém dé6. Chuyén vi nay g6m hai loai: loai ther nhat 1a
chuyén vi cla vat rin tuyét déi (khong c6 bién dang) va loai thet hai 1a chuyén
vi lien quan dén bi€n dang ciia vat thé. Trong phan nay ta chi nghien city loai
thit hai.

s —>

Khi bi bién dang diém K ¢6 vi ui K. Vecto KK, goi 1a vecto chuyén vi cta
diém K ¢6 cic thanh phéan theo phuong x, y, 2 12 w, v, u. Do dé chuyén vi ctia
di€m A lan can diém K ¢6 thé viet:
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ow
Wi = Wy + K dx
A K X

Dai lugng ¢, = ow g0oi 1a bién dang dai 1y doi tleo hrong x cla diém K.
= P

Tuong (ur ta ¢6 theo céc phuong y va z cic bién dang:
ov &u
€= — VA g, = —
.Y 0z
Su thay dei géc vuong AKB trong mat phing xQOy, tueng tr nhur vay trong
cdc mat phang con lai duge goi 1a bién dang géc hay bién dang trugt trong cdc
mat phang dé va ky hiéu 1a:
611 cw A% o

ow
= — = —— 4+ - =

v
/ t P ' - +
T R 5

ITII. PAC TRUNG CO HOC CUA VAT LIEU

D€ dam bao cho he lam viée dugc an toan vé do bén, do ciing va d¢ én dinh
thi ta cdn phai biét dic tinh Ung XU clia timg loai vat lieu trong cidc diéu kién
chat tai khdc nhau. Didy nay chi cé thé gidi quyét bing con dudng thi nghiém.
Céc thi nghiém nay cho ta cdce dic trimg béing 6 cia timg loai vat ligu. Nhimg
dac trung nhu the goi 1a dic trung co hoe cla vét lieu. Tir nhitng dic trung nay
ngudi ta tim nhitng diéu kién todn hoc d€ dam bio s lam viéc an 1oan cho he.

Thi nghiém thuomg ding nhat Ia thi nghiém kéo va nén. Vi kat qua cfa thi
nghiém nay cé thé ing dung cho nhimg trudng hop bién dang khac nhau, Trong
muc nay ching ta lan luot nghién citu cédc thi nghiém kéo vi nén dai vai vat lieu
khic nhau.

Cdc vat lieu ¢8 dién dugc chia 1am haj loai 1a vat lieu déo va vat liéu gidpn.

- Vat lieu déo 1a vat lieu cé bién dang du (bién dang déo) tuong ddi lon
trude khi cau kién bi phd huy (nhu thép, déng...).

Vat ligu gion 1a vat lieu hiu nhy khong ¢é bién dang du trude lde bi phi
hong (gang, gach, d4, be ong v.v...).

N6i mot cdch chinh xdc khong phai vé vat lieu déo hay gidn ma 1a vé sy
pha huy cua chiing 1a phé huy déo hay gion,
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1. Thi nghiém kéo vat ligu 1éo
Dé tién hanh thi nghiém trude \ét phai ché tao cic mau thi nghiém theo

tieu chuan timg nudc. Trén hinh 8-5 i nhitng mau thir tron va det dugc dung &
Viét Nam.

0

4

e
< 1, = 1d =0
e .

A |l o m— A
s AR g g
._1:_L .
o | 9 .
h
b) H"‘_ 20 7
<50 |‘a‘ 2 5] | 50
> |«
@ .
-
c) L
I, = 6d= 36

Hinh 8-5

Phin thanh c6 chiéu dai I, goi 1a phan lam viec ciia mau. Thiét bi tao luc
kéo mau trong thi nghiém co thé 1a cdc thiét bi co khi hoac thuy luc. Hinh 8-5d
1a so dé nguyén ly ciia mdy thi nghiém c6 thiét bi thuy luc. Nho dp luc dau
trong try A tang lén tir tir ma pistong dugc nang lén va tao ra luc kéo trong mau
B. Luc kéo miu c6 thé xdc dinh boi gid tri do trén dong h6 do ap Juc C.
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D& ¢6 nhifing két qua thi nghiém chudn ¥ ic, sau khi kep chat mau vao mdy,
ngudi ta cho luc kéo mau ting cham cham tir gid tri khong. Qua trinh bi€n dang
ciia mAu dugc may v thanh bidu dé (o - €) rén hinh 8-6. Ta thiy chiéu dai mau
tang ddn, chiéu ngang hep ddn cho dén khi, luc kéo P dar tri 56 cyc dai P, thicd
mét chd nac dé trén mau bi that hin lai ((mg véi diém D). Sau 46 thanh uép tuc
bi gidn dai trong khi lyc kéo giam dén va dén mot gid tri Py nao dd (ing véi
Jdiém M) thi mau bi dit tai chd that. Bi.u doé quan hé giira luc kéo P va do gidn
U goi 1a bi¢u d6 kéo cha vat licu.

[a]
=
r— Oy
-— 31,
™ Cu

Hinh 8-6

Dé thuiy tién cho vigc nghién cifu céc thude tinh clia vit liéu, ngudi ta s
dung %51éu d6 quan he (o - &). Biéu dé (o - €) nhan dugc tryc tiép tir bi¢u dé (P - U)
‘ping céch chia tung do P cho dién tich mat cat ngang ban ddu F_ cla miu va
chia hoanh d6 U <ho chiéu dai ban dau /,. Quan hé o = f(g) dei véi thép CT3
clia Lien X6 (1917 - 1990} c6 biéu d6 luc kéo nhy trén hinh 8-6 voi céc diém
dic tmg A, B, C, D va M. Bién dang kéo cua vat lieu gdm 3 giai doan chinh
sau:

* Giai doan thit nhdr:

Vat liéu cé tinh dan hoi tuyeét d6i, quan hé o = f(e) 12 quan h¢ tuyén tinh
duoc biéu dién boi doan thing OA:

oc=Ezg (8-1)

Giai doan nay goi 1a giai doan ty }¢. Quan hé (8-1) duoc goi la dinh luat
Hiic khi kéo. E 12 modun dan héi doc (hay young) cna vat licu. Goi P, 1a gid tri
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16n nhit clia lyc kéo trong giai doan nay va F, la dién tich mat cit ngang ban
dau cta mau thir, 1a co:
Pﬂ

o= % (8-2)

i

Ung sufit o, £oi 1 giGi han 1y 1¢ (doi véi thép CT3, oy = 21 kN/cm? = 210
MN/m?).

D6 doc ciia-doan OA Xic dinh bing modun dan hoi Ex
(ga=E= > (8-3)
£

K& tir trén diém A biéu do khong con quan hé tuyén tinh nita va tir d6 dinh
luat Hic mat higu luc. & rat gdn diém A trén doan cung nay ciia bigu dd 6 mot
diém B, ung sudt img v&i nd ky higw 1a o,y va duge goi la gidi han dan hoi.
Trong cdc tiéu chuan k¥ thuat Gan duge xdc dinh khi ma bién dang du cha méu
thir dat duge 0,05% va Viel O 4y = Cpos-

* Giai doan thit har:

Bicn dang déng bién v6l luc chdt ft r6i tang o rét trong khi luc khong tang
duge nita (doan nam ngang ké tir ). Ta goi doan nay 1a giai dogan chay déo. Luc
kéo (g vdi gial doan nay duge k¥ hiéu 12 Py,

P

Ung sudt: Gep = -E"h— (3-4j

duoc goi 1a gici han chiy (d6i vi thép CT3. O = 24 kN/em? ~ 240 kKN/m’).

Trong giai doan chay, néu quan sit mau lam bang thép it cacbon dugc mai
nhin, ta thdy nhimg vt gon nghiéng vO1 truc thanh mot géc 45°. D6 1a nhiing
vét gay ra do sy truot giita cdc tinh thé vat liu, Nhung vét truot nay duogc go! la
dudmng Liudertrernop.

* Gial doan thit ba:

Sau khi két thiic giai doan chay déo, trong vt 1iéu lai xudt hién kha nang
“g cling ¢6”. Cu thé 12 bi€n dang chi 6 thé tang néu luc kéo mu tang. Biéu do
trong giai doan nay la mot dudng cong tron.

Ung sudt img vil diém D cao nhat trong giai doan nay goi 1a gid1 han bén.
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Py
I

i3

(d&i v6i thép CT3, o3 = 40 kN/em? ~ 400 kN/m? ).

op = (8-5)

Sau khi dat gidi han bén thi 6 mot chd nao dé trén mau thir bi that lai va tir
ltic d6 bién dang HEp tuc tang nghich bién vdi Iuc cho dén khi mau bi diit dng
véi diém M.

Cén luu ¥ rang gisi han bén duge quy dinh & trén chi mang mot dac trung
quy ude nao dé. Gidi han bén nay khong phai Ia ing sudl gay ra su pha huy vat
lieu. B&i vi, khi pha huy mét cit ngang ciia méu thir nhé hon nhiéu so véi mat
cit ngang chia nd.

Néu bat dau tir mor diém K nao dé trén biéu dd (hinh 8-7), ta ha tai cho
mau thi biéu dé (o - ¢) dién ra theo duong KK; hdu nhu song song vdi doan QA
Bién dang ty dsi cla mau Ung vai diém K 1a;

€=0K,=0K|, +K K, =g+ gy,
trong do: OK; =g, 14 phdn bign dang du:
KK, =&y, 12 phdn bien dang dan hoi.

) L
- K
M

¢
8
A

o Kifil L JL,
&4 r €, £

' €25 -
a) E” "_,

Hinh 8-7
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Néu sau khi ha tai dén diém K, ta lai tang tai 1én miu thi biéu d6 dién ra
theo duong cong K, KDM thay cho dudng cong OACDM ting v6i méau lic ban
d4u chua ha tai 14n nio. Qua biéu dé cho rhﬁ’}} khi di chat tai vio miu qud gi6i
han chay va sau dé la qud trinh ha tai thi thudc tinh <o hoc cha vit liéu mau bi
thay déi. Cu thé 1a thém chay bién mat, gidi han 1y 1& duge nang cao vi bién
dang toan phan khi dut bi giam (KM, < OM,), nghia 12 mau thir hinh nhu trg
nén gidon hon. Sy thay déi thuoc tinh nhur vay cla vat ligu duge goi la hién ludng
(hod gidn hoac tdi bén) bién clng nguoi.

Phén dién tich gach soc trén biéu 46 goi 1A mién tré. Hién tugng 14i bén
khong chi phat sinh khi chiu bién dang kéo (nén) ma con phét sinh & bit k¥ bién
dang nao.

Néu lap lai qud trinh ha tai réi tang tdi & di€m L nao d6 thi biéu dé (o - €)
lap lai hoan toan hién tuong da mo ta trén.

Tinh song song cha céc doan OA, K|K, L,L. MM chiimg th 1a khi ha tai
maodun dan héi doc clia vat liéu khong thay déi.

Mot vai hinh anh cha mot mau thir tieu chudn & nhimg thoi diém khac
nhau, khi thit kéo cho trén (hinh 8-8). Trong do:

a 1 hinh anh mAv trude thi nghiém;

b 12 hinh anh mau chiu tng suit nho hon gidi han bén;

¢ 14 hinh anh mau trude khi di

d 12 hinh anh mau sau khi duat.

” l———KT = 10d L 111]
A O
P
I

'
‘) —=te e | |
R
- >
d) 1 4>dy §d>d | I l
- [IPEY]
Hinh 8-8
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Hinh 8-9

Sau khi dint bi€n dang dan héi khong con nita, vi thé Iy < /.

Céc Ung suft dac trung cho ba giai doan bién dang khao sdt & trén, cu thé
Oy Gehs OR, dUgc goi ka nhitng dac trung vé dg bén cia vat lieu. DE xdc dinh kha
ning vé bién dang cia vat ligu cho dén lic dift, ngudi ta cdn ctf vao hai dai
lugng sau day:

- D0 dai du twong doi cia mau sau khi di:

-1 Al
5= ol =4 (8-6)
IU 'JKJ
(431 vai thép CT3, 8§ =21 = 23%) _
- Do thit du trong déi chia mat cdt ngang noi bj dit:
F, - F A
Y= 2 d - Fy (8-7)
F F,

Ly il

¢ day: F, - dién tich mat cat ngang clia miu trudc bién dang;
F, - dién tich mit cit ngang cha mau tai ché bj dint
(d6i véi thép CT3, ¥ = 60 + 70%).

D¢ thdy 16 dac diém 1am viéc khic nhau trong sust qué trinh bién dang kéo
cia nhitng vat lieu khdc nhau, ta hiy quan sdt va so sanh cdc bidu dé kéo duge
v€ trén cung hé toa dé (o - €). Trén hinh 8-9, dudng / la thép hop kim titan
(TB4), duong 2 1a thép CT6, dudng 3 la duara 16, dudng 4 1a thép CT3 va duong
512 biéu dé kéo mot miu vat ligu gion - gang.

Ngay nay vigc tao ra nhitng thép ¢ do bén cao véi tinh déo ddy di 1 mot
nhi¢m vu rit quan trong ciia cdc nha luyén kim. Diéu d6 cit nghia rang, khi
thép c6 cudng do cao thi tinh déo giam va thép trd nén gion hon. Va, néu nhu
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vay thi kha nang chiu tai trong doéng clia loai vat liéu nay rat kém. Dé khic phuc
nhitng mau thuin néi trén, ngudi ta thudng pha vio thép nhimg lugng nhét dinh
cua cdc chat phu tro nhu déng, niken, crém v.v... Nhitng thép nhu thé duge goi
12 thép hop kim.

2. Thi nghiém kéo vat liéu gién

Vat liéu gion chiu kéo rit kém, nén bi phd hong dot ngdt ngay khi do gidn
con rit nho. Nhin biéu d6 dudng 4 (hinh 8-10) ta thdy khong cé giai doan ty 1¢
vi giai doan chdy déo, biéu dé 1a mét dudng cong ngay tir khi Ung suat con rat
nho. Tuy vay, trong gi6i han lam viéc, thong thudng doéi var vat ligu gion, van
c6 the dp dung dinh luat Hiic, nghia 12 thay th& gin ding doan cong cia biéu dé
bang mot doan thing. Vi vat liéu gion ta chi ¢6 gidi han bén fa:
Py
F,

(3]

g = (8-8)

Né&u dem so sanh vdi vat liéu déo thi gidi han nay rat nho.

Khi bi nén vat liéu ciing bi phd huy ngay kbi bi€n dang con b€, nhung gi6i
han bén ¢6 tri s6 16n hon nhiéu so véi khi kéo.

Vi du: d6i vl gang xdam, khi 1éo op, = 140 +130 kN/mm?, khi nén Opy =
600 = 1000 kN/mm?.

Biéu dd (o - &) thuc va quy udc doi v6i thép it cacbon dugce cho trén (hinh
8-10b). Qua day ta thdy biéu dé thuc (o - €) chi ¢é ¥ nghia ly thuyét. Boi vi,
trong cac tinh todn thyuc hanh, dng sudt tinh todn khong duge vugt quéa gidi han
chdy va trong gidi han nay biéu dé thyc v quy ude tring nhau.

o
_/1’“‘& 1
A o

M
= 5 s l|
Bl F™4 & v -
- 5] -
é)J‘ts-J A Dy _.---
C 7o "
T
3 C
€
Y 2 b} &
a)
Hinh 8-10
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Trén hinh 8-11 1a cic biéu do bién dién hiéu ing Bao-xing-ghe (trén hinh
8-11a), su thay ddi clia Gy, G, O, 0, ¥, B, 1t (hinh 8-11b, ¢, d) theo nhiét do,
su phu thude cla img sudt va bién dang vao 16c do chat tai tinh (dudng /) va
dong (dudng 2) v su thay déi clia gidi han bén oy theo thdi gian (hinh 8-1le, g).

ok

¥

&5,V % £, kGimm?; p, %
50 25000 = 50
l{I
40 20000
30 15000
&
20 10000
10 so00 10
) ] 1 1 1o 0 1 L L l ;; 0 1 I 1 L
1 200 400 600 T W 60 °
b} 200 400 600 T ¢) d) 200 400 600 T
opd
nh G WG thai
[
1 og {l)
I11
T 9) t
Hinh 8-11
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3. PAC TRUNG CO HQOC CUA VAT LIEU KHI NEN

Dé nghién chu su tng xir chia vat ligu déo va gidn khi nén, ngudi ta phai
1am cac thi nghiém nén. Cdc mdu thif nén bang kim loai ¢6 dang hinh try (thong
thuemg d = b = 20 mm), con d6i véi cdc loat vat ligu khdc mau thir ¢é dang hinh
lap phuong canh 12 a.

D6i v6i gb: a = 50 mm, ximang a = 70 mm, bétong a = 200 + 300 mm.

Biéu dé nén (o - €) cua vat ligu déo dugc cho boi dudng 3, con biéu d6 nén
(G - €) cla vat lieu gidn duoc bidu dién bang dudng 2 trén hinh 8-10a. Trén hinh
R-12 1a hinh dang cha cdc toai mau thir déo va gion & cic thai diém khdc nhau
trong qud trinh bién dang. Pic trung <o hoc chli yéu nhan duge tir cic thi
nghiém nén nay la:

- Vat ligu déo cé gidi han ty 1¢ va gidi han chay:

_ Pll 3 Pch

(8-9)

Hinh 8-12

4. HE SO POISSON

Bang cdc thi nghiém S. D. Poisson da tim thay méi tuong quan vé do 16n va

diu giifa bi¢n dang doc va bi€n dang ngang nhu sau.

£ = £y = —H.E; (8-11)
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i duoc goi 12 hé s6 poisson hay con la hé¢ s6 bién dang ngang ciia vat ligu
p=0+0,5.

Dé gitip ban doc ¢4 thé wr xdc dinh céc théng s6 chl yéu cha vat lidu ma
cic ban gap trong san Xudt, cling nhu ty kiém tra lai tinh ding dan clia mot vai
cong thuc tinh todn hodc tryuc uép kiém tra sy ing XU cha cdc két cdu thuc dang
lam viéc tai hién truding, chiing 161 gidi thieu mét s6 méau bai thi nghiém co ban
& phdn dudi day:

Bai 1
TENH CHAT CO HOC CUA VAT LIEU DEO KHI KEO DUNG TAM
1- Vat tieu: Thép cacbon két cau.

[I- Hinh dang mdu thit: Miu hinb tru ¢6 dau.

<4 4
——— _UO ——
g
B | Iu=10d0T

—-— -

III- Mdy thi nghiém: My kéo nén.
IV- S6 lién va két qua thi nghiém:

1/ Buong kinh ban ddu ciia mau d,= mm

2/ Chiéu daj tinh todn ban ddu cia mau {,= mm

3/ Dién tich mat cit ngang ban dau cia mdu F, = mm’
4/ Luc dng véi giai doan chay Py = N

5/ Luc kéo 16n nhat Poax = N

6/ Dudng kinh clia miu tai cho dat dg = mm

7/ Chién dai tinh toan /; sau khi mau ddt [y = mm

8/ Dién tich mat cdt ngang tai chd dit Fy;= mm?
9/ Gidi han chay vat Iy 6.=Py/F, = N/mm?*
10/ Gi6i han bén og = Ppax/ Fo = N/mm?
11/ Do gidn dai 5 = (=1 x100 = %

12/ Do thit ¥ = (F,~F)/F,x100 = %

13/ B4 thi kéo va hinh dang mau sau khi dit:
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Bai 2
TINH CHAT CO HOC CUA VAT LIEU DEO KHI NEN

T

o
=

l

i

i

|

i

i

I
]

I- Vit liéu: Thép cacbon két ciu.
II- Hinh dang mau thir: Méau hinh truy.
III- M4y thi nghiém: M4y kéo nén.

IV- 86 ligéu va két qua thi nghiém:

1/ Pudng kinh ban ddu ca méiu d,= mm

2/ Chiéu cao ban ddu cia miu h,= mm

3/ Dién tich mat cat ngang ban diu clta miu F,= mm’
4/ Luc (tng v&i giai doan chay Py = N

5/ Luc dimg thi nghiém Pg = N

6/ Gii han chay Oep =Py /Fy=  N/mm?

7/ P4 thi nén va hinh dang mau sau khi nén:

Bai 3
TINH CHAT CO HOC CUA VAT LIEU GION KHI KEO
I- Vit ligu: Gang xdm.
I1- Hinh dang méu thi: Mau hinh tru (nhu mau kéo thép).
IIT- Mdy thi nghiém: May kéo nén.
IV- S¢é liéu va két qua thi nghiém:

1/ DBudng kinh ban diu chia mau d,= mm

2/ Dién tich mit cit ngang ban ddu cha miu F,= mm?
3/ Luc kéo 16n nhat P, = N

4/ Gi6i han bén og =P, /F,= N/mm?

5/ D6 thi kéo va hinh dang mau sau khi dit:
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Bai 4
TINH CHAT CO HOC CUA VAT LIEU GION KHI NEN

[- Vat {iéu: Gang xam.

[I- Hinh dang min thir. Mau hinh tru (nhu mau nén thép).
I11- May thi nghiém: May kéo nén.

IV- $6 ligu v két qua thi nghiém:

1/ Puong kinh ban ddu clia mau d, = mm

2/ Dién tich miat cit ngang ban diu cia mau F, = mm’

3/ Luc kéo 16n nhat Prax = N

4/ Gi6i han bén 65 = Py / Fo = N/mm’

5/ D4 thi nén va hinh dang mau sau khi nén:

Bai 5
TINH CHAT €O HOC CUA VAT LIEU DEO KHI XOAN

[- Vat lieu: Thép cacbon két cau
[I- Hinh dang mau thir: Mau hinh try (nhu méau kéo thép).
[II- May thi nghiém: Mdy xodn K50.

IV- S6 licu va k&t qua thi nghiém:

1/ Dudng kinh ban déu ctia miu d,= mm

2/ Momen chéng x0an W, = 0,2d,” mm’
3/ Momen xodn ng v6i giai doan chay M= Nmm
4/ Momen xodn l6n nhat Mpax = Nmm
5/ Gi6i han chay T =M/ W, = N/mm*
6/ Gidi han bén e = Y4 Myt W= N/mm’
7} Goe xodn tiwong ddi 1dn nhat Pag= bo

8/ Pé thi xodn va hinh dang mau sau Khi dut:



9- CUDKT

Bai 6
TINH CHAT CO HOC CUA VAT LIEU GION KHI XOAN

I- Vit liéu: Gang xam
II- Hinh dang méu tha: Mau hinh tru (nhy mau kéo thép).
I11- May thi nghiém: May xofin K50.

IV- §6 liéu va két qua thi nghiém:

1/ Buong kinh ban ddu cla miu d, = ' mm

2/ Momen chéng xoin W, = 0,2d," mm?
3/ Momen xodn 16n nhat Mo = Nmm
4/ Gidi han bén Tp= 34Mp, W, = N/mm?
5/ Géc xoin tuong déi 16n nhat Pap = bo

6/ Do u.: xodn va hinh dang mau sau khi xoan dit:

Bai 7
XAC DINH MODUN DAN HOI E CUA VAT LIEU KHI KEO
I- Cong thic tinh E: _ PA
E= Nl Njom? r\‘lx
B ALF, Auem TensométA [ ° JTenscmél B

-y

b

|

N, : lye doc; ll
! : chiéu dai chudn do; |
|

|

|

e
-

F,: dién tich mat cit ngang cia mdu;
Al: d6 gidn dai chal. r

RN
Viy dé xdc dinh E ta do Al /;?- W

B mm

I1. Vat lieu: Thép cacbon két cau.
[1I. Hinh dang, kich thudc méu va so 46 thi nghiém (xem hinh)

40 mm

IV- Dung cu do do gifin: tensomet ddn ¢é 4o khuéch dai K = 1000
{gi4 tri 1 khoang chia trén thang do =~ 0,001 mm).

V- S6 ligu va két qua thi nghiém:

{ = 100 mm
F,=6,40 mm’
N, = AP (N)
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TT | Tai Tensomet A Tensomet B
I | trong S4 doc Hiéu cdc s6 doc 83 doc Hiéu cic s6 doc
P; (N) | (khodng vd | (AA; = A; - A, ) | (khoang vd | (AB, =B, - B,
vach) A, vach) B;
0
1
2
3
4
5
Hiéu s6 trung binh: AA,, = (ZAA;)/n = AB, = (ZAB;)/n =
Po gidn dai: Al = (AAp + ABR)/(2*K) = mm
E= N/em?®
Bai 8

XAC PINH MODUN PAN HOI TRUOT G CUA VAT LIEU

[- Cong thuc tinh G:

G= M‘\E N/em?
Pan-Jp

Trong d6: M, - Momen xodn,
I 5 - Khodng cdch gifta 2 mit cdt ngang A va B;
Ip ~ Momen quén tinh déc cyc, Jp = nd*/32 mm?
(d - dudng kinh mit cdt ngang clia miu);
¢ ap - £6C X0dn tuong d6i gilta hai mat cdt ngan.g AvaB.
Do d6 dé xdc dinh G ta do @4g, Pap = P — Pa-
- Vat ligu: Thép cacbon két cau,
III- Hinh dang mau va so dé thi nghiém (xem hinh)
IV- Dung cu do: Chuyén vi ki ¢ap chinh xdc 0,01 mm (gid tri méi khodng
chia trén mat s = 0,01 mm di chuyén thing).
V- S6 lidu va két qua thi nghiém:
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!, = 300 mm L = 300 mm AP=10N

{ =200 mm d =20 mm . M, = L*¥AP Nmm

TT | Tai Chuyén vi k€ A Chuyén vi k€ B
i | trong 83 doc Hiéu céc s6 doc Sa doc Hiéu cic 56 doc
P, (N) | (khodng va | (AA;=A;— Ay | (khoang v | (AB; = B; - Bi.,;)
vach) A; vach) B,
0 10
| 20
2 30
3 11
4 1
Hiéu s6 trung binh: AA, = (ZAA)/n = AB,, = (ZAB)/n =
©a = IEOA = A'AAA’ = AAG/(I*K): tuong ty Vi 9.
G= N/mm?
Bai 9
NGHIEM LAI CONG THUC TINH 6 .x min
TRONG UGN PHANG THUAN TUY
* Ly thuy8t: O, min = £IMx/W,| (1)

trong dé: M, - Momen udn quay quanh truc x;

W - Momen chdng u6n clia mit cat ngang doi voi ryc: x; W, = bh%/6
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* Pinh luat HIC: Smux min = E-€max.min (2)
Trong d6: E - Modun dan hoi cia vat liéu.

Emax,.min = A“Irr'w\)(, min”
I- Vat liéu: Thép cacbon két cau.

11- Hinh dang miu va so 36 thi nghiém:

Tensomeét A

— 1

G P _.f_...l £ ¢ P J;// /i'}:

Tensomét B ‘ 1

[11- Dung cu do: Tensomét don ¢6 do khuéch dai K = 1000.
(1 khoang trén thang do = 0,001 mm).
IV- 86 liéu va k&t qua thi nghiém:

a= mm b= mm M, = P.A (Nmm)
! =100 mm h= mm
TT | Tai trong Tensomét A Tensomét B

i (N) S6 doc | Hieu cdc s6 doc 86 doc Hiéu cdc s6 doc

0

1

2

3

4

5

Hiéu s6 trung binh: AAy, = (ZAA}n = ABy, = (ZAB)/n =

Alin = AARK = mm Al =ABy/K = mm

Tinh Gpyux min theo (1) va (L),



~ Bailo
DO DO VONG VA GOC XOAY CUA DAM KHI UGN PHANG
(NGHIEM LAI CONG THUC TINH GOC XOAY VA PO VONG)

I- Vat liéu: Thép cacbon két cau.
11- Hinh dang miu va sd d6 thi nghig¢m:

I11- Noi dung thi nghiém: 1/ Do vong tai A va C

2/ Goc xoay tal D.
TV- Dung cu do: Chuyén vi k€ ¢6 gid i 1 khoang chia = 0,01 mm.
V- S6 licu va két qua thi nghiém:

a= mm i= mm ¢= mm
h= mm b= mm M, = P.{/4 Nmm
Tai trong Chuyén vi k€ A Chuyén vi k€ C Chuyén viké D
P (N) S5 doc | Hieucac | Sddoc | Hitu cdac | Sodoc |Hieucdc
s& doc 88 doc 50 doc

VI- Tinh do vong va géc xoay theo 1y thuyét: I, = b.h'/12

1/ Do vong tai AtV =a1ghg=

2/ Do vong tai C: Vo= P/ (48.ET) =

3/ Goc xoay tai D: Op =

VII- So sanh va nhan xét vé ket qua thyc nghiém va 1y thuyét:




QH_UL(E.EL._Q
KEO VA NEN PUNG TAM

I. KHAI NIEM VA PINH NGHIA

Hién tuong kéo va nén rat hay gap trong cdc chi ti€t mdy va cau kién cong
trinh. Vi du, hién tugng kéo phat sinh trong cdc nhdnh ciang cla day dai trong
truyén dong dai, trong moi ghép ren khong xiét giira vit va dai 6c. M6i ghép ren
clia moc can truc 12 mot vi du cua loai m6i ghép nay. Hién tuong nén xuat hién
trong céc 6ng khéi nha may do trong luong ban than gay ra v.v... Thiét bi trén
hinh 9-1 va hinh 9-2 la nhing két cau gian rat hay gap trong co khi va xay dung.
Tét ca cdc thanh, day trong cdc két cdu nay déu la nhitng chi tiét chiu luc kéo
hodc nén.

Hinh 9-1
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Gia sir ta ¢6 mot thanh chiu kéo nhu hinh 9-3a.

0
FELEE A 4 . WEER P T LIT Ll OCNZ :'"""“‘“} Nz‘f“ﬂ _r:,
i dz - % o M =
r - —-> ) 1
i n
li dz C}
i
|
N T A A U T Uy pupp
i du [ L g>N " 3 N.<Q —;
i __rl_l_L I S T :(’___ z _].____‘______v:r z -5
i Nz) n
p Z.f
a) b}
zZ
Hinh 9-3

D#é th6ng nhat cich viét, ta ding cdc ky hiéu:

| } - biéu didn vecto, vi du {S} bidu dién VE:CIO’_S}.

[ - biéu dién ma tran.

Ta hiy xét mét doan thanh chiu kéo ¢4 chiéu daj dz (hinh 9-3b),

Hé noi luc trén cdc mdt cit ngang cla cdu kién néi trén tuong duong véi
(mot) luc doc N trung véi truc cua thanh. N&u (N}.{n} > 0, ta néi thanh chiu
kéo, con néu {N}.In} < 0 1a néi thanh chiv nén. Trong dé In} 1a vecto phip
tuyén ngoai chia mit cat ngang (hinh 9-3b, ¢, d).

Vay ta c6 dinh nghia sau:

Mot thanh dugc goi la chiu kéo hodc chiu nén ding tam néu trén mdt cdt
ngang ctia né chi ¢é mot thanh phdn ngi luc la fwe doc N tring véi truc ciia

thanh, con tdt cd cdc thanh phdn néi hic khdc déu bang 0.

I1. UNG SUAT VA BIEN DANG
1. Cac gia thiét tinh toan
a) Mat cit ngang cla thanh trude va sau bién dang van luon luon phing va

vuéng goc vai truc cha thanh.
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b) Trong qud trinh bién dang cic thd doc ludn ludn thang, song song vit
tryc ciia thanh va khong tée dung tuong hé 1én nhau (hinh 9-3b).

2. Ung suat va bién dang

Theo cdc gia thiét & trén duge rdt ra tir thi nghiém thi trén mat cit ngang
cua thanh chi ¢6 bién dang dai ty d6i theo phuong truc z va 1a hing véi moi
diém trén mat cat, nghia la:

g = @- = const {d)
1z

Theo dinh Ivat Hiie (duoc tim ra bing thi nghieém) thi quan hé ¢ = f(e) c6
dang:

(7=E.5=}3ﬂ = consl {b)
_ dz
Mat khac:
N= JodF =0Fhatyc=E (9-1)
s F

Ttr (b) va (9-1) ta rit ra phuong trinh vi phan clia chuyén vi doc truc u(z)
nhir san:

£ = EIE = S = —N— {0-2}
dz E EF
trong dé N(z), F(z), u{z) ldn luot 12 nodi luc doc, dign tich mat cdt ngang vi

chuyén vi doc truc z tai mat cét ¢6 hoanh do z.

ITIl. PHUONG PHAP VAN NANG DE XAC DPINH CHUYEN VI VA
NOI LyC

Ching ta khao sdt mot thanh chidu dai / gém n doan chiu lye doc truc
thanh. D€ thong nhit va tién sir dung, cdc dai luong can tinh cla thanh duge
thi€t 12p trong hé truc 10a d6 Oxyz. Géc toa do “O” lnén duge dat ¢ dinh & ddu
trdi cda thanh, cdc mat cit phan chia cdc doan dugc ddnh s6 1a “i* (i = 1, 2,
n). Tén goi cla mot doan thanh mang s6 hiéu miit cudi phdi cia né (hinh 9-4),
Tat ca cdc ngoai luc tdc dung doc theo truc thanh duoc cho trén hinh v& nay va
quy ude ta duong (diéu nay 1a cdn thiét dé phi hop véi quy ude din cta noi lye
doc N(z)). Ddu trdi cia doan i duoe ky hiéu lx O; nhu 12 gdc toa do dia phuong
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cla doan i ¢ chiéu dai [, = a; — a1, mit cal ngang F, vad modun dan héi kéo

(nén) 12 E; (hinh 9-6).

¥
Bz v i
Gor 4G p, g ) faivs
y =4 0V®J ,v( o ®/ t / / (n-f) 7
ot - : i N N D T
- et e e Sy
% l;“ L%
Gi-r
x
z i
p(.
o</
= .
Hinh 9-4

1. Lién hé vi phan giira ndi Iyc, chuyén vi va tai trong ngoai

X¢ét didu kien can bang cla cdc doan thanh dz (hinh 9-5a,b). Cac diéu kién can
bing clia cac doan thanh nay va cdc dao ham lién tiép sau d6 cho ia két qua (9-3).
Bang cdch dao ham lién tiép hai vé clia phuong trinh (9-2) ta ¢6 hé thong (9-4).

U, .
ANi - Plli. d__'_ = .i_
dz EiFi
dN; U, qi@
=qi(z) (9-3) L= 2 (9-4)
dz ' dz’ EF
"N, e U, "
=4, (Z) n = T
dz" dz EF
Poi> 0 '3 4z >
1
Nyy >0 \ No+AN>0  N>O | qz)>0 N;+ dN; > 0
- — > - — PP T
E -
TR Rl b} @
a)
Hinh 9-3
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2. Phuong trinh van ning cta chuyén vi doc truc U(z) va
luc doc N(z)
2.1. Dang ma tran
Xét mot doan thanh thit “i” ¢é chiéu dai /;, do cing E;F; chiu tai trong phén
b6 doc truc q;(z) va tai dau trdi chiu tic dung cva cdc yéu t6 tap trung nhu luc
P,. chuyén vi rL\IJl,i cho trudc va cdc thanh phin noi luc, chuyén vi clia cdc doan
thanh phia trdi cé chiéu dai a;_ | (hinh 9-6).

A |
Y |
Ui Poi>0 qizj> 0 | Q{z) > 0
<0 \ i\ s
N 1/L e A s d A o
i-1 i
A i
!
|
E.Fi. di. in | Eivv s Fior s dan[, JpM
N w— Rw—
S il ________ 'Si'___) Z
E=(z-a.)—> ]F“_____
;
iy I
|
: i
a; i:

Hink 9-6

Khi st dung cdc quan hé (9-3) va (9-4), nguoi ta c6 thé bang nhiéu cich
tim duoe nghiém chuyén vi Ui(z) va noi lyc Ni(z) trong doan ndy (khai trién
Taylor 1a mot trong nhitng kha nang nhu vay):

D D @ D
Uz) = U,y + Ny —— + g — +q g —— +q " — + ...
L( ) [V il ¥] ol EiFi q :EiFi q lEiFi q lEiFi
N(2) = 0 + N, @ + q,i®; + g’ ;Dp + 97, D3 + ... (9-5)

trong dd, Uy Neiv Qois Qojs - q(u'j” 1an lugt 1a cdc thong s6 trang thai tai dau

trdi “Oi1” cla thanh “i” do tdc dung dong thdi cla cd hal phan thanh a;_; va a
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gay ra. Cdc ham @ (k = 0, ..., n) trong (9-5) dugc dinh nghia nhu sau:

k
Dy(z-a, )= LT;"L Khiz 2 ai (9-5a)
0 khia, ,>z20
Duéi dang ma tran, (9-3) duoc viét:
{Si}(@) = [Bil{S,i} (9-6)

{S.;} 12 vecto chi cdc thong s& trang thai tai dau trdi “Oi” cua doan “i”
dugc khao sat khi dd loai bé phdn thanh a; ; va thay vao d6 tdc dung clia phan
thanh a; ; di bo di va cdc thong s6 trang thdi & “Oi” chi do tdc dung ngoii trén
doan 1" gay ra.

[B,] 1a ma tran bién d6i cua doan 1.

{Si(z)} 1a vecto chi cdc dai lugng can tinh tai mat cit z thuodc doan “i™.

Cu thé la:

(Sui} = (Uuis Nojs Qs oo G ' (9-6)
@, @, D, @, @5
EF, EF EF EF EF
D, D, o, D D,

Ui(z)
(51 = {Ni(z)} (9-6¢)

N€u goi [B/] 1a ma tran nban duge 1ir (B;] khi thay hiéu (z - a;.;) bang chiéu
dai [, cia doan nay thi {S;} tré thanh {S]} va dugc viét:

(i} = [B1.{S,} (9-7)

Khi ky hiéu A{S,;} 12 cdc thong s6 trang thdi & dau trdi “O;” cha doan “i”

o]

[Bi] = (9-6b)

chi do cdc tic dung ngoai trén doan nay gay ra va {ST,} la vecto c4c thong s6
trang thdi U, va N7, tai mit cudi phai doan (i-1) thi quan hé (9-6) va (9-7)
dugc viét:
(S} = [BLUISE) + A(Su 1) = [BLISL, | + [BL.ALS,) - (9-8)
(Si(a)} = (BILASE,H + (B 1.A{SG) (9-9)

D61 voi doan “17 ta cé:
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(S,(2)) = [B,1.A{S, ] (5 day (S} =(S,)=0)
Vi {Si(ap) = (B 1.AIS)
D&i voi doan “27 ta co:
(S,(2)} = [By.{B1LA{S, } + [Bal.ALS!
va [Sh(ag)) = (BB} 1.A(S,) + [B2l.A{Sca}

Bang cach thay thé lién tiép, ta thiét 1ap dugc cong thic tong quat dé xdc
dinh c4c dai lugng cén tinh cho thanh cé n doan 4o cimg khdc nhau dudi dang:

(S,(2)} = [ByL[Be)... [B1AISG +

+ [B.IBY ... [BiLA{S,) + .+ [Bal- A{Son} (9-10)
(Sat = [By1.[Bryl. (B1L.ALS, T+
+ [B1.0BoJ... [B3l.A{Sp} + . + [H.).A(Sn! (9-11)

trong 4o:
A{Sni} = {Uui! Noi = Pni' i q:.'-i'! QLli } S1=1, 2}

P&t véi thanh c6 cdu tao lién tuc qua cdc mat cit chuyén doan thi U, =0 vdii> 1.
Trong dé:

L4}

U, 1a chuyén vi tuong d6i ciia mat cat "Oi” thuoc doan i so voi mat cat ddu
phéi cna doan a;_y;

Poi» Qois Qoi» Toi--- lan lugt 1& lue doc tryc tap trung, Juc phan bs va cac dao
ham cdc cip cha lyc phan bé ¢ dau tréi doan 1.

Khi E;F;, = const va /; = const v6i moi “i" cac phuong trinh (9-10) va
(9-11) duogc thu vé:

1S.(2)) = (ByL[BT A LSy} + [ByLIBT™.8180) + o+

4 [BLIB 1AIS,nt} + [BllAIS,) (9-12)

(S(a)) = [BTA(Sy} + BT A{S} + o+ [B1.A{Sun! (9-13)

2.2. Dang biéu dién tong

Trong nhiéu trudng hop céc dai hudng cin tinh dudc biéu dién dudi dang
tong lai 1o ra thuan loi hon. Vi vay, khi EF = const v&i moi “i” thi phuong trinh
(9-10) c6 dang téng qudt nhu saw:
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1 D D &
U(z) = AU Dy +P =L+ Aq, —2= +AQ, — 4 9-14
( ) ;( ol * () o EF G i EF i EF ( a‘)
1
N(z) = Z(Pniq)ﬂ +Aqy Py + Ag, @, + AQL D+ (9-14b)
i=
irong dé:

AU = U, — U, 1a bube nhay cla chuyén vi doc truc 1ai dau trdi doan i:

P, 1a lyc tap trung theo phuong z tai ddu trdi doan i;

A AQyi. Ady... 14n luot 1 bude nhay cha tai trong phan bé q(z) v budce
nhay cla cac dao him céc cap cla q(z) tar ddv trai doan i

AQyi = Qoir — Yui-

D&i véi thanh ¢6 cdu tao lién tue (AU, = 0 vé6i 1 > 1). Cdc cong thic tir
(9-10) dén (9-14) cho thay, dé tinh dugc chuyén vi va noi luc thi phai biét rd tat
ca cdc thanh phan vecto A{S,;}du dé6 1a thanh siéu tinh hay tinh dinh. Trong s6
cdc thanh phan cia vecto A{S,;} thi cdc dai lu'c.m%q(,i, Qoiv Qi duoC biét trude
tir di€u kién chat tai, cdn mot trong hai dai lugng U,; vA P,; hoac di biét tir diéu
kién lien két hoac da biét tir diéu kién chdt tai 1dp trung tai mat cat “i-1". Dai
lugng chua bi€t con lai nhan duoc tir diéu kién lién két cia thanh véi méi truong
xung quanh (cac diéu kién bién). Khi sit dung cdc phuong trinh van nang da
thi€t 1ap sdn & trén, trong nhiéu trudng hop khong cdn mét phuong trinh phu nao
d€ xdc dinh A{S,;}, n€u chi mudn xdc dinh ndi tyc, Thuat todn xéc dinh chuyén
vi va néi luc trong cdc thanh dan héi chiu luc ma thanh chju kéo (nén) 13 mot
truong hgp riéng vira gidi thiéu & trén 1a diém tya vimg chic cho viéc 1ap trinh
mdy tinh bing ngoén ngir nao ma ban doc wa chuéng. Lai gidi d&i véi mot 16p
réng céc bai todn bang chuong trinh BK45 cia tdc gia duge vi€t bang ngon ngit
Pascal 7.0 nho thuat todn nay dugce cho & cudi chuong nay.

IV. UNG SUAT CHO PHEP, PIEU KIEN BEN VA CUNG
1. Ung suit cho phép

Pé dam bao su lam viéc an todn, img sudt 16n nhat phdt sinh trong thanh
phdi nho hon gidi han chiu luc cla vat Tiéu. Ta goi gidi han chiu luc nay 1a ing
sudt nguy hiém o,
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Véi vat lieu déo thuong chon gidi han chay lam (ng sudt aguy hiém
G, = ., d€ chi tiét khong bi bien dang qud 1én khi 1am viéc, con d&i v6i vat ligu
gidn thudng chon gidi han bén 6, = og. Nhimg dé dam bao an toan cdn phai han
ché ting sudt 1dn nhit ¢é thé xudt hién trong chi tiét may hoac két cau do ric
dung ngoai gay ra sac cho khong vugt qua mot trj s6 nho hon Ung sudt nguy
hiém. Tri s8 nay goi la Gng suat cho phép.

Ung sudt cho phép duge ky hieu la [o] va duge xdc dinh theo cong thitc:

[c]= ic‘, (9-15)
n

trong do:

o, la tmg sudt nguy hiém, n dugc goi 12 hé s5 an toan vé bén (n> 1).

Muén chon hé s6 an todn mot cdch dung dan cén ké dén nhimg nguyén
nhan din dén su khong an toan cta chi tiét mdy hay két cdu nhu:

- Tinh chat chia vat lién: déo hay gion, déng chat nhiéu hay it. Tinh chat
phan tin cla o, va op tim duge bang thi nghiém.

_ Tinh chit quan trong va thii gian sir dung ctia thigt by va cong trinh.

- Tinh chét ctia tic dung ngodi (finh hay dong, ...} va do chinh xdc cla vigc

" xac dinh chang.

2. Didu kién bén - ba bai toan thudng gap

Muén dam bio su lam viéc an toan khi thanh chiu kéo hodc nén ding tam,
tmg sust trong thanh phai thoa man diéu kién:

N
o, = —* < 0] (9-16)

Diéu kién nay dugc goi la diéu kién bén.

Tir bt ding thifc trén, ta cd thé gap ba bai todn co ban sau day:

a) Kiém tra bén

Kiém tra bén 1 bai todn kiém tra diéu kien (9-16) doi v6i moi mat cit cla
thanh, cu thé 1a:

N
O rmax (min) = 'FZ < [Olkny (9-17)
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trong dé: .

[6]ny - tng sudt cho phép khi kéo (k) hoic nén (n).

b} Chon kich thuéc mdt cdt

Yeéu cdu cia bai todn ndy la xdc dinh kich thudc t&i thi€u cba mat cét
ngang thoa man diéu ki¢n sau:

F> % (9-18)

i+ o " " N - . - -+ T - N N
bé dam bao an toan va ti€t kiém nén chon F xdp xi ty s& ﬁ chirng +5%
o

la du.
¢} Xdc dinh tai trong cho phép
Khi bigt kich thudc mat cat va tng sudt cho phép, cin xéc dinh tai trong
trong truong hop téng qudt 1a tic dung ngoai P 16n nhit cho phép dit 1én chi tiét
mdy hoac két cau. Mudn the phaj cé:
N = f(p) < F(o] (9-19)

3. Diéu kién cirng - ba bai toan thudng gap

biéu kién cing 1a diéu kién han ché bién dang va chuyén vi dan héi doc
tryc cla thanh tuy thudc vao yéu cdu k¥ thuat cu thé cho trude cla timg cdu
kién. Céc bién dang va chuyén vi nay phai nhd hon bién dang va chuyén vi cho
phép: {&] va [u}l.

