CHUONG 1
NHUNG VAN DE CHUNG

Pit van dé

May x4y dung va xép d& 1a mot trong nhimg linh vuc c6 vai tro rit quan trong
trong nganh ché tao may, vi vay ndi dung cia bai toan dong luc hoc May xay
dung - Xép d& khong tach roi bai toan dong luc hoc may. Tuy nhién, do My xdy
dung - Xép d& rat phong phu, da dang gdm hang trim mon loai khac nhau nén noi
dung cta bai toan dong luc hoc May xay dung - Xép d& rat da dang.

Phén 16n cac May xay dung - Xép d& déu lam viéc theo chu ky va trong mot
chu ky bao gom cac thoi gian mé may (khdi dong), thoi gian 1am viée on dinh,
thoi gian phanh hdm va céc thoi gian chuyén tiép cac qua trinh thao tac ctia may.
Trong thoi ky qué d§ (khdi dong hoac ham), s€ phat sinh luc dong tac dung 1én
may lam cho chung dao dong.

Mat khéc, do viéc lién tuc tang tbc do 1am viéc va xu huéng giam trong
lugng cia may da lam cho viéc nghién ctru dong luc hoc may noéi chung va dong
luc hoc Méy xdy dung - Xép d& noi riéng ngay cang trd nén hét strc quan trong.

Chinh vi vy, can phai tién hanh nghién ctru dong luc hoc May xay dung - xép da.
Muc dich mén hoc

Trang bi cho sinh vién nhitng khéi ni¢ém co ban vé dong luc hoc May xay
dung- Xép d&, phuong phap xay dung mé hinh thyc va mé hinh tinh toan, tim
dugc quy luat va cac dic trung chuyén dong cua hé. Tir d6, dé xudt cac giai phap
lam gidm tadc dung cua lyc dong 1én may, tranh dugc cac cong hudng co6 hai.
Mait khéc cling giup cho viéc khai thac va sur dung mat c6 ich cuia dao dong
trong qua trinh cong nghé ctia cac may lam viéc theo nguyén 1y rung, rung ép,
va rung nhu cic may san xuat cAu kién bé tong, cdc may dam Ién, bua rung,
sang rung, may van chuyén rung...

1.1. Khai niém chung
1.1.1. Muc dich nghién ctru dong luc hoc

Do May xay dung - Xép d phan 1én lam viéc theo chu ky, thoi gian lam
viéc gdbm: thoi gian khoi dong, thoi gian lam viéc
6n dinh, thoi gian hdm va cac thoi gian chuyén V

tiép. Toc d0 ciia may thay ddi s& phat sinh luc
dong. Vi 5 W ] V
Muc dich nghién ciru dong luc hoc 1a tim V2

quy lut chuyén dong cia heé, tirc 1a xac dinh cac ()

t

quy luat bién thién cta do dich chuyén, vén téc,
gia tc theo thoi gian (q,(t), q,(t), g,(t)). Tt do, xac dinh cac luc dong, nghién



clru, xem xét anh hudng cua cac luc dong dén may va tim cach sir dung chung
mot cach hop 1y hodc giam bét, han ché tac hai cua ching.
1.1.2. Phén loai bai toan dong lwc hoc May xiy dung - Xép dé

Theo mot sb tac gia & trong nudc va nude ngoai, can cir vao muc dich va ndi
dung nghién ctru c6 thé chia bai toan Pong luc hoc may xay dung va xép do
thanh 3 nhom sau day:

Nhom 1: Nghién ctru, tinh toan anh hudng cua cac tai trong dong phat sinh
trong qua trinh may lam viéc dén cac chi tiét, cum chi tiét, cac bd may, dén két
cAu thép, mong may... dé tinh bén, tinh moi, xac dinh tudi tho, tinh on dinh theo
quan diém dong luc hoc... Céc nghién ctru nay c6 xu huéng mudn 1am giam anh
hudng x4u cua tai dong.

Nhoém 2: Nghién ctru anh hudng cua cac thong sd dong luc cua hé (nhu
khéi luong, d6 cung cia phan tir dan hoi, giam chin, luc kich dong) dén chit
luong, ning suit, két cau ciia may .Tir do, chi ra cac thong s6 hop 1y ciia may
(dung cho cac may lam viéc theo nguyén 1y rung).

Nhoém 3: Nghién ciu anh hudng cia dao dong dén moi trudong, dén do
chinh xdc cua cac may khi lam viéc va dac biét dén stre khoé cua con nguoi. Tu
d6 tim cach 1am giam tac hai cua dao dong, dé xut cac giai phap chdng rung.
1.1.3. Cac khai niém co ban
Theo quan diém dong luc hoc thi nén hiéu:

- Khéi lwgng chinh 13 phan ttr tich luy dong ning trong hé.

- Phan tir dan hdi (10 xo0) 13 phan tir tich luy thé ning.

- Phan tir giam chan 1a phan tir tiéu hao nang luong (chuyén dong ning sang
nhiét nang).

- Phan tir kich dong 13 phan tir cung cdp ning lugng tir mot ngudn ning
lugng nao do.
1.1.3.1 M6 hinh dong luc hoc

Trén co s& md hinh trong ban v& thiét ké hay mé hinh may thuc té, chung ta
dung cac gia thiét tinh toan dé don gian hoa, sau d6 dua vé mo hinh tinh toan
dong luc hoc.

Mo hinh déng luc hoc 1a mé hinh ma trong d6 cac khdi luong quy két duoc
lién hé véi nhau thong qua cac phan tir dan hoi (co do ctng), cac phan tr giam
chén (dap tit dao dong) va cac ngoai luc tac dung 1én né.

Vi dul: Xét so d6 nhu Hinh 1-1
Trong do:
di, 92> g3 - Cac toa do suy rong



m;, my, ms - Cac khéi lugng quy

két. q;‘ m 12
S1, S, - Cac d6 cing quy két El_ %

K, K, - Cac phan tir giam chan

F, - Ngoai luc
Pé don gian, nguoi ta thuong sir dung
cac dai luong quy két vé mot khau nao
d6 va thuong gip nhét 1a quy két vé Kot 28
khau dan. Cac dai lugng quy két nhu
khéi luong, do ctng, hé sé dap tat dao _T_q3

dong... dit & khau nao thi khau do goi N

‘ ms
la khau quy keét. Hinh 1-1. M6 hinh déng luc hoc ba bdc tu do

Sau khi xay dung dugc mo6 hinh dong luc hoc, tir cac diéu kién bién chung ta
s& viét dugc cac phuong trinh chuyén dong cia hé.

Giai cac phuong trinh nay sé thu dugc quy luat dao dong cua hé¢, xac dinh
duogc cac thong sé nhu chuyén vi, van toc, gia tdc, tan sb...Ngdy nay véi sy tién
bd ciia cong nghé tinh toan voi sy trg gitip cia may tinh bang nhiing phan mém
tién tién nhu ALASKA, VISSIM, MATLAB...viéc gidi cac phuong trinh
chuyén dong don gian hon rat nhiéu va c6 do chinh xac, do tin cay cao. Nhi¢m
vu co ban cua k¥ su chuyén nganh 1a xay dung dugc mod hinh thyc, mo hinh tinh
toan, xac dinh cac diéu kién bién va viét dugc phuong trinh chuyén dong.

Sau khi nhan dugc két qua phai biét phan tich, danh gia va xem xét anh
hudng cia két qua tinh todn dén két ciu may.
1.1.3.2. Cac toa do suy rong.

Toa d0 suy rong la cac dai lugng dac trung cho chuyén dong tinh tién (do dai)
va chuyén dong quay (goc), chung doc 1ap véi nhau va duge xac dinh 1a do dich
chuyén cua trong tdm khoi lugng hodc cac phﬁn tir cia hé théng dong luc hoc
can kiém tra nhu 1 mot ham cua thoi gian.