Diéu kién cting duge dién dat nhu sau:

£ <[g] hodac ug [u] (9-20)
Tir quan hé (9-20) c6 thé riit ra ba bai todn sau day theo didu kién cing.
a) Bai todn kiém tra diéu kién cimg tic 12 ki€m tra diéu kién (9-20).

b) Bai todn chon mdt cdt ngang thod man diéu kién:

Fz E[&T] (9-21)

c) Bai todn chon tdi trong cho phép P: chon ch& d6 tic dung ngoai cho
phép la thyc hién diéu kién:
N = f(p) < EF[¢] (9-22)
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V. CAC Vi DU AP DUNG

Vidul

Mot thanh chiu luc nhu hinh (9-7a). Bang phuong phdp van nang hiy vé
ciic biéu do noi luc N(z2), Chuyén vi u(z), sau d6 kiém (ra bén va citng cho thanh.
Cho bié€t: g = 100 daN/m, P=100daN,a; =l m,a; =2 m, a; =/ =4 m;
E =2.10" daN/m?, F = 107" m’, [6] = 1600 daN/cm?, [u] = 0.1 cm.

[@5171]
Z - a ‘-;__a—? - — e e o a— — ﬁ
A
. dAN, m /
A (
- 275 R ' 125
25 @ /(
Tl | .
b . >
|
A - i
U / '
1,25.107 | J/ i
78 0, L 3914078

t /y -
c)

Pt .
- Foal

Hinh 9-7

Goi R, 12 phan lyc tai ngam trdi, ta ¢é phuong trinh U(z) va N(z) duge viét
theo (9-14) nhur sau:

EFU(z) = R,z —100(z-1)| _, +12£|O(2—~2)2 __q
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N(z) = Rn.-.zu - 10(}\i:2 +100(z —2)\123
U(z= a; = 4 m) = 0, cu thé 1a:
4R, - 100 x 3+ 100 x 2 =0 = R, =25 daN

Thay R, = 25 daN vao phuong trinh U(z), N(z) va V& cic biéu dé nhur trén
hinh 9-7b, c.

Ung suét va chuyén vi 16n nhat Yan luot ja:

Tai mit cat z= a; = 4 m:

5
Omax = —lzj = 12510 daN/m? = 12,5 daN/em? < [o] = 16.10% daNjem’
10

Tai mat cat z= 2,75 m:
U, (z=275=391.10m=391.10 *em < [u} = 0,1 cm
Vay diéu kién bén va diéu kién cling déu thoa min rat tot.

Vi du 2:

Fy= 40 cm’ Fzz-l—F,le
Mot thanh mat cit thay . z . T
d6i chiu luc P = 450 kN nhu < 4%— P* = A
7 [
hinh 9-8. Hay tinh chuyén vi f 4
doc truc tai “1” vh v& biéu Z— 50 cr—>
i 8) 150 ¢m >
do N?
Gidi- HHlHlllLl\llLl_U
) b) lHH HH“WDMN 50 kN
Theo cong thite dang _
ma tran (9-8) trong trudng Hinh 9-8
hop nay n=2tacd:
Z
U,(2) 1 — 0
4EF
1Sy} = = .
N1(2) 0 1 Py,
50 50
* e 0 01
{31(50)} = 4EF | . = AEF
0 1 P(]l Pfll

10- CUDKT _ 145
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U,(2)
{S,(2)} = {NZ(Z) = [B,] [B{1.A{Sy ) + [By].4 {Sp2}
| z—50 1 50 0 1 z-350 0
_ EF | . 4FF | . . EF |.
0 1 o 1 Pu, 0 i 450
* Cw0) [0 (o) [, 1o 0
{52(150)} - EF|.| 4EF|. . 4EF|. =

Giai phuong trinh ma tran pdy ta cé:
P,, = —400 kN, ¢6 chiéu ngugc vdi chiéu da chon.
R, = =50 kN chiéu ngugc v6i chiéu di gia thiét.

N, = —400 kN; N; = 50 kN. Bi¢u d6 N dugc cho trén hinh 9-8b.

* 5
U, (50) = S0 cm

“Vidu 3:
Cho mot thanh chiu kéo (nén) vdi cdc s6 ligu nhu hinh 9-6.
Hay: l)Vé@vé@?
2 Kiém tra diéu kién ciing? Biét [] = 2.107" va [U] = 0,1 cm,
Giai:
Biéu thifc cia U va N theo (9-14) la:

2 4
EF EF 2EF AEF |
i=1 =

(z - 100)°
6

1=

N(z) = Py, } — 100 + 100(z - 100) - 50
1=

U(z=3m)=0 = Py =1L11daN

Bidu d6 N va U dugc vé trén hiuh 9-9.
N 8888 4444

£l = == = = = 0,4444.10% < [g] = 2.107>
mETEF 210007 107




U, |=1,49510"° m=1495.10"" em < [U] =0,1 cm.

Diéu kién cing thoa man,

t2
q=- 1005 +100

100 E =2e10
i 1 F=1e-3
ANy ey (dNm
A I\ . 1 ]-'2
40 11 100 2 3 -
111 ‘ 3
z\._
0 1m Zm im
[=a)
m—.
[r=]
[=a)
AU "
©
wi
= Lt
0
) 1.96m | 3m
Hinh 9.9
Vi du 4:

Mot thanh AB cé d¢ cing E(F, dai /; duge treo thang dimg. Ddu dudi A
duge chéng bang hai thanh xién cling ¢ do cing E,F,, dai {5

Tinh chuyén vi chia diém A khi luc P di dong tir A dén B.

Cong thirc tinh chuyén vi cha diém A thay ddi nhu thé nao néu thay AB
bing hai thanh 6 do cing E| F;; E{F{" (hinh 9-10).
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Giai:

Gei N; 12 néi luc (nén)
& diu A cha thanh dimg.
Tach nit A (hinh _9-11&) ta
c6 phuong trinh can bang:

2N,.cosa. — Ny =0

Pat Al, 1a do bién dang
tuyét déi cha thanh AB va
Al, 12 40 bign dang tuyét
d6i clia thanh xién, ta duge: Hinh 9-10

Aly = Al cosa | .L N,
tfong dé:
Al = Nob o = PU, -x) Ny A
E,F, E,F, Ef

Vay N,/, =(P(Il—x)_N111].cosa

E,F, E,Ff, EJF

Thay N, vao phuong trinh can bing ta co:

F
2‘_1_‘52_1:& AP, - %) - lel]_mSZg, -N; =0

1+2—I'—‘-ELFA‘0052(1

L EF _
Mang N, vao Al} 1a s& dugc chuyén vi U, cla diém A: Hinh 9-11
P, — x)
{ ]E F ®
E,F,[H 02272 cos? a]

f EF

UA:

Khi thay thanh AB bang hai thanh cé do cimg khdc nhau, ta phai tim do
ctmg tuong duong. Bing céch so sdnh bi€n dang, ta dugc 4o cing tong duong:

(EF)y = B F'| + E"F (b)
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Thuc vay, d6 bién dang tuyét d6i chia thanh phai bang nhau:
NY N
E'F, EIF
_ (N} + N _ Nl
E\F + EF] (EF)y

Nhung N; + N; = N, nén ta ¢6 quan hé (b). Do dé cong thic (a) khong cé
gi thay déi, néu E,F, dugc thay bang (EF)y,.
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CHUONG 1 n
#

XOAN THANH THANG

1. DINH NGHIA VA KHAI NIEM
i thanh mi trén Mol mat cit ngang chi cd

Mot thanh chiu xoan thudn tuy |
M, (con goi la momen xodn

mot thanh phin néi luc 13 ngiu lyc xoan c6 momen
noi lyc quanh truc 2).

Cac chi tiét chiu xodn duge cho trén hinh 10-1.

i

Rl

o
_I/“J *‘9/
FLd [

3¢ ‘r er!{I_Ji

Hinh 10-1

Trén hinh 10-2 11 bifc tranh bi€n dang ciia thanh tron chiu xoan.
dugc cho boi thong s6 van 16¢ n

Khi tac dung ngoai dat lén cic tryc quay
a1 tdc dung 1én truc quay dudc

(vg/ph) va cong suit N (W) thi momen X04n ngo

quy déi theo cong thie:
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M:9,55£\l. Nm (10-1)

n
Néu cong suat do bing m luc thi cong thic trén ¢6 dang:
N
M=7162—, Nm (10-2)
n
|
r |
) x4

2

Hinh 10-2

IL UNG SUAT VA BIEN DANG

1. Cac gia thiét tinh toan

e Tip hop cdc chal diém trude bign dang nam trén mat phing vuong géc
véi truc thanh, & rang thdi mén dang vAn nim trén mat phang vuong goc vol
truc thanh. Van tat hon, cac mat cit ngang ludn luon phang, vi bién dang bé nén

Khoing cdch gilta cic mat cit ngang coi nhu khong thay dot.
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e Tap hop cdc chit diém trén mat cit vuong géc voi truc thanh la hinh
phing rén tuyét doi, cu thé hon la cdc bén kinh cha mat cit ngang ludn luén
thing, c6 do dai khong ddi va 1am thanh nhitng goéc khong d6i trong qué trinh
bién dang.

2. Ung suat va bién dang

Theo cdc gia thiét ndi trén thi cdc mat ¢t ngang cia thanh (hinh 10-2) chi
¢6 bién dang trugt. Khi d6 bén kinh p tai diém C cia mat cdt bi xoay di mot géc
de, diém C trén mit cét rdi t6i vi trf Cy. Do do trén mat cit ngang (vudng goéc
v6i truc z) chi ¢6 ting sust tiép T, (mg sudt nay vuong goc voi ban kinh p tai C.

Goi v, va T, 12 gbe trugt (do trugt tuong d61), tmg sudt trugt tai di€m C
(ting véi ban kinh p), de 1a gée xodn tuong ddi gidta hai mat cat chi edch nhau
mot doan dz. Ta thdy (hinh 10-2¢):

CC, _ pdo
=1 = — = — a
Yp = 1&Yp DC qz (a)
Theo dinh luat Hdc vé trugt thi quan hé t = f(y) la:
do
1,=Gy,= G— b
o Yo 4z p (b)
Khi thu gon he tng suft {t,} vé tam mat cat ta dugc:
Jpr,dF =M, (c)
F

K& dén (b) thi cong thic (c) trd thanh:

dp r 2. _ ~do o _
Gajp dF-GE;JP—Mz (d)
F
"Tir (d) ta c6 géc xodn ty d&i 6 nhu sau:
M
g= (;—qz) = G_.TZ (10-3)

p

Jp = IpzdF trong (d) va (10-3) duge goi la mémen quén tinh doc cuc cua
F

mit cit ngang.

P4y 1a phuong trinh vi phan theo chuyén vi géc xoén ¢(z).
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Khi thay (10-3) vao (b) ta dugc cong thifc tinh Ung sudt tiép tai mot diém C
bat ky trén mat cat ngang:

= —Lp (10-4)

Cong thite (10-4) cho ta thdy tng suét 1i€p phan b6 theo quy luat bac nhat
doc theo ban kinh p. Khi p = R, (g suét cé gia tri 1n nhat:

M M

Tmax = Jz = W’ (10-5)
) p
R

trong do:
R - ban kinh mit cit ngang cha thanh;
- J/R - momen chéng xodn cha mit cit ngang clia thanh (don vi I3 m?‘).

IIL. CHUYEN VI, NOI LUC VA PHUGNG PHAP XAC PINH CHUNG

1. Céac quan hé co ban giita chuyén vi, ndi lyc va tai trong ngoai

Ta hiay khao sdt diéu kién cén bing clia mo6t doan thanh cé chidu dai dz
(hinh 10-3a,b). K€t qua coa viéc khao sdt cin bing va cdc dao hiam lién tiép sau
do cho ta quan hé (10-6). Bang cich dao ham lién ti€p theo z hai vé€ phuong
trinh (10-3) ta nhan duoe quan hé (10-7)

do M,
"AM, = ]f\fI“l E G.J
ipi
2
L (10-6) de _ m,() (10-7)
dz ' dz? Gl
anz _ (1) dn(p _ {n—Z)( )
— e m @ " =
dz dz _ G;J

Y pi

w7

_a.,m,,)/ X
MU|>0

M, + AM,>0

Hinh 10-3
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2. Phuong trinh van nang cha goc Xx0an ¢,(z) va moémen
ndi lyc M (2)

Céc guan hé (10-6) va {10-7} hoan toan tuong ty todn hoc nhu cdc quan hé
(9-3) va (9-4) trong bai todn kéo (nén). Vi thé thay cho E;F, U, N;, P 92)
ciia bai todn kéo (nén), ta phai 14y tuong Ung la Gijpi, Pipe Mipe My, m(z). Tuong
ty cdc phép bién déi da lam trong bai todn kéo (nén), trong truong hop nay khi
quy udc dau duong ¢clia ngoai lye xodn M; va m,(z) nhy hinh 10-4 va do sy

trong ty ndi trén trcong thife (9-10) dén (9-14) ta ¢d:

* m;{z) > 0

z
4
Hinh 10-4
2.1. Dang ma tran
(5.2} = [Bal 1By} [BiRALSo T+t IB,|.A!Son} (10-8)
(S5 (a) ) = (B [Brcyl o B LASI) 4% B A[Sel (109

Khi f, = const va Gyl = const vt Vi, cdc quan hé (10-8) va (10-9) c6 dang:
1S.(2)} = Byl B A Sy ]+ + Bl ALS
n*( )} ] nl t* nl { tH L n] {!n} (10_10)
(Sha} =B ASy )+t |B,1-A(Soat
Trong cdc cong thic ten day [Bjl, {Si(z)}. A{Sp,} 1an luot 1a:

AlSut = (B0 My » Amgi(z), Am’ni(2), Amyi(2), .y (10-11)

154



IlBi] ~ i pi itpi i pi (10-12)
0 o o P>

(S(n)) = 1S = J[‘b"”‘)} (10-13)
M,(z)

2.2. Dang biéu dién tong

S .0 ¢ 9
a) @ (2) = AD: +M-—'—+Am-—1'—+Am'-—'—+--- 10-14
1) QolZ) Z{ Poido Di al, Uy 0i G, } ( )

i= P
b) My(z) = Z(M;H‘bn + Amgiy + Am'g ¢y + Amids + - )
i

v6i 1 = const va Gl = const, 7.

1v. prEU KIEN BEN - PIEU KIEN CUNG

1. Pidu kién bén - Ba bai toan thudng gap

Tuong tu két qua (9-17), (9-18), {9-19) dgi véi bai todn kéo (nén), trong
truding hop bai todn xodn ta co ba bai todn sau day:

a) Bai toan kiém tra diéu kién bén:
MZ

W

< 1] (10-15)

Tmux

Trong (10-15), {1} dugc goi Ja tng suat ti€p cho phép.
h) Bai todn thiét ké

M F3
W,z —— (10-16)
[t

M,
D=3 : (10-16a)
02110l = n*)

trong déon = D' d va D 1a dutimg kinb trong va ngoal cua mat cit, n =0 ung vii

Cu thé hon:

thanth ¢6 mat cdt tron dac.



c) Bai todn chon tdi trong cho phép
M, £ W] (10-17)
Mémen xodn noi luc M, trong (10-17) 12 ham xic dinh theo tai trong
ngoai.
2. Piéu kign ciing - Ba bai toan thudng gap

Néu goi [6] v (@] 1a gbc xodn ty doi va gdc xoin tuyét d&i cho phép ciia
thanh thi tuong tu thanh chiu kéo (nén) ta c6 ba bai todn sau day theo diéu kién
cuing:

a) Bai toan kiém tra diéu kién cung

Opax S [B] VA& Q@ = [p] (1C-18)

b) Bai todan thiér ké

M
J oz —= 10-19
P Glel ( )
= 4 MZ
Cu thé hon: Dz 2 (10-20)
' 0,1[8]1.(1-n")G

c) Bai todan chon 1di trong cho phép

M, = f(P) < GJ,[0] (10-21)

V. XOAN THANH MAT CAT NGANG KHONG TRON

1. Thanh mit cat ngang chir nhat <1

D6i véi cdc thanh c6 mat cdt ngang 2

khong tron, sau khi bi xodn cdc mat cét
khong cdon phéng nita ma bi venh di.
Nhitng nghién ctu sau hon cha co hoc vit
rin bign dang cho thdy trén mit cat

——

ngang chia thanh cling chi c6 Ung sudt

ti€p. DSi v6i thanh mat cat ngang chl

«— 3

nhat, luat phan b6 ing sudt ti€p dugc
biéu dién trén hinh 10-5. Hinh 10-5

156



Ung suit & cdc diém bién clia ma cat phan bd khong déu doc theo chidu
dai clia cdc canh. Diém gitta ctia canh dai ¢ fing sudt ién nhit T, Cu thé 1a:

- Ung su4t ti€p 1on nhat trén canh dai:

Ty = Tmax = ;[l:? (10-22)
- Ung sudt ti€p 10n nhat trén canh ngan:
= 7T, (10-23)
- Géc xoin tuong ddi:
0= M, S (10-24)
G.Bab’

Céc hé s6 o, 7, B phu thude vao ty 56 a/b va dugc cho trong bang 10-1.

Bang 10-1

alb 1 1,5 | 1,75 2 2,5 3 4 6 8 10 o

0.208 | 0,231 | 0,239 { 0,246 | 0,258 0,267 | 0,282 | 0,299 | 0,307 | 0,313 ] 0,333
B | 1,141 0,196 | 0,214 | 0229 0,249 10,263 | 0,281 | 0,299 | 0,307 [ 0,313 0,333
y | 1,000 | 0,859 | 0,820 | 0,795 0,766 | 0,753 | 0,745 | 0,743 | 0,742} 0.742 0,742

5. {oAn thanh thanh mong

Trong k¥ thut (nhat 1 k¥ thuat hang khong, k¥ thuat déng tdu) ngudi ta
thutng dung thanh thanh mong. Ly thuyét thanh thanh mong (vi du clia Vlaxov)
cung cp cho ta ddy di nhdt cich x4c dinh su ing x{r cha cic loai thanh nay dsi
véi nhitng vat liéu khac nhau.

a) Thanh cé thanh mong kin (hinh 10-6a)

Khi bi xodn, trén mat cat ngang ciia thanh chi ¢é tng sudt ti€p phan bs déu
theo chiéu day cna thanh. Ung suat tai mot diém bt k¥ A cha thanh duge cho bi:
— M Z

IF b,

trong d6: b, - chiéu day cba thanh tal A;

Ta (10-25)

F - dién tich gi6i han bdi dudng tam cha thanh (con goi 1a dudng chu
vi trung gian S cta thanh).
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Géc xodn ty dsi c6 cong thic:
M ds
0= —4 9 — (10-26)
AGF™ § b
trong do:

C_f - tich phan theo duong cong kin S.
S

b) Thanh cé thanh mong ho

Gia slr mat cat ngang cua thaph gém nhiéu chi nhat manh ghép lai (hinb
10-6b). Ky hiéu a;, b; la bé dai va bé rong cta dai chir nhat thif i. Ung sudt tiép
19n nhat tai diém gifra canb a; duge tinh theo cong thic:

M
Tmax = ']szi (10-27)

A

PR

trong do:

m!»--

z (10-28) / gian a; &

--F, s

1 - he 56 dién chinh duge cho o3 -
trong bang 10-2. b)
Hinh 10-6
Bang 10-2.
M3t ¢ét ngang n
L 1,00
L 1,20
T 115
C 1,12
Géc xo4n 1y 81 o cong thire:
M
= —% (10-29)
Gl

Néu mat cat ngang 12 mot dai cong thi khi tinh ting suat va géc xodn ty doi
duoc coi nhu mot dai chit nhat ¢é chidu dai bang chu vi.
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VI. CAC Vi DU AP DUNG

Vidul:

Cho mot truc chiu xoan nhy hinh 10-7a. Hiy x4c dinh dudng kinh d cua
truc, néu [t} cua vat liéu truc 1a 2000 Nfcm

Giai:

Tir bidu dé momen xoan noi luc, xéc dinh biang phuong p
ho thay mit cat nguy hi€m thudée doan AB

hdp mat cit hodc

van nang duge cho trén hinh 10.7b, ¢
cé6 M, = 200 Nm.

M’ =200 Nm szmimm
N Vevuvsva¥aL arn”
a) / 200 N /m{ﬁn
HH 2l 11
@ \u LN 100
Hinh 10-7

Theo cong thic (10-16) ta cb:

0,2d" > —=
(1]
hay:
3 Mz
Y 0.2(1]

3
= _2@90_. = 4,7 om
0,2.2000
Viduy 2:

Hay viét biéu thiic gidl tich, v& cdc bieu do chuyén vi va néi luc dsi véi
thanh duoc cho trén hinh 10-8a. Sau d6 kiém tra xem diéu kién cfmg ¢é dam
bao khong? Bigt [6] = 0,10%m; G = 8.10'" N/m% J, = 937.5.107" m*

d=
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57 3000 / 1000 7 (Nm)
e , 7 6= 8e!
4 L 2 3¥ sp=9375.4070
e—— 7 ——»
e 5 o
a} 7.5 »
& A
o -
LY
N T
> S
\\ g
N Lt
)
b) AN
\
A M,
‘ 1178.10° «
“:" : 2
1,778.10
0 1 2 3 z_
c":o «:(2
i o
& ]
o -
g \
c) /
Hinh 10-8

Biéu thic clia chuyén vi @(z) vd momen xoan nd1 lyc M(z), trong trudng
hop nay dugc thiét }ap theo (10-8) hoac (10-14), cu thé la:
2 3

GI,0(z) = Mg, .2+ 500% - 250;‘3—I +3000(z - 2) +

i=1
z-2)

3

+ 250

~ 1000(z - 5)|._,
i=2

(z-2)°

+ 3000 + 250

2
M(z) = My, + 500z - 250?—{

— 1000 i

j.=1 ]:2
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trong d6 M, 12 phan lyc xoan lai ngam trai z = 0 vi dugc xdc dinh tlf diéu kién:
o(z = 7,5) = 0. Giai phuong trinh nay, ta cd:
M, = —2322,22 Nm
Thay My, vio cdc biéu thitc 9(z), M(z) v v& cdc biéu do cha ching nhu
trén hinh 10-8b, ¢. Theo dinh nghia:

o=
G,
3
Do do: Bmex = M, - :211}321'10 - =0,18"/m
GJ, 8109375107
Omax > [0 ]

Vay diéu kién cing khong dam bao.

Vidu 3:

Dé xdc dinh cong sudt tuabin hoi nudc, ngudi ta do géc xodn clia truc trén
mot doan chiéu dai 5 m. Pudng kinh ngoai clia truc bang 25 cm va duong kinh
trong bang 17 em. Van tc quay n =25 v/ph, G = 8.10° Njem®.

X4c dinh cong sudt clia tuabin, biét géc xofn do duge la 17, Tinh tng sudt

16n nhat trén mat cit ngang.

Gidi:
T M= 974000~ rirra: W= M.n
n 974000
: ¥) Gl
Tix cp=Mz ritra M, = il
Gl, I
Gl n
974000.f

Ta quy d8i géc xoan do dugc ra rad:

0= ——L =001745 rad
180

vi momen qudn tinh cuc:
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Y

I,=0,1.D%1 - a®y =0,125%, {1—[;] } = 30700 cm

Thay vae biéu thiic clia W, dugc:

6
W= 0,01745.8.107.30700.250 — 2200 kW
974000.500

M, .
va Ty = —= = 974000.220 = 3500 N/cm®

W 4
P 0,2.253[1—[5] }250
25

- Dong co dign A truyén sang puli 1 cua truc [ cong suat N; = 20 kW; cic
puli 2, 3, 4 nhan dugc cdc cong sudt Ny = 15 kW, N3 =2 kW, Ny = 3 kW; cac
puli 5, 6, 7 clia tryc nhan dugc cdc cong sudt N5 =7 kW, Ng =4 kW, N7 = 4 kW
(hinh 10-9). X4c dinh dudng kinh cla hai true, bigt: [1] = 3000 N/em®,
0] = 0,25"/m, D = 200 mm, D, = 400 mm, D, = 200 mm, D; = 600 mm,
G = 8.10° N/em?.

- Vidu 4

Van tdc gée ca truc dong co la n = 1000 vong/phut.

=f N2
MiNS - m::TNB :_'_. Ll
L x X » ® J@
7 & 7777 '—L—__-.l E Varcia
'=‘| T':-"'1 EN
Lt | - —
[ X % X 1 @
777 = st E
= =
%
— (v}
S

JTITT7T7777 0 77777

Hinh 10-9
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Gidi:
S§ vong quay cua truc [ 1a:
D 200 _ <
0, = n— = 1000- == = 500 vg/ph
'" b, 400 &P
Van 18¢ goc la:
nn, _ 3,14.500

0 = = 53,2 rad/s
30 30
Theo cong thiic tinh momen tic dong 1én puli theo cong suat N ta co:
_ NKW)
®
3
ta dugc: M, = 20307 382 Nm
52,3
3
M2= 1510 =286 Nm ;
52,3
3
M, = 2100 38,2 Nm
52.3
2
M, = 310 57,8 Nm
523

Theo biéu d6 momen xoan cua truc 1 (hinh 10-10a), ta cé:
M, .. = 343,8 Nm = 34380 Nem

Puong kinh truc theo diéu kign bén:

3 3
M [
d, > — . = —————34380 =3.85cm
0,2.01) 0,2.3000

Theo diéu kién cliing:

4
d, M, =4 0. 5,7‘364380 56 em
0.1.G[0] ™ 8.107.0,25

80

S6 vong quay truc I lan, = 500- —2%% = 167 vong/phut,

Wy = 3'12867 = 17,5 radfs
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Momen tac dong 1én cdc puli la:

3
M, = 13107 _ g56 Nm
17.5
3
M; = 219" _ 400 Nm
17,5
3
M, = 4100 528 Nm
17.5
286 .
343 8 400
57"’H|||1|M H\/ \
. NABREEE '
a2
a) [m | b) 228

456

Hinh 10-10

Theo bi€u d6 moémen xodn cla truc 11 (hinh 10-10b}, ta co:
M, = 45600 Nem

Pudng kinh truc theo diéu kién bén la:

3
4> 2000 495 em
023000 -

Theo diéu kién cimg:

\
42 10, [>T 59 o
8.10°.0.25

Vay dudng kinh truc 1 chon theo diéu kién cing: d; = 5,6 cm.

Dudng kinh truc Il chon theo diéu kién cing: d, = 5,9 cm.

Vidu 5

Tinh (g sudt T,,, tai c4c diém A, B vi goc xodn ciia thanh dai 2 m c6

thanh mong kin bi xodn, mat cat ngang clia thanh nhu hinh 10-11. Momen xoén
M, = 2.10% Nm. Vat liéu gang c6 G = 5,2.10'" N/m?,
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Gidi:
Dién tich gidi han boi duong tam clia thanh:
F,=(04- 0,001).(0,2 - 0,03}

= 0,0663 m’ c
Ung sudt tai A fa: § M,
2.10° 6 2 i /1“_\
th= —ome—— = 5.10° N/m i 2
2.0,0663.0,03 _1“ .
) £ b -
Ung suat tai B 1a: N | s 2 bi 2= 001 m
2.10° . & B
Tg = =15.10" N/m
B~ 2.0,0663.0,01 fmt L 3
4 %)
Géc xoin cla thanh: 04m
M 5 a g
(p = . 1 = z ’:'2 d Ei:
4GF 2 5 b Hinh 10-11
M, . ds ds ds ds
= o e =+ | —+ j —
4GF Nl TREPSCE L R b by 4P
2.10%2 039 . 017
= M 2 '[2 ' ¥2 ]
45210 (0,0663) 0,03 0,0}

~ 2,62.10 " rad

VIL TiNH LO X0 XOAN OC HINH TRU BUGC NGAN
L& xo 1a mot chi tiét duge sir dung rong rii trong k¥ thuat, vi du trong cac

bo phan gidm chin, cdc thiét bi bio vé clia cdc mdy chiju 4p luc 16n.

Hinh 10-12 biéu dién mot 10 X0 x0an 6¢ hinh tru bi kéo boi lyc P voi:
P

- h 12 budc cha day 10 X0
- d 1a dudmg kinh day 10 xo;
- D Ia dudng kinh trung
binh cua vong day 10 xo;
- o 13 goc nghieng cua

la
Truc 16 X0 P

cdc day 10 xo;

-nlasd vong day 1o 0. a) P Hinh 10-12
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D¢ don gian viéc tinh todn, ta gid thit:

1. Géc nghiéng o rat bé. Dicu nay chi diing khi h < —1% :

2. Dudng kinh d cla day 16 xo vdi dudng kinh trung binh D cla 15 xo thoa

e D
min didu kien d < —.

1. Ung suat

Ta tudmg tugng cit 1d xo bang mot mat phing chifa truc cua 1o xo va-vuong
goc véi day 1o xo. Xét su can bing clia mot trong hai phin do, thi du phdn trén
{hinh 10-13b).

Véi Id xo bude ngan, ta ¢ thé coi mat phang cha ti€t dien day 10 xo tring
véi mat phang chita tryc. Pé can bing vai luc kéo P, trén mat cit day 16 xo phai
xudt hién hai thanh phin noi lyc la luc ¢t Q va momen xodn M,

D
Q=P M?. =P —
2

Lutc cat Q sinh ra (mg sudt 1i€p tq cling chiéu v6i né. Mot céch gan ding,

ta xem \ng sudt ti€p 1 phan bé déu (hinh 10-13a):

O

TQ = (10-30)

- ‘Truc 16 x0
&“‘ |
a=p |
f a
X
—/M = PR

a)
b)

Hinh 10-13
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Momen xoin M, sinh ra tmg suflt tiép 1. Vi géc nghiéng o rat bé nén ta
c6 thé tinh theo thanh trdn thang: '
M

Tp

7

T = P (10’-31)
Ung suat 1y c6 gid tri 16n nhat tai- nhing diém trén chu vi mat ¢4t (hinh
10-13c): _ '
max M, _ 8PD

™M =
i
Wp n.d

(10-32)

Theo hinh (10-13¢) ta thay, diém K mép trong cha ti€t di¢n (tuc la tai diém
nim gan truc 1o xo) ki diém nguy hiém vi hai img suét ti€p thanh phdn cing
chiéu. Vay ifng sudt tiép tong cong dat gid tri 16n nhat la:

o . _ 8PD 4P
fm = M RO nd’ ' nd?
hay:
T = &?-[1 +1} (10-33)
nd 2D

Trong thuc 1&, dudng kinh clia day 10 xo thudng bé hon ral nhieu so véi
dudng kinh trung binh ctia 1o xo (theo gia thiét 2 thiti s6 — < 0,1), do dé ta
¢6 thé bd qua s6 hang th hai. Khi dé ta cé:

8FPD

ﬂ:.d3

T = K - (10-34)

trong d6 K, - hé s6 diéu chinh, ké dén anh hudng cia lyc car Q va anh hudng
clia do cong vong day 1o xo, ké dén su phan bg va gid tri cla (ng suat ti€p do
mémen xodn M, gay ra.

Céc tri 56 clia K, duge cho trong bang 10-3.

Bang 10-3

K, |206|158| 14 [131]125|12111181161,14;113|1,12| 1

K, |1,421,11(1,09{1,08| 1,07 {1,06{1,05/1.05]1,05]11.04| 1,04 | 1
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- Trong trudng hop mit cat ngang
diy 10 xo 1a hinh chir nhét ¢(hinh 10-14)
thi do chi k& dén dnh hudng clia moémen

xoin nén coéng thic tinh 1, $& cé dang
sau:
M,  PD

T =
Wxnén 2oab

max = (10-35)

2

Muén 16 xo ddm bdo d¢ bén thi ing

suat ti€p 1dn nhdt trong 16 xo khéng duge
VgL qua tng sudt cho phép, tirc la:

Toax S [7]

Hinh 10-14

2. Bién dang cua o xo

Goi % 14 d6 gian hay co cua 1o xo do luc P giy ra. Cong clia ngeai luc trén
bién dang dé la:
A= 1 P (10-36)
2 -
Cong nay chuyén hod thanh thé nang bién dang dan hdi U tich luj trong 1o
xo. Néu bo qua anh hudng cia lyc cit Q thi:
M:
U= —2 (10-37)
2GJ,

Theo nguyén 1y bao toan nang lugng, ta co:
A=U (10-38)
Can bang cong ngoai lic va the nang v6i chd ¥ / = nnD (n 1a s6 vong day [o
xo) vaJ, = nd*/32, 1a tinh duge do gidn (hay co) A cia 1o xo:

3
A= 8PD4“ (10-39)
Gd
p
hay: A= C (10-40)

gl
T

rong do: C= goi la do cung cha 1d xo, don vi 1a N/mm, N/cm.

n
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CHUONG 1 1
UON PHANG

1. PINH NGHIA VA CAC KHAI NIEM CO BAN
1. Binh nghia

* Thanh chiu uén thudn tuy khi trén mdt cdt ngang chi cé mot thanh phdn
néi lire la ngdu luc uén cé mémen la M, %0 hodc M, =0.

Thanh bi uén thuong duge goi 1a ddm (hinh 11-1a, b, d).

2. Cac gia thiét tinh toan

a) Mdt cdt ngang cua thanh luén luén phdng va vuong géc véi truc cita
thanh trude va sau bién dang.

b} Cdc the doc khong 6 tdc dung tuwong hé Ién nhau.

Khi thanh bi udn cdc thé doc & phia 16m bi co lai trong khi cic thé doc &
phia 16i bi gidn ra. Thé khong co, khong gian duge goi 1a thé trung hoa. Tap hop
cdc thé trung hoa goi 1a 16p trung hoa. Ldp trung hoa phan cdch phdn bi kéo va
phdn bi nén cha dim. Giao tuyén giita 16p trung hod vd mat cat ngang cia dim
dugc goi la duong trung hoa hay truc trung hod. Giao tuyén giita mat phang tai
trong va mat ct ngang 1a dudng téi trong. Ta chi nghién cifu nhitng ddm ma mat
cat ngang ¢6 it nhdt mét tryc d6i xing va dudng tai trong tring véi truc déi
xiing d6 (hinh 11-1c).

IL. UNG SUAT VA BIEN DANG
Cdc gia thi€t néu trén dugce rit ra tir thye nghiém va cho phép két luan rang:

* Trén mdt cdt ngang cia thanh chiu uon thudn tuy chi xudt hién ing sudt
phap.
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ELAR ALY
|
1t o

Hinh 11-1

Hiy xét mot doan thanh gi6i han béi hai mit phing vuong géc vi truc
thanh cach nhau dz. Sau bién dang doan thanh bi uén cong, hai mat cat giao
nhau géc do. Goi p 12 bin kinh cong cia 16p trung hod. Vi céc thé cua 18p trung
hoa khong co, gidn nén chiéu dai cia né van bang dz (hinh 11-1¢), nghia la:

dz = p.de

Bay gid xét mot thd nao d6 cich 16p trung hod mét khoang y, sau bién dang

né ¢é chiéu dai:
dz + Adz = (p + dy).do
Theo dinh nghia, bién dang dai tuong déi cua thd d6 la:

170



_ Adz (p+y)dp-pdo _ Yy
dz p.do p

Theo dinh luat Hie ta cé:

c,=E.&g = E-% (a)

Luc tic dung Jén mot vi phan dién tich dF la: ¢,.dF.

Téng mémen céc lyc tic dung ién toan mat ct la:

’ E E
M, = jc.,__y.cu: jE .y-dF = j—-yz g =E [y*dF = —=-J, ()
Tt (b) do cong ciia dam chiu udn duge xic dinh:
I M,
- == (c}
p El
Thay (c¢) vio (a) ta c0 ing suit tai mot diém trén mat cat ngang:
o, = M, 'y (11-1)
I

trong do:
M, la momen clia ngau luc udn;
I, 12 moémen cip hai cia mat cit ngang d6i véi truc X 1a truc quén tinh
chinh trung tam (truc qua trong tam clia mat cat va cd J,, =0);

y 14 khoang céch tir diém cén tinh Gng suét 1éi tryc trung tam X.

Khi bi udn tryc cla thanh khong bi co, gidn nhimng bi uén cong di. Truc
thanh khi udn cong goi 1a duting dan héi cia thanh (hinh 11-2a).

Chuyén vi dai cia mot diém c6 thé phan tich thanh hai thanh phidn: mét

thanh phidn song song vGi tryc thanh ban ddu, mot thanh phin vudng gbc vai
truc cua thanh.

Vi bién dang bé nén cd thé coi chuyén vi cla méi diém la thanh phan
chuyén vi theo phuong vuong géc vdi truc clia thanh. Chuyén vi nay goi 1a do
vong v = v(z) tal mot diém cia thanh. Do vong phu thudce hoanh d¢ diém d6.
Nhu vay phuong trinh dudng dan héi ¢6 dang:

v =%2)
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Vv 1‘ Puong cong tiép tuyén tai A
/ P
!
le——————— -7
:pfl’
Ao i) B z
A ﬁ e — L ——— .
“ v v(z)
By
a) - / >
' Budng dan hoi
1
p M<0
- LA )
M 1
— <0
...1_- 3 0 P
o]
b) >
0 z

Hinh 11-2

Ti€p tuyén clia dudng dan héi tai mot diém 1am vdi truc thanh ldc ban dau
mot goc (goi 12 chuyén vi géc hay 1a gée xoay cla mat cat ngang tai diém d6).
Ta thdy: _
(P“tg(f-’:g% =V’'(z) (11-2)
nghia la:

* Khi thanh bi bién dang uén, géc xoay cua mdt cdt ngang bang dao ham

bdc nhdt theo z cia do véng.

Quan he (c¢) cho thay khi thanh bi u6n thi do cong cua dudng dan héi cia
truc dam la:
1 M

—_ X

p EI

Mat khic, cong thitc xdc dinh d cong clla mot dudng cong phang da bigt
trong hinh hoc vi phéan la:
1 v

0
P 1+ VY2
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So sdnh hai cong thie trén ta dugc:
A _. M

— =%
1+ VY :

x

D6 13 phuong trinh vi phan (PTVP) tdng quét ciia dudng dan hoi.
Theo cach chon hé tryc toa do gido trinh nay thi M, va V" luén luon cting
d4&u v6i nhau. Phuong trinh vi phan dudng dan héi ¢6 dang:
VH Mx
%
a+v2y2 Bl

Thuc t€ k¥ thuat khong cho phép cic cong trinh hay chi tiét mdy bj bi€n
dang nhiéu, vi thé€ goe xoay thudng rat bé, cé thé bd qua V°2 50 v6i 1, thanh thu
phuong trinh vi phan ctia duong dan héi cé dang gin ding nhv sau:

2
Vi (z)= d——\{ =+ —= M" (phuong trinh Bernoulli - Euler) {(11-3)
dz EJX

{I1. PHUONG PHAP XAC DINH CHUYEN V1 V(z), 9(z) VA

NOI1 LUC M(z), Q(z)

Phuong phdp van nang va cdc cong thitc thuat todn cua né da dugc gidi
thiéu va thiét 1ap can ké & chuong 9. Phwong phdp nay cho phép tinh todn tat ca
céc loai thanh chiu bién dang dan héi ¢ mat cit thay d6i, ché do chat tai va lién
k&t tuy ¢ ca vé s6 lugng va thé loai. Nhiém vu co ban clia co hoc vat rin bién
dang ndi chung va cua sitc bén vat lieu ndi rieng 12 xdc dinh truomng chuyén vi
va noi luc trong hé do tac dung ngodi gay ra. Dam chiu uén ngang phang duoc
nghién cifu trong chuong nay la mot truong hop rieng clia cdc thanh dan hoi
chiu lyc nd1 trén. Pé xdc dinh noi luc va chuyén vi cia ddm chiu udn ngang
phang ching ta cé nhiéu phucng phép khdc nhau dé giai quyét hai nhiém vu
trén. Trong muyc nay ching ta s& ap dung cic cong thic thuit todn cla phuong
phap van niing vao trudng hap dim chiu uén ngang phang.

1. Nhic lai cac lién h2 vi phan giira ndi he, ngoai lyc va chuyén vi

Khi ky hién V(z), @(z) la chuyén vi thing theo phuong y va chuyén vi géc
quanh truc x, M,(z) va Qy(z) 12 momen udn quanh truc x, lue cit theo phucng y
thi c4c lién hé vi phan gilta cdc ndi lue, ngoai lyc va chuyén vi vdi nhau trén co
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«& khao sat diéu kign can hing cdc nhin 16 trén hinh 11-3ab va dao ham lién

tiép cdc quan hé (1 1-2), (11-3). Cac quan hi¢ nay la ahu sau

av
AQ; =Py — =¢(Z)
dz
2
AM. = Mo &V _ M@
dz* EJ
d a'v z
dz (11-4) dz’ El
] 11-5
M@ v _ 9@ (1=
dz 74 EJ
d’M
= =4q(2)
dz

Hink 11-3
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2. Dang ma tran

Vi cach xay dung cong thiic th it toan hodn t
9, trong muc nay cong thic cu
cdc cong thifc 1 (

oan tuong ty nhu o chuong
a cac dal lugng cdn tinh vin gilt nguyen dang cla
9-10) dén {9-14). Su khdc nhau 1a s6 luong va ¥ nghia vat 1y

ctia céc dai lugng can tinh, cu thé lachinh 11-3):
.

[B,], Si(z), ASy; trong trudng be, nay co dang:

R S TR 7 |

Vi(z) o EJ, BJ,  EJ

—> 0{(2) - ¢ ¢ ¢

S(z) = =0 B4 I & A i 11-6

@ M@’ | b EJ, EI EJ (11
Qi(2) 0 0 o & b2

LO ¢ 0 b ¢
g o ~ * + 1 T M
ASy; = { Vair Puis My « Poi» Qo 4 0i 9 i v} (i=1,n)
—
Sn(z) = |Bn1

B | 1By | B A5 + 1B [Bos| [Baa] - (B3] 4502+
4+ 1B, ASo (11-7)
> ol Lo . g > N . N
Sp(ay) = |Ba| Ba-t Bn—z""~Bl~'ASOI + \By| [Ba| [Bn-2 -‘-le‘-ASnﬁ'
+oo+ B’; .Aézn

3. Dang biéu dién téng

Trong trudng hop {, # hang va EJJ; = hing véi moi “i”

i, cdc dai lugng can
tinh la chuyén vi thing V(2), chuyén vi géc 9(z), momen uon M(z) va lue cét

Q(z) tai hoanh dd z thudc doan i ¢6 dang dudi day, khi ky hidu AV, AQgy 14

4 it kJ - - - q - Fa : . * . A
budc nhay cha do vong va goc xoay o ddu trai doan i, con My, Py; 1a momen

va lyc tap trung 6 “01™

n

« &y R byg ' Qs
Viz) = AV b + Ay + My —= + Py — + AqQ—— + Ag =+
(z) 1}::1‘[ nido + AQyid; oigy T Oy qEJ gat! £l

n

* ¢'l ¢2 ¢"§ l¢4
)= A ; +M.._+P,__+A T A =4
{2} EI( Poido 0i gy 0i gy qEJ q El
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b1
M(z) = Z(M{)i¢(l + Pyt + Agida + AQp;i®a +) (11-8)
i=

Q) = Z(Pniq’n + Aqpiby + Adpidy + Ad0ids + )
i=1

Aqyi» Agoi» Agp--- 12 buéé nhdy cha tai trong phan b6 q(z) va budc nhdy cla
cac dao ham cédc cdp cua nd o Ok

Nhu da gidi thiéu 0 chuong 9, dé xdc dinh chuyén vi va noi luc bang cic
phuong trinh van nang da xay dung sdn O trén thi van dé con lai d01 v@i bai todn
co ban clia sitc bén vt ligu la lam 15 cic thanh phén cua vectd A‘i(,l Trong s6 dé
cdc thanh phan lién quan dén tal trong phan bd Q. dos» Qoi» --- duge cho trudce
theo diéu kién chit tai lén thanh. Céc thanh phin con lai cla vecto AS“, di bai
todn kéo (nén), uén hay xo4n, finh dinh hay siéu tinh véi bat ky s6 lugng v loal
lién két thira nhy thé nio déu cé thé xdc dinh bing cdc diéu kién bién nh& sk
dung truc ti€p cdc phuong trinh van nang da thiét lap s&n dudi dang ma tridn hay
dudi dang biéu dién téng ma khong can thiét phai dung dén cdc phuong trinh
can bing tinh hoc. D61 vdi cic bai todn tinh dinh bat ké s6 doan thanh ¢6 che do
chdt tai nhu thé nao, s& cic thanh phén c4n xdc dinh trudc trong AS{,I, khong qud
hai d&i véi ddm chiu udn, khong qud mot d6i véi thanh chiu kéo (nén) va xoan
Trong nhiéu trudng hop khong can phai xdc dinh mot thanh phdn nao cua ASU,
néu chi muén tinh noi luc. Thuat todn xéc dinh noi luc va chuyén vi vira gioi
thiéu & trén la diém tya ving chic cho viéc 13p trinh bang ngdn ngil nao ma ban
doc ua chudng. Ll gial doi vii mot 16p rong cdc bai toan vOi chuong trinh
BK45 duoc viét bing ngon nglr PASCAL 7.0, thuat todn ndy s& dugc gidi thigu
& muc dudi day.

4. Sg dé thuat toan chuong trinh BK45

So dé khéi thudt todn tim cdc dn s0 tai ddu trdi cdc doan
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Vao 54 ligu bai toan
ASs Kk (i=1,..,1)

i=1 =1

\
Lk? —» an so:
Skt =1
cot §4{0] = AS,,

3

L
$:= Bi.Sy

Lk? —» pt, &n s&.
ot CltK] = S 4X.K), k=0, ... 1
an 8 t:= t+1
SIpXA] o= 1
cdt 83[0] := S74(0] + ASy

Lkecp? — pt:
JCltk] = Sp[X KL k=0, ...t

¥
Giai hé PTTT véi ma tran C:
C[I..t].%x + C[0] = const

Iv. PIEU KIEN BEN VA HINH DANG HOP LY CUA MAT CAT
NGANG
* Hinh dang hop 1y cia mdr cdt ngang la hinh dang sao cho ddm cé khd
ndng chong udn lon nhat déng thai ton it vat liéu nhat.

Tuy thuoe dam duge 1am bing vat lieu déo hay gion mé diéu kién bén duge

M|

didn dat ninr sau:

ot =+ AyEl = [oy] (11-9)
j,‘(
, M
hoic opt =+ l x. < [oy] (11-10)
wx.k
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trong d6: [oy] - (ing sut cho phép khi kéo clia vat li¢u.

y ™ _ khoang cdch tir thd bi kéo xa nhii 161 truc trung hoa.

W= £ - momen chong uén ciia mat cat ngang ddi vdi ving kéo.
Yk
o =———\J‘1-y2“"‘ = (g, (11-11)
- M
hoac o = +~——XL < [o,] (11-12)
W.‘(,ﬂ

trong d6: [o,] - Ung sudt cho phép khi nén cua vat ligu.

y™* - khoang cdch tir tho bi nén xa nhat t4i truc trung hoa.

Wen= m“‘ax - momen chéng udn cua mat cat ngang doi voi viing nén.
Xér 1y so:
[T RN
Yk _ [_G_k_] (11-13)
vy o]

Né&u thanh 1am bang vat liéu deo, kha nang chiu kéo va chu nén cua loai
vat lieu nay nhu nhau. Khi dy ty s6 wen bang 1, nghia la yt =y true
trung hod 12 truc doi ximg chia mat cat ngang (Vi dy mat cét hinh chit nhat). Khi
dé hai didu kien tir (11-9) dén (1 1-12) triing nhau.

Hon nita & nhitag diém cang gén truc trung hod, tri s Ung suét phdp cang
nho, vi vay dé tigt kiem vat liéu mat cht ngang nén c¢6 hinh dang sao cho phén
16n vat lieu dugc phan bo xa truc trung hoa (vi du mat cét hinh chit [, chir T).

D61 v6i thanh lam bang vat ligu gion, khi nang chiu kéo va kha nang chiu
nén khic nhau ([c,] < [0,)) nhu vdy mat cit ngang phai cé binh ddng sao0 cho
dudmng trung hoa chia chidu cao ciia mat cit theo ty s8 (11-13). Vi du mat cat
chit T, khong nhiing khong doi xing ma con phai dat sao cho phit hop v6i diéu
kien chiu lyc. Trong trudng hop nay phdi kiém tra dong thdi ca hai diéu kién
(11-9) dén (11-12).

Tir diéu kién bén ndi trén ta cling c6 thé gip trong thuc 1€ cac baj toan sau

day:
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o Bi toin kiém tra didu kién bén ta baj toan Kiém tra cdc bat dang thic t
(11-9) dén (11-12).

e Bai todn thist k& 1a bai todn chon mat cit ngang sao cho co J, hoac W,

thoi man diéu kién bén.
e Bii todn chon tai trong 12 bai toan tir diéu kién
hiém nhat. Sau dé tit mémen nay riit ra tai trong ngoat.

pén xdc dinh momen udn
tai mat cét nguy

v. PIEU KI1EN CONG

Mot ddm ¢o thé thoa min 5t diéu kign bén nhung chuyén vi déng thot
khong duge virgt qud do 16n cho phép ma yéu cau k¥ thuat cu thé dat ra. Diéu

kién han ché nay duge goi la diéu kién cung. Cu thé L
< V]

md‘( -

max < [0]

(11-14)
va (11-15)
VL. CAC BAI TOAN AP DUNG
Vi du 1: Hiy viét phuong trinh do vong, géc xoay va tinh do vdng 16n nhat

431 v6i ddm cho trén hinh dudi day.

gy = 20 kN/m
My g, = 80 kNim
0 - 1 l 2,

/Vmax

PN

Qg ! !
*‘(——"—2—:2m———)‘4.———-§-:2m
Hinh 11-4

Gidl:

Phan luc tai ngam M, = -320 kNm, Q,, = 100 kN.

Phuong trinh d6 vong doan mot la:
2 3
\JI:_EE‘Z_._F_];@..E_ v ngé.{
E)] 2 EI 6

J

Theo cong thifc tinh buse nhiy cBia ham va dao ham ta tim:
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Aq = (—q,) — (0) = —q, = 20 kN/m

Al = [_ 42 —q;} 0= _2_(‘1_2_1‘_‘M = 30 kN/m’

172

Do d6 ta nhan dugce phuong trinh do vong chia doan hai nhu sau:

N Y
A VT2 aqt 272
\:II_\!1+ _.&.__._-4._(1_]____:

El 41 El 5!

30 22 100 20 20 (z-2% 30 @-2 I
e s L - = A2 s xzgl
El] 2 E] © EJ 24 T B 120 2

Bing céch dao ham phuong trinh d9 vOng ta nhan duge cdc phoong trinh
gée xoay cla dogn mot va hai nhu sau:

dv, 320 100 z°
o= — =—-"—Z + — "
dz EJ E] 2
dvy 30 1002 20 @-2 30 -2
PnE Ty EJ ] 2 E 6 B 24
D6 vong 1én nhit v, s& la:
= 2272
Ymaxt = J5py

Vi du 2:

Mot dim lam bang thép hinh chit T s6 33 chiu luc va lién k&t nhi hinh 11 -5.
Pon vi dé tinh lyc 12 “Tdn”, chidu dai “mét”; E = 2. 107 T/m?.

a) Hay viét cdc phuong trinh cha V(2), 9.(2), M (2), Q,(2) va v€ cdc biéu
46 cua ching?

b) Kiém tra do bén va do cimg cla dim.

Biét tng suit cho phép [o] = 1600 kG/em?, chuyén vi thang ding cho phép
[V]I=5cm.

Giai:

a) Phuong trinh cta V(z),0(2), M, (z) va Qu(z).

Poan [: 0 <z<2m,theo céng thic (11-8) ta cé:

Vi(2) =—4234.10°z" - 3,388.107 42 - 499710772 + 1,338, 1072
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Poan2:2<z2<4m

Vy(z) = ~4,234.107°7" + 8.469.1072" ~ 3,049.107'2" -

~ 1,042,107z + 1,776.107"7

Doan 3:4<z<7m

Vi(z) = 5,081,107 + 1,016.107°2° - 1380.10 2z — 2,693.10°°
Doan4:7<z=10m

Vy(2) = ~8,469.1072° + 5,589.107°2° + 6.013.10 'z - 4,549.107°
Poan 5:10<z<12m

Vi(z) = -2.033.1072" + 1.668.10 %z + 1,990.10° "

Ban doc c6 thé tim duge dé dang cac ham @,(z), M(z) va Q,(2) tis cdc quan
hé 11-8 clia chuong nay. Cac bidu dé V, ¢, M va Q duoc cho tud'ng ing trén cic
hinh 11-5b, ¢, d, e. |

b) Kiém tra do bén va do ciing

Tit céc biéu d6 M, va V cho thay: mit cat nguy hiém nhat vé do bén tai z =
7 mcéM =21,94Tm, Q = 10 T. Khi bo qua dnh huong cla luc cét ta cé:

5
_ M| 2L9L0T | 5695 0 kGlem? > [6] = 1600 kGfem?
W, 597

X

cF'I‘.'l'd.‘(

Tai mat cit z = 7 m dam bi phd huy.

Po vong 16n nhat tai mat catz = 6,4 m ¢4 Vi = 4,72 cm.

Do dé, theo diéu kién cing ta cé:

Vo =472cm< [V]=5¢em

Keét ludn:

Piéu kién ctng tuy dam bao nhung diéu kién bén khong dim bio. Do dd
ddm bi ph4 huy va cn phai thiét k€ lai. '

Vidu 3:

Mot dam lién tuc bing thép chit T c6 mat cat thay déi nhir hinh 11-6a tua
trén hdl g8i tya trung gian dan héi ¢6 do ciing k = 500 kN/cm. Cho biél P = 600
KN, M" = 18.10* kNem, q = 2 kNjfem; E = 2.10° KNJem®: Jpq = 3460 cm™; I
=9840 cm™ a, = 100 cm; a, =400 cm; a3 = 1000 cm. Hay viét cac phuong trinh
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2
R,

855.6

g=2
b

h 4

h 4

, M* =18.10°
¥

600

o
£
\l\vr_T & |
il _ =Y __2 m
5L b ™
i vt
| |
I —
| iy
2 _ 2 o
— ! > o~
! =
b= : @
(4= __ n
n _ o —
e |l p oy Fe
el b E—— - 5
. A -
| ]
3=
. - e
y -y

95°01

9'Ge8

AQ
2

&
548,107

Hinh 11-6
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clia V(2), 9x(2), My(2), Qy{2), v& cic biéu dé cla ching va kidm tra d6 cting néu
[¢] = 0.1 rad.
Gidi:
Phuong trinh chuyén vi chia cic doan dugc viél theo cong thie (11-7) véi
i= .1_3 nhur sau:
Poan 1: 0 £z < 100 cm
V(2)=5931.107.21 - 2,05.10 "z
Doan 2: 100 <z <400 cm
Vy(2) = —4,639.10° 2" +6,256.10 .27 + 1,574.10 "z
Poan 3: 400 <z £ 1000 cm
Vai(z) = 4234107021 +2,917.1077.2% + 1,024.107".2° -
~7,198.10 %z — 1,784
Cic ham ¢,(2z), M,(z) va Q,(z) ban doc tr xic dinh ldy khi sir dung cdc
quan hé (11-5) hoac (11-7) cua chuong nay. Biéu d6 V(z), @4(z). My(z), Q{2
dugce cho trén cic hinh 11-6b, ¢, d, e.

VIL TINH CHUYEN VI BANG PHUONG PHAP MAXWELL - MOHR
- VERECHTCHAGUINNE

1, Coéng thitc cua Maxwell - Mohr

Trong céc muc (rén cva chuong nay ta dd nghién cuu cach xdc dinh cic
ham chuyén vi tai vz cla két c&u. Trong thyc 1€ k¥ thuat nhiéu khi ddi hoi xéc
dinh chuyén vi chi & mot s6 mat cit roi rac clia két cdu. Cong thife xdc dinh
chuyén vi nhu the€ do Maxwell - Mohr thiét 1ap c6 dang sau day:

M. M
AKP_‘ZJA ‘dZ‘l’Zj'—'E}J—;dZ‘l‘ZIE‘é—I:-{dZ‘*‘
K, Q Q k,Q,Qy M, M,
z' -
+ 3 =2 Zj—-——GF dz+z_[——-—dGJP z (11-16)

trong do:

« N,. M, My, M,, Q. Q,1a nhiing biéu thite noi lyc trén nhitng mat cit bt
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ky ctia mdi doan do tai trong ngoai cho trudc gay ra.

. -1:1,_, E/Ix, K/Iy, K/Iz, -(_)x, 6), ciing 12 nhitng noi Iyc nhu trén nhimg la do
nhitng lyc o suy rong bang mat don vi khong thi nguyén gay ra (P,=1)

k,, ky 12 nhitng heé so ké dén su phan b6 khong déu cla ling sudt ti€p do
lyc cét gay ra phu thudc vao dang mat cat.

e Tich phan dugc 1dy trén timg doan thanh, con ddu tong dugc thuc hién
cho tét ca cdc doan cha két cdu. Agp 13 chuyén vi tai mat cat “K” theo phuong
cua lyc PK = | cén tinh chuyén vi do ti trong ngoai cho trudc gay ra. Céc dai
lugng dudi mau s6 trong (11-16) la nhimg do cig cha mit cit ing véi timg loai

bi€n dang khic nhau. Do d6, mdi 1éng cic tich phan xdc dinh luong chuyén vi
Agp do noi luc trong né gay ra.

2. Thuat toan Vérechtchaquinne

Néu do cling clia mit cat khong doi trong mot doan nao dé thi tich phan
Maxwell - Mohr trong (11-16) ¢6 thé dugc tinh bing cich nhan di¢n tich @ cha
d6 thi not lire gay ra do tai trong ngoai cho trudc véi tung do g, cla biéu do noi
lie d6 nhung do luc o suy rong iK = | gay ra. Tung do6 g, di qua trong tam “Cr
chia bidu d6 thi nhdt @. Vi vay c4c tit sd trong méi tich phan Mohr co dang
{hinh 11-7a).

A
f dey
0] a b
——Z
9 le Ze ': d
0] o la
7
yiz)

Hinhk 11,7

b b
= If(z)g(z)dz = 1go szm = tgoZ. 0 = 0F,

Do 46, mdi tich phan Mohr ¢é gid tri 1a:
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g, . T
Bj: (J—lsﬁ)

K;

Vi K; trong ving ia EJ, Ei,, EF, GF, GJp

Tong quadt ta ¢c6:
6
Axp= D8, (11-17)
i=1

e Chii ¥ ring néu sau khi tinh Agp > 0 thi chiéu ctia chuyén vi nay tring vdi
chiéu cha luc Py = I, nguge lai néu Agp < 0 thi chiéu chia chuyén vi cdn xdc

dinh nguoc véi chiéu lue Py = 1.

Céch tinh tich phan Maxwell - Mohr bing cdch “nhan™ bi€u d6 nay dugc
goi 1a thuat todn clia Vérechtchaguinne.

Khi dién tich ® 12 mot hinh phic tap ta cé thé chia thanh nhiéu hinh don
gian dé tinh dién tich vi trong tam dé dp dung riéng biét cich nhan cho timg
hinh don gian réi cong két qua lai (hinh 11-7b, ¢). Dién tich va trong tam cla
mot $6 hinh thudng gap duge cho trén hink 11-8.

-
=
=

1]

_a
= —

s
parabol bac 2 parabol bag 2
a > e ’

-al
@ =
parabol bac n
L
4 (n+ 1)
n+2 n+2
T T

parabol bac 2

Hinh 11-8
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Vidu 4:

Cho P, a, EvaJ, tinh @, va VC'= 7 (hinh 11-9).

Gidi:
L Biéu a8 momen do P va do E = ] gay ra dugc cho trén hinh 11-9a, b, con
Mkm = My/P.

5 5 7 1
)’1=61Y2=‘é2}’2=§;}’4_7§
LA .3 . oA . 2a
Yi—g‘)«z—-;')ﬁ—-—g.yj,—?,

Theo cong thic (11-29) ta co:

@y + (@) + O3Y3 + Ba¥a)

2 29Pa’

(pA = =
EJ 48EJ
] + (@23 +03¥5 + €aYa) ;
3 17Pa

Ve= =
EJ 24E]

Vidus:
Mot khung nhur hinh 11-10a. Cho P, a, E va J. Hiy tinh U,?
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/ . Y2

1y

Ya ¥1

3 ap
0)2 ~— ™y ™ s
Hinh 11-10
Gidi: _ .
Bi¢u d6 momen do tai trong va Fk = 1 gay ra dugc cho trén hinh 11-10c¢, d.
© —ﬁ'm -—P'az—m , @ *i =W
L= 5 O 3 3@ = ]
y—E' =yl _2P.a_y_4P.a
( > » Y2 ¥35 ¥a T3 YT T

Theo cong thire (11-17) ta cé:

U, = QY1 T 07¥5 +Qay3 + 04y +Bsys _ 7Pa’
A EJ 12EJ

Doan 2: 100 < z £ 400 cm
vo(z) = -4,639.107°.2° + 6,256.107° 2 + 1,574.10 2 2
Doan 3: 400 <z < 1000 cm
va(z) = -4,234.1071 24 4 2.917.1077.2% + 1,024.107¢ 22 -
~7,198.10 %z ~ 1,784
Céc ham ¢,(z), M,(z), Q,(z) ban doc ty ]am theo cong thire (11-5) hodc (11-7).
Bi€u dé V, ¢, M, Q duoc cho trén céc hinh 11-18b, ¢, d, e.
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TINH TOAN THANH CHIU LUC PHUC TAP

I. NGUYEN TAC TiNH TOAN
Binh nghia:

* Mét thanh duoc goi la chiu lic phitc tap, néu trén cdc mdt cdt ngang ciia
né cd it nhdt hai trong sau thanh phan néi lyc: N, Q,, Q.. M, M, M. (hinh 12-1).

Trong trudng hop tong quat nhat, khi thank chiu tic dung bdi he lyc khong
gian thi trén mit cdt ngang dugc gan bdi heé truc xyz ¢6 da 6 thanh phin noi luc.
Khi &y thanh chiu déng thai cdc bi€n dang kéo hoac nén, xoln, cit v uén trong
hai mit phing yz va xz (hinh 12-1 va hinh 12-2).

S + Yo X

c) Gmax

Hinh 12-1
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z
Hinh 12-2

Pé xac dinh duge Ung sudt tal mot diém nao dd rén mat ct ngang ta s¢ sur
dung nguyén 1y doc 1ap tic dung cua cac lyc. Nguyén 1y nay chi ¢6 higu lyc dét
v6i nhitng hé ¢6 do cing 1én.

. - . e 3 B 4 > . . »> . >
Ung suat tai diém (x,y) trén mat cat gom hail leai o va 1.

(g sudt tdng cong cla mbi loai nay 13 téng hinh hoc cic ng sudt thanh
phin cla loai d6. Cu thé la:
> >
G =0N + GM -+ GM
o > > ()
T= 1Ty, * 1o, T o,

Ung suét chinh tai diém nay 1a:
Oy = %(Gi\’02+4‘tzj (12-1)

Chi ¢ la cdc Ung sudt thanh_ phan trong (a) duge xdac dinh theo cdc cong

thitc cla cac bai todn co ban: kéo (nén), udn, xodn, cit.

DE tinh todn do bén ngudi ta phai so sénh g suat tuong duong nay véi
éng sust cho phép cla vat licu. Cu thé la:
oy = (o] (12-2)
Trong dé: 6,y duge Xac dinh theo mot trong cac thuyét thich hop ve trang
thai tng sudt gidi han.
DGi vai vat ligu déo hai thuyél sau day d6i v6i trang thdi vmg suat phang
thudng dugc st dung:
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®Gy3=0]—03= \102+412 < [o] (12-3)

® G4 = \fcf+c%—clc3 = \fr$2+312 < [o] (12-4)

Péi voi vat lieu gion khi datk = -[E'-‘l] ta ¢6 thé sir dung thuyét cua Mohr:

n
1-k +k
0,65:0]—k63=7-0+1—-2—-» o2 +41* <[o] (12-5)
Chii ¥ 12 khong phai lic nao ciing c6 thé xdc dinh duoc diém nguy hiém nhat.
Vi thé thong thuong cdn phai chon mot vai diém kha nghi nguy hiém d€ tinh todn

G4 101 so sanh. Nhing diém nay thudng 1a nhimg diém & trén chu vi clia mat cat.
Khi sir dung cong thice (12-2), ta 6 thé chon dugc mat cat ngang hoic
kiém tra xem thanh c6 du bén khong hoac xdc dinh dugc tai trong ngoai cho
phép tac dung lén thanh.
Du6i day 1a mot s6 bai todn thuong gap trong Ky thuat duge cu thé hod
bang s0.

IL. CAC VI DU AP DUNG
Vidu 1:

Truc truyén (II) c6 banh ring hinh tru rang thang truyén cong suat W = 10
mi luc tir dong co (I) quay v6i toc do n = 100 vong/phit dén banh xe (111).
Phuong céc luc tdc dung ghi trén hinh 12-3. Ung sudt cho phép cua vat liéu ché
tao truc véi [0] = 10 kN/cm®.

Ff?& FL—H

—£=3— (1)
A —=. 1 B A
|/ edd]
- - .Qa._’.,ml_ﬂ—l.—- - -
=S
?f.1 YN
. |02,
[ 400 1
Hinh 12-3
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Xéc dinh kich thudc can thiét cla tryc truyén theo thuyél bén thé nang bi¢n
d6i hinh dang va thuyét bén (ng sudt ti€p 16n nhat. Xét hai trudng hop cé dé y
dén thanh phin lyc huéng tam va Khong dé y dén thanh phin nay. Khi tinh bo
qua trong lugng tryc va su mit mét lyc truyén chuyén dong giifa cdc banh rang

va & truc.
718.2 Nm

Gigi: I
ai? a) @

Mémen xodn tic dung vao tryc:

W 10 'LP‘ = 7162 N le=3581 N
M, = 716200 — = 716200 —
‘ n oo Y @ @
= 71620 Nem . o
- ‘ E_5 4470 W 3584
Truong hop 1. (b0 qua lyc hudng 2 ! | ] | i |$| 1 1 H 2690

tam). Truc chiu udn béi luc P, va P, : |

360 Nm
po M, 71620 510N g /I’WD}K"@
. A4TNm
M
P2 = Z _ Egg = 3581 N P. = 640N iB“
I 20 e) i 1 @
Tir biu dd& moémen udn ta duge Ah% © ree TP2r=131ON

(hinh 12-4d): A9
9) g5 ITTTIITITITIN[AT)

M, .., =447 Nm ah] oo
Dudng kinh tinh theo thuyét bén

h
(mg suat tiép 16n nhat (12-3): ) W, ™)
3 229 N 131 Nm
\/Mimax + O'TSME )
0,1{5] Hinh 12-4

d=

::3,9 cm

3\}\/447002 +0,75 x 716207
0,1 x 10000
Truong hop 2: (c6 k€ dén luc huéng tam). Ngoai moémen udn M,, truc cdn
bi uén do momen uén M,.
Thanh phan luc hudng tam:
P, = P,.1g20° = 7162 x 0,364 = 2610 N
P,, = P,.1g20° = 3851 x 0,364 = 1305 N
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V& bidu dé momen uén M, (hinh 12-4h) ta duge My myx = 229 Nm & cung

mat cat véi My qaux-

Momen tuong duong tinh theo thuyét bén ting sudt ti€p 16n nhat (12-3):

M= M2 max + M3 ax + M2 = \44700° + 22900% +71620% = 76450 Nem

3 3
d= Mz 3 T640 " 43em
0.1x[o] 0.1 % 10000

g bién déi hinh dang 16n

Puong kinh truc:

Momen tuong duong tinh theo thuyét bén thé nan
nhat (12-4):
Mgt = M2 max + M3 max + 0.75M2 = /44700 % +22900 > +0,75% 71620 ’

= 63750 Ncm
Puong kinh truc:
3 3
d= Muas _ 63750 A cm.
0,1x[o] 0,1 x 10000

Vi du 2: (Ban doc tu tap lam bai todn sau day).

Hay chon dudng kinh cua truc truyén (hinh 12-5). Biét: D' =20cm, D" =
60 cm, P! =200 daN, P{ = 400 daN, P = 800 daN, P, = 400 daN, P/ = 1000
=2 m, o = 45°, [c] = 1000 daN/em?.

daN, P; =600 daN, {
Tra loi:d=4.2cm

9
| .I[
...] [1 d =
= L ———— -
s
Py { Vo
ko 82
:# il Z !

Hinh 12-5
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Vi du 3:
Hiy kiém tra bén cho c6t chiu luc nhit trén hinh 12-6a.
Cho biét: P, =40 T,P, =8 TP, =4T,P,=2T.
I=1m, h=24cm,b=8cm, [o] = 1400 kG/em®.
Gidi:
Mat cédt nguy hiém nh4t 1a mat cit tai ngam, & d6 cé cdc noi luc sau day:

N,=P,+P, =48 T: M, = P, 2 + P,/ =496 T.cm :

L

M, =132T.em: M, = P g =42 T.em

Q,=4T;Q,=2T.

Trén hinh 12-6b 13 biéu dé phin bs cla cic loai (ng sudt do ting thanh

phin noi luc gay ra trén mat cit nguy hiém nay.
Tai A:
OA=0Cmuy =G + 0 + 0"
=250 + 646 + 516 = 1412 kG/em® = 14,12 kN/em?
Tai B:
=g + " =766 kG/em? = 7,66 kN/em?
T= Ty — Ty = 59 — 31 = 28 kG/em™ = 0,28 kN/em”

Oup = Vol +412 = V766% + 428 =768 kGfem® = 7,68 kN/em®
Tai C:

o=0 + o" =896 kG/em® = 8,96 kN/cm®

t=1, + 1, =60 kG/fcm® = 0,6 kN/em?

Gc = Vol + 412 = V8967 +4x60% =904 kGjem® = 9,04 kNjem?

Ung suit tuong duong tai diém A la 16n nhdt, tuy 16n hon [o) ¢& 1% nhung

cot van lam viéc an toan va rat Kinh &
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Hinh 12-6
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UNG SUAT THAY POI

I. KHAI NIEM VA PINH NGHIA

1. Hién tugng moi va gidi han moi

* Hién twgng moi cia vat liéw la hién ntong ma sy phd huy cac chi tiér chiu
ing sudt thay doi theo thoi gian xdy ra dot ngdt voi gid tri tng SUGE con rdt thdap
so vai giol han bén cua vdt iéu.

Trén hinh 13-1 12 mot truc quay chiu udn. Ung suat & diém K luon thay déi
theo th&i gian: ox = Mrsing(t) = Mrsinwt,

* Gidi han mdi 1a gid tri lon nhdt ciia sing sudt bién doi tudn hodan ma vt
liéu ¢6 thé chin duoc trong mot thoi gian dai vé han va klhong xidt hién nhing
vét niit vé mol.

2. Chu trinh tmg sudt va chu ky (tng suét

* Chu trinh iing sudt la qud tinh biéh doi ctia itng sudt theo théi gian, qua
hai gid tri gici han lién tiép nhau va Idp lai gid tri bap ddu ctia né.

* Chu ky itng sudt la l{h(}'i gian thuee hién gt chu trindi ing sudt.

Mot chu trinh ting suat nao d6 duge dac tnumg bdi hé s6 bat doi xing, k¥

hiéu lar.

r= Dmio (13-1)

O dAY ooy (Oppax Y2 Tonax) VA Prain (Omin V2 Tri) 12 tng sudt 16n nhat va nho
nhat ctia chu trinh.
Dai lugng:

— P rax + Pmin
2

goi 12 Umg sudt trung binh cha chu trinh, va dai lugng

pm
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_ Pmax — Pmin (13_3)

goi la bién do cua chu trinh.
Giidi han moi 1
Py = Dhus = Pm * Pa (13-4)
trong dd P> Pm- p| la ing suat 16n nhat, {ing sudt trung binh va bien 4o cua
chu trinh khi vat Jiéu lam viéc vGi gidi han moi.
Céc chu trinh tng suat khdc phau duoc mo ta trén hinh 13-2.
Dai voi: '
e Chu trinh doi xing:
Ponae = —Pemint Pm =03 1="15 Pr=P
« Chu trinh khong i xing duong:
Poax > 03 Pain> 03 0<r< 1
« Chu trinh khong d6i xung doi dau:
Poax > 03 Pin <03 —1 <1<0

o Chu trinh mach dong duong:

Poax > 03 Prmin =03 1:‘m=1:*u:p—“‘%2g ; r=05 p= P
e Chu trinh mach déng am:

Pmi

pnmx:O: pmin{O; pmz_'pa= n;n o IT= P = Px

2
) tz"’ﬂ l K
feid)
n P

Hinh 13';
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« Chu trinh khong doi xung

e Chu trinh d&i xung

 Chu trinh khong dd1 xing d6idsu e Chu trinh mach dong duong

Hinh 13-2

TOAN PO BEN MO1 CHIU TRANG THAI UNG

{I. CACH TINH
A TRUGT THUAN TUY

SUAT PONV
1. Cac xac dinh gidi han moi
,) ngudi 1a phai v& dudng cong

xac dinh, vi du p-; (01 va o
&n voi duomg pdN)

hiém. Tung do cua 11€p wy
déi voi chu tuinh r (hinh 13-3a, c).
ong hé toa do

Dé c6 mot p;
= pdN) tir cde 6 ligu thi ng

P
dugc ldy quy ude 12 gidi han mot
Ti {p,} nay ngudi ta vé dudng cong cac pien do giGi ban

(Pyo» Pa) (binh 13-3b, d).
Khi &y gi6i han moi (ng v6i 1 nao do 1a 1éng cdc tog 4o pt va pj cuagiao

diém giiia dudng cong voi dudng thing.

l-1
puzth_pm'—‘ —  Pm
l1+7
Cu the 1a:
Pr= P * Pa
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P, kGimm®

(—_'_—-)l

P r
Pa
Py N (58 chu ff':;’""') P J P
a) by I Pa T
2
_ 0, kG/mm
300 30
280 sl
260
240 -
220 gf=13
1 I 1 ) -I 1 | 1 1 i’ B =l 310 l L L
200 _ 0 10 20 30 40
4 -B
)0 2 6 8 10 12 MANAOT g e ot =225 . KGIm?
c
Hinh 13-3

Gi6i han moi cla mot chi tiét thue con phu thude vao nhiéu yéu 16 nhu: sy

tap trung iing suat, kich thude chi tiet, trang thdi bé mat. Anh hudng cua cdc yéu

(6 nay dén giéi han moi thye duge ddnh gid thong qua mdt hé so.

&P
Tk
Do dé, hé s6 an toan cha chi 1iét chiu chu trinh dsi xiing duge ddnh gid boi
biéu thitc:
n= 4-p—y
pmax

Diéu kien bén clia chi 1i€t chiu chu trinh d6i xing va bit ky la:
Povae S [P=1] VA Py = Py + P < [P
Néu goi [n) ta hé s6 an toan cho phép, tht:
9-P
n}

[pl=

vi [pd= Al
ch

A-o)pl++rlp,yl-—
Pr
trong dé: [p] ([o] va [t]) la Ung suit cho phép khi chiu tai trgng tinh;
Pube P 12 gi6i han chay, gi6i han bén khi kéo tinh.

(13-5)

(13-6)
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Khi st dung nhimg biéu do bién do don gidn hod (p,,, p,). ta thi€l lap duge
hé 6 an toian mdi tinh tedn dudi dang:

P

k
Yo+ Pa

Trong do: k,, €, B la he ¢6 ké dén sy tap trung (ng sudt, kich thude va

n,= {13-7)

trang thai bé mat cla chi tiét thye, con
- Ep—l - Py
P

¥

D61 v6i cdc chi ti€t ma tng sudt thay doi ¢o bién do bé thi su phd huy Jai do

syt chay déo clia vat ligu. Trong trudng hop nay hé s4 an toan tinh todn la:

n= —tsh (13-8)
pm + pi!
Piéu kién bén moi la:
n, = [n] (13-9)

1L TINH TOAN PO BEN MOI POI VOI TRANG THAT UNG SUAT
PHUC TAP

Khi chi tiét chiu trang thai (g sudt phic tap thi diéu ki¢n ben theo thuyét
ba hoic bon vé trang thdi tng sudt gidi han dudi dang cliptic nhu sau:

0_2 2

Tmax y Zman o (13-9)
(o] [t ]

LT

Trong cong thic Ny G5, = Om + Oy s Trax = T
{o,], [t,] ta (ng suit cho phép ma gid ir] cua né duge cho bt (13-0).
Hé s6 an toan mdi chung va diéu kién bén khi chiu dong thoi ¢ va t thay
déi cé biéu thic:
T

n=—‘—“2- > (n] (13-10)

n, +n

g T

Cic ng, ne duge tinh theo (13-7) hodc (13-8).
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Iv. CAC VI DU AP DUNG
Vidul:

Mot truc nho dang &ng cua dong cd chiu t
ai¢t han tr P = 60 kN dén P =20 kN. Cac ddc trung €

oy =100 KNfem® G = 90 kN/em”

o, = 0kNem®s  G0=T73 KN/em?
=1 sr:O,(J; Kg = 1.1.

4c dung cua lyc P thay doi trong

{1a vat lieu nhu sau:

Mt ngoai chot duge ddnh bong. P
Xic dinb hg s6 an toan vé moi’
Gial:

Trén hinh 13-4 12 s0 dé truyén lifc cho trie vii biéu dé momen udn. Mémen

LGN & mat cat tinh todn la

37 5 kNfem'

. = 80 KNiom?

Hinh 13-4

Giatri on ahat v bé nhat clia mémen uon la-
M, ey = Le 375P, . = L 175 « 60 = 82,50 l\N/Lm

1\"Jlu min = 1’37:“ min T =1, %75 * ( 20} = —'27 30 kN,I"(,I‘ﬂ

1
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Ung suat phdp 16n nhat v nho nhat bang:

, 82.5( ]
Cmax = Mumdx = 0 = 33,80 kI\lfC]"ﬂ2
W, 2,44
Cmin = Mu min _ _ 27‘300 =-11 .30 kN}"rCI'I"]2
W, 2.44

Ung suat bién do vi tng suat irung binh clia chu trinh lam viée duge tinh
theo cong thiic (13-3) va (13-2) nhu sau:

o —o. 3380—(—1L, )

o, = Jms . Tomin, _ 130 59 55 kNJem?
. T . 33 I+ (- .30

o, = Jma . Oin . 33,8V ; D)y 25 kNfem?

i 86 gidi han cla img sudl bién dé va Umg sudt trung binh cua chu trinh
mach dong la:

' L3 (T =
6Ly = Gy = -2 =37.50 kN/em?
’ 2
Tir cdc gid tri da bigt clia 6_y, 6,4. Gy, ta lap duge biéu d6 gidi han moi
gan ding nhu trén hinh 13-4c.

Vi chu trinh gidi han ¢é cing mét hé s6 khong doi xitng vé1 chu trinh jam
viée nén ta co:

tgh = o K, _ _22550x11 _ 245
c.Be, 11,250x1x09
= 6 = 68"

Chu trinh lam viée duoc bifu dién boi didm M ¢6 toa do o, = 27,20
kN/em® v o = 11,250 kN/cm®. Chu trinh giéi han déng dang duogc bidu dién
basi diém N ¢6 toa do n,c, = 43,50 kN/em® va n,o,, = 17,85 kN/em®. Cic toa do
nay duge tim ur biéu d6 gidi han moi gdn ding vira v&. Theo dinh nghia cua hé
s& an todn ta co:

n, = =
27,20

He s& nay ¢é thé xdc dinh bang cdch sir dung truc ti€p cong thire (13-7):
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5
0,00 _ 159

Ny = e =
8 K, Il
VO T O 0.333x 11,25+ - = -x22,55
Beg 1209
trong do:
- 50.00 - 37.5
y = a_; —0500 _ 50,00 - 37,50 - 0333
0,50y 37.50
Vi du 2:

Mol truc quay cé dudng kinh d = 50 mm, chiéu dai / = 500 mm, trén truc
nh 300 mm dugc lién ket vdi truc bing mot moi ghép
50 kW, s¥ vong quay cua truc n = 600

ho truc?

¢6 mot banh rang dudng ki
then, Cong sudt truyén cho truc N =
vg/ph (hinh 13-3). Hay xdc dinh h¢ <& an toin moi tinh todn ¢
Cac dac trung co hoc clia vat liéu truc nhu sau:
g = 5000 KNjem™; Gy = 36.00 kN/cm®: -
., =24 00kN/em® o =35.00 kN/fem?:

t, = 18,00 kNfem®; T =27.00 kNjem®;
T, = 22.50 kN/em®.

Gidi:

Li2

L2

Momen Xoan cla truc:

3
M, = 97’36-E = 9736-—-q = 811,33 kNcm
n 600
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Luc vong bang:
M,  2x81133

p= M. _ 2xC120 5409 kN
D 30
Moémen uén & mat cal 1-1 la:
M, = L = 3409x30 67,50 kNcm
4 4
Céc ttng sudt 16n nhat & mat cat nay:
o =My o 6730 540 kNfem?
*T W, 01x125
coo oM. BILS g iNfem?

M7 oW, 0,2x125
Khi truc xoay, cic thd bién ciia né chiu kéo nén thay d6i, boi vay, doi voi
tng sudt phap ta c6 chu trinh d6i ximg va chu trinh dé cé:
G, = 5,400 kN/fem’; o, =0
Moémen xodn khong doi, do do:
1, =07 Ty = 3240 kNjem®
Céc hé s6 B, £4. K trong trudng hgp nay la:
B=09: g,=086: Kq=23
t,-051, _1800-1350 _

Y= = 0.33
0.51, 13,50
o, B;_c 24,00 29 086
Ny = S = — 28 123
YO, T O, 0+540
£ ¢
T, ey 18.00 x 0,9x0,86
n: = = 28 _ _ 465
Vi, T, 033%x3,24+0
He s& an toan d6i véi cac gidi han chay la:
26
g = Seh o T o 000 6,67
G mox o, +0, 5,40
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Teh - Teh —
T, +1 0+324
a m

Pé tinh todn ta phai ldy céc gia tri bé nhit clia ng va n. Heé s6 an toan

chung la:
_omen L2948 g5
nf, + ni \}1.232 4+ 4,65
Vidu 3:

Xac dinh hé s an toan moi ciia mot ¢dt chiu lyc doc 1ap trung P & ddu cot
thay ddi tir —150 kN (nén) d&n +150 kN (kéo), dutng kinh cot d = 40 mm.

He s an toan sé thay 46 12 bao nhiéu néu tai trong P thay déi tir O dén

+150 kN.

Cot bang thép 45 O = 160 N/mm” ; o, =200 N/mm? :

'\f:O,]_l; _l,=ar=1.5_
q

Khi tinh khong xét dén sy mat 6n dinh.
Giai:
Trudng hop thi nhit: Tai trong P thay déi tit —150 kN dén +

chiu Ung sudt thay doi theo chu trinh d&i ximg:

150 kN. Thanh

3
15010 _ _y}9 Njmm’

Gmin = - 2
314107
4
Gy = 119 N/mm?
40, =0
6., = Cmax T Smmn =00, O max ~ 9 min ~ 119 N}mml
2 2
He 6 an toan moi bang:
-1 = 200 =1,12

Ng= ———
¥6,, +0,0, 1,5%119

Heé & an toan tinh theo gi6i han chay:
. 3
Ny = — = 300 _am
a 119

TR
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Trong trnuong hop nay: ng < ng,.
Trutmg hop thit hai: Tai trong P thay d6i tir 0 dén +150 kN, Thanh chiu tng

sudl thay d6i theo chu trinh mach dong duong:

Foin = 0 G = 119 N/mm?
G =0, = iz—i = % = 59,5 N/mm?
He¢ s6 moi an toan bing:
200 200

Ng = = -
011=395+13x595

Vidu 4:
Mot truc ¢6 rinh tron vira chiu uén, vira chiu xoan (hinh 13-6), mémen uén
va xoan thay doi trong nhiing gidi han sau:
Myimax) = 3 kNm ; Myiminy = 1 kNm
M, ma, = 10 kNm ; M, miny = 2 kNm
truc bang thép 45 cé cic dic uung sau:
ay, = 650 N/mm” : G = 430 N/mm? ;
T, = 220 Nfmm® ; T, = 150 N/mm” ; Yo = 0,17

o_, =275 N/mm?

v. =0, ldy B = L. [n] = [.8. Kiém tra bén.

Gidi:
=0,1.d =0.1x9"=72 9‘]03 mm”

=2.W, = 14538. 10 mm*

5—3 =04: L= 20055
rs d 90

D _90+2x2 | o,

d 90

Tra bang dugc:
ke=175: " k=126

=072 g, = 0.61
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1. Tinh theo uén:

5.10%.100 !
Gmux = 0 U\ = 68.6 N,’I‘l’lmz |
72.9.10° D
1.10°.10° \
Cmin = _l'_i_OT = 13,7 N/mm~
72,010
6+ 13,
Oy = 686+ 137 _ 41 15 Njmm®
2
8613, .
o, = 9&3_2_1_1 = 27.45 Nfmm®
Tu do:
275 Ilinh 13-6
g = 73 =3,72

017 4115+ "2 %2745
0.72

[l

2. Tinh theo xo0in:

= 82 4 N/mm?

Tmnx -

12.10%.10°
145.8.10°

2500107
145.8.10°

3\
t = 5%4—;11—3 = 48,05 N/mm’

= 13,7 N/mm®

Trin =

824-137
&= 9

1 = 34,35 N/mm”
Tit d6:
150
1,26
+ —=-x

=2,12

Ny =

0 34,35

]

Heé & an 103n moi cua truc 1a:

) 3
nefy __ 372x212 a5 =18

n= =
\ ni + nf v 3,722 + 2,122

Viy tryc lam viéc vira an toan vita kinh €.
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CHUONG 1 l"

PONG LUC HOC KET CAU

Tac dung cna lyc 1én Két cau duge dac trung bdi sy hién dién cha cic gia
¢ trong mbi phin tir clia ket <iu khao sdt. Dac diém bién dang va phd huy cia
k&t cdu phy thuoe vao dang gia toc dugc sinh ra vi do d6 1a luc quan tinh. Trong
trudng hop tong quat téc dung lyc len két cau 1a rat phic tap, khong phai Iic

nio cling ¢6 the ké dén mot cdch chinh xdc dugc.

Trong chuong nay chi han ché xét nhiing bai todn don gidn nhit cua dong
lyc hoc két cau: bai todn va cham va dao dong:

. DAO PONG CUA HE MOT BAC TU DO

4. Phuong trinh chuyén dong {hinh 14-1)

Hinh 14-1
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mv(t) + cv(t) + kv(t) = P(1) (14-1)
trong (14-1}
i - biéu thi khéi lugng cha h¢ dao ddng;
¢ - hé s6 can nhat
k - d6 cing cba h¢ dan hoi;
V(1) - chuyén vj ciia m theo phuong cla bic trdo & thoi diém 1.

Phuong trinh (14-1) con dugc viét dusi dang sau day:
V(1) + 2Bv(1) + 0 V() = Ly (14-2)
m
& day:

W= JE (rad/s] 1a tan s6 dao dong riéng clia hé.
m

2B = ¢/m - [a y€u 16 gay can uo chyén dong.

Khi p = 0 va P(1) = 0 ta ¢6 phuong trinh chuyén dong dao dong tu do khong

lue can:
V() + 0 (1) =0 (14-3)
Khi B = 0 vit P(1) = 0'ta c6 phuong trinh chuyén dong dao dong cudng bic

khong lyc can clia he mot bac wr do:

Vo + 0D = —PO) (14-4)
M

2. Nghiém ctlia phuong trinh (14-3) va (14-4)
« Déi véi phuong triah (14-3):
v = A.sin{ot + Q) {14-3)
Bien do A va pha dao dong ¢ duge xdc dinh tir diéu kién dau:
t=0:v0) = v, 3 (0) =V,

Dic trung co bin cia he dao dong ty do 1a gid tri cua tin s6 riéng @ hodc
chu k¥. Biéu thic cba ching nhu sau:
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o= JE = Lo e 3132 . [rad/s) (14-6)
m md A \/Z;

T=2% = 2n /51 =0.2.JAr Is]
g

©®
trong do:
8= {: Ja do mém cua hé dao dong (chuyén vi do luc bang mot don vi dat
theo phuong ciia bac tu do gy ra).

Q

Ar=Q. 0= T 12 chuyén vi tinh do trong luong cia khot luong m (m = Q )
g

dat theo phuong cla bac ty do gdy ra.
e D&i v6i phuong trinh (14-4) véi P(0) = P .sinBt
Trong trudng hop nay nghiém o ché do binh 6n co dang:
v(t) = A,,.sinbt (14-7
Thay (14-7) vao (14-4) t4 nhan dugc:

. 2 . P, .
—A(,.Bl.smel + A, sindt = —+sinBt

m
Do dé:
Po
P
A (0? - 0% = LAY A= 5B = ——
m " —8° k—md”
Hoac la:
A, = —k = _'ﬁ_i =k, AT (14-8)
m.z2 5}
1— -6 12
<)
A, L 1y
kg= —>-=———73 ° duge goi 1 he s8 dong lyc

w

AT la chuyén vi clla m theo phuong dao dong do P, dat tinh gay ra.

210



Khi o = 0 thi kg va do d6 la bién do dao dong cudng bic A, tién dén vo
ching. Hién tugng nay goi 12 hién tuong cong hudng, con tin s6 © cod1en gl
tdn s6 cong hudng hay vdn 16¢ gbe 101 han oy, (khi tinh todn cdc truc quay).

He s6 dong Juc kg cho ta kha nang xdc dinh céc dai lugng dong lyc cyc dai

can 1inh theo céc dai lugng tinh trong tmg. Cu thé la:

pdmux = ikd'Pn (14-9}
Vdmux = Vd = deT (14—10)
Gamax = Ka-O7 + Ta = Ko TT (14-11)

IL. DAO DONG HE VO HAN BAC TU DO

Trong muc nay ta xét dao dong ngang cua dim, mot bai toan dién hinh va
thudng gap trong k¥ thuat,

1. Dao dong tif do

Phuong trinh vi phan ciia ddm chiu tai trong tinh da gap trong chuong 11 co
dang:

4(z)
EJ,

M V)
V7(x) = — hoiac viVix) =
EJS,

Khi thay vao phuong trinh vi phan ndy tai trong ngang bing Juc quan tinh
vGi q(z) = 0, theo nguyén 1y D’ Alembert ta nhan duge phuong trinh vi phan dao
dong w do:

a*v v
EJx'__T =-m- 5 (14-12)
0z ot

& day m la khoi luong tinh trén mot don vi chiéu dai.