Vidu 6 Hinh 1.1 trén:
qi- Toa do suy rong (chuyén vi ctua khéi luong my).
qz- Toa do suy rong (chuyén vi cua khdi luong my).
qs- Toa do suy rong (chuyén vi ctua khdi luong ms).
1.1.3.3. SO bac tw do

S6 di chuyén 6 thé doc 1ap cua h¢ goi la s6 bac tu do cta hé dé. SO bac tu

do cua h¢ dong luc hoc béng s6 toa do suy rong cua h¢.



Vidul

y
Hinh 1-2. M6 hinh dao dong con ldc mét béc tw do
Trong do:
g- la toa d6 suy rong
Véi q 1a goc lac cua con lac treo bang day c6 chiéu dai |
q=q(t)
x=Isinq
y=Icosq

X
; =tgq hay x= ytgq

Vi du 2: Dao dong con l4c hai bac tu do.

y

Vidu3:

Hinh 1-5.



Vidu4:

v Si mi Se mo F(t)
Z NN 1 NN ‘
7 7 7

J. q

Hinh 1-6. M6 hinh dao dong thcfng ba bdc tw do

Vidu5:
Q> ds
N )
S | Ve s,
d
Si %&
/177/7777777//777/

Hinh 1-7. M6 hinh dao dong thcfng hai bdc tu do
1.1.3.4. P dich chuyén kha di (d6 dich chuyén c6 thé cho phép)

Do dich chuyén kha di 1a dich chuyén rt nho bén trong hé théng dong luc
hoc ma quan hé dong hoc cho phép hoic 1a cac chuyén dong rat nho cho phép
clia cic toa do suy rong. C6 nghia 1a dich chuyén c6 thé phai 1a dich chuyén vo
cuing bé, thoa min cac lién két cia hé (khong pha v cac lién két caa hé).
1.1.3.5. Cong kha di

La cong duoc dinh nghia theo Benoulli (1717) nhu sau:

Cong kha di 14 cong ciia cac luc tac dong 1én hé nam ¢ trang thai cAn bang tinh
v6i quiang duong dich chuyén co thé va bang khong.

O day ching ta sir dung nguyén 1y céng ao dé viét phuong trinh chuyén dong
cho hé thdng dong luc hoc cé nghia la:

Qidq=0
Trong do:
Qi- lyc suy rong cua phan tir thi i.
dq;- B0 dich chuyén kha di cia toa do q;.



Vidu 1:
O O

F.

Fs

04,

8q1, 8qp- Cac do dich chuyén kha di
Hinh 1-8.
Vidu2:

dq, 0s - Cac do dich chuyén kha di
Hinhl-9.

1.1.3.6. Luc suy rgng

Luc suy rong 1a cac luc ma tri s6 cua ching thoa man diéu kién tich cua cac
luc suy rong Q; véi d6 dich chuyén 8q; bang cong cua tit ca cic ngoai luc tic
dung 1én hé véi quing dudng dich chuyén cua toa do suy rong q; (quing dudng
dich chuyén kha di).

Q.5q, = > Feg, cos(E,g,)



m
Hinh 1-10.
Trong do:
Q- luc suy rong
F- luc kich thich
8q- di chuyén kha di

Vidul:
B
Q
>
y
Hinh 1-11.
Qdg=-mgoh
Ma dh=18qsinq
Suyra Qdg=-mglogsing
Q=-mglsinq v&1 6q#0
Vidu 2:

Hinh 1-12.



Khi tinh Qthi q,= const va nguoc lai
Két luan: Bao nhiéu toa do suy rong co béy nhiéu luc suy rong.
1.1.3.7. Hé phwong trinh chuyén dong Lagrange loai II.
Néu trong md hinh dong luc hoc co tit ca cic phan tir ddc trung cua dao
dong tham gia, phuong trinh chuyén dong Lagrange loai IT ¢6 dang:
or. oT 6(D ou

= 1=1,2,3...n
dt(8q) oq, 8q 8q =Q( )

Trong do:
qi- toa do suy rong
Qi- lyc suy rong
T- tong dong ning cla hé
U- tong thé ning cuia hé
n- sb béc tu do cia hé
®- Ham hao tan cta cac phan tir dap tit dao dong.