Ta biéu dién nghiem (14-12) dudi dang tich bién:

Viz,t) = F(2).0(0) (a)
Thay (a) vao (14-12) véi ky hiéu A = ET ta duoc:
X
4 2
) :
2wz dz oty
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Ta ky hiéu hing n2y bing o’ khi &y thu duoc hat phuong trinh vi phan
thudng la:

2
d_d? + ol =0 (b)
4
d :’fz) — 022 % (z) =0 (©)
4

Nghiém cha (b} c6 dang (14-5);
o(t) = A sin(wt + 8)
Nghiém cia (¢) ¢ thé viet:
Wi(z) = a.sin(zm) + b.cos(zm) + c.sh(z lm) + d.ch(z%)
Béi vi phuong trinh dac trung ciia () 1a: k* — %22 =0
c6 nghiém k| = \/E,l@:—m,k;: im,k4=—im‘
Bay gi® nghiém (a) sé Ia:
V(z,t) = ¥(z).0(1) =

=[A.sin(zm)+ B.cos(z 7uco)+ C.sh(z@ﬁ D.ch(z kcoﬂ sin{wt + 8)

(14-13)
Cdc hang s6 A, B, C, D va & duoc x4c dinh tir cac didu kién bién va diéu
kien dau. Vi du, d6i v&i dam tua khép trén hai ddu cudi
taiz=0, V(O,)=0, V°(0.)=0
wiz={ V(=0 V'({i1=0
Bén di€u kién nay xdc dinh bon phuang trinh thudn nhat tim A, B, C, D. Dé

¢6 nghiém khéng tdm thutmg dinh thite cla hé¢ ray phai bing khéng. Diéu kién
nay choe ta:

sin{ivho Jsh{ivis ) = 0 (14-14)
Khi sh{IVAa) = 0 ta 6 ngliiem tdm thuong Vi = 0. do dé

sin{1vae) = 0 (14-15)
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Phuong trinh nay c6 nghiém khdc khong v6i {~Vie =kn, k=1, 2, 3.

hoic la:

2 2 [EJ,

®, = k1 (14-16)

m/*

Dai v6i mét co ban ciia dao dong, tin s& vong la:

2 E‘Ix
w, =7 | -
m/

Nghiém ddy du cua bai todn s& la:

LS

Vizn = SV, (z) =
|

-
]

[Ak Sin(ZM)+ By cos(zM).;.
+ Cksh(ZM)+ chh(ZM)] sinfw, t+ &)

2. Dao dong cudng birc

D15

E
1l

Khi ¢6 mat ngoai luc kich dong qy(z.t) thi phuong trinh dao dong cudng
birc c6 dang:

4 2
oV
EJX q + l’I"lO—,\J =q},(2.,t) (14-17)
d¢ o

Xét ruomg hop kich dong 13 luc tip trung tai z = z,, vd 6 dang:
P(1) = P,,.sin0t

P61 vén dim tra khép & hai ddu, ta cd thé biéu dién nghiém cin tim dudi
dang thoia min diéu kién bién:

V(z.t) = a(t).sin(nz/!) (14-18)
Nhin ca hai v€ cta (14-17) v&i (14-18) va tich phan tir G dén { ta di dén:
! 15 25
I EJ, 8_:{ +mg—¥- —q}.(z,t) Vdz =0
{1 oz at

hay la:
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4 { )
a(t),(EJxa(t)EJ'— + I'ﬁf:l(():1 . é - a(t)‘_[q v (z.t)sin% dz =0
; )

[ t)
C6 thé xem luc tap trung P(t) nhu [a luc phan bduéndoanz, — £ £z2<2,+¢€
c6 cudng 4o q, = P,8(z — z,,), khi do:
i nZ ol nz
qu(z.[}sianz = j P,5(z —z,}sin Otsinlf dz = P,.sinbt. ““[7“1
0 z,-% /

Cugi cang ta thu dugc:
'a'(t)m + aEJXE!;— = %%sinet‘sin[f;—“]
hay la:
'E;(t) + (olza(t) = Qu.sinet.sin(ﬂ—j‘-’-] (a)

' 2P,
Trong d6 ta di dat: o = BJ —— vaQ,= —"
" m/? m/

Nghiém riéng cia (a):

Q,.sin E}t‘sin(-nj“ ]

0% —(912

aft) =

Nghiém téng quat cta (a) la:
a(l) = Asin(wo,t) + B.cos(a,t) + al(t) (14-19)
Do d6 nghiém cia (14-17) v6i diéu kién néu trén la:
—\F(Z,I) = a(().sin‘(l?] {14-20)
\

Cac hang s6 A, B trong (14-19) dugc xdc dinh tir diéu kién dau.

Vidy, tait =0, V(z,0) =0, V(z,0) =0 thi B=0va

Q”‘sin(zj—”]ﬁ

A=-—
(6% —o])o,
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Bay git nghiém (14-20} s& la:

"z,

- Q”'Sm( / ] e (2
vzt = ————=" sinft - —sino,t |- sn| —-
- o \f

-

Khi 6 khic rit it tan s6 riéng o, cu thé 14 8 = w + ¢ thi viéc phan tich
nghi¢m nhan dugc cho thdy bién do tang vo han thee quy luat bac nhat cing voi

thoi gian 1. Trang thdi ndy dugc goi la trang thii cong hudng cna hé.

II. TAI TRONG VA CHAM

Va cham 12 hién tuong tic dung cd hoc dién ra trong mét khoang thdi gian
rdt ngdn va gay ra sy dot bién van tdc cua cdc chat diém trong h¢ (hinh 14-2).

- .
vk L
< l < !
K I C,
X 20|
N -
T ﬂ\% _N
P bl ‘

)
o
) P
ﬁr%
K
T
\k h 4
YT AOLELLS T
Hinh 14-2
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Néu chu k¥ dao dong cia mét co ban T, = 2n/w| << t thi qud trinh chat tai
duge xem la tinh, T 14 thai gian taing tai cho dén gid tri 16n nhat ca nd.

Néu t va T clng béc thi qua trinh chdt tai 1a qud trinh dong e va phai ké
dén cdc s6 bang quén tinh trong cdc phuong trinh chuyén dong. Diéu nay dan
dén bai todn dong luc.

Né&u 1 << T, thi qué trinh chat tai duge goi 14 chét tai va cham. Khi dd can
phai ké dén tinh qudn tinh cla hé
Gia sit mot luc P tdic dung rat nhanh lén ddm & diém ¢6 toa do z = z,.
Chuyén vi dong luc cdn tim duge xem 1a ty & v6i chuyén vi tinh.
A (2) = kg Aq(z) (14-21)
Ap{z) - 12 chuyén vi tinh tai hoanh d6 z do luc P dit tinh tai z,, gay ra;
ky - hé s6 dong luc.
Theo dinh luat bao toan ning lugng co hoc thi 16ng dong nang T va thé
ning U cla hé bao toan & méi thai diém 1a nhu nhau:
T, +U, =T, + ; = const
Ta chon trang thai khong bién dang va vi tri xudt phat cua vat gay ra va
cham cdch mat ddm mot khoang 1a h 1am vi trf thit nhat ctia he. O trang thai nay
mirc thé nang cha hé bing khong, nghiala U, =0va T, =0C.
Trang thai the hai 1a trang thai hé ¢6 chuyén vi I6n nhat, & doé w6c do cia
cdc diém bang khong, do d6 T, = 0.
O trang thii nay U, gém ¢d U cua vat gay va cham. Uj cila trong luong
vat bi va cham (ddm) va th€ ning bién dang cba vat bi va cham Uj cu thé 1a:

U,= U, + Uy + Uy =0
Cu thé 1a:
! {
E 2
U, = =P[h + Agz,)] - ng’% (z)dz + “”Fj-z-(g Y dFdz =0
hay la;
f
2

kyUr —Plh+ Ayz,)] - [mgA,(z)dz =0
{
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Chi y dén (14-21), phuong trinh nay trd thanh:

!
kiU - k{PAm + jmgAT(z)dz] ~Ph=0 (14-22)
0

Trong (14-22}: Uy - thé nang bién dang ctia dam khi chju uén tinh.
Ay - dO vOng tinh clia dim tai z = z,, do P gy ra.
Tir (14-22) ta mit ra;

2

{ I

2kyUro = PApg + [mgAq(z)dz + {F’Am + jmgAT(z)dzJ + 4PhU py,
v 0}

O day Upp = P 2T0 . Né&u bd qua trong lugmg clia vat bi va cham (dam) thi:

' 2h

ky=1+ 1+ >2 (14-23)
AT(zu )
bai véi tng suat 64, ta co:
a*A d*Ax,
Sitmax = Eadm:tx = Eyamux —ddﬁ = Eymaxkd % = kd'c'l'mux
¥l Z

Cong thic (14-23) ¢6 thé duge viét theo van téc v, chha vat va cham ngay
lic sdp ti€p xuc voi vat bi va cham:

2
kg=1+ f1+—o (14-24)
gA'I' (ZU)

Khi h >> Aq{z,) thi c6 thé bo qua don vi § trong cin so v6i sd hang thir hai
trong né va (14-24) trd thanh:
\‘!

ky= 1+ (14-25)
y gAT (zu]

Khi va cham ngang thi cong thic trén duge viét:

v 2h
kg = o = / (14-26)
‘ \JgAT(z‘o) AT(Z“}

Trong trudng hop phéi ké dén trong lugng G, clia d6i tugng bi va cham thi
k4 co dang:
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!' 2 |
kll =1+ ||l - L

T eAp(z,) G,
| [+p—
| "

i - he s6 thu gon trong luong phan bd cia vat bi va cham vé diém va cham
(1 < 1). He s6 p duge xdc dinh gan ding trén co $6 can bing dong nang ciia hé
khao sdt va hé dan xuit ¢ khéi lugng din xudt dat ¢ diém bi va cham.

(14-27)

Khi dd&i tugng gay ra va cham thyc hién chuyén dong quay ma khong phai
chuyén dong tinh ti€n nhur & trén va gay ra chuyén vi géc trong vas bi va cham

thi ¢6 thé sir dung tryc ti€p cdc cong thie trén v6i diéu kién thay vio trong cic

cong thire nay v, bdi o, E T“ b&di momen qudn tinh cdc khéi luong J,, va
=l

J e @01 v6i truc quay cua ching.
Piéu kién bén cua bai 1odn dong lye nhu sau:
maxc, = Kg.Ormax = [04] hodc maxty = Ky Ty < [T4]
trong dé:
maxc, va maxty la tng suit dong tinh todn 1én nhat:
Clmaxe TTmax 12 g suil 1én nhat do P dat tinh gay ra;

[o4] va[ty] l& ting suat dong lue cho phép.

IV. CAC BAI TOAN AP DUNG

Vidu I:
. - - .
Cho mot thi€t bi chuyén dong vdi gia t6c W, trén mat nghiéng o nhu trén

hinh (14-3a,b). Hiy tinh (ng sudt cyc trl tal mat cat ngam A cha thanh. Biét
rang trong luong trén mot don vi dai cha thanh 14 g, tdi trong Q dat vao diu trén
cua thanh, dién tich mat cit ngang va modun chdng uén ciia mat cat 1a F va W.
Gidi.
So do tinh duge cho trén hinh (14-3b). Ung suit nén do tai trong tinh va
dong gay ra ja:

asino. Q+qf

., =—{Q+qgf
c Q+49h F
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Q -g— w?lcosa
/ —_—
ngg—- Q w’lcosa.
g

LR

Hinh 14-3

Ung sudt uén do luc quan tinh sinh ra tai A nhur sau:
acoso

o, =+Ql + 0,5q/%) =

Gid tri (ng sudt phap cyc tri tai mat cit nguy hiém la:

Q-+ q.-').[l # gsmq}
s = +(QI 40,592 2% g
Q q oW -

Vi du 2:

Mot thanh nghiéng chiu trong lugng Q va tron
v6i téc do géc o nhu trén hinh (14-3c). Hay tinh

hat ca thanh, néu dién tich mat

g luong ban than q quay

quanh truc thang ding O-O
img sudt phdp cyc tri tai mat cit nguy hiém n
ct ngang va momen chong udn 1a FvaW.
Giai:
Momen udn tai ngam A do Q, q va luc quan tinh twong Gng do ching gay
ra la: :
2,2 .
M, = (Q + 0,5q)lcosa + [Q + %]9_"—;—‘5301
g

Luc doc do tiac dung tinh va dong luc c6 dang:

2 2
N = (Q + 0.5q])- 212 % _(Q + qDsinc
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Ung suit phap 16n nhit tai mat cat nguy hiém clia thanh 1a:

(Q+ O,Sc_y’).m:i cos_z_ o

= —(Q+ql)sina
N M, . Q+q
maxo = — + = +
F W F
[(Q + %"]xﬁsin 2o f2g +(Q+ O,Sqf)cosa:\.f
+
W
Vidu 3:
Mot thanh mat cét thay doi chiu va cham doc nhu hinh 14-4. Hay tinh tng
suat dong 1&n nhat? Q = 100 daN
Gidi: /
D6 co ngan tinh ¢ha thanh la: £ ﬁf__‘L =
L1 i = x
NT=(9}‘ 242121810 em 3 )
E Fl F’z mD
. 2 |-
Theo cong thifc tinh hé s& dong lyc ta co: ", s
wl =]
2h // w
K‘]—-l-i- ’l-l-—&? Fzrsﬁcm?'
3 Y
=1+ J1+ 2210~ 0
* - g
. e 4 . b n N F,=50 em? =
Ung suat tinh & phan dudi cua cot la:
o7 = }-SOE =2 daNfcm2 I ETTTT I <
) > Hinh 14-4

Ung sudt dong 13 6gmay = Kg. o7 =2.101 = 202 daN/cm
Vidu4:
Mét ddm chiu va cham nhu hinh 14-5. Hay x4c dinh cac dai lugng dong luc

BT dﬁy M{L‘\? V(IB'! V‘]Kq

Gidi:

Chuyén vi finh thang ding tai di¢m X la:

A i
A= L +V,=G. L/
2 12E], 48EJ,
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l

Hinh 14-5

Do dé hé s6 dong luc ¢o gid trl:
Kd =1+ 1+ ——21—1—
d Arg

Momen dong luc tai A 1a:
MGA = Kd'MTA = O,SKd. Gll

Do vong dong tai diém BvaK lan lugt la:

P P P2

ﬁkdB:Kd.G.—-l—", ATK':KG'G‘ ——l—-'+——2——‘
6F, 12EJ, 48EJ,

Vidu5:

Hiy xac dinh kich thudc mat cét ngang

xoan nhy trén binh 14-6a. Biét ring:
40 cm, G = 8.10° MN/m?, f = 20 hezt.

a.a cia mot thanh chiu dao dong

m=20kg,b=8cm,[=
Giai:
g fe A S I =2mb

2n
Ta c6: C = 402, = gr2f2mb?, trong dé C 1a d¢ clng ciia thanh khi xoén
va Ccd gid tn la:
Gl,  GO4a"

I

! [
[ 4 -
G.0,14a - SRZN‘me

Vivay: l
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N mb?! [8.10.4.107.20.64.10 740,107
vaa= mb [ =1,95.107 = 1,95 cm
0,14G y 0,4.8.10"

u‘fﬁ
\ 0
h e
"-‘f Blo_—1¥__
—
T
a) &)
Hinh 14-6
Vi du 6:

Hay xdc dinh tdn s vong cua dao dong do o, tin s6 dao dong f, chu kv
dao dong T? (hinh 14-6b).

Gidi:

Vi thanh ciing OQ duge gan cimg véi dam OA quay quanh O nén gdc xoay

clia dam tai O vit do d6 do cing ciing ddm s& la:

M/ ., M _ 3E]
0= C= — = ——
3E] 0] /
Momen quan tinh khoi cua vat nang Q doi vdi true quay O la
‘Im = g ’ "12
g

‘Theo cdc cong thic x4c dinh tdn s6 vong ctia dao dong va chu ky dao dong

ta co:
—_—

C _1 [3ER a2 L [ g1 g | Y
a \ of Ql 3EJg

Vidu7:
Mot ddm mat cit ngang F = bh =121 cm?, chidu dai f = § m, giita ddm dat
mot dong co dién trong lugng Q =20 daN va c6 khét luong léch 1am 13 Q, = 1 daN
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v6i do léch tam p = 4 cm (hinh 14-7). Hay tinh 86 vong quay trong | phul cla
dong co dé img sudt phdp 16n nhat [rong dam dat gia tri 2000 daN/ecm®. Biét
trong luong rieng cGa vat li¢u dam 1a 8.10% daN/m® E = 2.10° daN/cm?.
Gidi:
Trong luong cua dam la:
G, =yFl=8.107%12.1.10° = 9,6 daN

Momen qudn tinh vi mémen chéng uén cia mat cit ngang cla dam lan
luot 1a:

ol
3 T
[ = bll’) = 12];1 =1 cm4 rm_,_.} /‘:0 ‘Qt b
2 . . %‘ | ! ZZa )
W bh - 12 x1 _n m3 L L ﬁ : 2“
6 a i‘— 'l’z"* - 2

Ung suat phdp lén nhdt va 3
chuyén vi thing ding 1én nhatdwsi £ -

tdc dung tinh chia Q va G, la: Pe = Pgsinagt

wgt

N 7 Dot
QLG

o = M\;{ _4 B Hinh 14-7
: W

o \
BN (PO [ ¢ fzo 96 _ 310 daNjem?
4W 2 ax2 |72

[ Gﬂf‘ o J
"5[ axT = = Q_L'_C
wxT= ot * 384 B 48EI L R

H

[\ (
10 p 200+ > 96\ =027 cm
482.10°, 1( )

Theo c¢ong thic hé s& dong liue ta co:
Koo+ A maxoy _ 2000 =645

AI:T‘i'd.V.T G mux 310

Bién do cho phép ctia dao dong, vi vay s¢ la:

A= (m - 1} ApaxT = 5,45 x 0,27 = 1,47 cm
o

miX

223



Chuyén vi thing ddng tai mat cit bat ky va chuyén vi thang ding tai mat

cét giita ddm do tic dung tinh ciia Q va ty s& gitta chiing c6 gid tri 1an luot bang:

_Qr [35_4{‘}_ Ao Q@ 2000° s
} L]

X = R = = = cm
* 48FI1 & 48F1  482.10%1 24
By X 4%
A { &

Hé s& thu gon khéi lugng duge xdce dinh boi:
1/2 2 1 )2

= 2 j[A— dx = 2 [[33~a2-| ax U

I ouA Patv ! 3 ‘35

Tén s6 vong dao dong tu do cla dam la:

o= B L BIx2 . Y 681
A G 5 17 96
ek, So 1420028
Q 35 20

Luc qudn tinh ly tam Py = P, sinew db Q, gay ra c6 bién do hre kich dong 1a P,
Q,

= = -Qip, lyc Py = P sinQ,t 14 mot luc kich dong diéu hoa gay ra dao dong

o
(=}

cudng bic cia dim. Pai luong Q, = % 12 tan s6 vong cua lyc kich dong ma P,

I3 bién do ciia n6. Chuyén vi thang ding cuc dai cia dam do tic dung tinh cua
P, 1a:

R Qi o 1.10%4 o - Q?
°7 48E] 48EJg °  482.10%1.981 = 24981
Hon nita, bién do dao dong cudng bic A bing:
2 2 2 2
147 = @, 6% S <0612 —2
Q> 24981 618 - 618% - Q]
24981 | - =" ‘ *
618

Tir d6 ta rut ra la:

2 |
o2 2 SMLAT g 618 /M L5861
1,63 163
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Cuoi cling $0 vong quay trong { phit cé gid tri la:

ne N o 30586

T his

= 560 vdng/phiit
Vidu 8:

Mot vat nang 10 kN roi tir do cao h = 10 cm xuéng ddm mat cit ngang 1,
(hinh 14-8a). Tinh do vong va ting sudt dong tai mat cat C doi v&i hai trudng hop:

a) G&1 A va B 1a goi ciing.

b) G&i A va B 1a dan héi c6 do cing Cp = 2000 N/em va Cpy = 5000 Nfcm.

Gidi:

Céc dic trung cua dam Iy @

Q
J. = 1840 cm®, W, = {84 hi A 8
X X =

C D
cm’, E = 2.10° N/em?®. Do vong 2, ,%F
finh do Q gay ra tai Cvd A duoc " e 2m =|,< 2m A
tinh bing phuong phdp Mohr-

Vérechichaguinne la: Hinh 14-8a
A% =-0363 cm; AF =+ 0,454 cm.
Ke=14+ l+—2~11- =1+ 1+ﬂ =78cm
A 0,454
Do ddtaco:

y? =-0363x78=-280cm

M 5.10° 5

Camax = GImaX'kd = \VC 'Kd = 184 x 7’8 = 21000 NJ!CITI

Trudng hop g6i B va D ya trén 1o xo. bat AI*, AR, AL, AP 13 chuyén vi
tai A, B, C, D chia dim khong bién dang do d¢ ldn cua 1d xo & hai bén goi B va

D, ta cé:

4 2
AP Ve _ 1.102x5.103 625 cm
cg  4.10°x2.10

4 2
ap = Yo o LI AL o0
cp  4.10%x5.10
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Tu hinh v€ suy ra: Q
AP =794 cm; AI€ = 2,875 cm

Do vong thue tai A, C (c6 ké dén

do6 lin hodc gidn cua 1o xo0). 10 kNm
VA = 0,454 + 7,98 = 8,394 cm O
vC=2875-0364=2512cm '
Tinh:

2x10

=2 84
8,304

kd=1+ 1+

Do do 1a ¢o:

yy =2512x284="7.13cm

Sidmax = Tunax-Ka - p= 22
5. 3 T{uc \.Lﬁng 26
= 10 x2.84 =7725 N/cm? cuadam | Vg = Qa+2)
4 26
. d)
Vidu9:

Hinh 14-8h, ¢, d
Mot vat nang Q = 5 kN bay ngang

véi van téc déu dén cham vao dau mut
thira A cia mét dam chir [ ¢hinh 14-9).

Xic dinh van t6c¢ t6i da cua vat nang Q. A

Cho biét [c] = 16 kKN/em”. T Vo c
& —

Glat: B o{llt 1
Mat cit cé: I, = 1080 cm™; W, =
120 cm™; E = 2.107 N/em®.
Tir didu kién bén:
maxc, = maxs;.Ks < [o]
maxM, v

5 kNm

Im

hay — <{a] & —L- -
Ws gt G:L[N%s : -
2 T
hay 5107 Yo < 16 kNjem?

120 081.0,306 Hinh 14-9

Tarmtra: v,=06,5cm/s.
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CHUUNG 1 5
%
TINH TOAN HE SIEU TINH

I. KHAI NIEM CHUNG VE HE SIEU TINH

Nhitng phuong phédp xdc dinh bi¢n dang va chuyén vi trinh bay trong cic
chuong truée duge sit dung rong rii dé tinh cdc hé tinh dinh. Trong chuong nay
ta nght€n ¢itu cach tinh hé siéu tinh. _

Mot két cdu chiu téc dung cia tai trong dang bdt k¥ cdn phai duoc lien két
nhur the nao d6 d€ né khéng trd thanh mot ¢o cdu,

Nhu di biét, d€ xdc dinh phan lue lien ket trong hé phang ta chi c6 thé thiet
lap duge ba phuong trinh cén bang doc 1ap v6i nhau. Sau khi giait cac phuong
rinh niy ta s¢ tim duoc ba phan luc & ba lién két. Nhitng lién k&t nay goi la
nhimg lién két cdn thist. Ching ¢6 nhi¢m vy giit cho he khong bi bién hinh hinh
hoc. Mot hé duge giit chat bai nhimg lién k&t can thi¢t nhu the duoce goi 12 hé
tinh dinh. Trong thuc 1€ k¥ thuat ta thudng gap nhitng h¢ c6 s6 lien két i6n hon
$0 lién két cdn thiét. Véi y nghia ndy nhitng lién két, trir nhiing lién két cin
“thiét, duoc goi la nhimg lién két “thira”. Béi vai nhilng hé ¢6 lién két thira ta
khong thé xdc dinh duoc nhiimg phan luc lien két chi bing nhimg phurong trinh
can bang. Nhitng hé nhu thé goi la nhitng hé siéu tinh. Lién k&t “thira” ciing co
thé Ia nhitng lién ket ngoai hoac nhiing lién két noi. Ta got nhiing hé ¢6 nhimg
lién k&t ngoai “thita” la nhitng hé siéu tinh ngoai va goi hé cé lien két noi
“thira™ la nhitng he sicu tinh nsi (hinh 15-1b, ¢). Cin phéi hiéu ring thuat ngir
“lien ket thia™ chi ¢6 tinh chat quy uée. Bai vi, chi d& dam bao cho hé bit bign
hinh hinh hoc thi chiing i “thira”, nhung sy ¢6 mit cita chiing s& tao cho hé lam
viéc tot hon rat nhiéu so véi he tinh dinh cling loai.

Tu hinh v& ta thdy 15 1a; Véi cing mot ché do dat ti va kich thudc, do
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vong trong dim siéu tinh (hinh 15-1b) nho hon rat nhiéu so v6i do vOng trong
ddm tinh dinh (hinh 15-1a). B&i vay, cdc lién két “thira” & cic diém C va D
(hinh 15-1b) da tao cho két cau ¢6 46 cing 16n hon.

Ung véi cdc “lién két thira” duge gidi phéng ta ¢ cdc phan luc tai céc diém
nay goi 1a cdc “phan lyc thira” hay cdc “dn 6 thira”. S§ cdc an s¢ thira nay xdc
dinh bic siéu tinh cla hé.

(15

Hinh 15-1

D61 vai he (hinh 15-1b) s6 phdn luc géi tra 12 nam. DE xdc dinh cde phin
lre nay ta lai chi ¢6 ba phuong trinh can bang tinh doc 1ap. Vi the€ so bac siéu
finh cha hé bang hai.

Né&u ddm hoac khung ¢6 m thanh gdi (nhung Khong cé chu vi kin) thi s&
bac siéu tinh clia hé bing s6 cdc lién két ngodi thira T: d6i v6i hé phang T =m - 3;
d6i véi hé kKhong gian: T=m - 6.

Méi mot khung phang kin khong cé khdp s6 bac siéu tinh 1a 3. Virdng &
médi mat cit ngang bat k¥ cla khung cd ba thanh phédn noi luc. Dé xdc dinh né
can cit chu vi kin va dat vao mit cdt ndy cdc ndl hue cdn tim X, X,, X, Cac
phuong trinh tinh hoc khong cho phép xdc dinh cdc ndi lyc & cAc mat cit bdt ky
cha khung. Vi thé chiing 13 cdc dn c¢én tim v& ching xdc dinh su cé mat cla céc
lién két thira bén trong cha hé. Néu trong khung kin ¢é mot khdp thi s6 lién két
thira bang 2. Vi mémen & khép X, = 0. N&u ¢6 n thanh ndi v6i nhau bang mot



khép thi khép nay tuong duong v6i n—1 khdp don (khdp c¢é mot phan luc lién
k&t). D& hiéu 1a mdi khung phing c6 K chu vi kin thi s6 bac siéu tinh clia né 1a
3K. Do d6, bic siéu tinh W ctia hé phing duge xdc dinh theo cong thic:
wW=T+3K-D (15-D

Trong cong thitc ndy, T - s6 lien Xét thita ngoai: K - s6 chu vi kin ; D - s6
khdp don trong hé.

Ap dung céc cong thic trén vio cac hé trén hinb 15-1b.c ta s& tim dugc bac
siéu {inh cla ching nhu sauw:

Da6i v hé siéu tinh trén hinh 15-1b:

T=m-3=5-3=2

K=0D=0
Do dé:

W=2+0=2
Pa&i voi hé trén hinh 15-1c:

T=3-3=0

K=1;D=0
Do dé:

W=0+31-0=3

Tit ca c4c he siéu tinh déu cé nhimg dac diém chung sau day:

a) Noi luc trong hé siéu tinh phu thude vao quan hé do cing gila cdc cau
kién cua hé.

b) Chuyén vi trong hé siéu tinh nho hon chuyén vi trong hé tinh dinh suy ra
tir hé siéu finh nay cung mot ché do chiu 1ai; bai vi cdc lién ket thira lam tang d6
cung cla hé.

¢) Khi cé su thay déi nhiét do chia moi trudng hoac khi nung néng nhing
c4u kién cua hé ciing nhnr khi ch€ tao va lip ghép khong chinh xdc thi rong hé
siéu tinh & phat sinh cdc noi luc.

d) Khi nhimg lién ke thira bi hu hong thi hé vin khong b pha hoai, vi khi
d6 he van bat bi€n hinh hoc.
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C6 thé tinh cdc hé siéu tinh bing nhiéu phuong phdp khdc nhau, vi du:
1) Phuong phép lyc.

2) Phuong phdp chuyén vi.

3) Phuong phdp H. Cross, phuong phip G. Kani v.v...

Dudi day ta gidi thiéu cach tinh h¢ siéuv tinh bing phuong phdp lyc.

I1. PHUGNG TRINH CHINH TAC CUA PHUGNG PHAP LUC

Pé tinh todn cdc hé siéu tinh bang phuong phap luc, ta s& sur dung tién dé
gidi phong lién két. Cu thé 1a bo di nhitng lién két thira va thay the tic dung cia
ching bing nhiing an s6 thira X,, X;, Xs, ..., X,. R rang 1a v6i cich lam nhu
thé, ta bi¢n hé siéu tinh da cho thanh hé tuong duong ¢ bic siéu tinh thip hon,
Hé suy ra tir hé wong duong sau khi da giai phong tat cd cdc luc tic dung lén no
(luc cho va phan luc tai cac lién Két bi loai bo} goi 1a hé co ban.

Céc an s6 thita X, X, ..., X, trong h¢ tuong duong duge xac dinh tir cdc
diéu kién bién dang clia hé. Y nghia cha nhitng diéu kién nay 1a nhu sau:

Duéi tic dung clia tai trong cho va cdc n s6 thira X, X, ..., X, hé wrong
duong lam viéc nhu hé siéu tinh da cho. Nhimg diéu kién nay cé dang xdc dinh
v chiing 13 nhitng phuong trinh chinh tac coa phuong phdp luc. Sau khi di xac
dinh duoc cdc an s6 thim ta s& im duge cdc an s6 con lai 6 cdc lién k&t can thiét.
Vi sau d6é dé dang vé dugce cic bidu dé noi lue nhu da lam déi véi he (inh dinh.

Cian chd vy 1a d6i véi cling mot hé siéu tinh da cho cd thé chon nhitng h¢
twong duong theo nhimg cdch khdc nhau. Khi Ay cdc phuong trinh bién dang s&
cé nhilng ¥ nghia khdc nhau phi hgp vé6i di€ukién bién dang tai nhitng lién két
bi loai bb. He tuong duong cé thé 13 hé tinh dinh hodc siéu tinh, thong thudng
hé twong duong duge chon 1a hé finh dinh. Nhung diéu quan trong la hé tiwong
duong d6 phai bat bién hinh hinh hoc va cho phép thiét lap phuong trinh chinh
tac don gian nhat.

Dudi day dé thay rd tu tudng va trinh tu tinh todn cGa phuong phép luc, fa
hay khao sat mot s6 vi du cu thé (hinh 15-2). D6 1a mot dam lién tuc c6 hai bac
siéu tinh. Mot phuong dn ¢6 thé cta hé tuvang duang duoe cho trén (hinh 15-2b).
D& véi phuong dn nay, phuong trinh bi¢n dang duge viél nhi sau:

230



Al = Al,‘{l + A|X2 + A”_)—_-O
(15-2)

By = Agy + By, +82p=0
trong dé, A, 1a chuyén vi theo phuong cua lue X, do chinh luc X, gdy ra trong
hé co ban; A, 1a chuyén vi theo phwong luc X, do lic X, gay ra trong hé ca
ban; A,p }a chuyén vi theo phwrong luc X, do tai trong dat lén h¢ gay ra trong hé
ban. Cic chuyén vi Ay, Ay, s Agp cling ¢6 ¥ nghia tuong 1.

A, 1a chuyén vi (géc xoay tai ngam A) theo phuong lue X, (trong trudng
hop nay X, la momen) do cic lyc X,. X, va 1ai trong gay ra bang khong.
Chuyén vi A, cling cé ¥ nghia tuong ty. Tu didu kién bién dang tai nhiing lien
k&t bi loai bé ta thay rd ¥ nghia cha phuong trinh thi hai cua hé (15-2) 1a
chuyén vi thing A,, tai gdi tnra C theo phuong lic X, do cic lyc X, X va tal
trong gAy ra phai bang khong.

Chuyén vi do cde an s6 X, X, gy ra c6 thé biéu dién nhu sau:

A, =0Xi Bix, 7 812Xy

{15-2a)
Ay, =30Xi5 Aoy, =80Xs
Khi thay (15-2a) vao (15-2) ta nhin dugc:
6|]X|+812X2+A|P=0} (]_5-2]3}
82]X| + 522)(2 + f&zp = O

trong do:

8,,, 82 l& gbc xoay cua mit céit ngang tai A clia h¢ co ban do cic lyc don
viX; =1 v X, = 1 gay ra. Cic hé s6 3, va 8y cling c6 y nghia trong .

Cac phuong trinh cGa hé¢ (15-2b) duoc got la nhitng phuong trinh chinh tic
cfia phuong phap luc. Cic dn s0 thira X, X, trong hé (15-2b) 12 nhimg phan lyc
vong (momen} va phan lyc thang. Vi thé phuong phdp nay goi 1a phuong phéap
lge. Cac chuyén vi 8 v Agp dugc xdc dinh bing cong thic Mo. Giai hé
phuong trinh chinh tac (15-2b), ta tim dugc cdc in s6 X, X;. Sau budc nay ta
¢6 mot hé tinh dinh chiu tdc dung cta cac luc da biét X,, X, va tai trong ngoal.
Cach vé& cic biéu do noi luc trong he pay ta da biét 1o trong cdc chuong 9, 10,
11. Céc biéu dé noi luc trong he sieu tinh da cho 1a 11 giai clia bai toin. Mot

cdch téng qudt hé phuong trinh chinh tic cla phuong phap luc c6 dang:
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BHX' + 812}{2 + ..+ ﬁlan + A]P= 0
521X1 + 822X2 + ...+ 52nX“ + A'_”): 0

(15-3)
SMXI + 6n2X2 + ...+ Sn“Xn + Anpz 0
Heé niy con c6 thé viét dudi dang ma tran sau day:
AX+B=0 {(15-4)
trong do:
5]] 812 s aln
8 By . Oy
A =
E‘:"nl 6112 611n
14 ma tran vudng clia cic hé s6 trong hé phuang trinh chiph tac (15-3).
X, |
X2
X = - la ma tran cot cla cdc 4n s6
L Xn
Ap
Agp
B = 12 ma tran cot clia cdc s6 hang ty do ciia hé
phuong trinh chinh tac
- Anp-

Cdc hé s§ By, cha hé phuong trinh chinh tac trén dudng chéo chinh duge
goi la cdc hé s6 chinh hay cac chuyén vi chinh; ching ludn fudén duong.

Cac hé s6 con lai cla ma tran A goi 1a cdc hé s6 phu. Chiing c6 thé cé ddu
am, hoac duong, hodc bang khoéng va 85 = d¢)-

Nghiém cua hé (15-4) viét dudi dang ma tran nhu sau:
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X=A"lB (15-5)

O day A”! 12 ma tran nghich dao cua ma trdn A. Viéc giai hé (15-3) va viéc

tinh ma tran nghich dao s& don gidn dang k&. néu c6 nhidu hé s& phu 3y bang

khong. Diéu nay phy thude vao viéc chon hé co ban.
Céan chi v 12 (at ca nhifng 1ap fuan trong ti€t 2 nay chi ding véi hé cho phép
st dung nguyén 1y doc 1ap tac dung cua cdc lic.

[IL. CAC BAI TOAN AP DUNG
Vidu 1

Hay v& biéu db noi luc chia dam cho trén hinh 15-2a.

Hinh 15-2
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Gidi:

Ta chon hé tuong ducng nhu hinh 15-2b. Biéu d6 momen trong hé co ban
do céc luc )F(_] =1, )_(; = | va tai trong gy ra duge cho trén hinh v& (hinh 13-2¢).
Biang cach nhan bidu dé ta s& x4c dinh duge cdc hé s& va sO hang tu do trong
cic phuong trinh chinh tic cha he (15-2b) nhu sau:

5, = MM, = L-i}r‘q—l— - L
| 2113 2E] 6E]

Thay céc hé s8 8ma vi céc s0 hang ty do Agp nay vao hé cic phuong trinh
chinh tic (15-2b) va giai no ta tim duogc:
5

2 qf
Xy =—— i Xy=——
1= 2T a4

Theo nguyén 1y doc 1ap tic dung ciia cdc luc, tung do cta bi¢u d6 momen

cudi cimg M, 431 voi he siéu tinh da cho dirge tinh nhu san:
M, = M; P MK, +ﬁ2§2

Diu am (—) trong cac hidu thite xéc dinh X, X, n6i 1én rang chiéu ctia X,
X, ngugc voi chidu di chon ban dau. Trén hinh vé (hinh 15-2d) biéu dién céic
biéu dé momen udn M, El,_ﬁﬁz {mg v&i chiéu ding cia X, X,.

Bidu 46 moémen va lue cat cudi cing duge cho trén hinh v& (hinh 15-2e, g).

Vidu 2:

Cho mot hé gém ba thanh dugc 161 véi nhau bing cac khdp © cdc ddu cubi.
He chiu- tai trong P phu trén hinh vé (hinh 15-3a). Do cimg cua thanh gilta
EF+/2. clamdithanh bén bang EF.
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Giui:
Bic siéu tinh cla hé bang 1. M6t trong nhitng phuong dn chon hé tuong
duong duge cho trén hinh v& (hinh 15-3b). Khi do phuong tinh chinh tic ¢ dang:
313Xy +Ap=0 (15-4)

Bidu dé luc doc don vi Ny va bicu do lyc doc Ny docéc lyc Xy =1vaP
gay ra trong hé co ban cb dang trén hinh v& (hinh 15-3¢, d).
Céc heé s ctia phuong trinh chinh tic (15-4) duge xdc dinh theo phuong

phdp Mo:

—— T4z V2| 1
8 =N.N; = 2{‘—-’}{3{\—— [l.!ﬁ][l]m = &

2 EF

TR L E AT

2 2

vi gidi no ta dugc

Thay 8,, v App vira fim duoc vao phuong trinh (15-4)
X, = P/2.
Nguyeén 1y doc 1ap tdc dung cha céc Yue cho phép ta vi€t.
Np= N3 +NX,
Bidu dé N, X, nhan dugc tir biéu d6 N, sau khi nhan cdc tung do cilia n6 vol
dugc cho trén hinh 15-3g.

X, =P/2 (hinh 15-3e). Biéu 46 luc doc cudi cung Np

Hinh 15-3
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Vi du 3:
V& M, d6i véi mot tryc chiu xoan sau day (hinh 15-4).
Gidi:

Ta chon hé tuong duong vi hé co ban nhu hinh 15-4b, .

m
s g
— e
a) L L €) -
[ a | 2a !
m .
"I By
b 4 : 4 Hé tedng dvong ,
e - m
% L L 32
=T |
5 ° e . (IS
) 2 Hé ca pan [ =
IR, 2m/
, e
Hinh 15-4
Phuong trinh chinh tic:
811X +Ap=0
Biéu dé M, va Mp c6 dang nhu hinh 15-44, e.
811 = — Ball]= =&
Gl GI,
1 am
Ap= — [my.a.1] = Do
? GJP[‘ ] Glp
xl=_9£=_ﬂ9.__ﬂ0.
8y, 3a 3

Bi¢u d6 momen xoin cusi ciing duge cho trén hinh 15-4g.

Vi du 4:

V& biéu d6 momen udn trong khung siéu tinh (hinh 15-5a).

Gidi:

He tuong duong va hé co bian duge chon nhu trén hinh 15-Sbc. Phuong
trinh chinh tac c6 dang:
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51X + 812Xy + Bp = 0 }

(15-3)
Szixl +622X2+A2p-'0 .

Dé xac dinh cic he s& va s6 hang t do trong he phuong trinh (15-5), cén
phai v& dugc céc bidu dd My, M, va M3 trong hé co ban, cdc biéu dd nay duge
cho trén hinh 15-5d,e.¢. Bing cdch nhan bi€u d6 thich hop ta tim dugc cidc hé s6
va s hang tu do sau day:

3 p—
5“=L l,r?..%;”-" 4 512=52]=_1 l;-”
El|2 3 2 HJ EJ|2

. 1715 . P
By = —m | =l Sy = ——
2 E][Z} 27 3R]
4 4
qf !
Ap= I Agp = ———
P GES 2 RE]

(15-3)
gy, 9
2 3 8

Nghiém clia h¢ (15-6) c6 dang:
qf 3
X = — X = - !'
17 5g 27 5 q
Momen uén & mot mat ciit bat ky cia khung duge xdc dinh nhu saw:

Mp= M5 + XM + XoM,

Bidu d6 momen uén cudi cimg Mp cha khung dwgc biéu dién trén hinh
15-5b. Mat cit ma tai d6 trén thanh ngang luc. cat Q bang khong dugc tim tir
diéu kién:

Q=qZ—%qf=0

Tirday suyra: Z = %f ké tir goi tya phai.
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Omatcat Z = ?l, momen udn ¢o gid tri cue tri la:

M = (—“—]q!z

L 196
=2
{ /q
T AL, —
A a EJ b
A e, b) 9
EJ /
STTTTTTT / e
il W
M1 ;r; E =1 5 ‘\\.
r,‘ 4/ ¥ s __4-ﬂ>|
I‘;"" [~ ,\X2_1
d) 1 e)
Hinh 15-5

IV. TINH HE SIEU TINH CHIU NHIET PO THAY pOI1
Viéc tinh hé siéu tinh chiu tdc dung cla nhiét do thay doi cling tuong tu
nhu tinh hé chiu tic dung clia ti trong, chi khdc & day 1a sy bién thién ca nhiét
d6 1a nguyén nhan gay ra noi luc trong heé. Va vi thé, cac s6 hang tu do Agp
trong hé (15-4) duge thay the bang Ay, 12 chuyén vi theo phuong X do su bién
thién nhiét do gay ra trong hé ca ban,
Cu thé la:
8 X, + 82X+ .+ 8, X, +4,,=0
8y X, + 850Xy + .+ 83, X, + A5 =0 (15-7)

6!]1X1 + SHEX:! + ...+ (SMXH + Am = 0
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Trong dé cac Ay, duge xdc dinh nhu sau:

I .' _
A= Y jatcﬁKdZ + Y fa i
0 ]

ty — .
- M dZ
h .E\

hay ) (15-8)

= — O

Age= 2 QNgat, + ZQ(MK)E(IZ ~1))

J
Trong cong thic tinh Ag, thi Q(Ng), Q(Mg),0, 1, h, ty, ty 1dn Tugt 12 dién
1, +1,

tich biéu @6 N, K/IK, hé s6 gidn nd nhiét, nhiét do trung binh (. = , bién

thién nhiét d6 & mat trén va dudi, con h la chiéu cao mit cit ngang cta dam.,
Céc hé s6 8y, duge xdc dinh nhy trudng hop hé chiu tai trong.
Sau khi thiét 1ap va giai hé phuong trinh chinh tic ta sé tim duge cdc an s

X, Xq, X;... Vigc vé céc biéu dé noi luc duge 1i€n hanh theo cdc phuong phap
da biet. '

v. TINH HE SIEU TINH CO CAC GOI TUA CHIU CHUYEN VI
CUONG BUC

D& tinh toin nhitng he siéu tinh c6 cdc géi tya chiu chuyén vi cudng buc ta
ciing $& st dung nhitng 1y luén vira mo ta & trén. Khic vai cdc truong hop rén
trong trudmg hop nay nguyén nhan gy ra noi luc trong hé 14 do cdc goi tua chiu
cic chuyén vi cudng bic.

PE dp dung h¢ phuong trinh chinh tac (15-4) vao trudng hgp nay ta phai
chii ¥ khi chon hé co ban Khong nén loai bo cdc lien két cd chuyén vi cudng bifc
m? phai cat cac lien ket ay.

Gia sir cho mot ddm nhu hinh 15-6a, néu chon hé co ban bang cich loai bo
lien két rai gdi wwa B ¢6 chuyén vi cudng blc thi diéu kién bién dang theo
phuong cia an sé X, do céc in s6 X néu cé (rén hinh 15-6a khong chi ra
nhimg 4n s6 ndy) va chuyén vi cudng biic gay ra s€ khong biing 0. Cu thé la:

AX] (Xl‘ Xz, Vet Xn) =8=0

Bay git néu ta chon hé co ban bang cich cit lién két cé chuyén vi cudng
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birc B thi diéu kién chuyén vi theo phuong lién két &y van biang 0. Vi lic nay
diéu kién vira noi nay 1a diéu kién mo ta chuyén vi twong d6i cla hai mit cit
chia lien két vira bi ct.

AX] (Xl" Xz, - Xn) = 0

Ngoai ra con cé thé chon hé co ban bang cédch loai bd cédc lién két thia
khong ¢6 chuyén vi cudng bitc. Néu chon hé co ban bing cach cat cac lién két
thita 6 chuyén vi cudng biic thi phuong irinh th K ¢6 dang:

SkiX; + OgaXo + .. + 0 Xk + ... + 0 X+ Aga =0 (15-9)

Cdc hé 50 8y tinh nhu déi véi trudng hop hé chiu tai trong.

Aga 1a chuyén vi theo phuong cla tuc Xy do chuyén vi cudng biic gay ra
trong hé co ban. N6 duoge xdc dinh theo cong thic sau day:

1 It !
Aga =— X RiA, - > M, (15-10)
=l i=]
Trong do _RT "I\Ei la phan luc theo phuong lién két thit i do luc XK =1 giyra
trong hé co ban. A;s 12 chuyén vi thang theo phuong lien két thir i va 8 4 1 gdc

xoay tai lién két thit 1 trong hé siéu tinh da cho.