1.2. Phwong phap xay dung mé hinh djng luc hoc
1.2.1. Ciin cir dé 1ap mé hinh déng lwc hoc
Khi thiét ké May xdy dung - Xép d&, dau tién can phai phac thao duoc két
ciu tong thé va cac thong sb k¥ thuat dic trung ciia may.
Trén co s& cua ban vé k¥ thuat hodc may thuc, chiing ta xdy dung mo hinh
tinh toan bang cac phan tir quy két bao gém:
- Cac khdi lugng quy két
- Céc phan tir ¢an hoi
- Cac phan tir dép tit dao dong (giam chan)
- Céc ngoai luc tac dung 1én may
Viéc mo phong va dua duge mo hinh tinh toan cang gan véi mé hinh thyc thi
mirc do tinh toan cang chinh xac. T4t nhién khi d6 qua trinh tinh todn cang phuc
tap. Tuy nhién trong thuc té khong phai bao gid ciing c6 thé thiét 14p duge mod
hinh phan anh diy du, chinh xac diéu kién lam viéc ciia may. Hon nita, trong
nhiéu truong hop, do chinh xac khong doi héi qua khét khe, do dé viéc chon mé
hinh tinh toan phu thudc rat nhiéu vao yéu cau bai toan dit ra.
M6 hinh duoc chon mdt mat phai don gian nhét c6 thé duge, mat khac phai
c6 du do chinh xac yéu cau.
Sau khi chon mé hinh nghién ctru, viéc 1ap phuong trinh chuyén dong dé mo
ta chuyén dong cta né 1a khong thé thiéu duoc.
Phuong trinh hodac hé phuong trinh duoc 1ap 1a cac phuong trinh hodac hé
phuong trinh vi phan.



Mo hinh tinh toan c6 thé 13 mé hinh dao dong tuyén tinh néu phuwong trinh
mo ta chuyén dong cua né 1a phuong trinh vi phan tuyén tinh va 1a mé hinh dao
dong phi tuyén néu phuong trinh chuyén dong 1a phwong trinh vi phan phi tuyén.

Céc mo hinh tinh toan cia cic May xay dung - Xép d& phan 16n 1 cac md
hinh nhiéu béc tu do va dao dong phi tuyén. Vi vy, dé don gian trong tinh toan,
chung ta can phai dua ra mot sb gia thiét dé xdy dung moé hinh (diéu kién bién)
tré thanh hé nhiéu béc tu do dao dong tuyén tinh.

Thuong voi mdi mét loai may, c6 mot hoac mot s6 mo hinh da dugc nghién
ctru, vi vay khi chon mé hinh méi, bén canh viéc phan tich md hinh san co, can
phai 1am sang to mot sé cau héi cha yéu sau:

+ Co thé sir dung md hinh tuyén tinh hay budc phai ding mé hinh phi
tuyén? Yéu t6 nao dan t6i hé phi tuyén?

+ S6 bac tu do can bao nhiéu dé du c6 thé chép nhan duoc.

+ C6 nhitng chi dan nao t6 ra du chinh xac dé xac dinh cac thong sd cua hé.

+ C6 thé kiém tra duoc két qua tinh toan hay khong?

Viéc xac dinh chinh xac cac thong s6 cia hé anh huong rat 16n dén sy sai
khac gitra két qua tinh toan va két qua thuc té.

Kho khin nhat khi x4c dinh cac thong s cua hé 1a xac dinh thong sé giam
chén (hé sb dap tit dao dong K), vi vy trong md hinh khéng nén st dung qua
nhiéu giam chan.

1.2.2. Cac buwée xay dung mo hinh tinh toan dong lwec hoc

1- Tir tai liéu k¥ thuat hodc may cu thé dua vé gian do tinh toan.