Hinh 15-6

Vidu 5:

Tinh momen uén 16n nhat trong truc duge cho trén hinh {5-6a. N&u khi ché
tao tam ciia & dd giita bi léch mot doan 3.

Gidi:

Heé co ban chon nhir hinh {5-6b. Phuong trinh chinh tic ¢6 dang:
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. 31X +Aa =0
trong do:

Ay =-R,.8=-1.8=-0

Bicu dé M, cho trén hinh 15-6¢ va sau khi nhan biéu dé nay véi chinh né ta co:

3
anzz(gg;.z.if]:f_
2 2 32 6E]

Thay A;a va 8 vira tim duoc vao phuong trinh (a) va giai no ta di dén:

Xl = "—1" -0
Biéu d6 momen uon va gid tri momen u6n 16n nhét duoc cho trén hinh 15-6d.

V1. TINH DAM LIEN TUC

1. Thiét 1ap phuong trinh chinh tac

Gia su can tinh dam lién tuc (hinh 15-7a) chiu tac dung déng thoi cuna tai
wong, cta su chuyén vi cudng bite cdc gdi tya va cua su thay déi nhiét do. Muén
thé ta chon hé tuong duong nhu trén hinh 15-7b va viét diéu kién biao dam cho
hé nay lam viéc giong hé thuc. Néu cho dim tuong duong chiu tac dung cla tai
trong, chuyén vi cuong biic cdc goi tua, va su thay ddi nhiét do giong nhu trong
dédm thuc thi hé tuong duong chi con khac hé thyc ¢ dicu kién bién dang tai cdc
{iét dién & trén goi tua trung gian. :

14

¥ n
4| T b & S
Nrrx <y T rrr

i
l; T;J_ lisq ,ﬁ-
e >

4 w1t v

131—!
Au‘l
"

N

Fl Fs 7 - £ v - -
b} Erxas »'T«Zﬂ' ,‘Err r;-—.-

Hinh 15-7
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Ta hdy xét diéu kién bién dang tai mot g6i tya trung gian tha i ndo d6. Ta
nhan thay rang trong h¢ thuc hai ti€t dién trong tng hai bén 26i tva i 1a khong
thé wch roi nhau, nhty vay hai tiét dién dé trong hé wrong duong ludn ludn phai
dinh sat vdi nhau trong qué trinh bién dang, hay néi khéc di, géc xoay tuang ddi
gilta chiing luén ludn bang khong.

Nhu the tai méi géi tva, ching han v6i gdi thit i, ta phai viét diéu kien dé
cho hé twong duong bién dang gidng hé thuce tie 1a géc xoay tuong ddi chia hai
ti€t dién & hai bén goi tua i phai bang khong. Viét didu kién dé cho géi tha i
dudi dang phuong trinh chinh tic cla phuong phap luc ta duge:

Bigi-nyMyigy + 8;M; + 81, )My, + Alp + AT + A =0 (15-11)

trong dé 8y, Oy Byirry 12 gée xoay tuong dét cha hai i€t dién & hai bén g6}
tua thit 1 lan Jugt do cdc momen don vi h_/lﬁ(i_,, =1, ﬁﬂl =1, R/I_(HU =1 gay ra trong
hé co ban (chG yring cdc 8, =0 véik<i-2vak=2i+2).

Alp, Ay, Al ldn tuot 12 gée xoay tuong d6i cla hai tiét dien & hai bén goi
tua thit i do tdi trong, do chuyén vi cuding biic clia g&i tya va do nhiét do thay
déi gay ra trong hé co ban.

2. Tinh cac hé sé trong phuong trinh chinh tic

Trén hinh 15-8b, ¢, d, vé cdc bi€u dé momen cin thi¢t trong hé co ban dé
xac dinh cdc hé s6. Do anh hudng cia luc cat rat bé nén ta khong v& cic biéu dé
luce cat.

Thuc hién nhin cdc biéu d6 theo Vérésaghin, ta cé:

LM Lol !
Siin=MM, =1+ - — = 4
ii-1) (i-1) 2 3 EJ, 6EJ
_— _ [ | .
8 = MM, Lz (en 2 1] L)
MM sl 11 1
Oitie1y = MMy y = (SRt S _ i+

2 3 Elg.y  6El.,

Thay cdc tr1 8 vira tinh dugc vac phuong trink chinh tic 15-11 ta dwoc
phuong trinh t6ng quat viét cho gbi tya trung gian thir i trong truong hop dam
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chiu tic dung déng thoi clia tai trong, chuyén vi cudng buc cuia g6i tua, va su
thay déi nhiét do:

. ; » .
_'!_I'_'M{i—lj) + '_[:._+_'£.”_-LN[L + —-ii]')—'M(H]}'F
6EJ, 3EJ, 3EJM,J

+ A% + Ay + A% =0 (15-12)

M.. ' - M; ; My
. l t?l wif ! il 3 eI
1"‘3' % /ﬁ; :éﬂ Jirt
[4
y ‘- L | !
™ L T 441

Hinh 15-8

C6 thé rit gon phuong trinh trén bing cich nhan hai v€ v6i 6EJ,, trong do
J, 1a mot hang s6 bat ky thudng dugc 1ay bing momen quén tinh ctia mot nhip

nao dé trong dam:
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, 6EJ [ OEI . 6EJ 1
%'M[i—l)) +[ Joli + ( 1)]'M:‘ X —-———{L”--M(-,J,” +

6EJ, 3B, 3Bl 6EJ .1
+ 6EJ, A}, + 6EJ Ay +6EI A =0

& Jl\ Jl.}
bat &; = | J— My = laey 7

i J(i+1}
va goi 1a chiéu dai quy ude clia nhip i va nhip (i + 1) ta c0:
AMiy + 20k + A )M+ A M + 6E] (Ajp+ Aja +A;) =0 (15-13)

Phuong trinh chinh tic 15-13 nay goi 1a Pluong trinh ba maomen vi né bidu
thi suf lién hé giita ba momen chua biét & ba gdi tua trung gian lien 1€p M.,
Mi va M(i+1]'

Sau khi di- xac dinh cdc hé sd cla phuong trinh ba momen, 1a tiép tuc Xac
dinh cac s6 hang wr do cla no.

- Xac dinh s¢ hang tif do Ajp do tdc dung ciia tdi trong gay ra frong hé ca
ban.
Goéc xoay tuong dGi Ajp cla hai ti€t dién & hai bén goi tya thit i do tai trong
gay ra trong hé cd ban duge xdc dinh theo cong thuec:
Ap :_I‘ZEM;
trong 46 My 1 biéu do momen do ti trong gAy ra trong hé co ban (hinh 15-8¢).
Thuc hién nhan biéu do theo Veresaghin ta dugc:

AV = w;a (')('.+-n‘b(i+1)
P = S
T A P FE AT

(15-14)

trong dé: o; v gy 1n lugt 1a dién tich biéu dé momen udn M} tai nhip i va
nhip (i+1) do 1ai trong gdy ra trong hé co ban;
a;, b;, lan luot la khodng céch tlf trong tam cha biéu dé momen Mp
trong nhip i tinh d€n goi tua trai va g6i tya phai cha nhip db;
g1y Dapy 10 Tuot 13 cic khodng cach tir rong am cla bidu do
momen M3 trong nhip (i+1) tinh dén g6i tua trdi va gbi tra phai

ciia nhip do.
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- Xdc dinh s¢ hang tw do A, do téc dung ciia lin goT twa gdy ra trong hé
cer ban.

Géc xoay tuong d6i A%, cla hai ti€t dién & hai bén g6i tya th i do chuyén
vi cudng bitc cla cdc goi tua gdy ra trong hé ¢o ban dugc thiét lap tryc ti€p tir
hinh 15-8f.

Trén do Agy). A Agay lan luot 1a do fun tai cdc goi tua thir (i-1), thii va
thit (i+1) véi quy ude hudng xudng phia duéi 1a duong.

A7, chinh la téng 56 hai goe B, v g, d hai bén géi fua 1

’ p
Ay = By o = 1B+ TR,

A = Agyy — 4 . Ay — &y

i livt)
- Xdc dinh s¢ hang tie do Ay do tdc dung cua si thay doi nhiét &6 gdy ra
trong hé co bdan.
Goéc xoay tuong doi A%, cua hai tiét dién & hai bén gdi tra thi i do su thay

déi nhiét do gay ra trong hé co ban duge xdc dinh theo cong thirc quen biét sau:
oo o
z’}.'n - ZH([Z "_tl)Q(ﬁ1)
trong d6: o - hé s6 gidn nd dai vi nhigt ea vat lieu lam dam.
h - chiéu cao tiét dién cla ddm tai nhip tuong ang.
ty, t; - ldn lugt la do bién thién nhiét do & thé dudi va thé trén cua dam.

1, - la do bién thién nhiét do & truc dam, trong truong hop ddm cd uét
dién chir nhat
_Lth

Q. - 12 dién tich biéu d6 moémen trong hé co ban do ciac moémen
-l\f_lj =1 gayra.
o ¢ i i [i o fi+1) {i+1) "'(i+|}
Viy: A =—‘([q—l =+ At -1 ) 15-15
LY it hl 2 1) 2 h{j.ql) (2 1 7 ( )



trong dé:
h;, hiy g, - Fn luot la chiéu cao cla ti¢t dién dam tai nhip thir i va (i+1);
ti, 81 _14n luot 12 do bién thién cba nhiét do tai thé trén cua nhip tht |
va (i +1);
{i+1)

tg, t5 7" - 1a do bién thién nhiét do tai thd dudi clia nhip thr i va (i+1).

Thay cdc s& hang tu do da tinh duoe trong cic cong thic trén vao phuong
trinh chinh tac ta cé phuong trinh ba mémen viét cho goi tua trung gian thit i
trong trudng hop ddm chiu tic dung ddéng thoi cla tai trong, cha sur chuyén vi

g61 ta va cha su thay doi nhiét do:

li'Mi—l + 2(7\.] + )"i+|)'Mi. + )“i+l'Mi+] +

+ 6{%'&“]” + U’i+|‘b1+|-~fn} + 6EJH[-‘/—\1—1!_A1 + Al _Aij| +

;i"]i "li+l'Ji+1 "'.'41

o i i1 4 o i1 i+1 3'..1—‘
+6E], | — -y =t )L — 1y =t =0 15-16
l{hi (2 l) 2 . (.. | ) 2 | ( )

Truding hop ddm c6 tiét dién khong doi trong tat ci cdc nhip (J = const) ta
lay J, = I, lic d6 phuong trinh ba moémen s& c¢é dang:

’!iMi-I + 2([1 “+ !-H_l).\d, + ‘Fi+]]\/1i+] +

+ 6[‘”;% +(’)i-r-]'bi-|11 + ()E_{ﬂi-—lf"ﬁi +Ai+!l *AJ "
i e+l

]
L4 i+!

h, °° h,

1+

+ 35.1{‘(4_‘({1, —t‘i)+’£.(1;“ _t';”)} =0 (15-17)

Ung véi mdi g6i trung gian cla dim lién tue ta ¢6 mot phuong trinh ba
momen, nhu vay vSi dam lién tuc siéu tinh bac n ta s& viét duge n phuong trinh
ba mémen cho n goi trung gian.

3. Cac trudng hgp riéng

3.1. Truing hop dam lién tuc c6é dau thira

Ta ¢6 thé dua ddm c6 ddu thira chiu tai trong (hinh 15-9a) vé dim tien tuc

don gian (hinh 15-9b) bang cdch cit bo cic diu thira di va thay tic dung cia
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phdn ddu thira bing nhitmg ngoai lyc dat & cdc g6 bién cha ddm lien tuc don

gidn. Biéu dé noi luc clia dam lién
fuc ¢6 diu thira trén hinh 15-9a
chinh 13 biéu dé noi lyc cha dam
don gian v& trén hinh 15-9b va
phan biéu dé noi luc & hai dau
thua.

Ta ti€n hanh xdc dinh biéu 46
noi luc cia dém don gian v& trén
hinh 15-9b, bang cich st dung

phuong trinh ba momen nhu dai

a)
Y
/(s\i
) M= PiCy

Py

m—1

21_)[ I, [ i I .|

m
A

P
S

Mrn = PzCz

Hinh 15-9

v6i moi loai ddm lién wic don gian théng thudng véi chil ¥ ring momen nd1 luc

tai cac g6i & ddu ddm da biét, chung c6 gid tri bang momen 1ap trung dat O rac

g6i ddu tién va cudi cling cia dam lién tuc.

3.2. Truong hop diam lién tuc c¢6 dav ngam

Trong trudng hop dim lién
tuc c6 hai ddu ngam, ta co thé
tudng tugng thay ngam cing Vi
ngam trugt & hai ddu bang hai
nhip & hai ddu ¢ chiéu dai bang
khong hodc ¢6 4o cing J = = va
¢6 s6 lién két tuong duong vl
ngam nhu trén hinh 15-10b. Luc
dé ta di dua bii todn ddm cé hal

ddu ngam thanh bai todn ddm don

1 m1 rn m+1

b
m+f"0

Hinh 15-10

gidn va c6 thé 4p dung dugc phuong trinh ba momen.

4. Bidu thire mémen udn va luc cit tai mot tiét dign bat ky

DGi véi mdi dam lien tuc bat ki sau khi qui vé dam lien tuc don gidn tuong

tng. ta ¢ thé thict lap duge hé phuong trinh ba mémen viét cho tit cd cdc gbi

trung gian ciia dam lién tuc, trong d6 an s0 1a momen tya M; tai cic g wa

trung gian cua didm lién tuc, ké ci cidc momen O hai goi tua bién (bang khong
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néu & hai ddu khong c6 momen tap trung) phu the la ta da tim duoc tat ca cic
momen nol hue tai cdc goi tua.

Vin dé xdc dinh momen va e ¢t 1ai mot Liét dien bat ky wrén dim lien tuc
duoc tién hanh nhu sau:

Ta ¢6 thé xem mdi nhip didm lién tuc nhu mot dam don gian dat tr do trén
hai g&i ¢ hai ddu nhip, chiu tai trong va cac momen £61 tua di xdce dinh duge tir
hé phuong trinh ba moémen 6 trén.

Hinh 15-11

Ap dung nguyeén 1y cong tic dung ta s& tim dugc bigu thitc moémen udn tai
mot 1iét dien bit k¥ c6 hoanh d¢ z, cha dam lién tyc nhir sau:

Mk=Mﬂ+-h%‘(li—zk)+h—:i—-zk (15-18)
j i
trong do Mﬂ - mémen udn tai tiél dien k do tai trong gay ra trong ddm don gian

dat tu do trén hai g6i twa & hai du nhip.
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Lay dao ham biéu thic wén ta s& duge Bifu

thite luc ot tai tict dien k cta diam lién fuc: Q Qiry

“ )
dh"‘[ . - h‘ll — ‘]\Al_ - il i ©
L= — k =Q!\‘_+____.1_ (15-19) T) ‘ Jl

dz !‘i j__
Muén tim gid tri cua phan luc rai gdi tua thu T R
| nio dé. ta chi cdn xét can bang cua phin dam bi I

cat & hai ben goi nhu rén hinh 15-12. Ta cé: Hinh 15-12

R,=Q", - Q™ (15-20)

VIL CAC Vi DU AP DUNG
Vidul:
V& biéu d6 momen uén trong ddm lién tuc cho trén hinh 15-13.

Cit bo diu thita ben phai va thay tdc dung cha phin dau thira bang nhing
pgoai luc ddL & gdi bién ben phii cia dam don gian. Thay ngam bcn il cua

dim bing mot nhip ¢6 chiéu dai {, = 0 nhu trén hiph 15-1 3b.

B0 kN/m 100 kNm 10 kN
9 W O 4 l.'
a) : J;=08Y ;ir Jp=J FE
1

I
0 kN/m ' dgo kNm 2.10 kN
. \ 2}

: j_/)

EEZGKNm
I
1 L
| 1
A
L
o
|
L
1 |
| 1
I |

B atinlet ey (KNM)
- 8

-

Hinh 15-13
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Chon ], = J, chiéu dai cdc nhip qui ube s& la:

3. 10.

:"\.:0', ?\.lzﬂi:l[]m: 7\.2=—-J”:10m
081 I

4]

1. Viét cac phuong trinh ba momen cho cdc g0i tuea trung gian:

- Tai g6 0: A, M., + 20k, + AOM,, + A M, + 6] {%4"%}] =0
e 1-4ho.

Tai g6 1: M, + 20k, + A)My+ JaMy + 61| Sty @202 1 _
22 08 1)

2. V& bidu dé momen do tai trong giy ra trong hé co ban. Két qua v trén

hinh 15-13c.
3. X4c dinh s6 hang ty do cta cdc phuong trinh ba moémen

w,=0; a,=0
3 3
o= 4 = L5 o050 kN’
24 24
5
al_‘—;f'-"1=l,8=—6m; blzé_‘h:i-S:E
15 15 15 13 15 5
mzbz—*—‘5‘50-(5+i 5] +205:50- 25 =_——1sz KN’

4. Thay céc tri s6 cla cdc hé s6 vio phuong trinh ba mémen déng thoi chi

¢ 12 M, = 20 kNm:

1280. %
0+ 2.0+ 10) M, + 10.M, + 6§ 0+ ——12 | =0
8.08.]

128022 _—1250

10.M,, + 2010 + 10).M, + lO(—20)+6J{ +
808J  10J

IM,+M, +512=0

Hay:
M, +4M, +403=0
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5. (Giai he phugng trinb @ dugc:
M, = -235 kNm; M, = 42 kNm
6. Ve bidu d6 momen 16ng cong: sau khi da tim dugc cdc momen M,
M, M. ta cd thé vé biéu dé momen irong he co ban do rieng cdc mdmen
tua gy .
Trong moi nhip, bidu dé nay c6 dang duong thang ndi lién cdc wng do bitu

thi momen tya ¢ hai diu nhip. Ta goi bicu d6é nay 1a biéu do momen gdi tya va

kv higu 1a M,. Ap dung nguyén 1y cong tac dung ta 6 thé xdc dinh bidu dé
momen 10ng (:(“_)ng:
Mp= Mp +M,
Két qua biéu dién rén hinh 15-13d.
Cach vé biéu d6 Qp trong dam lién tuc ciing thyc hién nhu trén:
Qp= Q; + Qg
Vi du 2
Tinh dam lién tuc cho tren hinh 15-14a khi goi 0 lin xuong mot doan bing

. . . . ! . A e
A vi ngam xoay thuan chitu kim dong ho mot goc bang ¢ = T Cho biét

EJ] = const.
Trén hinh 15-14b rinh bay cich dua ddm c6 dau ngam vé dam lién tuc don
gian. Néu cho pdi 3 clia dam thay thé chuyén dich lén phia trén mot doan A, =

N , : . . . R W
¢.li= A —] déng thdi [, — O thi cich 1am viée clia ddm nay hoan toan gidng

cdch lam viée cna ddm cho ban dau.
Thi€t 1ap cdc phuong trinh ba momen lan lugt cho goi | va 2, theo (15-17)
ta co:

i —';& —
LM, + 2011 + )My + pMy + 68 (_5_!_—1 R é_rfﬂ] =0
! 2

T
1M, + 201 + 1My + M3 + OFJ k_'_E_L— L B3Th

2 I
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trong do: Ih=h=1; ;=0 M,=M3=0
!
A=A Al::ﬂz:fﬂl E&{z"A—%

o

Sau khi thay thé nhitng gid ui nay vio har phuong trinh trén, ta dugc:

- ~0on
M+ M + 612]{¥ +O——QJ =0

IM, +2IM, + (»EJ[Q_;—O —-A—"Ho} -0

A
!‘—l

M, +2ME—6%A=O

Giai hé phuong trinh nay ta dugc:

8 . i
M, = _l_' . E‘Lﬁ

7 0

30 EJA
hdz = +-?;- 3

Trén hinh 15-14c 13 bidu d6 moémen tia. Bidu dé nay ciling 1 bi¢u do My

cin tim vi trén hé khong ¢d tai trong.

-4
0]
___..0 1 s
X e 1 |
o AT I :
s '| ' 3 837 ofy
I ; .
E E 2 v % &

Hinh 15-14
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Vidu 3
Tinh dam lién tuc chiu sy bién thicn phiét do nhir irén hinb 15-15a.

Phuong trinh ba momen vi€t cho g1 1 vie 2

r . N
{ s a2y
LM, + 21, + )M, + hMs SEJ(L\ S (- .];(r:__ e )J =0
1, 14
N A O W)
IQM]+2(!2+t’;)h"iz‘f’!]l\(‘lg‘]“)rlju]l—'[3—[! '1';'[2—“] =0
L 3
trong do:
l’l:h:f;:fl
M, =M;=0
h,=hy=hy=h:
() =+ =430
Z=d=ti=1 =0
Nghiém cila hé nay la:
8 Eladt
T\"li = — Ela .
5 h
_ 2 Blut
- 5 h
Bidu dé M, cho trén hinh 15-15b.
h = const
0 + 3 1 2 3
T e S
D e e e
a 3 | W)
| olo T
I R
| o
b} o

Hinh 15-15
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CHUUONG 1 6

TINH TOAN THUC HANH CAC CAU KIEN
VA CHI TIET MAY

I.CO 8O LY THUYET TiNH TOAN CAC CHI TIET CHIU CAT

Trong thyc t€ ky thuat, dac biét trong nganh ché tao mdy ta thudng hay gip
nhitng chi nét lam viée trong digu kién trang thdi tng suit phic tap. Do 1a
nhitng bai todn vé car va dap, bai todn vé su tap trung ang sudt vh bai todn vé
ing sudt tiép xic. Pé giii quyét diy du nhitng bii todn dé doi hoi ngudi thuc
hién phai ¢6 mot kién thic sau séc vé co hoc va todn hoc, Diéu nay vuot ra
ngodi gidi han cla gido trinh co hoe dng dung. Nhung do tinh chat thye dung
ctia nhitng van dé néi trén, trong chuong nay ta sé lum quen vé6i cich tinh thuc

hanh va nhitng khéi nigm co ban vé cich giai quyét nhimg bii todn dé.

1. Khai niém vé hién tudng trugt

Trong mot s8 trudng hop do bén cling nhu do cing clia cde cdu kién két cdu
lién quan tryc ti€p vai kha nang chiu trugt cla vat lieu. Do d6 can thiét phai
nghién ciu bign dang truot vh trang thdi dng sudt wong ing véi né. Khong nén
quen ring, trong trudng hop téng quat bién dang truot 1a mot bé phan 16 thank
cua trang thdl bién dang tai mot diém,

Mot dang ciia trang thdi ting suit va bién dang phang, ma & d4 trén hai mat
cat vuéng géc clia phan 8 chi ¢é cdc tng suat tiép tic dung. duoc goi 1a dang
truot thudn tuy (trang thdi dng sudt trugt thuan wy). Tir d6 ta dinh nghia mot
trang thai dugc goi 1a chiu trugt thuan tuy nhu sau:

Binh nghie: Mot thanh duge goi 1a chiu trugt thuan tuy néu trén cdc mat

cat ngang cGa thanh ¢6 mot loai nodi iuc [ luc cit ngang Q.
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Trong thyc t& rat it gip nhimg (danh chiv lyc 1y tuong nhu the. Nghia Ia
nhifng thanh chiu ¢t bai hai luc truc doi P (hinh 16-1).

Thee moi lién hé gita momen udn va luc lp
c¢it, hién teong truat luon luén kém theo hién ',
wong u_(;fbin;}Trong trudng hop momen udn coa IE
ngdu (P, P ) rdt bé (khoing cidch gifta hai 2
dudng tac dung cua cic luc? rat nhd), trong TP

tinh todn k¥ thuat ¢é thé bé qua ngdu luc nay Hinh 16-1
viL chi ké dén luc cat Q.

Vi du, nhitng dim chiu cdac hre ngang trén hinh 16-2ab.c ¢6 thé xem 12
nhimg thanh chi chin cit, néu chiéu dai { cua ching ia kha bé. Cu thé 1a / < 5h,

h - kich thudc 16n nhai chia mat cat ngang.

q(z)
i
< yy YYVYYYYYY
20 h “0 h
] = I i
i S :
N L P—"L—-—-"
a(z)
L~
LTI
Q& J.h
z
<) L ’!
¥
Hinh 16-2

2. Ung suat tiép khi trugt

Dé xdc dinh img sudt tiép khi trugl ta tudng tuong tich ra khoi dam (hinh
16-3a) mot phan to chiéu dai dz bang hai mat cat vuong goc vdi truc oz va mal
cht m-n vuong goc véi hai mat cat trén. Sau d6 khdo sdt sy can bang cia mot

trong hai phan cta phéan 16 dd dugc tich ra, vi du phan trén (hinh 16-3c).
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dN

Tich phan S} IyldF theo dinh nghia 12 moémen finh cla phan dién tich

F.

Ly
bi cat F. 461 véi true trung hoa ox.
e o dM
Vithé: dN = --—- 8%
X
P¢é phan da duoc tich ra can bang, thi trén mat cat doc m-n phai ton tai cic
ng sudt tiep t. Nhitng img sudt nay tao thanh jue d'T.

Theo didu kién can bang £Z = 0.

Ta co; dT =dN
M. .
Hoic: dT = ‘J gl (a)
X

Pé xic dinh duge iing suat tiép T cdn phai bigt quy luat phan bd cla nd theo
chiéu rong b, cuou mit cat ngang. Thue t&€ quy ludt nay phu thude vao hinh dang
mat cit ngang. Tuy nhién, dai véi phan [én cde mat cat ngang cd thé gia thiét
rang, ting suat ti€p phan bd déu theo chiu rong by clia mat cat.

Thira nhan gia thi€t ndy, ta ¢ the tinh lye trugt dT nhu sauw:

dT = 1,,dzb, (b)
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& day b, - 12 chiéu rong mat cit ngang tai diém, ma ¢ 46 can x4c dinh Ung
SUAL HEP T = Tyy = Tuy

Chii ¥ dén cong thirc (a) v (b) ta co:

LMy S
¥ dz Jb,
dM

Nhung: dz‘ =Qy

Vi vay, theo dinh luat ddi tng clia Ung sudt ti€p ta nhan dugc cong thic
tinh Ung sudt ti€p tai mot diém bat k¥ trén mat cat bat ky sau day:

Qs
I.b

h9 ¥

Ty = (16-1)
Cong thic nay goi la cong thifc tinh ung sudt ti€p cba Juravsky. Néu mot

Jin nita gia thiét rang, tng suat tiép phan cd déu trén toan bo mit cat thi 1o rang la:

Q, |
L m= — 16-2
Toy - ( )

Khi bign dang trugt con chua vugt gué giol han dan héi, vé thyc chdt (ng
sudt 1i€p duge 1im theo (16-2) 14 tng sudt trung binh hod nao d6. NG luon ludn
nho hon tng sudt 1iép ion nhat duge xic dinh theo (16-1). Néu bién dang ruot v
(&t ca cic didm trén mat cit da vuot qua gidi han dan héi va chuyén vao trang
\hii deo thi cong thic xdc dinh tng suat 1iép (16-2) la ding. Khi da:

Qun

Th = 1;

(16-3)
trong d6: F - dien tich mat cat ngang;

Qup - lue cét giGi han;

T,y - ling sudl tiep chay (gidi han chdy khi cat).

Trén hinh 16-4 biéu dién sy phan bo ng sudt i€p trén mat cit dang chir
phat duge xdc dish theo cic cong thic tuong gng (16-1}, (16-2), (16-3).

Dudi day ta s& khal trién cy thé cach tinh tng suft tiép theo cong thuc i6-1.
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«—Db ——->|
P} l ~ Tep= Eﬂh_ ¥
F
_f‘\ 0 l’ - \‘i x 0 hiz Tmax
Y — *
Q L . \\'Ez max = a YcI iyq:?- Toy
\\ i 2F ' = ¥
Q, /
j‘L ' T:), = F a) FC \ B} b)
Hinh {6-4 Hinh 16-5

3. Sy phan bé (ng suat tigp trén mot s& mat cit thulng gap
a) Mit cat ngang dang chir nhat
V&i-mat cit hinh chit nhat b(y) = hing =b
SLy) =Fey,
trong d6: y, - khodng cdch tir trong tam C cta dign tich F, dén truc trung hoa x.
Theo hinh 16-5a t1a c&:

Do dé:

: h 1 {h b
o =h| =~y |- <] — = .
S (¥) [2 y] 5 (2+y] > (

Vay theo cong thic (16-1):

hay:

S, 3Q, | 2
Izy=&-(h"—4y2)= Q. - (16-4)
8J, 2F (h,rz)z

Tir cong thiic (16-4) ta thdy img sudt ti€p T,, bi€n thién theo luat parabon
(bac 2) doc theo chiéu cao h cha mat cat ngang (hinh 16-5b).
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Tai truc trung hoa y = 0, Ung sudt tiép dat gid tri 16n nhat:

(16-4a)

| o

tai nhitng diém xa tryc trung hoa nhét, y,,, = — nén T,, = 0. Khi cho dién tich

bi¢u dé ham (16-4) bang dién tich biéu dd chir nhat (h.1,,), ta lai dugc ket qua
{16-2).

b) Mat cat hinh tron

Goi r 1a ban kinh clia mat cét, b(y) la chiéu rong cta ldp thé doc cach truc
trung hod mot khoang y, y; 1 tung do cla mét dar dién tich bé song song Vil

truc x, ¢ bé day dy va chiéu dai a (y <y, <1) (hinh 16-0). Ta cé:

T
Si(y) = jY|dF = _[Y;ﬂdy {a)
R Y
Dé thuan tién cho viec ldy tich phan ta déi bi€n s y, sang bi€n s6 géc @.
Hé thitc gifta cdc bién so do 1a:
T

ylzrsimp(aétpiz) . (b}
dy, = r cosedg ()
ngoai ra: a= 2r cos@ {d)

Thay (b, (c) va (d) vao (a) va d6i can ldy tich phan, ta cé:
ni2

S (y) = -2r° _[ cos® ¢ d(cos o)
41
21‘3 0053(; 5 (;J\ mar
Do dé: Si(y) = ——— vl o/ 1y
3 NI f{f}'
mat khac: b(y) = 2r cosa o < a
a) A b)
Nhu vay theo cong thic (16-1) ta cé: —b¥(y) :
Q},r2 cos’ a
TZ)’ = 3]5( - Hinh 16-6
y2
Chi § rang: cos’a =1 -sin‘o =1~ =
g
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. Qy >
cudi cling: T, = 3; (r- - yz) (16-5)

b
Cong thic (16-3) chimg 10 Ty, bién thién theo y véi Juat parabol (hinh 16-6b).

Tai cac diém trén truc trung hod y = 0, ung SUAT tiép 6 tri $6 16n nhat:

Qr’ _4Q _40Q

max T aj 3 .2 3 F

X

(16-5a)

IL. MOT GHEP KHONG THAO PUOC VA CACH TINH TOAN

Chi tiét mdy ghép dung d¢ ghép cdc chi tié1 mdy khac lai véi nhau. Vidw
buléng, han, dinh tan, v.v...

Ving lién ket gifra cdc chi tuét lai véi nhau goi 1a moi ghép.

M6i ghép dugc phan ra: mai ghép thdo duge va khong thio duge.

M6i ghép thio duoce 1a loai (vé nguyén tac)
khi théo khong phai phd huy mot chi ti€t may
nio, néu khi thao, bit buge phai phd bo mot chi

ti&1 nao d6 thi moi ghép do duge goi 1a moi

ghép khong thao dugc.
1. Méi ghép dinh tan va cach tinh toan Hinh 16-7
MG&i ghép dinh tan 1a loat mai ghép cac chi .
< P

tiét may dang tdm, thanh, vo mong lai véi nhau
nh& mot chi tiét mdy hinh tru tron (mot dau ¢d
mil sdn) goi la dinh tin, Xuyén qua 16 khong ren
clia cde tdm ghép, ding bia tay, bia mdy hoac

may ép dé tao ddu tru con lai thanh mil thi hai

va dé ép chat cdc chi ti€t ghép lai vi nhau.

Dya vio hinh dang mil dinh tin cO san,
ngudi ta chia ra (hinh 16-7) md nlta ciy, mi nua

chim, mil chim, mil tn rong v.v...

M6i ghép dinh tin duge phan loai:

— Theo cong dung:
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+ Moi ghép chac: 1a loai méi ghép chiu luc. vi du diing trong k&t cdu ciu
sdt, gin cdu tryc v.v...

+ M@i ghép kin: ¥a moi gheép yeu cdu kin, vi du cac thiing chita chat long, khi.

+ M&i ghép chic kin: moi ghép vira yéu cdu chiu lyc vira yeu cau kin, vi du
dung trong ndi 4p sudt.

— Theo vi tri ddu mdi cdc tdm ghép:

+ Ghép chéng md&i (hinh 16-8c): ddu cac tdm ghép dat chong lén nhau.

+ Ghép gidap moi ¢é mot hodc hai t&m dém (hinh 16-8b): cdc tdm ghép
chinh dat d&i ddu véi nhau va ding thém ta&m phu dé ghép chiing Jai.

~ Theo s hang dinfr

Ngudni ta con chia ra méi ghép mol hang dinh (hinh 16-8); hai hang dinh v.v.

Viéc phan loai moi ghép lién quan 161 viec tinh todn 6 nhitng ché khdc
nhau.

Dac didm cla méi ghép dinh tén la chic chin, dé& kiém tra chat lugng moi
ghép cho nén thutng duge ding trong nhing két ciu chiu 13i trong dong nhu
ciu sét, gian cau tryc v.v... Nhung nhuoc diém clia méi ghép nay la cong nghe
gia cong nang nhoc vh 6n. hon nifa cac chi tiét ghép phai lam 14 nén gay ra sy
gihm y&u céc chi tigt nay.

Dudi day ta s& lam quen vOi cdch tinh todn thuc hianh mot s6 mol ghép
thuong gap nhu: dinb tan, buléng.

Bién dang thuc ctia nhimg moi ghep nay rat phic tap va chi c6 the duoc
khao st gdn ding nhu nhimg bién dang trudt. Vi vay nhitng tinh todn trinh bay
trong muc nay la dua trén phitng gia thict kha tho va chiing chi ¢6 dac trumg quy
uée. Nhung do tinh don gian cia cic gia thigt 46 mi cdch tinh todn nay duge su
dyng rat rong rai trong thuce 1& thiét ke,

Ngoai ra mot s6 dai luong sir dung trong tinh todn dugc 14y tlr nhifng 50
ligu thi nghiém. Diéu nay ¢ nghia 1a nhimg sy hiéu chinh tuong tng da duec

dua vao trong tinh todn va lam cho nhitng tinh todn nay trdr thinh du tin cay.

Ta khao sat su Jam viéc cua mot dinh tin c6 ba tam ghép (hinh 16-Ya).
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Hinh 16-9

Pinh tdn c6 thé bi cét tai cidc mit cit m-n va m;-n,. B6 la mot trong nhimg
dang phd hong chi y&u cia méi ghép nay (hinh 16-9). Ta got dinh tin nhu thé
12 dinh tan ¢é hai mat bi cat. M&i ghép bulong (hinh 16-9b) ciing lam viéc trong
nhitng diéu kién tuong ty nhu mot ghép dinh tén. Phuong phdp tinh todn moi
ghép dinh tdn duge trinh bay dudi day ciing ding déi vdi mot so loai lien két
bulong {moi ghép bulong tho).

2. Phuong phap trang thai gigi han

Ta cén tim luc gi6t han Py, ma dinh tan cé hai mit bi cit cé thé chiu duge
theo difu kién cit. Ching ia s& xem trang thdi chay trén cac mit bi cit la lac
mai ghép hét kha nang tam viec. O trang thai nay sy truot ddng ké cla cdc tdm
ghép déng thoi xdy ra. Thuc t&, su phd hong méi ghép loai nay cd thé xay ra voi
tai trong vuot qud tii trong gy ra su chay khoang 1.5 + 2 lan.

C6 thé xem & thai diém xuit hién hién twrong chay & mdi diém cha mat bi
cét, tmg suat dat duge gidi han chay tinh todn R.. Do d6, gid sl rang & trang thai
giGi han cdc ng sufit ti€p phan b6 déu trén dién tich bi car va bang R..

Vi vay ta co: Po = FoR, (16-6)
trong dé F. 1a dién tich cGa hai mat bi cit m-n va m;-n, ca dinh tdn.

Né&u goi d 1a duong kinh cia dinh tan thi:
nd?
F. = Z-T {a)

Khi thay (a) vao cong thifc (16-6) ta tim dugc luc gidi han P, d6i véi dinh
tan c6 hal mit bi cat sau day:
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_ nd? R
= Ty e (16-7)

P

Né&u méi ghép c6 sd tém ghép 16n hon ba thi dinh tdn cé thé cé khong phai
hai ma 13 mot s6 mat bi cat 16n hon. Bai vay, néu dinh tdn co k mat bi cét thi luc
gi6i han Py, duoc xic dinh theo cong thic:

-
nd”
Pgh = k .

‘R, (16-8)

Ngoai sy pha hong do dinh tan bi cit, su phd hong moi ghép cé thé xdy ra
khi nhitng t&m ghép wong doi moéng do mat tiép xdc giifa 15 va than dinh b1 dap
(ép mat). Quy luat phan bé thuc ciia ¢ng sudt trén bé mat ti€p xtic nay rat phuc
tap. Tuy nhién su nguy hiém do ép mat (dap) co thé danh gid khong phai gia 1ri
thuc clia Ung suat {iép xic, ma la gid tri trung binh ctia Gng suat nay tinh trén
dién tich ép mat quy use F, (hinh 16-11). F, 14 hinh chigu ctia dién tich 1i€p xic

thuc trén mat phang vuong goc véi phuong lue kéo t4m ghép P.

R

ey %//
Dién tich 4.7
1iép xlc thyc
Fe
Hinh 16-10 Hinh 16-11

Cic dién tich ép mat quy udc d6i v6i Yien k&t cho trén (hinh 16-9) 1a Fi. =9,d
vi Fy, = 8,d. Cd hai dién tich ép mat nay chiu cling mot luc P, vi th& cin phaj
lay dién tich nhé nhit trong ching 1am dién tich dé tinh todn Fc'“i“. Trong
trudng hop 1ong quat:
FMit = d%d (16-9)
G day 5 1a chiéu day tong cong nhod nhat cla cac tdm ghép dugc dat theo
mot phuong.

Gid tri tinh todn cla Ung sudt ép mat quy udc duge tim bing thuc nghiém
R.. Lyc tinh toan gidi han cho mot dinh tin theo dicu kign chiu ép mat la:
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P, = E™" R, (16-10)

R& rang 1a lyc nhé nhat trong hai luc tinh todn gidi han tim duge theo didu
kién chiu cat va ép mat 12 luc tinh todn gisi han d6i véi dinh tan.

Mot cau hoi duoc dat ra la 6 lugng dinh tén cdn thigt d6i véi mot mi ghép
chiu tic dung cia luc N 1a bao nhiéu? (hinh 16-12). D¢ giai quyét van dé nay ta
gia thiét 1a lyc N duge chia déu cho cde dinh tin. Can chd y la trong giai doan
dan héi cic dinh tdn trong méi ghép lam viec khoéng giong nhau: rén cic diu
cudi ctia méi ghép cdc dinh tin chiu luc nhiéu hon, con & giita cdc dinh tan chiu
Iyc it hon.

&
i

Tuy nhién. trong giai doan bién

dang déo do hién tugng chdy ma cdc

noi lye trong cdc dinh tdn duoe san déu.

Diéu ndy cho phép sir dung nhiing gia

thi€t dd néu trén vé sur chiu tai déu cla

1t ca cdc dinh tdn cha méi ghép. Hink 16-12

Boi vay sd dinh tdn cdn thiét duac xdc dinh theo cong thire dudi day:
N

T pmin
Pc

(16-113

trong d6 P™" Ia lyc nhé nhat trong hai lyc tinh todn gidi han néi trén ma mot
dinh tan phai chiu theo diéu kién cit va ép mat. Viec chon mat cat ngang va
ki€m tra bén cdc cdu kién ghép can phai ké dén su gidm y&u clia miat cit do 16
dinh tdn. Nghia 1a di¢n tich mat cat ngang tinh todn 1a dién tich giim yéu F,,.

3. Phuong phap itng suat cho phép
Khi tink todn cdc chi tiel chiu cit theo ng sust cho phép ciin phai dam bédo
diéu kién bén cit sau day:
Trmax & [Tc] (16-12)
trong do, T,,,, 13 fing suat ti€p 16n nhat phdt sinh rong chi i€t do tai trong ngoai
gy ra va duge xdc dinh theo cic cong thie (16-1) hoic (16-2). [1.] 1a ing suvat

cdt cho phép cha vat lieu 1am chi ti€t,
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Nhir di noi & trén hién tugng cat thuong di doi vdi hién tugng ép mat (dap).

Piéu kién ép mat theo fng suat cho phép la nhu saw:

Goux = N. < [a,] (16-13)

trong d6 <t la Gng suil ép mat giy ra do ngoar lyc N; ™" duoe xic dinh
theo coang thife (16-9); [o,] 12 dng sudt ép mat cho phép.

Tinh méi ghép dinh tdn

Goi n 1a s6 dinh trong m&i ghép dinh tan. Gia thi¢t tai rong P phan bs déu

cho cac dinh tdn, thi tai trong trén mdi dinh la:

P=—

I

Pé tranh cdc kha nang hong do cat va dép cdc didu kién bén sau day phai

dugc thod man:
Pinh khong bi cit dit:

Timax = < [v] {(16-13")

rong d6 [1.] - Ung sudt cat cho phép cta dinh tan.
Mat 16 va dinh khong bi dap:

G:nu.( = P < [Up] (16-14)

-min
3

trong do, Fem"“ Ia hinh chiéu trén mit phdng vuong géc véi P clia mat (tru) 1iép
xtc gifra 16 dinh va dinh va duge tinh thee cong thite (16-9).

Khi giai bai todn v€ chon kich thudc mat cat cua dinh tan, ngudi ta thudng
xuft phat tit diu kién bén déu cla dinh va tam ghép. Ching han, tit cdc cong
thitc (16-137) va (16-14) suy ra:

4 [o.]

d=—-—-> 09 16-15
ik [rc]z ( )
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4. Cac vidu
Vidu I:
Xidc dinh dudng kinh dinh tin cda mot tay gat chiu luc nhu hinh 16-13. Riéi

ing suit cho phép [t], = 140 N/mm?% [o], = 280 N/mm?; a = 80 mm; { = 600
mm; P =400 N; 8 = 6 mm.

ES
k4

———h
VP -s00N

Hinh 16-13
Giai:
Chuyén song song lyc P vé tam mdi ghép (diém C) ta 6 mot luc Py = P va

mot momen M = PL
Luc P, can bang vai hai lyc: (hinh 16-13b)
_h_P
=577
. i ~ —> -

Momen M can bing vai cip ngau tue (Qu, Q'w)

QM.H. =M= P!’

P \
a

Tir dé: Qu

Nhu vay lue tic dung lén nhat vao dinh tAn bén phai la:

P P 1 1
=Qp+Qy=—+— =P |- +—
Q= Qp+ Qy 5T % LZ a]
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0= 400><(l+999] ~ 3200 N
27780

A

Duomg kinh 16 dat dinh tan theo diéu kién bén cat:

d,= 4Q = }—-—-——4X 3200 = 5,4 mm
iR w.140

Duong kinh 16 dit dinh tan theo diéu kién bén dap:
Q3200
8lc)y 6% 280

= 1.9 mm

da

Ly dudng kinh d = 5 mm theo tiéu chudn: duimg kinh 16 dat dinh d,, = 5.5
mm.

Vidu 2:

Xac dinh dudng kinh va & luong dinh é@n cua m&i ghép 2 tam dem (hinh
16-14) va kiém tra diéu kién bén kéo clia tm voi 1ai trong P = 32000 daN. Tam
ghép vat lieu CT3; dinh tén CT2; 10 khoan. -

Gidi:

_ Puong kinh dinh tén thuang chond =25 (3 - chidu day tdm ghép)

d=2x12=24mm

Theo tiéu chudn [dy d = 22 mm vir dudng kinh 16 23 mm.
L

_ S8 dinh tén xdc dinh theo diéu le

kién bén dap clia diph i thép CT2, v
4 O e &

(], = 2800 daNfem’. P |8 |
P A o
a— 1
n= 4 3loly '$' Qi:

| 32.000 fgle

T 23x1,2%2800 b 4
[ 11

445 <GPy

Iy n=5. Hinh 16-14

- Kiém tra diéu kién cat dinh (méi dinh c6 2 mat cat)
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P _ 32000
i 2xSxmx23?
4 4

[t]. = 1000 + 1400 daN/em®

7= = 770 daN/cm?

2n

bio dam diéu kién bén cat.
- Theo chiéu rong cha tAm ghép coé thé ba tri cdc dinh trong ba day nhu
hinh vé vdi
e, = 1,6d =40 mm
t, = 90 mm
e=1,5d=35mm
_ 1=3d =70 mm
Khe hd gitta 2 tdm ghép 1dy 10 mm, chi¢u dai cha tim dém:
{=10+4 x 35+ 2 %70 =290 mm
- Ung sudt trong tim ghép 1ai mai ghép:

o= L P 3200 = 1245 daN/em’

F o b5-2d56 26x12-2%23x%12

Ok < [alk = 1600 daN/em®

5. Mai ghép han (3 day chi xét cac loai ding han hd quang)
Diing dé ghép cde chi tiét bing dot néng chay cuc bo va nhd luc lién ket
cac phan tir dé ghép lai v6i nhau tao thainh méi ghép.

Theo vi tri clia tAm thép ngudi ta chia ra:

- Han gidp mai {hinh 16-15).
- Han chong moi (hinh 16-16).
- Han géc {(hinh 16-17).

Theo céng dung:
- M&i han chéc.
- M&i han kin.
- M&i han chac kin.
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M@i ghép han thudng hay ding dé ghép cdc chi 116t may bang thép it cacbon.

So voi moi ghép dinh tdn thi méi ghép han ¢6 nhitng vu diém sau:

- Tiét kiém duoc kim Joai {do khong phai izm 1& nén khong cin ting chidu
day tim ghép).

- Cong nghé don gian, khong 6n.

Nhuoc diém:

- Khong hian duge hoac rdt kho han Aol voi vat ligu thép nhiéu cacbon va
kim loai mau.

- Chét lugng méi han phu thuoce nhidu vao trinh do cua ¢éng nhan va kho
Kiém tra né bang mat thudng.

Nhung do k¥ thuat han phdt trién 6 thé ding han w dong va co thé kiém
ira chit luong clia moi han bang tia X cho nén mdi han ngay cang dugc ding
nhiéu va thay thé cho mot s6 16n mdéi ghép trude day dung bang dinh tin.

Lien két han khong gay ra sy giam yéu cdc cfu kién. So v6i nhimg maoi
ghép khic, mdi ghép han cdn mot khai lugng lao dong it hon, vi thé, vé mat nay
né kinh té hon.

Bién dang xdy ra trong cdic mdi han kha phire tap, nhung thi nghiem da
chitng 16 ring su phd hong moi han doc ¢hl yéu xay ra do bl cét theo mit cat
doc y&u nhit. Mat cat ndy lam v6i mép tam mét goe 45", Khi dé mat cat ngang
linh todn ctia mGi han duoe thira nhan dudi dang mot hinh tam gidc.

Né&u ky higu chiéu cao mai han 1a h, thi dién tich bi car cua har moi han la:

F.=2.lhcosd45°=1.4.1h

Quy ludt bién thién cba dng sudt GEp tren dién tich b cit cha mdi han doc
duge xem [ phin bo déu. Khi d6 diéu kign bén cd dung:
N N

= = <R, (16-16)
E, l4ih

trong d6: R, - stc bén tinh todn cva vat ligu moi han khi cay;

! _ chidu daj tinh todn clia mot moi han (thudng duge lay nho hon
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chiéu dai thye clla méi han 1a 10 mm do chat lugng han khong 5t
& cdc din moi han).

Nhu mét nguyén tac, vat ligu méi han khong c6 thém chay 15 rang. Vi the
khic v&i méi ghép dinh tdn, tng sudt ti€p & trang thdi gidi han trong mai han
hoin toan khong duge san biang. Chinh vi ly do dé ngudi ta han ché chién daj
mai han 1a 4h </ < 60h.

Vidu1l:

Mot binh hoi dp sudt cao lam -

bing thép cé [o)x = 190 N/mm>
dudng kinh ngoai ciia binh D = 200

mm, dudng kinh trong d = 170 mm.
Ngudi ta lién k&t hai phdn binh lai
bang méi han d6i ddu. Hiy kiém tra Hinh 16-15
bén cho mai han?

Khi diing phuong phip hian ban ty dong dudi 16p thude han.

Ap sudt lam viéc p = 30 N/mm?.
Gidi:

Luc tdc dung 1én mai han la ap luc tic dung theo huéng ddy binh (dsi vai
méi han lue tic dung vuong géc).

2 2
p- p-% =30 x 2XT0 o 00 N
Ung suat tai mai han:
P
Gy = T 3 = 680’?40 - =178 N/mm?®
D7 2d7) 314x(200° ~170°)
4 4

Ung sudt cho phép ctia moi hin trong trudng hap nay:
[61k =[5k = 190 N/mm?

Nhur vay méi han bio dam bén.
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Vi du 2:

Xdc dinh luc P c6 thé dit vao cdc tdm ghép ctia mai ghép han nhu hinh vé

(16-16) tir diéu kién bén.

Bict: vt lidu cac tdm ghép - CT3;

chiéu cao md&i hin h = 8§ mm: chiéu

day tam & = 10 mm; I—‘36—~~04 / - 3

{; = 45 mm. Han bang tay que han 334,

Hink 16-16
Gidi:

Véi tam ghép bing CT3 ¢6 |aly = 1640 kG/em™. Han bang tay que han

334 ¢6 [1] = 0.5.[6) = 820 kG/em®.
Kha nang chiu luc cha tam ghép:

p<bd.loly = é x | x 1640 = 36900 kG

Kia ning chiu luc cia mdi han duge xdc dinh theo diéu kién bén cat:
p=Flt"]
- trong dé F - dién tich 1iét dién bi pha hong theo cat cha moi han.
F=2x07hf+07hb+2h/{
=h{l,4f+0,7.b + 2i))

=530 mm

b= L = LO =125 mm
0.4 0.4

F=08x(14x5+07x125+2%x45) =198 cm?
P < 19,8 x 820 = 16250 kG
Luc P ¢6 thé dat vao cic tdm ghép 1a P = 16250 kG.

Vidu 3

Xic dinh lue ¢6 thé dat vio dau dam cong-xon cda méi ghép han gée (hinh

16-174) vo1 var liéu dam cd ung sudt kéo cho phép o]y = 140 1\',«’_1*{11112

bing tay que han 242,

. Han
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1

‘1

'y
¥

Poi v méi han goc (hinh 16-17a)

LILBLAL

duoc tinh todn theo diéu ki¢n bén cét.

Ung sudt cho phép clia mai han: L L

v

F 3

4
—

P=

[t} = 0,6[c ]y = 0,6 x 140 = 84 N/mm”

Tai moi han chiu hai thanh phan ] ]

luc (khi chuyén P vé mai han):

Luc tic dung doc theo méi han Q=P
. B Hinh 16-17
va ngau luc von M="!

Tai mot diém bat ky trén bé mat phd héng cis mdi han (mat phd hong theo
dudmg phan gidc cba ti€t dién moi hin) n6i chung ¢6 hai thanh phan tng suat:
T do luc Q va oy do mdémen M gay ra cé phuong vudéng goc nhau.

R — o i . h . .

Diém ¢6 (ng sudt 16n nhat 1a nhitng diém tai _t"‘)'. Do do ta c6:

o

W) &)

trong dé: W =2 xo,?-kh?- =14 % 9280

<[]

T = \l'ci., + té =

= 5040 mm"~

F=2x07kh=14x6x60= 504 mm>

Thay vio la co:

2 2
\/(E@] +(—P—] < [1'] = 84 N/mm’

[ 5040 504
Tir day ta xédc dinh dugc tai trong P cho phép lén nhat: (P] = 695 N.
Khi méi han duoe thue hién nhu trén hinh 16-17b. thi khi d6 di¢u kién bén
phai dugce tinh theo ing sudt php:

M Pi bh
Gy = — = — <{gly: W=
KW  w el 6

2
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I1L. MOI GHEP THAO PUOC VA CACH TINH TOAN
1. Ghép bang then

Then la chi tiét mdy lap gilta truc va chi tiét lap trén truc, d€ cho cdc chi
tiét may dé khong xoay tuong doi duge v6i truc (hinh 16-18).

Hinh 16-18

Theo hinh dang ctia then, ngudi ta chia then lam 3 loai:

- Then vit: (hinh 16-18a) c6 hai mat ddy khong song song v6i nhau (c6 do
déc 1 ¢ 10). Bé mat tiép xtc khi chiu lyc giira then va ranh trén truc va 16 chi tiét
lip ghép ciing 12 hai mat ddy nay.

- Then bang (hinh 16-18b) c6 dang hinh lang tru hai mat déi dién song
song véi nhau. B& mat tiép xuc gita then va ranh trén truc va 16 chi tiét lap ghép
la hai mat bén.

- Then bén nguyét (hinh 16-18c) mot mat day c6 dang duong tron. Bé mat
tiép xiic cling 12 hai mat bén nhu then bing.

Theo lip ghép va c6 dinh thi m6i ghép then dugc phan lam 2 loai:
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Moi ghép long: Then khong lam dwoc nhigm vu han ché s di dong cac chi
tiét doc theo truc va gilia cac chi i€t trong moi ghép khong ¢o luc xuyén tam
(hinh 16-18b, ¢). Trong thic t&€ hay diing then bing cho loai m&i ghép nay vi ket
ciu don gian, do dong tam ot, it diing méi ghép cang vi do dong tam kém.

Dugi day. gidi thiéu cich tinh then lang try lam vi du (hinh 16-19).

Gia thi€t dp luc phan bd déu trén mat ti€p x1ic cla then véi cdc chi tiét duge

ghép (truc va 16) va Q la hop lyc coa luc phan bé do, 1a co:

h
—_-__.!0
Q - 1]

trong d6: / - chiéu dai cba then;
h - chiu cao cua then.

Goi M, ]1a momen cla ngoai luc doi

v6i truc, tr diéu Kién can bang, ta c6:

Qy=M;

Hinh 16-19

Céthé cory = 5 (d - dudng kinh tryc), tir dé suy ra diéu kién bén ve dap

v céat cua then:

2. Ghép bing truc then hoa
Cé thé coi truc then hoa tuong ty nhu mot moi

ghép then ghép long dung ahiéu then ba tr{ déu va

doc theo chu vi clia nd, nhung & day then lam lién vai
truc. V&i mdi “then” trén truc thi 1& chi tiét lap 1&n nd
ciing ¢4 riinh twong {ng (hinh 16-20). _ Hinh 16-20
Theo hinh dang tiét dién ngang. nguoi ta phan ra:
Then hoa dang chif nhat (hinh 16-21a), dang than khai (hinh 16-21b), dang
tam gidgc (hinh 16-21c). Hién nay hay dung dang chir nhat.
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Ghép bing then hoa thuong dung trong moi ghép yéu cdu dong tam cao va
truyén lyc 16n, nhét la nhing m6i ghép ma chi tiét lap ghép trén truc phai dich
dong doc theo truc.

Tinh todn then hoa S 274
ciing tuong tu nhu moi 7
ghép then. Nhung thuong Q -

, IR o\
chi tinh todn theo diéu a) b) c)
kien dap véi cong thic Hinh 16-21
tinh todn sau:
M,
6y= ——=— <I[oly (16-17)

y.Z.Fry

trong do:

M, - momen xoan trén truc tai moi ghép;

y=07+08-he¢ 6 xét dén su phan bo

luc khong déu trén cdc then do sai
s6 cong nghe; Hinh 16-22
Z - s0 then;

I ={-D—;-£ —(f+ r}} I - dién tich tinh todn theo dap trén mot then (hinh 16-22),

/ - chiéu dai lam viéc ctia m6i ghép then bing chiéu rong moay-0 cua chi
ti€t may lap trén truc, '

ry, - ban kinh trung binh ctia moi ghép:

d  D=+d

2 4

[o], - Ung suat dap cho phép ctia méi ghép then hoa c¢6 gid tri duoc chon

Ip =

phu thudc vao loai m&i ghép di dong hay 6 dinh: diéu kién str dung nang (céva
dap). trung binh, nhe v bé mat lam viéc cua m&i ghép c6 dugc nhiét luyén hay
khong.

3. Ghép bang ren

Ren duoc tao thanh theo duong x0An 6c trén mat tru (hinh 16-23), tiét dién
cta ren (cit doc theo truc) trong moi ghép thudng dung la dang tam gidc déu
(hé mét) hoac tam gidc can ¢6 géc dinh = 55" (he Anh).
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Hinh 16-23

M6i ghép bang ren dé ghép cdc chi tiét hinh tru c6 ren.
Can cif vao Linh dang va cdch lap ghép, chi ti€t mdy co ren duogc phan ra:

- Ghép bang bulong (hinh 16-24a) gém c6 bulong 1 xuyén qua cdc 16 cia
tam ghép va dém 3, dung dai 6¢ 2 dé xiét chat lai. Thuong dung noi chiu luc va
phéi thdo 1a; ahiéu lan.

- Ghép béng vit cdy (hinh '6-

24b) gém vit cdy 4 dang hinh tru

hai ddu c6 ren, mot dau xuyén qua

16 tron cta mot chi tiét mdy ghép

va van chat vao 16 c¢6 ren cua chi

ti€t may ghép thi hai, con dau con
lai ding dai 6c d€ xiét chut céc chi

tiét ghép vo6i nhau. N6 ciing duoc

ding & noi chiu luc va phai thdo
lip nhiéu lin nhu bulong nhung & noi d6 khong c6 thé dung bulong duge (vi du
mot chi tiét qua day khong c6 thé khoan 16 sudt dugc).

- Ghép bing vit: (hinh 16-24c) gém vit 5, ddu c6 ren xuyén qua 16 tron cua
mot chi ti€t ghép va vin chat vao 16 ¢6 ren ca chi ti€t con lai. Cdu tao cua vit
ciing tuong tu nhu bulong nhung mi ! | ! -
clia n6 ¢6 nhiéu dang khdc nhau (hinh '
16-25). N6 thuong dung trong moi H % % EJ

ghép it thdo lap, chiu Iuc khong 16n.

Hinh 16-25
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Trong cdc moi ghép bing res hién wong  thio 16ng khi lam viéc do chén
dong, rung dong do tinh chat ty hdm cla ren it tic dung, ngudi (- phai diing cdc
bién phdp phong long nhur: van thém dai 6¢ (hinh 16-26a), dém vénh (hinh [6-
26b). ding chdt ché (hinh 16-26c, d), ching day thép (hinh 16-26e). dém gip
(hinh 16-26f), ham (hinh 16-26g) v.v... '

Hinh 16-26

Ghép bang ren duge dung rit phd bién trong cong nghiép ciing nhu trong
dan dung vi:

- N6 la méi ghép thdo lap duge nhiéu lAn ma khong 1am hong mot bo phin
ndo ciia moi ghép va dé thdo lap.

- La chi tiét mdy da duge tiéu chuan hod nén ¢ thé san xuat o nhi may
chuyén ding va cé thé mua sin, giam duge khéi luong khong cin thiét cho
ngudi thiét ke ctong nhu ché tao.

- Diing dugc vat liéu thép cacbon thong thudng ré tién.

Tuy vay. do cdt ren nén no ciing lam gidm kha nang chiu luc cha chi 1iét.

Viéc tinh todn mé&i ghép bing ren tuy thuge vao hinh dang két cdu chiu fuc
xiét ban diu hay khéng, chiu luc tdc dung doc theo dudng tam chi tié1 ren hay
tac dung ngang ma ¢6 cich tinh toan khéc nhau, vi du:

+ Trén hinh 16-27 bulong chi chiu ngoai luc P tic dung ma khong can phai
luc xiét chat ban ddu (moi ghep 16ng).
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Khi d6 trén mat cit ngang cua than
buléng chi cé vng sudt phdp do kéo va do
dé didu kien bén sé la:

P
:r=rdl2
4

o= < [a]

+ Trong trudng hop cic moi ghép

bat budc ban dau phai xiél dai 6c, dé ép

o o Hinh 16-27
chat cdc tam ghép lai v&i nhau (buléng
chiu luc xiét ban dau) (hinh 16-28).
Khi chua xéi téi ngoal luc tdc dung !
thi, do luc xiét ban ddu Q ngodi thanh K‘ W
phin Gng suat phdp: 0 ! N
__Q i
chi ¥ Q
4 Hinh 16-28

trén mat cit ngang ctia buléng con chiu mot ngiu lyc xoan ¢6 momen:

]' .
M, = Edelg(B +p7)

v do dé con ¢6 thanh phan T do M, tao ra:

1
M, —,Qd:teBp)
T= "=

Wp O,de

, +d
trong do: d; - duong kinh trung binh cua ren, d» = d+d, :

d - dudng kinh ngoai cla ren (dudng kinh dinh ren);

B - gbéc nang cua ren;

p - g6c ma sdt.
Diéu kién bén trong trudng hop ndy phai dua vio cdc thuyét bén.
Theo thuyét bén thif 3:

Gy = \fcz + 412 < [o)
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Qua tinh todn, v6i ren theo ti¢u chudn hé mét vat licu thép, coH k&t qua gan

ding la:
o= 1.3
va diéu kién bén cua bulong la:
Gy = 1'3'? < (o] ()
mdy

Khi ¢6 ngoai luc tdc dung R vuong goc vGi dubmg tam buléng (hinh 10-
20a), gilta 16 va bulong ¢d khe hé. Trong trubng hgp nay, dé cac tam ghép
khong trugt tuong doi va nhau thi luc ma sdt giira cic bé mat ti€p xic (do luc Q
oAy ra) phai thoa min cong thifc:

QfzR
N _ kR
hay li: Q= T; (b)

trong d6: f - hé s6 ma sat & ¢ic tam ghép:
k = 1,3 + 2 hé¢ 6 an toan;
2 - s6 bé mit tiép xic gilra cde tam ghép.
Vi lue tic dung lén cdc tim ghép vin vuong géc véi duong tam buldng,
nhung két cau c6 thay ddi lai nhu cdc hinh 16-29b, ¢, d. ¢, f thi khi a6 luc xiét
ban diu Q khong cdn thiét phai 16a @é tao luc ma sit. Viéc tinh todn tuong

nhu méi ghép dinh tin hoac then (theo cit vh dap) véi lyc tac dung K.

Hinh 16-29
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! . ) . s R
Né&u ngoai lyc P rdc dung doc theo dudng tam bulong (hinh 16-30) P = Z

ngoai lyc tdc dung trén mot bulong.

|
7 - 36 bulong clia mdi ghép. L '|

Trong trudng hop nay trirée hét . ///// _T
phai xéc dinh ti trong tinh Q, tac dung IS o
{

. . ! R& .
wén mot bulong rdi Ung dung dang + | # i \Q —_—

~

cong thife (a) thay Q bang Q. dé tinh \\;*———__ T >
to4n cho truong hop tai trong tinh. N\ R
B S
Goi Q 12 lyc xiét ban dau trén mot bulong.
P 1a ngoai luc téc dung trén mot bulong. Hinh 16-30

Khi d6 tai trong tinh chia mot bulong s€ la:
Q= Q+KyP
trong d6: Ky, 12 hé s6 ngoai luc K, <02+ 0,3

IV. CAC CHI TIET MAY PO NOI VA CACH TINH TOAN
1. Truc

La chi ti€t mdy diing dé dd cdc chi i€t may quay va dé truyén luc.
Theo cdc thanh phin ngau lue (trong mat cAt ngang) ngudi ta phan trye ra:
Truc tam: chi cé ngau luc uén khong ¢6 ngau luc xoan. Trong truc 1am
ngudi ta lai chia ra: tryc tam quay (quay cung chi tiét may ldp trén nod), truc tam
c& dinh (chi d& cAc chi tiét mdy quay ma khong quay theo céc chi ¢t mdy dd).
Truc truyén: C3 ca ngdu lyc utn va x0in. N&j cach khéc, dung dé d& cdc
chi ti€t may quay va truyén momen XOAn. “
Theo duting tam truc:
Truc thing
Truc khuyu

Truc mém (dudng tam truc khong cd dinh)
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Theo hinh dang ket ciu:
True tron (sudt chiéu dai chi ¢ mot dudmg kinh)
Truc bac (cé nhiéu doan dudng kinh khac nhau).

Trong thyc € hay gip la tryc bac (hinh 16-31).

Than truc Than truc

//? /(/,'/ - .-v.l i:/&‘:‘ 4:’/ y -
}/.___ T 7@@%@
'_":L i ';B_
T R TN
Mgdng truc .
Hinh 16-31

Trén mot truc bac 6 tén goi cdc phan nhu sau:

Phén truc dé lap cdc chi ti€t mdy quay nhu banh rang, banh dai, dia xich
v.v..., goi la than tryc.

Phin truc dé 1ap 6 truc goi 1a ngong truc.

Pé ¢6 dinh cdc chi tiér may theo chidu truc ¢4 gd, vai ryc; ¢6 dinh chi uiét
may quay theo ruc c6: ranh then dé 1ip then, gifta than truc vh ngodng truc <on
6 kich thude chuyén tiép, goc luon v.v...

Puang kinh phan than tryc va ngdng truc dugc tieu chuan hoa.

Tryc 1a mot chi ti€t may rit quan trong trong cic ¢d cdu truyén dong co
khi. Vi vay, viéc tinh toan truc thutmg qua ba gial doan saw:

a. Tinh su b

Ding khi kich thude cdc doan tryc chua biét, ma trong dé mot so kich
thuée cla mot 6 chi tiét nhu 6 truc lai phu thuoc vho dudng kinh truc.

Tinh so bo la xdc dinh 50 bd dudmg kinh truc theo ngdu luc xoin dé xdc
dinh céc kich thudc chira biét trén.

Thudng tinh todn theo cong thic da biét trong chuong xoin:

ao [ Mz _ [7HON \E (cm) )
. n

Voz2qt - Y 02ftn
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trong dé: C= 2022

Thuong ldy: C= 15 + 17 d6i vdi cdc truc hop giam t0c va tuong tu
C=11+ 13 doi vdi cic loar truc khic,

b. Tinh gan ding

Khi kich thudc cic doan truc di biét (hiél kich thude cde doan dat luc) uic

la bi¢t duge cdc bidu dé noi luc. Ta di tinh todn dudng kinh truc tai

nguy hiém theo diéu kién bén (dua vao thuyét bén):

M,
o, = — = |0
W, (o]

trong d6: M, - momen tinh todn theo thuyét bén.
R

Mz = M7+ M +M;

My = M7 + M2 +075.M]

W, d6i v6i truc dac: W, =0,1.d°

truc réng: W, =0,1.D°.(1 -
Cong thirc thigt ké:
MM,
“yo..(al,

L
D= ﬁ_ﬂ_ﬁ
0.1 =n™).[o]
d .
trong dé: n = B'; d, - dudng kinh trong cla tryc.

[l - tng sudt cho phép ldy gin gidi han chay; [6] = 0.8.5,.

c. Tinh chinh xic (theo hé sd an toan)

mit cat

(b)

(c)

(d)

Vi truc 1 chi ti€t may quan trong, lai 1am viée & ch€ do cé tng suit thay

.ddi ma trong budc tinh gln ding, cdc nhin t6 anh hudng do mor chura duge xét

té1 vi chua ¢é kich thude va két ciau cy thé. Vi vay sau khi tinh gan ding ta da

xéc dinh duge kich thude va két cau phai kiém tra lai cdc nhin 16 dnh huong t6i

gidi han modi qua hé $6 an toan theo cong thic chuong 13.
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+
—
o
—
—

an toln riéng theo (g suét phap.

O o
=l -héso

+%Y_ .G
- hé s0 an toan riéng theo ung SUAT UEp.

(s 11

1
)
a

trong dé: ng
. Gu

T

" K
T
T
a dng sudt bien do va {gng sudt trung binh

Be
1., - theo thi 'l

Tu -

Gﬁ‘ Tii’ GI’“"
theo uén va xodn.
Khi Gng suit thay doi theo chu trinh doi xing.
A
Gm = 0 o, = _h_u_‘
014
M-
T = 0 LT _'_5—1,
0,2.d
Khi chu trinh mach dong:
M,
Gll = Gl'l'l = “
2014
%
=T, = Lz 3
2024
loai vat li¢u khi (mg sudt thay dot

g, Wr - he 30 X& 1éi anh hudng cla ting
chu ky.

=0 thépitcacbon

=005 thép cacbon trung binh

Thudng 18y Wa = 0,057 W,
we =01y
W =005 1y = 0.1 thép hop kim.

| tmg suat gi6i han mo1 doi xuing.

G va T
a_, = (0‘4 - 0,5).513’

i, = (0‘2 + 0‘3)'68
(hinh 16-324)

B - hé s0 xéL 1 kich thudc tuyét doi
g - hé 6 xét 161 anh hudmg cua bé mit (hinh 16-32b).
K, va Ky - hé s xét sy tap irung {ing suat khi uon va xoan.
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[5‘ £ 1
%ﬁ ||
0,8 "'-.._‘H =
\\\RRHHH\ ! O‘B e ———] 3
0,6 o — T |
04 | oal—
10 15 20 30 50 70 100 150 400 600 800 1000
d, mm a, MNIm?
Hinh 16-32
Ha s B Hésbe
1- Thép cacbon khi khéng ¢ ung suft tap 1- Mai: 2- Tién; 3- Gia cong thd,
trung: 2- Thep hap kim khi khéng co Ung 4- Bé mat khéng gia cdng.

SUAL tap trung va thép cacbon ¢6 Ung Suat
tap trung vira (K, < 2. 3- Thép hop kim
¢6 Ung suat tap trung.

Ngoai ra trong mot s8 truong hop ngudi ta con phai tinh todn do cimg va
dao dong cua truc.
Tinh do ctng tic 1 tinh theo do vong V va goéc xoay @ khong duge vuot
qua gid tri cho phép:
vV <lyl
@ = [6]
Vi du: truc lap banh nho clia truyén dong banh rang
(V] =00l m (tinh bing mm}
trong do: m - modun an khép. Truc trong cdc mdy cong cu néi chung
[V]=(0,0002 + 0,0003).L
L - khoang céch giita hai 6,
Gée xoay cho phép tai chd lap & truot [¢] = 0,001 rad.
Géc xoay cho phép ché lap 6 bi d6 [¢] = 0,01 rad.

2. 6 truc

La chi tist mdy ding dé d cac truc quay.
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O truc duge phan lam hai loai (theo tinh chat chuyén dong tuong doi giita
truc va d):

- & truot lam viéc theo ma sdt trugt,

- & 1an 1am viéc theo ma sat lan.

Can cif theo kha nang chiu luc, trong moi loai lai chia ra:

- 6 do chiu luc huéng tam;

- 6 chén chiu luc doc truc,

- & d& chan vira chiu luc hudng tam, vira chiu luc doc truc.

a. () truot

Ciu tao chia mot & trugt gom
ba bo phan chinh (hinh 16-33). Than
6 (1), 16t 6 (2) va ranh boi tron (3).

Than & va 16t 6 c6 thé la khoi
lién goi 1a 6 nguyén. Than 6 c6 thé
lap 1én thanh may bang bulong hoac

chinh n6 nam ngay trong thanh may.

Loai 6 nguyén han ché vé diéu

kién lap ghép va khong diéu chinh
duoc khe ho gifta truc va 0.

|

N
+ J Ur - -

va diéu chinh khe ho thuong hay

dung loai 6 tach (hinh 16-34) 1a Hinh 16-34

c

DéE mo rong pham vi lap ghép

loai & ma than va 16t 6 lai phin lam nhiéu phan (thudng hai phin) va dung
bulong hodc vit cay dé ghép lai.

Vi lam viéc ma sat truot, dé giam ton hao cong sudt, 16t 6 thuong dung Kim
loai mau nhu déng hoac ciac hop kim mau khdc nhu hop kim cua chi, thiéc v.v.
Ngay nay nguoi ta con dung chat déo lam 16t va ding & nhimg noi ma khong
dung dugc kim loai. '

b. O lan

Cau tao 0 lan néi chung gbém ¢6 4 bo phan chinh: Vong trong lap trén truc;
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"vong ngoai lap trén goi truc (gid d& 6) gilta mat trong clia vong ngoai va mat
ngoai clia vong trong ¢6 ranh dé dat cdc con lan lan trong ranh d6. D¢ phan déu
cic con lan theo vong tron c¢é vong cdch.

Can cit vao hinh dang ctia con lan ma ta c6 tén goi 6 bi (con lan cdu), 6 diia
(con lan tru), 6 nén (con lan nén), 6 kim (con lan c6 duong kinh rat nho so véi chiéu
dai) v.v. K&t hop véi cach phan loai theo kha nang chiu luc ta ¢6 tén goi cu thé:

- 6 bi d& mot day (hinh 16-35-1) chi yé€u chiu lyc huéng tim;

- 6 bi do long cau hai diy (hinh 16-35-2) con goi 6 bi ty lua; né lam viéc
binh thuong khi ¢ t6i 2 + 37

- 6 bi d& chan (hinh 16-35-3) vira chiu luc hudng tam vira chiu luc doc trug;

- 6 diia d& mot day: chi chiu luc huéng tam (hinh 16-35-4);

- 6 nén (6 diia d& chan) (hinh 16-35-5) vira chiu lyc hudng tam vira chiu luc

doc truc; '

- 6 diia d& long cdu hai ddy (6 diia ty lya) (hinh 16-35-6);

-6 kim (hinh 16-35-7).

Hinh 16-35
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3. Tinh toan va chon S

D61 voi ¢ truct lam vice theo ma 4t truot, nén chu yéu tinh todn theo diéu
kien mon. Dudéi tic dung cua lye phai ddm bao cho gilta hai bé mat ti€p xic cua
161 & va ngdng tryc 1on tai chat b6i tron dé kim loai khong trye Gép tiép xiic voi
nhau.

3.1. Tinh 6 trugt va truyén dong ma sit

O truot v bdnh ma sat thuong bi héng vi mon. Pé dam bao do bén mon
ctia cdc mat tiép xic, dp sudt p gitta ching khoéng duge vuat qud mot 4p sudt cho
phép p nao doé duoc xic dinh bing thye nghtem. N vay, vé hinh Hute, cich
tinh & wuot {hodc chét va 16 rong cdc Khap quay) va truyén dong ma st cling
teong W (fdong (e fodn fioc) nhu cach tinh cdc mat try tron b dap.

a) Gia sit ap sudt duge phan bo déu (rén mat Uep xic, ta cb diéu kién bén
mai cria 6

R

P < [p}, N/mm® (16-18)

rong d6; R - tai trong hudng tam (N hoac daN);
d, I - duong kinh va chiéu dai cua o {mm).
PGi vai hop kim ba-bit vi dong. thong thusng [p] = 15 =20 N/mm”.
b) D61 v6i cdc banh ma sdt, vi lire ép duge phan bo trén mot dai hep doc
theo dudng 1iép xic, nén diéu kicn bén mon duge qui udc 1 tai trong trén mot
don vi chidu dai dutmg Lidp xic (con coi 1 tdi trong riéng) khong vugt qud gia

tri cho phép Lql.

q= < [q], N/mm {16-19)

Q
b
trong dé: b - chiéu dai chia dudng tiép xic (mm);

Q - phan lyc gita hai bdnh ma st {N hoac daN).

DS voi cdc 6 lan: Dang tiép xiic gilta con lan vi cdc vong la tiép xiic diém
hoac dudng. Doi véi mot diém trén dudng lan cla mat trong vong ngoai (khi
vong ngoai ¢& dinh) theo huéng tic dung cta lue, s€ chiu juc nén 16n nhat thay
441 theo chu k¥ (khi mot con lan lan qua do) gay ra {ng sudt nén (tip xic) theo

chu k¥. Tir img sudt trén va & 1an 1am viéc ¢6 ddu, trén mat ti€p xic ran nut va
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dan ddn nhifng manh nho kim loai bung ra tao cho bé mat cé nhimg 16 hdm goi

J4 tréc 16 bé mat do ti€p xuc (ngoai tréc trd, ¢ 1an con ¢o dang hong nhu mon.
v& con lin hodc cdc vong).

V1 viy tinh todn & lin dugc xudt phat 1ir didu kién bén tiép xdc vi ¢d cong

thite tinh todn la:

C=0Q.mh"™ <10 (16-20)

trong da:

C - hé 50 khd nang 1am viéc cna 6 lan;

[C] - gid tri cho phép clha hé s6 kha nang lam viéc clia 8, nd phu thuodc vao
kich thudc, loai va ¢& 6 cho trong cdc bang ¢ lan;

n - s0 vong quay trong mét phit coa vong trong hay ngoal (tuy vong nao
quay theo chi &t quay);

h - 1ong 56 gio lam viéc (s6 gio lam viée cla mdy hodc s& gior dén khi
trung, dal tu);

Q - tai trong tinh 1odn dugc xac dinh theo cOng thiic;

Q= (K.R+mAYK K, (16-21)

R - luc hudng tam tdc dung lén 6 duoc x€t tinh bang daN:

A - 1ong lue doc truc tdc dung 1én 6 dang xét néu ¢6, tinh bing daN;

m - hé s xét téi su anh huong khic nhav cva lyc hudng tam va luc doc Lruc
161 do bén lau cia & (phu thuoc loai 6);

K, - hé s& xét t3i tinh chat 1 trong;

K, - hé s6 xét 161 nhiét do:

K, - h¢ s0 x&t &1 vong trong hay vong ngoal quay.

Cic he so m, K, K,, K, cho trong cdc s0 tay k¥ thuat.

Ch thich:

1) Cong thic (16-20) dung khi n 2 10 vg/ph. Néu I < n < 10 thi tinh todn

theo n = 10.

Né&u n = 1 vg/ph thi tinh todn theo tai trong tinh, nghia 1a tai trong tdc dung

vao 0 khong duoe vugt qud gid tri Q di cho trong cde bang.
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2) Luc doc truc A chi tinh cho 6 nao chéng lai tdc dung cla no.
Vi'du lue tic dung nhu hinh 16-36:

R,. R, - lyc huéng tam tdc dung lén cac 6 Ivall;

S - luc doc truc tic dung vao banh ring non;

S, S - luc doc tryc do ket cdu 6 (céc 6 d& chan) do R, Ry tao ra;

§,=(1+13)R.tgp

5 > 7.7 >t
S, = (1 + 1,3)Ro.1gB ¥tR, R
B - goc 4p lyc tuy theo loai 6 d& ‘ 2%
ch'{m. Ay S - .
g g | St L. s
A=S+8 -5 ]
) i . \ = 27 =
néu A > 0, chi®n cta A theo chiéu S Ii%\
hodc S;. A s& tac dung lén 6 II. Khi _é’\ . I
d6 cong thitc 16-21 tinh cho 6 II ¢6 A —
A con 6 I khong c6 A (con A <0 thi Hinh 16-36

ngugc lai).

Trong thuc t€ viéc tinh todn va chon 4 lan duoc tién hanh nhu sau:

Tir tinh chat cua luc tic dung lén truc chon loai 6 (d&, d& - chan, hoac
chan).

Tir luc tac dung vao & (phan luc lién két) ta tinh todn hé s6 C theo cong
thie (16-20).

Can ci vao C tinh dudng kinh trong cla 6 (tir duong kinh truc da tinh va
chon trong khi tinh truc) chon ¢ 8 520 ¢ho Cping = Citnh-

3.2. Vidu

Tinh todn va chon & lan lap trén tryc cua hop giam toéc (hinh 16-36) theo
s6 lieu da biét nhu sau:

Luyc tac dung lén céc 6: Ry = 1500 daN, R, = 1200 daN, luc chiéu truc S =
350 daN. Duong kinh so bo clia truc tai chd lip 6 d = 60 mm, s6 vong quay cua
truc n = 400 vg/ph, 8 lam viéc & ché do tai trong co va dap khong 16n, nhiét do
ctia nhém 6 khong qua 60°C, thoi gian lam viéc tinh todn 16000 gid.
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Gidi:
Do ¢6 luc chiéu truc S tuong déi 1dn nén ta chon 6 d& - chin.chon 6 nén ¢é
goc B = 13"
Luc 5, va 5, do R va R tao ra:
S, = I,3.R.igf = 1,3 x 1500 x 1g13" = 450 daN
S, = 1,3.R,.tgf3 = 1,3 x 1200 x tgl3” = 362 daN
Vay: A=S+8S, - S, =350+ 450 — 362 = 462 daN > 0
Luc A tac dung vao 6 11. Do dé tii trong tinh todan Q lén cac truc la:
Q=R K, K, K,
Qn=[R,.K, + m(S+§, - S)1LK, K,

trong dé: m = 1.8

K. =1
K, =
K,o=13

G day ta chon 2 3 cuing loai cho nén chi tinh va chon theo Q, vi Q[ < Q).
Q) =01200 x 1 +1,8x462) =1 x 1,3 =2584 daN

Hé s6 kha nang téi tinh todn:
C = Q.n.b)™ = 2584 x (400 x 16000)™ = 284240

Theo C tinh todn va d = 60 tra bang 6 nén d& - chan chon dugc 8 ¢d trung
binh rong 7612 co [C] = 300000 > C = 284240.

Ciéc 6 lan duoc ky hiéu bang $6 v6i ¥ nghia cdc 80 nhu sau:
Vidu: 27308

- Hai s& cusi cling “08” biéu thi dudng kinh trong cia 6 (dudng kinh 16 dé
lip lén wruc).

Tir k¥ hieu 04 tra di, 1lay ~a k¥ hiéu nhan véi 5 12 dudng kinh rong:
Vidu: 08 — d =40 mm.

- $6 thit ba ké tir cudi (s6 & hang tram) biéu thi ¢& &:
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1: dac bigt nhe 4: ndng 7

2: nhe 5: nhe rong 8} khong xéc dinb
3: trung binh 6: trung binh rong 9: khong tiéu chuan

Troné vi du trén 56 3 la cd lrung binh.

- S6 hang thir tu k& tir cusi (s6 & vi tri hang nghin) (56 7 cua Vi du) biéu thi

loai &: |
0: 6 bi A& 5- & diia d& con lan x0an
1: 6 bi 45 long cdu 6: & bi d - chin
2. 6 dia 45 7. é nén (thanh lan d& chan)
3. 6 dila ¢& long cau 8: § bi chin
4: 6 ki 9: & dita chan (6 thanh lan chin).

Né&u trude s6 0 (6 bi dd) khong cbn 6 nao khac thi trong ky hi¢u khong ghi
56 0.

Cbn tir $6 hang thif nam tro vé trusc bi€u thi & 1an ¢6 két cau dac biet.

Nhur vay voi vi du Ky hieu 27308 la

O nén c6 géc nén B 16 ¢d trung binh ¢é dudng kinh trong d = 40 mm.

4. Khép ndi tryc

Khép ndi teye la chi fiét ding dé ndi cic ddu tryc vdi nhau va dé ndi
chuyén dong va truyén ngau Juc «oan, vi du néi ddu truc dong o dién véi diu
truc vao cua hop giam 10¢ v.v...

N6 13 mot chi 1i€t mdy dugc ding rdi pho bi€n trong nhiéu loai co cdu va
mdy, cho nén, hién nay né duge phat rién rat phiéu loai khdc rihau, nhung theo
tinh chit 1am viéc ¢6 thé phan ra 1am ba loai chinh nhu sau:

a. Noi truc cing

Dung dé ndi chat hal dau truc cia hai bo phan lai v@i nhau, sau khi not gitta
hai diu truc dé khong co mot di chuyén tuong d6i nao (c6 thé coi hai truc duoc

n6i v6i nhau nhu 1a mot khau).
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Vi du hinh 16-37 néi truc éng, ndi truc hai nira dia (hinh 16-38) la cdc n6i
truc cing vi khong c6 di chuyén tuong d6i nén khi lap ghép doi hoi phai dam

bao do déng tam giita hai truc rat cao méi giam dugce su uén truc do lap ghép.

EL__A A
1
YT AN
' H _
Gglairt e '
‘lk _'E%T' 1.
2| & E
Kiéu IT '_3
Hinh 16-37 Hinh 16-38

b. Néi truc di dong hay goi la noi truc bu

Loai nay dung dé néi cdc truc cla

hai bo phan véi nhau, nhung né cho

phép hai dau truc c¢6 mot di chuyén

twong déi véi nhau trong mot pham vi
nao dé (hinh 16-39) nhu:

Di dong doc theo tryc mot luong Al.

- Léch tam giira hai truc Ar.

- Nghiéng v6i nhau mot géc Aa.

Hinh 16-39

- Téng hgp ca céc loai trén.

Do nhing di chuyén tuong d6i nay ma né c¢6 kha nang bu duoc nhiing sai
s6 khi gia cong va lip ghép. Vi vay chinh xdc vé lap khong doi hoi cao nhur loai
néi truc cing. Vi du néi truc chét - vong dan héi (hinh 16-40), néi truc chir thap
(hinh 16-41) la cac loai noi truc thuoc loai nay.

c. Ly hop

Ciing 12 loai n6i truc, nhung né cho phép néi hodc tich roi chuyén dong hai

dau truc cua hai bd phan ngay khi mdy hoac co cau dang lam viéc do mot yéu
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cdu ky thuat nao do.

Vi du: Ly hop ma sat (hinh 16-42), ly hop vau (hinh 16-43).

Hinh 16-43

Hinh 16-42

thuoc vao ket cau timg loai, ma n

Viéc tinh toan khép noi truc tuy
a so dé tinh thich hop.

todn can phai van dung cdc cong thuc v

gudi tinh
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CHUONG 1 7

HUGNG DAN GIAI BAI TOAN TONG HOP
CUA CO HOC UNG DUNG

Bai todn tong hop cha co hoc tng dung & trong cac trudng dai hoc k¥ thuit
duoc xem nhu mot dé dn mon hoc rit cd ban. N6 nham cting ¢d, hé théng hod
nhimg kién thitc co ban cua mon hoc va méi 1ién hé cua nhimng kién thic ay.
Doéng thiyi ginp cho hoc vien nim viing, lam quen vdi cong tac thiét k& cta mot
can bo ky thuat. Déi v6i mét can bo thiét k€ bai toan duge dat ra la:

Tir yéu cau ky thuat clia ngudi dit hing v61 nhimg s0 liéu chinh nhur nang
suit, tinh nang st dung, thoi gian sir dung va diéu kién lam viéc v.v.. . Ngudi
thi€t k& c¢é nhiem vu chon gial phip ket ciu va so dé tinh, xac dinh hiéu img
ngodi va chon bo phian phdt déng (vi du dong co dién) tir do tinh cac hiéu ing
trong va tién hanh thiét k& cac chi 1i61 cha phuong dn da chon sao cho thoa man

nhitng yéu ciu k¥ thuat da dat ra. Sau d6 1ién hanh moi cong viéc thiét k& ché

Vai muc dich néi rén, trong chuong nay ta $& nghién ci mot thiét k& k¥

thuat rit hay gap trong thyc 1€ sau day.

THIET KE BO DAN DONG BANG TAI

L. TINH TOAN PONG HOC BO DAN PONG BANG TAI (hinh 17-1)

Bai toan: Cho luc kéo 1dn nhat cba bang tai la P = 4,6 kN, tang cé duong
kinh D = 0,3 m quay vdi tdc 4o géc o = 13 rad/s (n = 124 vg/ph). Hay chon
dong co dién va phan phdi ty sO truyén.
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Lot giai:

1. X4dc dinh momen xodn, cong suat truc tang va cong suat dong co dién

M, = P_212 = ﬂ;-% = 0.69 kN.m

Ny, = Mz.0 = 0,69.10° x 13=8950 W =895 kW

Pé xdc dinh cong sudt dong co dién cin phai tim trudc higu sudt cua bo

truyén.
N =N 0. g =08 x 099 x 0,95 =09}

trong d6 1), - hiéu sust clia cap bdnh rang iru kin (trong hop giam tdc mot cép);
N, = 0,990 + 0,995 - higu sudt cha mot cap 6 lan;
14 - hi¢u sudt clia bo truyen dai (xem bangl7-1).
Cong sudt yéu cdu cha dong co la:

N,.
e _ 8 985 kW

n 0,91

Ndu =

Vi bo truyén dan lam viéc trong diéu kién binh thudng (nghla la khong co

nhitng qud trinh né nguy hiém, do 4m va nhigt do ciia modi trudng khong cao

v.v...) nén ta chon dong co dién khong déng bo ba pha loai cong dung chung.

h.l - j
Hinh 17-1. So d6 chuyén dong cua bo truyen:
1- Bong cd dien; 2- Bo truyeén dai; 3- Hép gidm tée,

4- Khdp ly hop; 5- Tang; 8- Day tdi; 7- Truc tang
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Bdng 17-1. Cic thong s6 va cde dac trung cia cde dang truyén dong co ban

Dang truyén Ty 56 truyén theo s& cap Hiéu sudt | Cong sudt | T6c do cuc
déng 1 2 3 , cyc dai, kWi dai, mis
Banh rang.
hinh try 3+ 6{dén 10"}| dén 30 | dén400 | 093"+ 098 40000 0,5% « 150
con nic 2+31(d6nb) | dé&n20 - 0,88" = 0,92
tru - cdn nic - dén 30 | dén 180 -
Trug vit 10 = 60 - - 0,4*+08 60 40
Aich 2+ 6{d€n §) - - 0,92 = 0,96 120 30
Bai 2 = 4 (dén B) - - 0,94 0,95 50 25
Ma sat dén’7 - - 0.85+0,95 20 25
Ghi chiiz Dau (%) 61 v6i cdc thong s6 truyén ho.
Nhitng phuong dn ¢6 thé chon nhur sau:
(ty sG truyén clia bo truyén dai duge chon so b la 1y =2.5).
Cédc phuong dn chon dong ¢o
Ty s6 truyén cla
bong co Nger VO/PH e
B& truyén Pal truyén Hép bién tac
AOM2-52-4 1440 11,6 25 4,65
AQNZ-61-6 970 7.82 2.5 3.10
AONZ2-62-8 720 J 582 2,5 2,33

Cdc dong co dién ¢d tde do quay ny < 750 vg/ph c6 gia thanh, kich thude va
khoi luong tuong déi 1on, do d6, trong hai kha nang con lal, ta chon déng co
h.)IITT-D(
Miim viee

% -
L My
el — 8 -

LY = =22

dien ¢6 8¢ do nhanh hon AOTI2-32-4:

S viee

oy = 151 rad/s.
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2. Phan phoi ty s0 truyén

T s6 truycn cla bo truyén bdnh ring (trong trudng hop nay 1a cua hop

ieu chuin hod theo TOCY 2185-66:

giam 1o0) duoc 1
125 1.6:2,0: 2.5 3.15; 4.0; 5.0, 6,3 8.0, 10; 12.5.