2- Dua ra cac diéu kién bién (gia thiét don gian hod) dé xay dung mé hinh.

3- Tinh toan cac phﬁn tor quy két: Khbi luong, do cung, hé¢ ) dap tit dao dong,
va xac dinh céc toa do suy rong.

4- Bat mo hinh tinh toan vao hé toa do suy rong OXY hoac OXYZ.

5- Tinh cac diéu kién bién cua hé (thuong xét khi may & trang thai tinh).

1.3. Cac phuwong phap viét phwong trinh chuyén dong
C6 nhiéu phuong phap dé thiét 1ap phuong trinh chuyén dong miéu ta hé
khao sat nhu phuong phap luc, phuong phap bién dang, phuong phap Dalambert,
dung phuong trinh Lagrange loai II...nhung d6i véi May xay dung - Xép d&
thuong str dung hai phuong phap:
Phuong phap Dalambert dung cho h¢ don gian (it bac tu do).

Phuong phap Lagrange dung cho hé phtrc tap.



1.3.1. Phuwong phap Dalambert
Vi dul: Xét h¢ dao dong mdt bac tu do khdng can (Ha) va ¢6 can (Hb)

<
S
Kt
m m
Ha. Dao dong khong can Hb. Dao dong co can
Hinhl-13. Mo hinh dao dong mot khéi luwong

Véi hé ¢ hinh Ha:
Lay gbc toa do 12 vi tri cAn bang tinh
Xo- d0 dan dai ban dau, & vi tri nay SX,=mg
S - d6 cung cua 10 xo

IV
S
F = S(X+X)
XO_ 0 S Xo 1 th= mX
m_~ m X ¢
P=mg P=mg

Hinh 1-14.
Theo nguyén 1y Dalambert, ta dat thém luc quan tinh huéng 1én phia trén, c6
tri s& E = mX thi s& dugc mot hé luc can bﬁng (I3,F, th)-
Phuong trinh can bang dong chiéu 1én phuong thing dung 1a:

mX +S(X, + X) =mg (1-1)
Diéu kién bién: ¢ vi tri can bang tinh SX,=mg
Tt (1-1) ta co: mX+SX=0 (1-2)

bay la phuong trinh vi phan chuyén dong ctia hé mdt bac ty do khong cén.



S oo .
Chia hai vé (1-2) cho m va dit — = o>, ® (dugc goi la tan sb riéng, chung
m

taco:
X+0,X=0 (1-3)
Pay 1a phuong trinh vi phan tuyén tinh cip hai quen biét.
V6i hé ¢ hinh Hb.

L

KX  S.(Xo+X)

DL A
lx l Tm T

Hinh 1-15.
Vi chuyén dong tuyén tinh, ta ludn gia thiét luc can ty 18 bac nhat véi téc do

Pqt= mj.(

S

va nguoc chiéu chuyén dong, twong ty nhu trén ta co:
Phuong trinh can bang dong

mX + KX +S(X, + X) = mg (1- 4)
Suy ra:

mX +KX+SX =0 (1- 5)

biat 20 = % v6i & 1a hang sb tat dan, chung ta c6:

mX + 28X + 0. X =0 (1- 6)
DAy la phuong trinh vi phan chuyén dong ctia hé mot bac tu do c6 can.
1.3.2. Phwong phap Lagrange loai 11
Dung phuong trinh Lagrange loai II ¢6 dang:

d or, oT 6(D 8U

wag) g ag Fog ~Q L)

Vidu 1: Xét lai vi du 6 Hinh 1-13
Véi hinh Ha
Ham dong nang:

1 ) . )
TZEmV2 vOi v=q suyra TZqu2



. = sy . )~ s —:O
o M g oy =™
Ham thé ning:
IJ:%Sq’—H%q
Y _sq-mg
aq
Suy ra: mg +Sq =mg

Véiq=X+X,va X, = % - d6 din ban dau thi chiing ta c6 phuong trinh (1-3)