- ddy thiy nhat 1.0:
- ddy thi hai: 1,12 1.4 1,8 2.24;2.8; 3.5 4,5 7,1,9.0; 1 1,2,
Ta chon ty O truyén cua hop gidm toc i = 4. Khi dé ty s6 truyén cha dai
truyén la:

11,6

. 1
4= — = ——~ :2,9
47 4

Liy iy = 3, ta chi=1gl, =3 % 4 =12.

dén lam giam toc do quay cla tang tir 13 dén 12,7 rad/s va

pigu dé dan
%, nhung trong khoang d6 1a cho phép.

giam 16¢ do clia bang 1ai 161 2,3

3. Xac dinh cong suat, van toc goc, moémen xodn trén cic truc hop

jam toc
g Ny

Tren truc dan 1 (hinb 17-2)
N, = Nye-ig = 10 % 095

=95 kW =9300W

D, —
W = -(—dL =
L4
51 o,
L 50,3 rad/s
3
30.
n = @1 - 481 vg/ph
T
N, 9500 _ 188 Nim

Hinh 17-2

Trén truc bi dan 2t

N, = Ny1p.n;, = 9,5 < 0.98 x 0,997 =9,13 kW

12.6 rad/s

Dy = Wy =
- =
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_ 30.0,

n; = 120 vg/ph

N, _ 9130 _

M"Z =

OIS

725 Nmm

I1. TINH TOAN BANH RANG HINH TRU RANG NGHIENG

Bai toan: Tir s& liéu ¢6 & bude 1, hiy tinh cap bdnh rang hinh tru rang

nghiéng trong hop giam t6c vai that gian phuc vu cla bo truyén la T = 24.000

gid. Tai trong bién d6i nhu hinh 17-3: T, = 0,3T: T; = 0,1T: Ty = 0,6T; M; =

0’71\‘1mux: NIII'__ Mmax; MI[I = O’3N]mu)v
Lei gidi:

1. Chon vat liéu banh riang

Su chon phéi hop cdc vat liéu doi véi banh rang nho va 16n duge dan ra

dudi day (do ran HB < 350):

Bamhmhd | TR N A s L
Banh Ién 35: 457 35, 457 45, 551 45; 50
Banhnnd | B aox o1 SN
Banh lan 50, 55 35X 40X

Thuding ngudi ta ché tao cdc banh nhod va Jon biang ciing mot loai vat liéu

nhung cé ché d¢ gia cong khic nhau. Tuy
nhién cdc binh rang ciling c6 thé ¢6 cling mt
ché dé gia cong nhiét khi dé dic trung co
hoc cha phoi c6 kich thude 1on s€ kém di va
trong trudmg hgp nay binh aho & ¢ dac tinh
ca hoc cao hon so vl banh 16n, Khi ché tao
bdnh rang 16n ¢6 do rin bé mat 1am viec 350
HB, thi nén ché tao bianh nhd c6 do rn 1on
hon (20 + 50) HB.

Ta s& chon thép 40X vé ché do gia

cong nhiét giong nhau d€ ché tao banh rang

298

¥

A
MK Ml'r\a)(
M,
M,
Min
0
4 “TILI, Ly
P e
i T .
Hinh 17-3




nhé vi ldn (bang 17-2). Pic trung co hoc cua thép nay nhir sau:

Banh nho Banh l6n

Buang kinh phéf, mm dén 120 180 + 250
og, MPa den 930 780
. MPa d6n 690 490

HB 257 + 285 215 + 243

Bdng 17-2. Dic trung co hoc clia thép diing dé ché tao banh rang

o Buang kinh ] Gia cong nhiét
Mac thép . Sg, MPa G MPa HB , )
phéi, mm {nhiét luyén)
dén 100 550 280
40 100 + 300 530 270 152 + 207 thudng hod
300 + 500 510 260
dén 100 590 300
45 100 + 300 570 290 167 ~ 217 thuéng hoa
300+ 500 550 280
dén 90 780 440 207 + 250
45 90 + 120 730 380 194 + 222 hoa tét
120 - 150 690 340 180 + cii
501 dén 150 640 370
180 + 229 thugng hoa
150 + 400 610 320
50r dén 100 740 410 ]
241 - 285 hoa tét
100 + 200 690 390
dén 60 980 840
30XrC 100 + 160 890 650 215+ 229 thudng hoa
160 + 250 780 640
30Xrc den 140 1020 840
235 + 280 hoa tét
140 + 30 930 740
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Tiép bdng 17-2

[_Méc thép Dud?g kinh 55, MPa 5.0, MPa HB [ Gia cong nhtet ‘
phéi, mm {nhigtluyén)
dén 60 940 740 |
35X 60 + 100 740 490 190+ 241 | thuong hod ‘
100 + 200 690 440 |
| asx dén 200 740 490 20-260 |  hoatét l
dén 120 930 690 257 + 285 \ 4\
3BCr | 120+ 150 880 590 243 = 271 hoatét |
150 + 180 830 540 230 + 257 \ ‘
180 = 250 780 430 215+ 243 | ‘
dén 60 980 790 \
40X 100+ 209 o 4% 200-230 | thuonghod |
200 + 300 740 490
300 + 600 690 440 ‘. l|
d&n 120 930 890 257 + 285 \ |‘
40X 120 + 150 880 590 243 + 271 hoatdt |
150 = 180 830 540 230 + 257 \ |
180 + 250 780 490 215+ 243 | |
dén 60 980 790 l |
40XH 60 - 100 840 590 200+ 250 | thuong hod ‘
100 + 300 790 570 | |
300 + 500 740 550 ‘] |
dén 150 930 690 265+ 295 |
40XH 50 = 180 880 590 250 + 280 \
180 + 250 835 540 235 + 265 hoatst
Teoxzva | gen 120 1080 900 275 + 310 ’
\ | 120200 980 740 265+ 240 | |
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Tiép bing 17-2

_

. MPa

|( Mac thép | Ppugng kinh &5, MP2 HB \ Gia cong nhigt \
| | phoi, mm — _ | (nhiet luyén) |
\ sorz | déns0 | 740 a0 | 195+ 240 \ thuang hod |

100 + 300

sor2 | den 100
| 380 '|—_P— —_Tl 420 \ 270
T T 147 l |
|| P N |] 310 153 \ thudng hoa \
|| 501 || - \ 570 330 \ 4 |
T R B \ 340 155 - 217 | \
|l srn | - |] 630 | 320 174
B \ s0 | 40 174 \
| 35Xren | - 790 | 590 202 | hoa G
|| 35XHA || - || 690 || 40 | 218269 | \

| - - ' .
| aoron | e | 320 \190.225& |

3. Xdc dinh ing suit tiép xic cho phép

Khi tinh toan truyén dong banh rang lam viec trong diéu kign ta1 trong bién
déi, cdn phai 18y tai trong lam viec cuc dai lam tai trong tinh todn. Tinh chat
thay d6i ctia tai trong dudc ké dén bing cach dua vao trong cong thire xdc dinh
{mg sudt ti€p xic cho phép s6 chu k¥ dat tai twong dirong.

S& chu k¥ tuong duong Khi tinh 1o4n do bén tiép xic cua banh nho va bdnh
[ la

K)

M, V4
Mn'!'d.\' J T
—~ 60 x 481 x 24000 x (Q,

Nol = 60[11"[1,2(

703+ 17 x 0,1 +0,3" x0.6)

=153.10"
N 7 -
NUE = -0'5 = 15,310 :3'8'10.1
1, 4
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S6 chu ky tng suat Ny, trudc diém udn cha dudng cong moti, nghia 1a khi
dat duoc gidt han moi dai lau. Do voi ting Suét tiép xdc 1a:
N, = 30.HB**
Ny con goi la sé chu ky co so.
Khi dé doi v&i banh nho va banh 16n:
Ny, = 30 x 257 2% = 1,8.10
N = 30 x 215 24 = 1,2.10
Dé tién theo ddi trong cdc ky hiéu dng sudt, ta dua ra cac chi 56 chinh vi
phu sau day dé chi cdc dang tinh todn (theo TOCT 21354-75).
F - chi s6 chinh quan h¢ tdi tit ca cdc dang tinh todn vé 4o bén cha rang khi
udn;
H - chi s& chinh guan hé ti tdt ca cdc dang tinh todn vé do bén bé mat
rang;
M - chi s6 phu quan hé tdi cdc tinh todn vé d0 bén dudi tic dung cua til
irong cuc dai;
P - chi $6 phu quan hé t6i g suit cho phep.
Ung sudt ti€p xic cho phép [oyp] khi lam viéc lau dai (duong kinh ngoai
d < 700 mm):

. 6onZe "IN
(opul = OH-4&R 0
Hel N,

trong dé: 6oy - gi6i han moi cdc 19p bé mat ring, duge tim theo bang 17-3;

Zg - hé s6 ké dén mirc d¢ nhdm bé mat va ducc chon theo cic thong so

nhim "¢ mat R, va Ry:

7o = 1 khiR, < | pm; Zp =095 khi R, = 1,25 + 2,5 pm; Zp = 0,9 khi
Ry = 10 pm;,

n - hé 6 an todn (c6 thé lay n = 1.1 d6i véi rang duge hoa bén bé mat).

Néu Ng > Ny, nghia 12 chi tiét [am vigc trong ving nam ngang cua dubng

cong moi, thi viéc tinh todn dugc tién hanh nhu khi tng sudt khong doi va thira

302



L
nhin 1}% = 1. Trong trudng hop ndy Zg = 1y n = 1.2, Ng = 15,3.107 >Ny =

1.8.107 va N, =38.10"> Nyy = 1.2.10.

Bdng 17-3. Giéi han moi 1dp be mat 1ang ooy

Nhiét luyén hodc hoa D6 cling cla ldp )
nhiét fuyén bé mat vatlieu ok MPa
Hoa tét, thuéng hoa HB < 350 Thép cachon va thép 2HB + 70
Toi thé tich HRC 40 - 56 hop kim 18 HRG + 150
Toi bé méat 1 HRC40-58 17 HRC + 200
Xementit hoa va toi HRC 54 - 65 Thép hop kim 23 HRC
Tham nito HRC 50 - 65 20 HRC
Khong nhiét luyén Gang ¢HB
Vi thé;
[oue I = QH—B'lz—@ -1 = 487 MPa
(Gup,] = (2HB21;70)‘1 = 2><21152+ 70 _ 417 MPa

P&i voi nhitng banh ring nghiéng khong dich chinh duvc ¢é d6 rdn khong
gidng nhau giira bdnh nho v bianh 16n thi tmg suit cho phép la:
Gyp, +O
I HP . HPy  _ 487+ 417 _ 452 MPa

foupl =

3. Xic dinh khodng cach truc A (m)

3 2
34, K
A=(,+ D [0‘ z!‘ } o Ken M,
[GHP]'IT lPu

trong d6, Zy - hé s6 k& dén tinh riéng biét cla truyén dong rang nghiéng phy

thudc vao so ring cia banh nhd (irong cdc tinh todn gan dang
v6i 56 rang banh nho Z; = 20 thi he s6 Zg = 0,8. Dieu nay c6
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nghia 1a lam tang dé bén ti€p xdc cla b truyén rang nghicng so
véi rang thang 1én 30%);

Kup - he sa ké dén sy phin be khong déu cha tai trong gifta cic rang
(trong di1 6¢ do tir 1 dén 20 mfs; Ky = 1 = 1,1 v&i do chinh
xac ¢dp 7, Ky = 1,05 + 1,2 v&1 do chinh xdc ¢dp §; K - hé s6 tai
trong phu, doi véi tinh todn so bo K = 1,3 + 1.5; gid tri bé (ng
vGi cdc binh ring dat déi xing trén cdc tryc, gid tri 16n ung vdi
truong hop bo tri cie banh rang khong d6i xtmg: W, = b/A - hé
s6 chiéu rong bdnh rang (d6i véi cdc binh rang lam bang thép
ot bo i khong d6i xing doi v6i gbi tua, nén lay W, = 0,315 =
0,400, cOn déi voi cdc banh rang lam bing thép 161 W, =025 +
0,315; khi cdc banh rang duge dat d6i xang ‘W = 0,4 + 0.5; dai
vai banh ring nho dich dong duge W, = 0,1 + 0,2; céc gia tri tiéu
chuan ¥, doi v61 hop giam 8¢ 0.100; 0,125 0.160; 0,200:
0,250; 0,315; 0,400; 0,500; 0,630; 0,800; 1,0; 1,25).

[oypl tinh bing MPa ; M, tinh bing Nm.
Trong trutng hop nay: Zy = 0.8, K,y =1.1: K=13 %, =04,

[0,34 <08 | LIx13x725
452% 4 ) 0.4

3

\

Ta lay quy tron A = 200 mm theo I'OCT 2183-66.

Khidé: A=4+1) =0,195m

4. Xac dinh cac théng sé truyén dong co ban

béi véi su truyeén dong ma cdc bé mat rang ¢ do cing thap va trung binh,
sau khi xdc dinh A tir phitng tinh todn vé do bén ti€p xic cé thé cho trude
modun (hodac s& rang) va sau dé thuc hién viéc tinh toin kiém tra vé uén.
Médun can phai nho, bai vi cling véi viée tang madun thi khéi lugng, dutmg
kinh ngodi cia phoi, khoi lugng gia cong cang ting. Mit khéc, d6i vdi nhing bo
truyén nang médun khong nén 18y nho hon 1,5. Théng thudng déi vai bo truyén
cua hop giam 8¢ c6 cong dung chung modun ditge 1y trong khodng (0,01 +
0,02)A v&i cdc banh rang lam bang thép hod t6t; trong khodng (0,016 = 0,0315)A
v&i banh rang 1am bang thép to1.

Trong trudng hop khao sdt m = 0.01L.A =0,01 x 200 =2 mm.
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Géc nghiéng cha rang 18y trong khoang tir 8 dén 18" (rdt {t dén 20%).
G day ta 18y B = 127 (khi 8 = 0 ta ¢6 banh rang hinh try ring thang, hinh 4-2a).
S6 rang téng cong cua banh nhd Z, va banh dn Z, 1a:
Z.=7Z; + 2y = 2A.cosp/m = 2 x 200.cos12%/2 = 196.5
2. _ 195

Z}-:_ v
i, +1 5

r

=139,2

Z,=7,i,=392x4=1568

Ta lam tron 86 rang va lay:

Z, =39, Z, = 157. Khi d6 Z = 196 va g6c nghiéng thuc t& li:
B = arcos(mZ2A) = 11"31'30”

Modui in kKhép mat dau my:

m _ 2

cosP  cos11931'30"

Chiéu rong banh rang lom:
b, = ¥,.A = 0,4 x 20 =80 mm

m

=2,04

DéE bu vao sy khong chinh xdc lip ghép ldy chiéu rong banh nho 16n hon
chiéu rong banh 16n mot chit (5 + 7 mm), vi vy by =by +5=80+ 5= 85 mm.
Pudng kinh vong chia clia banh [én va banh nho:
m.22 _ 2x157

d, = : = 320,41 mm
cosB  cossi1®31'30"

d, = B4 279 50 mm
cosf3

Gi4 tri d, va d, phai tinh vdi d6 chinh xdc dén 1/100 mm va phai kiém tra
theo diéu kién:
d,+dy _ 79,59 +32041
=
Ty 6 truyén thuc € la:
a2y 157

P =22 =220 =402
Z, 9

A= = 200 mm

Gid 1: khong duge khic gid tr1 tigu chuin 2,5% khi 1, < 4,5 vd 4% khi
i, > 4,5.
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Trong thiét k& ndy:
.* _ . ') _
Aj = deTheyo0 = 228 100 = 0.5%
L 4
Vay sai s6 trén cho phép.
Téc do gée thue ctia bénh 16n:

Wy = (n*, 2303 19 5 vadss
S 4,02

r

va 16¢c do dai cta no la:
= (l)idl - §0‘3X79,59 -2 ]nf\‘
2 % 1000 2% 1000 '

V6i 16c do nhu vay, cdp chinh xic an khdp c6 thé la cap "97, ahung boi vi
d6i v6i cAc banh rang nghiéng khong thé ldy cap chinh xac nhd hon 8, nén 1a
1iy cap chinh xdc 1a 8.

5. Xac dinh hé sé tai trong phu thuc (é

Gid tri thuc t€ cta he s6 141 trong phu:

K = Kpy.K,
trong dé: Kp - hé 56 1ap trung 1ai trong theo chiéu dai rang (bang 17-4);

K, - he 56 1ai trong dong (bang 17-3}.

Bdng 17-4. Gid 1 Ky clia bo truyén banh rang thang va nghiéng

¢6 chay mai (u s&) va khong chay miad (mau s0)

r Gia tri Kp theo vi i hanh nho
bid D6i xing d6i vai | Gan mot gdi tue: Gan mot goi tya; truc | batiren dau
goi tua truc rat cting ¢6 d6 clmg vua thura

0,2 M 142 1,05/1,025 1.01.05
0,4 " 1,051,025 1,151,075 Lo
0.8 1,06/1,025 1,15/1,075 1.311.15 1,5/1,25
1,2 1,151,075 1,251,125 14112 -

1.6 1,25/1,125 1,412 - -

20 1,45{1,225 - - -
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Bdng 17-5. Heé s6 K, d6i voi banh r?an‘g thing (1ir sG) va rang nghiéng (mau s6)

_ Gia tri K, theo tdc do v, mis ‘
Cép chinh xac HB _
dén 3 3-8 8+125 12,5+ 30
6 < 350 11 1,214 1,311 1,45(1.2
> 350 11 1,18/ 1,25{1 1,350
7 < 350 1,151 1,35/1 1,4511.2 -3
> 350 1,151 1,251 1,3511,1 -f1,1
] < 350 1,25/1,1 1,45/1.3 1,4 -
> 350 1,211 1,35(1.2 -11.3 -
b, 85 e . .
Khi 4 - Z9.59 = 1,07 d&i v6i cdc banh rang ¢6 do cing HB < 350. Khi
1 I

dat ching déi xdng d6i véi géi tya Kpg = 1,1. Khi v = 2 m/s, HB < 350, d6 chinh

xac bac 8 d6i vdi cac banh rang K, = 1.2.
Khi dé: K=1,1x12=1,32
6. Kiém tra vé moi theo wng suat tiép xic

Cong thite xdc dinh Gng sudt tiép xdc idn nhadt 461 v6i banh rang nghiéng
c6 dang:

0.34.Zy \, (i, + Ko KM,
Oy = .

Ad, b,
Sau khi thay vio cong thiic ndy céc gid tri bang so ta co:

034x08 J5x1,1x1,32><725

- — 436 MP
OH= Toox4 0.08 a

Sai 6 cla (g sudt tiép xdc thuc & nay voi dng suat ti€p xic cho phép la:

Aoy = ﬂ};—z@ «100% = ~3.54% < +3%

Sai s& nay cho phép. Néu d¢ léch cla oy Vo1 gid tri cho phép ta khéng duge
phép thi viée tinh todn ducc 1am lai sau Khi thay d61 khoang cdch truc.
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7. Kiém tra dé bén ti€p xiic theo sir vuot taj ngin han

Ung suat ti€p xic tinh todn khi VUOL [ai:

OHm = Oy =436 x 22 = 646 MPa

Ung suit gid han cho phép déi voi cdc banh rang dugc 101 thé tich va hog
16t {Typy] = 2,8.0,.4,, doi v&i cac rang duge thaim cachon thi [Supq] = 40 HRC,
doi véi cdc rang duge thim nito [GHpm] = 30 HRC,

Trong trutsng hop khio sdr:
[oHpml = 2.8.6,, = 2,8 x 490 = 1370 MPa
Vi 6y < Gppp, nén do bén theo SU VUOt tai ngan han 1a dam bio.
8. Xiac dihh irng sudt cho phép khj uon
86 chu ky chiu tii khi tinh toin d6 bén uén nhu sau:
N= 60n,.T.Z( M, J A

M T

max

trong d6 m = 6 d¢j véi rang lam bang thép thudng hod va ho4 tét, déng thoi dai
VOl cdc rang duge hod bén bé mat c6 cdc ranh tron duge lam

béng, m = 9 dgi
vi cdc rang 1am bang thép 16i,

Trbng bai todn nay ching ta 1Ay m = 6 d6i vai banh nho va banh lan,

N, =60 x 481 x 24000 x (0,7 x 03+ 15 x 0 + 0,3°

x (.,6)
=9,5.10
N 7
N, = =20 = 23100, 4\
- 1, 4
Ung sudt cho phép khi uén véi sy lam vige lan daj mot phia va hai phia:

Gf]YRY)'YM m N“

[Gopp] = ———2 2. [0

n N,

0. Yp Y, .Y ™ N,

(O_ypp) = — Y e

n VNU

" Oy - gidi han moi khi rang lam viee mét phia (chu trinh mach déng);
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ap
12+1,6

o = - gi6i han moi khi rang tam viéc hai phéi (1al trong thuin

nghich). he s 1.2 lay d6i véi thep duoe nits hod, 1,4 d6i véi thép tham cachon
va hydrocacbon, 1,6 doi v6i cac rang 1am bang thép khacs

Yy - hé s8 ké den do phdm bé mat (khi Ry = 10 + 40 pm déi véi ring 101
thé tich va hod t8t Yg = 0,85 = 0.95, khi ddnh bong tho sau xementit va toi Yg =
0,65 + 0,70, khi ddnh bong tinh Yg = 0.8); '

Y, - heé 80 ké d&n su hoa bén bang co hoc (phun bi sau Khi xementit va 101
Y, =L}~ 1,3

Yy - hé 56 kich thude (vor dudng kinh ngoai d < 400 mm va modun m < 10
mm thi Yy = L: n=mnmony - e 4§ an 1oan (n, duoc chon phu thuoc vio X4c suat
lam viéc khong an toan; np = 1,3 chi d&i v6i phoi dic: ny > 1 d6i vGi che do lam
viéc trong diéu kién ¢o sy an mon va nhiét do cao; N, = (2 + 5).106 - 50 chu ky
{ng sudt trude diém udn chia dudng cong moi (s6 chu ky <o s&): néu Ng > N,

nghia [a chi (i€t 1am viéc trong viing nim ngang cta dudng cong maoi, thi tinh
"IN
todn nhu véi che do ing sudt khong déi va lay «N—“- =1.
43

Trong bai todn nay S = |8HB =18 x 257 = 462 MPa va o, = 1,8HB =
1,8 x 215 =387 MPa; Yp = LY, =1 Yy =Llin=175
Ng, = 9.5.10" > N, =0,3.10" vi Ny, ~2.4.10" > N, = 03.107, vi vay

462 x 1x1x1
G o A0 x X170 x| =264 MPa
[oopri] 115

187 xIx1xl
G = ——— w1 =221 MPa
[oupr2] 75

¢. Tinh toan kiém tra khi uon

S§ rapg trong duong:

Z C ;
T = L= o =414
cos” 3 09%
Zq .
an - = —"I—T'ST = 16(),7

cos' B 098

309



h¢ s6 do bén clarang: Yi = 3,75 d6i vdi Zy, = 41,4:
Y= 3,75 d6i vai Zy, = 166,7
Ung suat udn khi chiu tai lau dai ciia binh nhé va lén 1
2Yp KM, 2x%3,75%x1,32% 1875

Of = —3 = 3 = = 132 MPa
m—.Z(n‘bj 0,002 X41,4X0,08X10‘

2Yr K.M, _ 2x375x1,32x725
m° Zg b,  0,0027 x166,7x 0,08 x 10°

OF, = 135 MPa

D6 bén cua cdc banh nhé vi bénh ldn duge dam bao vi oF = 132 < [oypp]
=204 MPa va Cg, =135 <221 MPa.
10. Kiém tra bén doi véi su vurot tai ngan han khi uén
Ung sudt uén tinh todn khi vugt tai la;
OFpM = OF, .Y = 132 x 2,2 = 296 MPa
Khi tinh todn do bén uén do tai trong 16n nhat d6i véi thép khong 0i ¢6 do
ciing khong 16n hon 350 HB thi tng sudt cho phép [oppy] = 0.8.6,,; dai véi

thép t6i ¢6 do ciing cao hon 350 HB thi [Gppy] = 0,3();—5’

2]
Trong trudmg hgp nay:
(crem] =0,8.0,, = 0,8 x 490 = 392 MPa

B&i vi 6pp < [Gppy] nén do bén clia ring duge dam bao khi chiu udn do ti

trong cuc dai gay ra.

Trong bing 17-6 dd chi ra nhiimg két qua tinh todn vé cdc thong s6 truyén

dong rang,
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Bdng 17-6. Cac thong s6 o ban truyén dong nang

l

Gia tri thang s6 ddi \m

Théng s6 Cang thuc tinh toan :
Banh nhd | Banhlon
Khoang cach truc A (mm) 0,5.(d, + d3) 200
Médun an khap phép tuyén m {mm) (0,01 + 0,02).A 2
o ba mt AR m
hodun an khdp mat dau C_OS_[; 202
S rang Z, 2A/m 196
B :
Z, v 39 157
Z,,
Rudc an khop phap tuyén P, mm n.m 6,28 6,28
Budc an khdp tiép tuyén tuyén P, mm .M, 6,41 6,41
Budng kinh véng chia, mm
d, M2 79,59 320,41
d; my.Zs
Chigu cao dau rang hy, mm m 2 2
Chiéu cao ¢han rang hg, mm 1,25.m 2,5 2,5
Chiéu cao rang h, mm hy + e 45 45
Puong kinh vong tron dinh réng dg, mm d + 2h, 83,59 324,41
Puang kinh vong tron chan rang d., mm d - 2h, 74,59 315,41
Chidy rong rang, mm
b, b, +.(5+7) 85 80
b, AN,
P? 56 truyén i, L B _»m A J
Z, 4 oy

1IL. TINH TOAN TRUC HOP GIAM TOC

Bai toan: Hay tinh todn so b

rang hinh try rang nghiéng mot cap.

o va kiém tra truc cham hop giam 18¢ banh



Loi gidi:
1. Tinh toan so bo truc
a) Chon vit liéu

DGi véi hop giam téc cong dung chung ngudi ta thudmg ding cic thep
cacbon sau day khong qua nhiét luyén dé lam tryc:

CT3, CT4, CTS, 25, 30, 40 va 45.

Né&u truc cdn phai lam viéc theo kha ning chiu 141 va tudi tho cao, thi ding
cdc vat liéu thép hgp kim hoac thép cacbon trung binh hod tat: 35, 40, 45, 40X,
40XH, v.v... Nhitng truc lam viéc nang thudng dung cic thép: 40XH, 40XH2MA,
30XTIT.

Trong trudng hgp nay ta chon thép 30 ¢6 oy, = 300 MPa ; o_; = 250 MPa
dé lam truc hép giam toc.

b) Chon so bo dudng kinh truc cham

Bai vi k&t cin truc (vi tri dat 14i, khoang céch gilra céc g01 tra v.v...) 0 gia)
doan nay ta chua biét, nén can phai xdc dinh trude dudng kinh truc, lie nay xem
nhu né chi chiu xodn theo cong thic:

d, = 173@—;
V(1]
Trong d6: d, - dudng kinh truc {(mm};
M, = M, - momen xoin 16n nhat tryc phai chiu (Nm);
[1] - dng sudt cho phép doi voi thép, [1] =25+ 35 MPa.

Pudng kinh nhd nhdt cdn thi€t cua truc cham la:

3
4,217,222 =49 mm
30

Ta iam tron gid tri ndy theo F'OCT 6636-69: d; = 50 mm.

Chiéu dai ciia phdn tryc nho ra phu thuge vao loai khép ndi, trong trudng
hgp bai todn nay chiéu dai nira khdp n6i la Ly = 70 mm (xem budc V).

¢) Xac dinh kich thudc truc (hinh 17-4)
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Cic duong kinh con lai duge chon theo kinh nghiém ¢6 ké dén ca su thuin
tien khi lap ghép bdnh rang, & va cdc chi tiét khdc 1én truc va sy cin thi€t phai
¢6 dinh chiing trén truc theo phuong doc truc.

Pudng kinh truc & ché dat 6 bén phai can phai bing dudng kinh trong cla
3. Khi dé chiéu cao ctia vai truc cdn phai 16n hon gd trén moay-o cua khop nol.
Tir nhimg nhan thic d6 ta chon d, = 60 mm va chon & loai nhe theo TOCT

8338-75 ¢6 kich thuéc thong thuy D = 110 mm, B = 22 mm.

K
P L3 _-):4 LZ ¢ I"I N
% 7
NGZ /’i %7
=z %%
A TN
NS y ' ) //\\'5:: J
=) i 5 —
A Ll - 8 D A
B . _ B, -_)‘ B L H |4, Lk
< > < <

Hinh 17-4. K&t cdu truc cham hop giam téc

Puong kinh truc & noi lap ciing (chat) can phai ldy bing d, = 60 mm. Chiéu
rong ciia np gitt bén phai véi R, = 60 mm theo F'OCT 11641-73 lay H = 23 mm.
Chi y dén tinh khong chinh xdc c6 thé ¢6 cua vi tri vo hop chon, A} = 6 mm,
gilta mat mut cua khép noi va nip 8 nén 1dy /g = 12 mm. Khoing cdch gilta mat
trong ctia hop va banh rang duge xdc dinh nhu sau:

Ay 2 1,15 x (0,025A + 1) = 1,15 x (0,025 x 200 + 1) = 6,9 mm

Nhung A, < 8 nén ldy A, = 8 mm.
Pudng kinh truc & ché lap binh riang 16n d; = 63 mm, duong kinh vai d, =

70 mm.
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2. Tinh toan kiém tra truc

a) Lap so dé tinh wdn truc hop giam 1&¢ (hinh 17-3). Luyc vong P, lyc

hudng tam T va luc doc N. Trén banh rang lon co:

d, = 320,4 = 320 mm

po 2My | 2x725
d, 032
Piea,  4530.220"
T: t—at.] - 5‘2‘

cosfb

G day a,, 1a gdéc an khép.

cos11731

{bang 17-6)

= 4530 N (hinh 17-3)

=2120N

N = P.tgB = 4530.1¢11"31” = 1010 N

l/

I8

Z

.

XE/7E7

Hinh 17-5

D
T 6.6 cm ‘JJ 4.1 ch

b} V& biéu dé momen trong mat phang thang ditng (hinh 17-6)

Xic dinh phén lyc ¢ gdi tua
do N va T gay ra.
IMg=0
1
Y,.132 - T.66+ Nfzi =0
T.6,6 -N.0,5.d,

Y, =
2 132
. = 2120x66-1010x16
AT 13,2

- _165N
TM, =0

314

Y N T
= -
. - Dz
F C el
© 86m 8.6 m 41m
Yw:. + ‘|< >
Ya
®
1yt [198 B D
A e}
: I
151
Hinh I7-6



d,
Y132 -T66-N=—- =0

 T66+N0Sd,
o= F O

13.2
Yy = 2120 6,6 — 1010 %16 ~ 2285 N
132

Kiém tra lai két qua tinh todn phan luc:

Y=0= Y, -T+Yg=90

—165-2120+2285=0

Vay phan lyc tim dugc 13 ding.
Ta vé biu dé momen udn do lyc T va N gay nén.
¢} VE biéu do mémen udn trong mat phang ngang:
Xac dinh phéan lyc do P giy ra {hinh 17-7}
SMp= 0:X,. 132-P66=0

X, = P.6,6 _ 4530 6,6 =2265 N

132 13,2

TM, = 0:Xp. 132 -P.66=0
P66 _ 4530x66 _srcen

132 132

— Xp=

Kism tra lai phan lye: 2X = 0: X, P+ X =0
2265 — 4530 +2265=0

Vay phan lue tim duge 1a ding.

Hinh 17-7
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d) V& bicu dé téng modomen udn do P, T va N gay ra (hinh 17-8). Momen

tdng cong duge xdc dinh theo cong thie:

2 2
M, = M2 + M}

A _cC B D z

LN @

1364

234

Hinh 17-8

¢) Bidu dé momen do lyc Q giy ra (hinh 17-9).

A 8 Dz
I it -
oy ' = 00 N
1‘4 132 mm . 41mm Q=3
Rag v Rea

|

144 Nm

Hinh 17-9

Trong dai da s& cdc trudng hop do su khong déng truc cla cdc truc duge
n6i lai, khép néi s& dat 1én truc mot luc ngang phu Q. Luc nay dat vao diém D
chia truc cham va bang: Q = ISOM d61 véi hop gidm 18¢ mot cdp va hanh
tinh, Q = 260 M d6i véi hop giam to¢ nhiéu cép.

O day M, la momen xoin (N.m): Q (N).

Trong trudng hop bai todn cla ta thi:

Q = 130.4/725 = 3500 N.
Xdc dinh phan lyc do Q gy ra:
IMg=0; —Raq-132+Q.41=0



Rog= 2k 3500 4! 1000 N
13,2 13.2
EMA:O, "RBQ 13,2+Q.17,3_—'0

Re Q173 _ 3500x173 _ 4590 N
BQT 132 13,2 ‘

Kiém tra lai phan lyc:
Rao - Regt Q=0
1090 — 4590 + 3500 =0
Ching tO phan lyc xac dinh nhu trén a ding.
do P, N, T, Q gay ra (hinh 17-10).

g) V& biu d6 momen udn tong cong

Theo cong thic:
EMH = Mu + N{uo

Hinh 17-10

h) Bidu d6 momen xoan M, cho trén hinh 17-11.
¢4t nguy hiém cha tryc. Tir cdc bidu dé, ta thiy cdc mat

1) Xdc dinh cdc mat
moi. Trong tinh

C v E 1a nhimg mat cit nguy hiém cdn phai kiém tra gioi han

cit
g thoi clia momen udn va xo4n.

todn can phai ké dén dng suat do tic dung don
va lyc cét dén 40 bén cla tryc rit bé, nén ta s& bo qua.

I ©~

Hinh 17-11

Anh huang cba luc doc
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k) Kiém tra bén ¢ mat cat C.
O mat cat K — K nay (hinh 17-10) ¢é cdc momen nét lue My = 370 Nm, va
M, = 725 Nm (hinh 17-11). Ung suit phip thay dai theo chu trinh doi xung, ng
sUat tiép thay doi theo chu trinh mach dong.
M, 370

Gu - Gu = = __‘_—_(
W, 1876107
=20.10" Pa = 20 MPa.
G, =0
M, 725
T,=Tn = =

C2We 2440107
=9,1 MPa
trong dé W, va Wy, 1a mémen chéng udn va xodn cia mit ciit ngang cua tryc ¢6
ké dén sy giam véu do rinh then.
He s6 an toan vé bén clia truc theo dng suat U€p va phdp duce tinh theo
cong thic:

G
Ng = =

o G, tVs0n
£.[3

37

250
1.89
PR x
(3,76 x 0,95

20

_ 145 ~92.

L 91v0uxol
0.76 % 0,95

Cic hé s0 trong cong thic tra bang (17-7), (17-8), (17-9), ¥ nghia cdc dai
luong va cdch xde dinh ching trong ciac cong thire trén da chi £ trong 1y thuyél

clla chuong 13,
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H¢ s6 an 1oan vé bén ¢ mat cac K - K la:

n n, 48292
n= - - = ER e p—
[ — =

NN +ns 487 927

=425

(hd tri cho phép cia hé sd an toan ddi véi true giam 8¢ 1a [n] = 1.5 < 2.5,
cho nén dé bén mo1 & mit cat nity cua true 12 dam bao.

1) Ki¢m tra bén cho truc ¢ mat cit B — E.

O mat ¢it nay chiun nhitng not lue 160, hon nita & mat cat nay lai ¢6 su tap
trung (mg suat do cdc ranh ¢é goe luon sinh ra. Mit cit E - B dat cich mat cit
K — K mét doan 15 mmn1.

Cic momen uon M, = 238 Nim va momen xoin M, = 725 Nm (hinh 17-10.
hinh 17-11) tdac dung o mat cat E - L.

Khi d6 (ing suat & mat cat nay [a:
M, _ 238

T, = = 2 - = 11 MPa
We  0dxen10°
GJ'H O:
M.
Tu =Ty = L= 723 = 8,4 MPa

Wo o 2x02x6%107°

BS1 vél inat ¢t cd su gidm yéu nay ta o

Ka =155 ke = 142, 65 = g, = 0L70: =091 W, = 0,15, W, = 0.1, Véi
Gop =250 MPa: 1y = 145 MPa. ta ¢6:

250
Ne = ?— — = 10.1
. %
0,76 x (3,91
145 ;
e 1,42 o =8
r—— x84+ 0,1 x 8.4
(3,76 x 0,91

Heé ¢ an toan bén mdi & mat cit BE-FE L

s 100x8

e
n=—= — =063>25

‘\l’ﬂi +n$ \/10.12 +82

Do dé., do bén & miit cat duge dam béo.
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b) Tinh todn do bén tinh
Viéc ki€m tra do bén tinh 1a dé ngan ngita sy phdt sinh bién dang déo do
tac dung dot ngot cla tai trong.
3 mat cit K-K ta c6:
o =6,y =20%22 =44 MPa

™ =21y =2x9.1x2.2 = 40 MPa

. 00 7
ng N = G‘I:{h = g__ =6.8: N, = .1_4. =4,35
oK T g * 40
Ng Ny \ 35
nch = vh ch - 6 8 X 4 3 - 3’?

n%uh + "‘21 _ V6,87 x 4,352

ch
trong dd: t., - gidi han chay cia g sudt tiép:
Ten = 0.58.0,,, = 0,58 x 300 = 174 MPa

Do bén tinh hoin toan dim bio.

IV. TINH TOAN &

Bai toan: Tir cdc s6 lieu da c6 & wen hay chon & cho truc cham hop giam
toc.

Loi gidi:
L. Xac dinh phan luc tya

Phan luc tua (xem budc [I): X, = Xg=2265N; Y, =165N; Y5 =2265N:
R,_\Q = 1090 N; RBQ =459 N.

Khi lam vi¢c mot phia (14 trong khong thuan nghich) lue doc truc N do
mot 6 chiu. '

Trong trudng hop ndy 13 truc & bén phii.

Vi the Zy=0; Zy=N=10I0N,

Ne€u ¢6 su lam viéc hai phia (tdc dung thuan nghjch} ctia bo truyén thi
Za=7g=N,

Phan lyc huéng tam téng cong l1a:
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R, = yXi +Yi +Rao= 22657 +165% + 1090 =3355 N
Rp= X5+ Ys +Reo= J22657 +2285% +4590 = 7800 N

3. Xac dinh tai trong tinh tuong duong
G6i tua B 1a goi wra chiv tai lon nhat. vi tai d6: R,g = 7800 N; R, = 1010 N.

Gia tri 16n nhit sau day trong hai gia tri duge 1dy lam tai trong tinh tuong
duong dai véi & d5 va 6 dd chan.
€, = X R, + Y R vAC =R,
trong dé X, va Y,, - hé s tai trong tinh doc truc va hudng kinh d6i vdi cdc

& di va d& chan duge cho trong ¢ac bang 17-10, d6i v6i & bi hudng kinh (TOCT
8338-75):

X, =06vaY,=05 Khi d6:
.= 0.6 %7800+ 0,5 % 1010 = 5785 N:
C,="7800N
B&i vy, gia tri tinh toan cha thi trong tuong duong la: C,=7800 N =780 daN.
Ta dung tri s6 ndy dé tinh tai trong déng wong duong. Viéc tinh todn kha nang
chiu tii tinh thudng chi tién hanh véi tin s& vong nho hon 1 vg/ph.
3. X4c dinh tai trong dong tuong duong

Cic hé s6 cla tai trong hudng kinh va doc tric X vt Y duge xdc dinh theo
ty s& R,/C,, theo bang cho san. Trong trudng hop nay R/C, = 1010/7800 = 0,13,
VithE X=056vaY =14
- Trong bai todp nay yong frong quay, nén he s6 quay V = 1 (trong trudng
hop vong ngoai quay V=12).
Vi hop giam tdc lam viée voi tai trong binh én khong ¢6 va dap nén Kg = 1.
Gi4 tri ctia hé s6 K ké dén nhiét do dugce chon theo nhiét d6 nung néng lén nhat
d6i vai & theo sd liéu sau:
Nhiét do 6 C, <100 125 150 175 200 225
Kt 1 105 1,10 1,15 1,25 1,35
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Trong co cau dugc khio s4t nhigt do nung néng & khong qua 60°C, nén

Kp=1.
Do dd tdi trong doéng luéng duong duge xdc dinh nhu sau’
P=XVR, +YR)KsKr
={0,56 x 1 x 7800 + 1.4 x 1010y x 1 x | =5780N
. Kha nang chiu tai ¢ong lyc C cla 6 duge xac dinh theo bang, trong dé ty sé
ciia C v6i P duoc cho sin (bang 17-10). Voi T = 24000; n = 124 vg/ph, ta co:

% = 5.65. Do 46 kha nang chiu tai dong lye cia 6 la:
C =565P=5,635x 5780 =32600N = 3260 daN.

Chon & loai nhe mot dity hudng kinh N2 212 phii hop v6i gia trl cua € =

3260 daN. _
Boi vi doi v6i 6 loai d6 d = 60 mm, D = 110 mm, B = 22 mm, r = 2,5 mim,
C = 4110 daN, C, = 3150 daN, h¢ <6 an toan vé kha nang chiu tic dung dong
luc cia & la:
n= B0 06
3260

V. CHON VA TINH TOAN KHOP NOI TRUC

Bai toan: Theo cdc két qua cba cdc muc truée hay chon khop ndi true

cham hop giam tdc voi tryc tang.

Lot giai:

Pé néi truc hop gidm téc vdi tryc tang thudng dimg khdp ly hop. Ngudi ta
chon né theo dudng kinh lon nhét cha cdc truc noi va kiém ira theo cong thic:

[M] = Kpw-M

trong d6: K|, - hé 86 ché do lam viéc (thuong lay K, = 1,25 =
tai va Ky, = 1,5 = 2,0 463 v61 rdy van chuyén bang xich: M = M,).
- 50 mm ta chon theo FOCT 5006-55 khdp noi
hiéu dai nira khép néi

1,5 dai voi bang

Trong trudng hop nay voi d
¢6 dac trung sau day: [M] = 1400 Nm, [n] = 5000 vg/ph, ¢

‘!K = 70 mi.
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Khi d6 (18y X, = 1,50) ta ¢6:
1400 > 1,5 % 725

Do d6, d6 bén cia khdp nd1 duge dam bao.

Bdng 17-7. Hg s0 tap trung dng suat khi udn Kg va xoan K, cla truc

| Y&u 16 tap trung ng sudt Gié tri K v8i og MPa ] Gia tri K voi og MPa
| 700 1000 700 1000
Ranh trén v hir = 1
rid = 0,02 1,49 1,60 1,37 1,39
tid = 6,08 1,69 1,83 1,46 1,51
rid = 0,10 1,55 1,72 142 1,40
ranh then 1,89 2,26 1,71 2,22 J
Lap chat véi P 2 20 MPa 24 3,60 1,8 2,5
ren 2,2 2,61 1,0 1,0

Bdng 17.8. Bang hé 80 €4 = £1

Gia tri £ = £ vOi dudng kinh truc d, mm

Vat lieu ]
0 | 20 | 30 | 4 | s0 | 70 | 100 | 200 |

Thép cacben 008 | 082 | 088 | 085 082|076 (070]083

Thép hop kim 095 | 0.86 | 0,81 | 0,77 | 074 | 0,69 | 0,65 | 059
(o5 =800 + 1200 MPa) | R T P P IS R

Thép hop kim 0.04 | 0.83 | 077 | 073 | 070 | 0,66 | 0,62 | 0.57
(o = 1200 + 1400 MPa) |
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Bdng 17-9.

He s6 3

Phuang phép gia cong

Gia tri B vdi ag MPa

400 + 500 600 + 900 1000 = 1200

Khong gia ¢éng 0,75 0,65 0,45
Mai 1 1 1

Tign 0,95 0.9 0.8

Gia ¢ong tho 0,85 0,8 0.65

Téi cao tan - 15+28 1322
Th&m cacbon 18+3 - -
Tham nito -~ - 11+21

Bdng 17-10. Gid tri h¢ 56 X,,, Y,, d61 v6i 6 d& va 4 chan

. O mot day & hai day
Dang 6
X, Y, X, Y,
& bido 0.6 0,5 0,6 05
& bi chan véi a, °
18 0,43 0,86
19 0,43 0,86
20 0,42 0,84
25 0,5 0,38 1 0,76
26 0,37 0,74
30 0,33 0.66
35 0,29 0,58
36 0,28 0,56
40 0,26 0,52
O bi tu didu chinh, § daa ty diéu chinh
va & con nich 0.5 0,22¢tga 1 0,44ctgo
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Bdng 17-11. Gid tri X vh Y doi v6i 6 d& va d& chan

Mot day Hai day T
Dang § —2 > | Ra <e Rs >0
VRr VRr VRr e
& | RJC, | R, | X v X | v X Y
0,014 2,30 230 | 0,18
0,028 199 | 199 | 022
0,056 0,71 171 | 026
0,084 155 | 155 | 0.8
0 | 0110 056 | 148 ‘ 1 0 | 0856 | 1.45 t 030
0470 1,31 131 | 034
0,28 1,15 115 | 038
0,42 1,04 104 | 042
0.56 1,00 100 | 044
0,014 181 2,08 294 | 030
0,029 16 1,84 263 | 034
0,057 | 1,46 | 1,60 237 | 037
0,870 1,34 | 1,52 248 | 041
12 0110 | 045 | 122 | t | 139 1 074 | 193 | 045
0,170 113 1.30 184 | 045
0,290 1,04 1.20 169 | 052
0,430 1,01 1,16 164 | 0.54
0,570 1,00 1,16 160 | 054
0,015 1,45 1,65 239 | 0,38
0,020 1,40 1,57 228 | 0.40
0,058 130 | 1,46 241 | 043
0,087 123 | 1,38 200 | 048
15 0420 | 044 | 18 | 1 | 13 | o072 | 193 | o047
| 0,170 112 | 1,26 182 | 050
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Tiép theo bang 17-11

|

Mot day Hai day
Dang § Re .o | Rag [ \
VRr VRr VRr 8
o 1R/, | R, | X Y X Y X Y
15 0,280 1,02 1,14 166 | 055
0,44 1,00 1,12 163 | 056 ||
0,58 1,00 | 1,12 163 | 056 |
______ 18 043 | 100 | | 100 | 070 | 1683 | 057 ]
19,20 J |
24 041 | 087 | 092 | 067 | 144 | 057
25,26 |
30 039 | 076 “ 078 | 063 | 124 | 084
35,36 037 | 086 | 1 066 | 060 | 107 | 095 \
40 035 | 087 | 055 | 057 | 093 | 114 |
& bi ty diéu chinh 04 | 040 | 1 042 | 065 | 065 | 115 \
clgee | ctgor clge | clgo |
| 8 bi do thao duoe 05 | 025 | - | - | - _ | o2 |
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PHU CHUONG
TOM TAT LY THUYET VAT LY VA TOAN

A.VATLY

1. PONG HOC CHAT PIEM

1. Phuong trinh chuyén déng

Mo ta quy ludt thay ddi vi tri clia chat diém trong khong gian va thoi glan:

T=T() hay x=x(t):y= yy;z=2 (1)

2. Phuong trinh quy dao

Mo ta dang dudmg di (thang, tron, cong...) clia chas diém trong khong gian:
fixy.2}= C

3. Nhifng dai lugng dong hoc dac trung

a. Vdn tdc: Dac trung cho phuong, chicu va sy nhanh cham clia chuyén dong:
> dr ds

v _— =

T dt ]

6 phuong ti€p tuyén vai quy dao, codolonv = %i = 4 vi + \-ri + vi
_ t }

b. Gia téc: Dic trung cho su bién déi cla van toc:
>
> _dv .1 2 2 2
w= — ; d¢lon W= Wy FWytW
dt : X ¥ z

Trong chuyén dong cong, = tuon c6 thé phan tich thanh hai thanh phin:

> > r
W= W+ Wy
. v aa (A dv . e i a
w, @ gla toc tep wycn, do 16n w, = T . w, dac trung cho sy bién thién cua
vects van tdc vé gid trl.
> 2
w, : gia toc phap tuyén; do lon w, = \—R— (R 12 bdn kinh cong chinh khac}

> AV A \ e
w,, dic trung cho su bién thién vé phuong cua vecta van toc.
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. Chuyén dong tron: chuyén dong cia chit diém cé thé duge dac trung béi:
. 8
® géc quay @: @ = 7

v - - P “ b - ~ "
s van (¢ goéc: @ co phuong tring véi truc cla qu¥ dao tron:

g . de¢ v
\-'=L0><R\-'ad©iéfn(o=—p=—~
dt R
e o de L do _ W, .=> > >
-glatécgoc:az—d—-;codqlonczd—'=—‘volwlzsxR.
( {

4, M6t s6 cong thuc

Dang chuyén dong

Chuyén dong thang

Chuyén dong tron

) . - > > -
Chuyen dong déu w=0:185=1vt e=0;p=wmt
~ z - e Ry > -
Chuyén déng bién doi déu W = const € = canst

v=v, +wl

W=, + i

W > (: nhanh dan déu

W < 0: cham dan déu

l .l
s= vt + —wi
2

,
v — \-’3 =2w.§

1 2
P=0,l+ —¢t
2

w? — u)g =2e.n

5. Céng thirc tong hgp van téc va gia tde
— —

. >
w. Tong hep vin téc: V,=V,+V,

—> . . . - - -2

v, 12 van toc tuyét d6i cua chat diem;
- - 2 o -2

v, 12 van t6c theo cha chat diém;

_} ,
V, 1a van toc tuong d6i cua chat diém.

—+ = —»

b.Téng hop gia toc: W, =W, + W,

—b
W, 1a gia téc tuyét doi cha chat diém;
—
W, 13 gia t&c theo cila chat diém;
-"+ N
W, la gia téc tuong d6i cla chét diém.
IL PONG LUC HOC CHAT PIEM
1. Cac dinh luat Newton

@) Dinh ludt 1: “Moi chat diém co lap néu dang ding yén thi s& 1iép tyc
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dttng yén, néu dang chuyén dong thi chuyén dong cua nd Ja thing déu. Noi cich
khdc 13 mot vat ¢o 1ap bao 1oan trang thai chuyén dong ctiia minh.
- —
b. Dinh lndt 2: W=F/m;

W gia toc; Fla hop luc téc dung lén chat diém: m 13 khéi lugng cia chat
diem (xem la l:i;ono d6i). Trong Iruang hap tong qudt, véi m khong doi hoic
—
thay déi ta cé: F = dK/dt vl K =m. v goi 12 vecto dong lugng chat diém.
Phirong trinh dong luc hoc lrong he quy chiéu co g1a toc W
F+F —F+( mW)—mW
¢) Dinh fugr 3: Khi chét diém A tic dung lén Chd[ diém B mot tue F thi chat
diém B ciling tic dung lén chat difm A mot luc T hai luc nay cing phuong,
ngitoe chiéu v cé do 1on bing nhau; tic 1a trye d6i nhau
—> —»>
F= -F
2. Nguyén 1y tuang d6i Galiléo va phép bién doéi Galiléo
a. Nguyén 1y “Mol dinh luat co hoc c¢ dang nhu nhau frong cic hé quy
chi€u quin tinh khdc nhau”. Ciing ¢6 nghia 12 cdc hién trong vi cac qud trinh

co hoc déu xay ra giong nhau trong cic hé quy chigu quin tinh khdc nhau.

b. Phép bicn déi:  x=x"+Vi & C=x-Vi
y=y z=27
t=1

trong dé {x, vy, z. 1) 1a toa do khong thot gian trong hé quy chi€u qudn tinh O
(xem la ding yén) va (X', y', 2’ ) latoa do khong thoi gian trong he quy chleu
qudn tinh O chuyén dong thing déu doi véi hé O doc theo truc Ox v61 vin 10¢ v,

3. Mt s& lyc thudng gap trong cd hoc

-

+
e Trong luc P=mg
" > a2 " - P - -
e Phan luc N clia gid d& téc dung lén vat.
e Luyc ma sat trugt F; hudng nguoc chiéu chuyén dong va c¢6 do 1dn F..=kN;
k 1a hé s6 ma sdt, N 1a phan luc.
.l = Iy -+ a
o Luc cang T tac dung tai mbi diém cha day.

m|mq .

e Luc hip dan:
P
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G 1a hing s6 hip din vi try bang 6.67.107" Num?/kg?.
o Luc huéng tam tac dung lén vir trong chuyén dong cong c6 do 1dn
I?hl = m\:zl}'R
+’ -_* _} . R k] -

e Luc quin tinh Fg = — mW: W la gia tdc tinh 1én cua hé quy chifu
chuyén dong.

4. Pinh 1y vé déng lugng

- > > .

o Dinh Iy I: F = dK/dt - Dao ham ciia dong luong chit diém hodc hé chit
diém theo thoi gian bang hop lyc téc dung 1en chit diém (hoac hé chat diém) do.

o Dinh 1y 2: DO bi€n thién dong luong cla chit diém (bodc hé chat diém)
trong khoang thoi gian At bang xung lugng cua hop lyc tic dung I&n chit diém
(hoic hé chat diém) trong khoang thi gian a6:

> > >
AK =K, - K, = [Fdt
o — > -

Néu F = const thi AK = FAt

5. Dinh luat bao toan dong lugng

o Vai mét hé cd lap Tbng dong lucmg cla cac: chat diém dudc bao toan:

—_—

K, +K2 +K ZK = const

o Bdo 1oan dong litong theo mgt phuong: Né&u téng hinh chigu cha cac
ngoai lyc bang khong trén mot phuong x nac dé thi téng dong luong cna hé
duge bao toan trén phuong do:

Ky + Ko+ o + Kpe= 2Ky = const

11I. CONG VA NANG LUONG
1, Cbng va cong suat

¢ Céng: Piac trung cho téc dung cua luc F khi diém dat luc di chuyén:

dA = Fds = Fds cosa. hay A = des ;

- = - 3 - L] . a2 . -,-}-
Néu luc F khong déi va chuyén dong lathing thi A=F.3
+
e Cong sudt: Dac trung cho tsc do thuc hién cong cia lyc: p = d—j— =Fv
1
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2. Pinh luat bdo toan va chuyén héa ning lugng

e Phidt bidw: Trong mot hé co lap, nang lugng co thé chuyén héa tir dang
nay sang dang khdc hodc tir vat nay sang vat khac nhung nang Wrong toan phan
¢ha hé thi khong dol.

e D67 voi hé khéng co ldp: cong cla ngoai lyc tac dung 1én he bang do bién
thién nang hugng cha hé: A =E, - E,.

e Co ning: La mot dang cla nang luong, tng véi chuyén dong ca hoc. Co
nang bing dng dong nang va thé nang cla cdc chit diém clia hé ho#c cla chit
diém trong trudng lyc thé. '

3. bong nidng va dinh ly dong néng

Dong ndang 13 phin co nang gén vdi trang thdi chuyén dong cla vat, dinh

nghia: T = % mv?.

e Dinh Iy Po bién thién dong nang clia chat diém khi chuyén tr vi tef | dén
vi tri 2 bing cong clia hop luc tic dung lén chit diém trong chuyén dong dé:
2 2
mv mv
2 MV
2 2

4, Thé nang trong trugng hap dan

e Céng cita lue hdp dén khong phu thude vio dang dudng di ma chi phu
thuoc vao diém dau va cudi. Trudong hdp dan 12 mot trudng luc the.

e Dinh 1y vé thé ndng: DO gidm th€ nang cua chat diém trong trudng hap
din bing cong cta lyc hap dan tic dung 1&n chat diém trong chuyén dong da:

U, - U, = (-GW—]{—GM} A
N Iy

e Trong truomg 13 trudng hap dan cia qua dat. DSi véi trong trudng déu,
chon gdc thé ning tai mat dit, ta c6:
U, - U, = mgh; —mghy, = A
5. Pinh luat bao toan ¢d ning

Co nang cha chat didm (hay heé chat diém) chuyén dong trong mét triong
{uec thé’duge bio toan: E =T + U, = const.
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e V§&i truong hipdin:  E = P}:.:, +|-a Mm} = const

A b8 I
mv’
s V@i trong trudng dén: E = 5 + mgh = const

6. Va cham giira hai vat

e Va cham dan héi: Tuan theo dinh ludt bao toan dong luong va dong nang
- Téng dong luong ciing nhu 16ng dong nang cha 2 chat di€ém trude va sau va
cham déu bang nhau.

Vi va cham dan héi, xuyen tam: van téc hai chat di€m sau va cham Ja:

v = (m, —mjy vy +2myvy vh = (ny —my)vy +2m v,

m|+m2 m1+m2

o Va cham mén: Chi tuan theo dinh luat bao toan déng lugng, khong tudn
theo dinh luat bdo toan déng nang. V&i va cham mém tuyét d6i (2 vat dinh vao
nhau) thi van t6¢ sau va cham I1&:

s _ MV +myV,

Vo=
ml +m2

IV. PONG LUC HOC VAT RAN
1. Khéi tam va chuyén déng cha khéi tam
o Dinh nghia: Khoi tam G ciia hé n chat di€ém c6 toa do:

> > > >
MY Myl 4o tm,T, | 2T

_’
Rg = viiM=m, + m, +... + m,

m; +m, +..+m,
o Chuyén déng khot idm giong nhu chuyén dong cla mot chat diém cé khoi
luong bing khoi luong clia ca hé va chiu téc dung ciia luc bing 16ng hop lyc tdc
dung lén hé:

—> —>
F = MWG
-+ dR —>
van t8c¢ cua khai tam V= dG tWe = (L_V
1 1

2. Chuyén ddng cta vat ran: Chuyén dong bat k¥ clia vat rin c6 thé quy
vé hai dang chuyén dong co ban gém chuyén dong tinh 1ién va chuyén dong quay.
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e Chuyén dong tinh tiéh: L chiuyén dong trong d6 mei chat diém ciia vat
ran ¢6 quy dao gidng nhau, ¢é cing duong di s, cliing véan téc v va cling gia toc
‘3\7. Phuong trinh chuyén dong tinh tién clia vat rin la phuong trinh chuyén dong
cla khoi tam. '

» Chuyén dong quay xung quanh mét truc o6 dinl: La chuyén dong trong

dé moi phan tir cia vat ran 6 quy dao tron, ndm vuong gde v truc quay, cling
. . T S R
g0c quay @, cung van toc goc o va cung gla 1oc goc £,

Phuong lri_rlh co bdn cia vit rin chuyén dong quay xung quanh | truc A ¢

. -
dinh ¢d dang: M =J.e
—»

> > -
M 1a momen cua lue F do1 véi rye quay: M =r x F;co6dolén M =1. F,
} [ momen qudn tinh.
3. Mémen quan tinh ddi vdi truc quay A
e Dinht nghia: J= Z:Aml-r-‘2 = Irzdn‘l
i
o Mémen qudn tinh cia 1 s6 vat rdn déi vai truc quay qua khéi tam G-

2
- Thanh manh déng déu: Jg = n;_lz; truc quay vuong goc vai thanh.

- Vanh tron hodc hinh tru réng :  Sg = mr’

- Khei cau dac: Ig= 2 ine?
o
- P1a tron didc hodc hinh tru dac: Jg= mzr
o Dinh Iy Steiner - Hughens: J=Jg+ md?
4. Dinh ly vé mdmen d@r_Lg lugng
— — -
a. Dinh 15 1 dL _ 4 joy=M
de dt

“Pyao ham theo thdi gian cla vectd momen dong lugng ciia var rén quay

xung quanh mot truc ¢ dinh bing tdng mémen ngoai luc tdc dung 1én vat rin”.

> > > 1
b. Dinkh I 2: AL=L,-L,= {Mdt
1

“Dé bién thién clia vectd momen dong lugng cla vat ran quay xung quanh

mot true ¢& dinh bing xung lugng clia 16ng moémen ngoai I tac dung lén vat ran™.
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; - — - - —
Néu M = const thi AL =L, — 1., = MAt

c. Dinh ludt bdo todan mémen dong luong
V&i hé c6 Idp thi téng momen dong lugng cla he vat rin bao toan:
- —_—
ML, = Z(Jifﬁ,) = const
i i
. K&t qu nay ciing ding voi hé khong cb {ap, nhung 6ng momen ngoai lyc
M bing khong.
5. Cong va dong ning cla vat ran quay
a. Céng va cong sudt

» Cong cha lyc tdc dung lén vat rin quay xung quanh mot truc ¢4 dinh:

2

2
A= [dA = {Md: M ta momen luc. Néu M khong doi thi A = M. Ag
i 1

—>
+ Cong sudt: P= da M.?D)
L

b. Dinh Iy bién thién déng ndng ciig vdt rdn quay xung quanh mot true cé dinh

1,2 1.2
AT = EJO)Q—Ele =A

trong do T = -%sz goi 14 dong nang cua vat ran quay.
“Bi&n thién dong ning cla Vit ran quay xung quanh mot truc c6 dinh co gia
tri bang cong cha ngoai luc tic dung len vit rén trong chuyén dong quay dé”.
Né&u vat rin vira quay vira tinh ti€n thi dong nang cia vat ran la:
1,2 1 2
T=—Jo" +=Mv
s 2
V. DAO DONG VA SONG CO
1. Didu kién dé mdt hé cé thé dao dong’
- Tén tai mot vi tri can bing bén.
- Lu6n ¢6 mot luc kéo he vé vi trf can bing bén.

- Heé ¢6 qudn tinh.
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2. Cac phuong trinh dao déng
a. Dao dong diéu hoa:

e x = acos(w,t + @) v6i x 12 do ddi clia val khoi vi tri can bing, chu ky

T,= 2%

 Nang luong dao dong diéu hda

1 2,2
E= - mea” = const

s

’t-‘;g

o Con lac vat ly: Tdn s6 goc o, = \/— | ; J la mémen quan tinh doi vé
truc 0 nam ngang; d = 0G vdi G la trong tam ciia con lac.

b. Dao dong tdt dam:

*xX= a(,c_ﬁ'cos(ml + @) voi 3 = ZL O \.l'cof, —Bz ;chuky T= n
m ©

s Luong giém. 16ga i dai ligng dac trimg cho mic do tit dian cuia dao dong:

8=1In -——?(t) = BT

¢. Dao dong cudng buc:  x = Acos {Qt + D)

voi O 14 tdn s6 gbc cudng buc,

P
A: 0

M@ — o) +4p20’

P = P_sinQt & lyc kich dong tuin hoan;
_2BQ

2 2
Q° -,

Khi cong hudng Q. = 1/0)3, - 2[32 v&i ma sdt nhé 3 = 0 thi Q4 = 0,

3. Téng hop hai dao dong diéu hoa ciing tén s6, cung phuong

1gd = . P, 1a bién do cha lyc kich thich tuan hoan.

Xy = Acos (O + @) 1 Xy = Aycos (0L + @p) = X=X +X3 = Acos(at + ¢)
A= A,Z +Af +2A A, cos{Py —9y)
vo A sing, + A, singg

g =
& A cos@y + A, COsP,
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4, So6ng cd

e Dinh nghia: La nhilng dao déng dan héi lan truyén trong moi trudng vt
chat (rdn, }ong, khi) theo thoi gian. Truyén séng tic 1a truyén pha dao dong, con
céc phén tir vat chdt chi dao dong xung quanh vi tri can bing.

{
{I_p »

a 12 hé s& dan hoi ; p 1a khoi luong riéng;

Vi séng doc, van tdc truyén séng v =

Vdi séng ngang: v = S - G ]a modun dan hoi trugt mol truong.
P

o Ham sing

2ny

- P6i vl song phing don sac: x = acos (01— —=)
o a . : a 2ny
- D&i vdi séng cau don sac: X = k= cos(et — _k_}
y

véi y 12 khoang céch tiy ngudn s6ng dén diém khao sdi: k 12 he s& 1y le.

5. Nang lugng séng co

o Ning lirong s6ng trong mot phan tir thé tich dV la:

.2 2
dE = pmzazsm“(mt - —;%)i ydv
» Mat do nang lugng trung binh séng co:
E= 1 p(:)232

» Mat do nang thong trung binh la ndng thong trung binh gii qua mot don

vi dién tich:

p=< =EV

wl=

= Niang théng trung binh gl qua dién tich S dat vuong gée véi no la E = ES\-’
v6i v 12 van t6¢ truyén song.

VL. THUYET TUONG DOI

1. Hai tién dé Einsteins

a) Mol dinh luat vat ly déu giong nhau trong cac hé quy chiéu qudn tinh
khac nhau.
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b) Van t8¢ 4nh sdng trong chan khong déu bang nhau doi véi mol hé quy
chifu quan tinh vacé gid tri ¢ = 3.10% m/s.

2. Phép bién dbdi Lorentz
RS 1 X'+ vi . o

: 2 T
¥ 1= 1-¥
2 2 T2
C C C

trong dé (X, y, 2z, 1) la toa dO khong thoi gian trong hé quy chi¢u quén tinh O
(xem 1a ding yén) va (x’, y, . t") 1a toa do khong thoi gian trong hé quy chiéu
quin tinh O’ chuyén déng thing déu dai véi hé O doc theo truc OX véi van e v,

‘4
™
I
5

3. Péng noc tudng ddi

. f 2
o Tinh tuong doi cia khodng khéng gian: I =111- \—2—
c

Chiéu dai I’ cua vat doc theo phuong chuyén dong trong hé quy chiéu ma vat
chuvén dong ngan hon chiéu dai / cva vat trong hé quy chigu ma vit ding yeén.

\«'2

o Tinh tiwong doi ciia khodng thoi gian: AU = At J1——

2
C

Khoang thai gian troi di At trong hé quy chiéu dimg yén 16n hon so v6i
khoang thoi gian troi di At trong hé quy chi€u chuyén dong.
4. bdng luc hoc tuong ddi

-
. = . m
e Phitong trinh chuyén dong: F = K _d (m—\’:) viim = ——=—

dt dt p

o Hé thiic Einsteins lién hé giita khoi tuong va ndang hgng: E = me’.

o Déng ndng ciia vdt chuyén dong vai van téc v

2
T=mc” ~me =myc | —— —1
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B. TOAN
VECTO - MA TRAN - TOOCXO

[. VECTO
Vecto 12 mot doan thing AB cé dinh hudng vai gde 1a A ngon 1a B va dugc
> —>
ky hiéu 1a: V, AB.

Vectd duge xdc dinh bdi: géc, phuong, chiéu va

N B
modun. v
- 4 - A
» Vecto fif do 12 vectd cO modun cho trudc, nhung

diém dat va dudng thing chifa n6 khong cho trudc.
o Vecto trugt 12 vectd ¢ {51 ca cdc tiéu chi cho trudc, trif diém dat cua nd.
o Vecto budc 14 vecta ma t&t ca cac tidu chi déu biét trudc.
« Vecto don vi 12 vecta 6 modun bi’mg don vi.
Vecw ;’) song song vé1 vectd don vii duc;c viét:
= \Vll IVl lamoduncua\’

+
Néu 1, }. k |a cic vecto don vi trén ba fryc toa do vuong goc OXyz thi ¢6 thé
VISt
v=Xi+Yi+7Zk
—»
Trong d6 X, Y, Z 1a hinh chi€u chia V lén cdc phuong Ox, Oy, Oz.

e
z 2k

=¥

Y

o Tong vectd:

Gia st c6 mot he vecto ty do voi céc thanh phan tuong Ung trén cdc truc
Ox, Qy, Oz
—» —>
Vi(Xye Yyr Zg) oo VoK Yoo Zo)
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v, V2
—
v, \_V’a*
_).
Vo

2 + - e - n o A
Vecto tong V 1a vecto noi goc cua V| véi ngon cla V

- n— Ed > >
V=YV, =Xi+Yj+Zk
=1

Trong do: X = iX, Y = Zn:‘(; s L= iZ;
t=1 =1 i=1

-
V= VX2 +Y2+2?
—> —»
o Tich vé lutong cua hai vecto V;, Vy:

K] —_
/ vV, v,

—_
v, v,
-~ — - > —>
VIV, = VoV = [V L [V,lcos8 = X|X0+Y1YZ+3122
—> —> e
VI‘VZ = O l‘lé"l.] Vl L Vz‘

l
Y

> -
V| = |Vl 1V2| sin® la dién tich ca hinh binh hanh OABC.
T T e
éuV]// ZthlV]/\VZ—O >
- — v '{,
V|AV_=-V2AV| . g

)\-’VI e Vz = K(V] s Vz) V] AN KVZ

(% 1A mot vo hudng) o
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*r > >
i J k
> = — > > >
V=V, AV,=[X; vy | =V, i+V, 3+V,k
Xz ¥2 &2
trong dé: V, =y,Z; — 2,¥>
V). = szl - 21X2
Vo =X1¥2 = ¥1%2
. . > > >
s Tich han hop cua ba vecioVy, V,, V,
Xp ¥y 4y

> = -
P=V (V;AV3) =X ¥ 7

X3 ¥a Ix
-> > -> . e ->
P=(V,,V,, V3)=thé tich hinh hép dung trén cdc vecto V|, V, , V3.

> >
P> 0néu V,,V,, V,lap thanh mét tam dién thuén.
> ->
P<OnéuV,,V,, V;lip thanh mét tam dién ngugc.
- = -> A > - > - S >
(V) .V3, V) =(V, V3, V)= (V3 V V) == (V) VL V)

=¥

> > >
o Tich vecto kép cita ba vecto V, V5, V,

- - - e e b e e

o Pao ham vecta

- > > > : > > >
Cho W(t) = X;(t) x, + Y () y; + Z (1} z; trong he quy chigu Ry,(O;, X5, ¥ir 7).
X., Vir 7, 1& cic vectd don vi trén céc truc toa do O;xyz : t 1a bign.

: —
a) Pao ham trong R, cua W(t) viél trong R,.
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dt dt du
->
i(_;.{__\?) = QE-.{.E

dt _c_il_
d » > du> - dv
—(u-v)=-—v+u ——
dt di dt
d > > du » dv
Z(UAV) = o AVERATT
dt dt ds

=
1 ' ' N

aw 1\:’ = X (O + Y (OY, + 707,
(_

by Dao ham vecto Wit} thude hé R, xét trong hé R,
> > —> > -> > .
%= X(0) 5 Ve = V(03 B = 7, (1) la
nhig vecto don vi trén cic truc toa do

clia hé Ry, ta cé biéu dién:
> -> > >
W(t) = kak + kak + Zkzk

Theo quy tc dao bam vecto fa cé:

L
] . . .
d W) = in’; + Yk;‘k + Zkz‘ +
di
1= e [
d
dt dt di
Cong thitc dac ham 461 v6i nén di dong duge viet
. di-}_(,k +1 ->
=0, AX
ar K k
Y _2i .2
2k =0 A
it K ¥k
= A7y
a A AN

>,
Vecto Q dugc goi 1a vecto quay cla he Ry d6i véi he R;.
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i k> i i~ P
dw _d'W +)(kdxk +Yk—-—-dy“ +deZk
de dt dt dt dt
di\F\f” dk\-?_\fb > > > > > >
- = : +Xk'Qlk/\Xk+Yk-QLAyk+Zk‘QLAZk
dt di
dk\_Vb > > > >
= at + Qlk /\(kak +kak +Zkzk_)
' 4" Wit) B
Suy ra: < - d + QL AW
L {

b
Tinh chit clia vectd Qy

->, P
% Vecto L 1a vecto phan ximg d6i vdi chi s0:

> >,
By =0

- - . >,

* Cong thic Chasles: Q)= O + 9

diSi dkai
" Kk _ k

dt dt

IL. CAC PHEP TINH MA TRAN
Khi gidi quyét cic bai todn trong cac Iinh vuc khdc phau cla k¥ thuat
thudng din dén mot he phuong trinh dai s tuyén tinh vd1 n phuong trinh va n
4n. Dé gidi duoc he phuong trinh d6, cling nhu qué trinh din dén he¢ dd ta
thuomg gap phai cdc phép tinh v& ma tran, dac biét la phép nhan vi phép nghich
dao ma tran.
Vi du c6 hai hé phuong trinh sau day:
x|=2y| ~ ¥ rong do ¥Y1=12 + 2> _
(a) (b)
Xp2=-Y1+¥2 Y2=Z)~ 22
hiy biéu dién x; qua z;?
Theo cich thong thudng ta thay (b) vao (a) va co:
X, =2 +32
1574 2} @)
X = - 322

hodc dudi dang ma tran:
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X 1 3 FA]
= (d)
| X2 1 -3 Zy
K&t qua (d) cd thé nban duge bing cdch viét ma tran. Cu thé 1

cdc hé (a) va (b) dudi dang ma trdn ¢o dang:

-1

X3 -1 1} LYz ¥2 L -Uiz
Thay (b*) vao (a¥) ta di dé€n bidu dién dodi hoi:

X 2 - 11 z

X, -1 1 1 -1 i %]
So sanh (d) va (e) thay rang:

AR

-1 P - 1 -3

Nghia 12 ma trén v€ phéi In k&t qua clia phép nhan hai ma tran O vE trt.
Vay quy tic nha cdc ma tran la gi?

¢ Dai s6 ma tran
Ma tran 12 mot bang cdc s thuc hoac phitc dudi day:

|-a11 - ary, _]

L Admi Apa + -0t aan

Mbi mot a;; duge goi 12 phin tr cua ma 1ran. Ma tran c6 m hang va n cot

duge goi 1a ma tran cdp (m * n). Khi m = n ta c6 ma tran vudng.
o Phép cong va trir ma tran

Phép cong va trir ma tran chi thuc hién dugc doi véi cdc ma trdn cling c&p.
[C1 1a tdng cdc ma tran [A] va [B]. Nghia 1 c6 biéu dién:

[C]=[A] +[B]
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Trong d6 méi phin tlr C;; cha [C] ¢6 dang:
cijzaij+b-,j— (i=-l_,-r;1véj=T,_n).
Tuong tu d6i vdi phép trir:
(E] = [A] - [B]
val eijza,-j—bij  (i=lmvaj=1n)
Vi du:

(A}~ [B] = [C]

va

[A] - [B] = [E]
4 6 317 [5 -1 0
o 1 21 13 1 o

e Hai ma tran biang nhau

-9 7 3
-3 0 2

Hai ma tran duge goi 1a bang nhau, néu chiing cling cdp va c6 cdc phin 1
tuong tng bang nhau.
Vi du: Néu cac ma tran [A] va [B] co cAc s6 hang tuong tng a;; = b

(i=1,mviaj=1m)thi[A]= [Bl.

¢ Ma tran chuyén

NE&u ta déi cdc hang va cdc cot cla [A] ta c6 mot ma trin maéi goi 1a ma
tran chuyén va ky hieu 1a [A]".

Ché § LA (A1 = [A]
Vi du:
5 4
[A1=[5 - li\ — [A]'=]|-8 O
4 0 0 Lo

Neu [A] = [A]” (trong d6 a;j = a;) ta n6i [A] la ma trdn d61 x(mg.
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Vi du:

3 1 5
[Al=]| 1 0 -2
5 -2 4

Ma tran duoe gei 1 ma tran dudng chéo, néu tat ca cdc phin 1 clla ma tran
déu bang khong, trir cic phan 1ir trén dudmg chéo chinh.
s Nhan ma tran
Ta hiy xét mot bien d6i sau day:
Néu .
[X1=[A] (Y] va [Y]=([B][Z]hi [X]=[A].[B]. (Z
¢ day [A] . [Bl la tich ciia céc ma tran [A] va (B,
Vi du:
Xp=any; + 312)?2} @ W yi=buz + blzzz} (b)
X = ay Y1 +an¥2 ya = by12¢ + by
Thay (b) vao (a) ta cd:
X =cnzy +Cnzy | @by +aiba)zy + (aybia + a12b22)-Z2 }
Xy =2y T Enl2 } (8y,by1 + azabai)zy + (g1bia + 822b22)- 22

Khi d6éng nhat hé s6 cia z; va z; 1@ dugc:
2
Cjk=zaj1b1k (j=1,2; k=1,2)
i=t

Nhu vay chi ¢é thé nhan hai ma tran v6i nhau, néu s6 cot cla ma tran thit
nhat bing s6 hing cla ma tran thi hai. Vi viy, néu [A] 12 ma tran cdp (mxp) va
[B] 12 ma tran cdp (pxn) thi tich [A].[B] c6 thé thyc hién dugc va khi dy ma tran
[C] nhan dugce ¢6 cdp (mxn). Cu thé 1a phin 1l C;; duge tinh theo cong thite:

p
Cij = a by + appby; + aipbp; = Y 2y
p

So d6 tinh Cj; nhu sau: /av by;
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Vi du:

)
[A]:[?’ 2 -l am=ls 31
0 4 6 6 4 2|
2 hang T

7 2 6

[C]=[AJ‘[B]=‘:56 16 16}

Ngurge lai, tich [B]-[A] khong thé thuc hién.
e Tinh chat ctia phép nhin ma tran
1- {[A].[B).[C}} = (AL{[B].[C]} = [A].(B].[C]
2- {1A]+(B]}. [C] = [A].[Cl+[B].[C]
€] .{iAl + [Bl} = [C]. (Al +[C] . [B]
3- {1a1. 81" = B (AT
e Binh thirc
Dinh thic lién hé truc ti€p voi he cac phuong trinh dai s6 tuyén tinh va
cach giai chung.
Vi du:
41X + 2%y = Ky
ay1Xy +anXy = Ky
Nghiém ciia h¢ nay ¢ dang:
_ Ky -Koap N -Kyap +2,,K;

X] = va X2=
ajjdyy —apdy ay,8,; — 2128y

véi diéu kien 1A dinh thite cha né phéi khic Khéng.

Nghia la: :
_ | q iz '

(238 — A12821) = \: ] =D=0

dyp 22
Nghiém trén con thudng duge viét:

D D
- 1 —- 2
Xy = 2=

[l

D D
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Trong 4o:
K dia a K
K, axp a7 K,

N&i chung, dinh thitc cap n dugc cho dudi dang bang vuong cla n’ phin ur.

Vi du:
ay ap ... 4
ay an d2q
D=
anl i am.,

Khi loai di hang thi i va cot thi j cta dinh thifc cép n ta nhan dugc dinh

thite cdp (n — 1), duge goi la ma tran con cha phén tir aj;

C; = (~H, M;; duoce goi la phy dai s6 cla ay;j.

Vi du:
ay a2 3513
D= 1ay a3 23
ay QAx A
Ta co:
a,, A
_ ey I s
e = DV My = :
ayp Aa3
= (1+2) = a4z
cpp= (-1 M, = —
a3; a4z

Dinh thic D duoc xdc dinh boi:
D= a,¢; +aC2 T+ T 2nCins (i =1_,;1)
« Nghich dao ma tran
D61 voi ma tran vuong [Al ton tai mot ma trdn [B] saocho
(A). [B]=I[BI. [al =il (vi [I1 1a ma tran don vi)
thi ma tran [A] 12 kha dao, con ma tran {B] nhu thé goi 12 ma trdn nghich dao
cha [A] va duge ky higu la [A'll‘ Nghich ddo ciia mot ma tran chi t6n tai néu né
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khong ky di. Nghia la dinh thite clia né khac khong. Khi nghich dao ciia mot ma
tran t6n tai thi d6 14 duy nhat va biéu thic clla né nhan dugc bing cich thay thé
timg phin tit a;; clia [A] bing M;; clla n6 va chuyén vi két qua nhan duge.

M My ... My,

1

-1y
LA det [A]

Mln Mln s Mnn

Vidu: Tim ma trin nghich dao cia [A].

-3 6 -1l
[A] =| 3 -4 6| tacéd
4 -8 13
det [A] = -3 4 6 Sel® o] TH -
-8 13| 4 13 4 -8
= —3(-52+48)-6(39-24)— 11 (-24+16) =10 = O
My, = (-52 + 48) = -4

M,, = (39 - 24) = 15
M,; = (=24 + 16) = -8,

twong ty d6t v8i My, My, My, My, My, Mss.

| 04 10 -08

A1 =[-1,5 05 -15
- 08 0 =06

Ch ¥ la:
A7 = (A): {(A).(B]} "= [BT'].[AT]

II1. TOOCXO
1. Pheép chia hiru huéng

Cho hai vecto a va gtrong khong gian vecto E ba chiéu. Tim mot vecto 0
trong khong gian dé dé€ sao cho
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> O+
ATED (a)
e = : o > - - s = — g " L] P .
Né&u tén tai mot vects U nhu - 1y thi ta nol rang u 1a k&t qua cla phép chia
- . T
hitu hudng giita p va a.

Bit luan vecto u nhu the nao ta ludn uodn co

»

b e > >
a.(uan. '=a.p=0
T - . N . . .

Vay néu a . p # 0 thi phuong trinh {a) khong c¢é nghiém.

Ta hiy xét nhitmg kha ning dé tich vo huéng A . p = 0. C6 thé ¢ hai kha
nang:

|- VectoS hoac 3 1a bing khong. Khi d6 7l 1a bit ky. Moi vecto cia khong
gian E 12 nghiém cta (a).

2-Ca ha1 \«ecto A va P 7 12 khdc khong. Nhu vay chi con lai mét kha nang duy
nhit dé tich 7. p = 0 12 khi hai vecta truc giao. Trong trudng hop nay, ton tai
vecto U dudi dang:

anp
T p

»>2
a

+3% (. lamot vo hudng nao do).

2. Phép anh xa phan dai xing

1. Dinh nghia: Ta goi L 12 phép dnh xa clia khong gian veta E v 6 trong
khong gian d6. Nghia la L tac dung vio mot vecta trong khong gian E sé cho ta
mol vectd ciing thudc vé khong gian d6. Khong gian vecto E luon duoc két hgp
vGi mot khong gian affine (§). Né&u ta chon trong (&) mot he truc 102 d6 thi moi

vecto cia E déu duge xdc dinh lrong hé toa do do.

Cho mot vecta A trong khong gian E. Phép 4nh xa L tic dung 1én A cho ta
oo L{ R ) ciing nim trong E Phep 4nh xa L duge goi 1a phan d6i xing khi né
tdc dung lén hai vecto bat k¥ Iva b cia E thi ta c¢é diéu kién sau day:

a. L(b) = —b . L(a)
Phép 4nh xa phan déi xung L 1a mot phép 4nh xa tuyén tinh.

. - . i = -> > T . ,
Goi b la vectg dnh xa cua a qua L {b=L{a } va Sla mot vects co cac
thanh phin S, S,, S trén hé lruc toa do vuéng goc Oxyz.

S S|1+§q]+31_]
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thi ta cé quan hé:
e I
bh=Sra

S duoe goi 1a vecto cua phép dnh xa phan déi xing L.

3. Truéng phan doi xitng

1. Dinh nghia: Mot truong vecto xdc dinh bai phép anh xa a(M) 1a trudng
ma vdi moi diém M cla (&) duge ket hop bing mot vecto a cha E.

Cho hai diém M va P cia khong gian (£). Ta ¢6 hai vecta tuong tng 2 (M)
va A (P) cia E. Ta dinh nghia mot trudng phan dé1 xing la khi trong trudng dé

¢6 mot phép dnh xa phan doi xing L sao cho twong quan gita a (M) vaa (P) I
nhu sau:

—
2 (M) =2 (P) + L (PM)
Néu S 1a vecto cha phép dnh xa L thi biéu thirc trén duge viét lai nhu sau:
- - > —»
a(M)=a{(P}+SAPM (b)
-

Khi dé S ciing dugc goi 1a vecto cua trudng phan ddi xdng.

2. Tinh chdt: Mot truong phan doi xing a
mét trieong ddng chiéu. Nghia 13 hinh chiéu cla
cac vecta a (M) vaa (P) len dudng MP 1a bang
nhau.

Thuc vay, ta dem nhan ca hai vé€ cta (b) vai
f’ﬁ, ta co:
— —_— —_ > —
PM.a(M)=PM.a(P) + PM (S A PM) )
56 hang cudi ciing cia (¢) 1a bang Khong. Vay ta ¢é:
— — >
PM.a(M)y=PM.a (P

e e e . P i e L >
Prem chia ca hai vé cho PM thi ta ¢ hai hinh chiéu cua a (M) va a (P) 1én
PM, hai hinh chi€u d6 bang nhau.

Ta ciing dé dang ching minh diéu nguoc lai: Mot trucmg ddng chiéu la mét
triong phan doi xing.

4. Toocxd

—-
1. Binh nghia: Ta goi toocxo (1) 1a tdp hgp tat cd cdc vecto M ctia trudng
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phan déi xing va vecto S clha trudng dé. M drige goi 1a mémen cla (1) va S

dudgc goi la vecto cia trugng hay 14 vecto cua toocxo.
~ \
Ta nhan thdy rang n&€u biét M tai mot diém nao dé cia trudng vi du tai
diém O chang han, ta s€ ky higu né 1a M(Q) va biét duge S thi mei M cua trudng
+ L
la duge xdc dinh. Thuc viy mémen M tai mot diém P ndo d6 € la:
- —
M(P) = M(O) +SAQ0P
—> —»
S va vecta M(0} dugc got 1a cav wa do tai O cla woocxo (1) va viél:
—?‘ -
(0[S, M)
Ta cling nhan thay S1a khong thay déi nhung cic vecto M la phu thude vao
cdc diém cua khong gian két hop (£).

2. Tinh chdt ciia toocxo

a. Hai toocxo bdng nhau: Dé ¢6 hai toocxg bang nhau diéu kién cdn va di
—> > - -
la chiing phat ¢é cling vecto S va ¢6 cling mot momen tai moét diém bat k¥ trong
khong gian két hop (£).

Vidu ta co:
- — . b
(T[S MO va (72) {57, Mp(0)]

Pé (1) va (1,) bing nhau ta phai c6:

51 =5
— —>
M(0) = M{0)

b. Téng cria hai toocxe. Téng cha haj toocxo 1 mot tooxo ma vecto clia nd
1a téng cdc vecto thanh phdn vi tai mot diém ndo d6 momen cla né 12 tdng cla
cdc mdmen thanh phéan,

Vi du vdi cc tooxa (T,) va (Ty). Tooexd tdng sé 1a:

(1) =(1) + (1}
Toa do cha 1 tai O [a:
- > —
—-> > -
M(0) = M,(0) + My(0)
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c. Phép nhan véi mat vé hiong:
Goi « 1a mot hing s6 bat k¥, tich clia o v6i toocxs (1) 1a mot toocxo ma:
. . —>
vecto cha nd la a. S
. ; -
momen cua né la . M
Vi dy v6i toocxa (7). Pem nhan (1) v6i o ta cd (1) v6i :
-> -
(1) = (1) [a S, a M{0)]
d. Toocxe klidng:

Mot toocxd khong 14 mot toocxs ma momen clia né & moi diém trong (&) la

bing khong vi S 1a mot vecto khong. DE dat duge di¢u d6 diéu kien can va du la

b
S=

> C . s N A 5 R
0 va tén tai mot diém ma tai d6 M cling bang khong.

e. Bdt bién vé hudng cita mot todexa:
Cho toocxd (T} Vol cic toa d6 tai hai diém 0 va O’ nhu sau:
> > >

[S. M1 va [S,MO)]

Ta hiy so sanh hai tich vo huéng sau day:
> = > -
I=S.MO)va J =S.M(")
— —

Theo dinh nghia ta cé tuong quan gilta M(0) vi M(0’) nhu sau:

— — - —»

M(G") = M(0) + S A OO’
Vay

- — - —» —- > -
I'=S. [M(O)+SA00 ]1=8.M(@0)+S.(SA00%

S6 hang cudi cung cha vé phai la bang khong vay ta ¢o:

—»> —»
I'=8.M0)=1J
Nhu vay tich I = S . M(0) khong phu thuge vao di€m 0. Tri s6 d6 duge goi

1 bat bién vo hudng clia toocxo.
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f. Tich ciia hai todexo: (con duge goi la comomen cla hal toécxo)

Cho hai toocxa (1)) va (T,) v6i cdc 1oa do tal O nhur sau:
- =
(tp[S . M(0}]
—_> —>
D[S, M,(0)]



Theo dinh nghia tich cia hal tooexd (t)) v (T5) 1 86 thue P(O) duge xdc
dinh nhir sau:
—> — - —
PO) =S, . My(0} + S, . M,(Q)
Ta viét
P0) = (1) . (1)
Ta s& chimg minh rang P(0) khong phu thuode vao diém 0.
Thue vay gia sirta 1y mot O khac 0 va tinh P(07). Theo dinh nghia ta ¢é:
e 1 —
PO) = S, . My0") + Sy . M,(0") ()
Nhung nhu ta co:
- =i — — '
M(0”) = M»5(0) + S, A OO }
—» —> -  —»
MI(O‘) = hll(O) + Si A OO‘
Thay {e) vao (d) ta dugc:
— > - —> - > —» > —>
P(0) = S,. My(0) + S5 M(0) + S, (53 A 00 + 8, (5, A 00)  (g)
Hai s6 hang cudi cua (g) triét tiéu 1an nhau do dé6 ta cé:
— > —> —>
P0") = S,. My(0) + S5. M, {0} = P(O)
Vay: P(0") = P(O)
Comomen cla hai toocxd khoag phu thudc vao diém chon dé tinh.
g. Pao ham cita toocxo:
-
Cho toocxa (1) duge xic dinh boi vecto B’va momen K, tai O.
- + s
pva K, 1a cic ham s6 d6i voi thisi gian t. Ta ¢6 thé viet:
b
WP .K (0]
Toa do cua (T) tai O 14

—_
(U IPO, K (0]

- —_»
Theo dinh nghia tuong quan gitta K- va K, la:
- = —
K, =K, +p) 00 ()
Tinh dao ham cia (f) ta cé:
1> _d2 dp s>, > doo
£ “.=—K“+'—px\00’+pf\ : (h)
dt dt de dt
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—»

s T i R x g Lac ... d00' .
Vi rang OO’ 1a hang s6 dor var thot gian vay o = 0. Do dd (h} duge
dt

viét lai nhir sau:
—> — L—
Ay 4% % oo
dt dt dt

-

C e . . dK“. . dK _
Biéu thire dé cho ta thdy cic dao ham q vi — wong quan véi nhau
1
> —

. . ” . d dp .
nhu tyong quan ¢ba hai momen trong toocxo voi vectd la _p‘ Nhu vay P va
t
—

ng ciing thanh 1ap mot toocxo va toocxa do 1a dao ham ciiu (7). Ta co thé viét:
1
dp dK
d 61
di Ldt o dt
3. Truc trung tam clia mét toocxo
N I
Cho toocxo (1) vt vecto S va bat bién J IE; khac 0. Tim qu¥ tich cfa cdc
diém P trong (£) sao cho M(p) 1 song song vdi S. :
> —>
Gia st toa do cua (1) tat O la [ S, M(OM)].
Momen tai P cla (t) li{ :
ot
M(P) M(O} + S ~ OP
—
Theo gia thiét M(P) phai song song vai 5 nghia 13
—» -~
M(PY=a S
trong d6 « 1la mat hang 86 11210 d6. K&t hop hai quan hé nay ta ¢é thé viet:
-»> - >
M(O) +8A0P=q S

—> > —

Hay: OP A5=M0)-c S
— _ ) — >
Vay OP 1a thuong clia phép chia hiru hudng gitta M(0) — a5 va S. Phép chia
dé .chi ¢6 thé thuc hién duoc khi:
-
S [ M{O) aS]1=0
Tir d6 ta ¢é thé xdc dinh Cuc i 88 cua o
- —
S M)
st

354



. =

St dung cong thic T=2 J;p + 74 ta co thé viet: _
a
— SA MO -0S]
op = SAIMW —aS] 5
Hi

Pudng dé duoc goi 1a truc trung tam cla toocxo (). Pudng thang dé di qua

diém P, véi

S T
op, = S A_}M')(O)
ST

“ - >
Tai moi diém P wén duong dé vecto momen M(P) la song song v61 S va ¢6
tri 8 la;
% _’
M(0) 3

—
M(P) = 25

T4t ca nhitng diéu trén duoc bicu dién qua hinh vé dudi day.

Trye trung tam
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