=X va§=xX
mX +SX =0 (1-7)
Véi hinh Hb:
Ngoai cac biéu thirc nhu dbi véi Hinh a, con thém biéu thire ham hao tan cd
dang:
o=1kq, ®okg=xx
2 oq
Vata co:
mX +KX+SX=0 (1-8)
Vi du 2: Xét hé hai bac tu do nhu Hinh 1-16
3&, 2&,
P Si Sz
T \N\AN— %%
z F(t)
% ® ®
4 T T
1 11 11
Hinh 1-16

Ham dong nang:
. 1.
T= Emlqlz + Emquz
Tién hanh cic dao ham:
oT . d, oT

a—ql:mlql’ " (8—)_



T _ 4T
aqz 24, dt aqz .4,
Ham hao tan:
1. . 1 ) )
CDZEI<1ql2 +5K2(q2 _ql)2

Pao ham ta co:

oD ) ) ) ) )
a = Klql + Kz (qz - ql)(_l) = (Kl + K2)q1 - quz
1
oD ) ) ) )
AL Kz (qz - ql) = _qul + quz
aq,

Ham thé ning;

1 1
U= Esqu + Esz (qz - ql)z

Pao ham ta co:

ouU
a— = Slql + Sz (qz - ql)(_l) = (Sl + Sz )ql - quz

1

au
aq,
Thay vao phuong trinh Lagrange loai Il ta co:
mq, +(K, +K,)q, -K,q, + (S, +8S,)q, —S,q, =0
m,q, —K,q, +K,q, —-S,q, +S,q, =F(t)

=-S,q, +S,q, ; Qi=0; Q,=F(t)

(1-9)

Viét dudi dang ma tran ta co:
Mg +Kq+Sq=F(t) (1-10)
V&i: M- Ma tran khdi luong
K- Ma tran can
S- Ma tran dan hdi
q, ¢, §- La cac véc to dich chuyén, vén toc va gia toc
F(t)- Véc to cua luc kich thich (ngoai luc)
Trong do:
M_{ml 0 } K_{Kl +K, —Kz}
0 m,| -K K

2 2

S +S, =S :
- Sz Sz q, q, F(t)



Vi du 3: Xét hé c6 n bac tu do

q1 qz qgs (n
Z Z z 2
% Si S2 S3 Sn
TV FAAA - AN FAAMAA - AN
Z K Fi F Fs K
s ! mi K K: m3 ° n
—1t T = T} R g

Hinh 1-17. M6 hinh dao dong hé n bdc tu do
Pong nang ciahé:  T= (%)Z m(q’

Thé ning cta hé: U= (%)zsi (4, -9,

Ham hao tan: d= (%)ZKi 4, -4q.)°

Luc suy rong: F=[E,E,E..F ] - véc to.

19429
Tuwong tu nhu vi du trén ta co:
Ham dong nang

I . | | |
T =§m1q12 +5m2q12 +5m30ﬁ +---+5mHQ§

Tién hanh cac dao ham ta co:

oT ) d oT .
5—1: ISR a(a—.l):mﬂl
0 5 dt 6q2
a—.T:m3q3a i(a_T)_ B
8(,13 dt o 3

oT d oT
8?{1: s a(a— =m.q,

Ham thé nang:
g, 5, 1 , 1 2 1 2
UZESIql +582(q2 -q,) +583(q3 -q,) +---+§Sn(qn —q,.)

Pao ham riéng: g—U =(S,+8S,)q, -S.q,

1



ouU
A _qu1 + (Sz + Sz )qz - Saqs )

aq,
a—U = _ann—l + ann
aq,
Tuong tu, chiing ta c6 ham hao tan:

1

Tién hanh cac dao ham ta co:

oD ) )
a—. = (Kl + Kz )ql - quz

1

oD . . .
. = _qu1 + (Kz + K3 )qz - K3q3
aq,

O _ g4, K,

aq,

Luec suy rong: Q,=F;; Q:=F,; Qs =Fs,...; Q=F, .
Thay vao phuong trinh Lagrange loai II dang:
d or, oI od oJU
- + + =

o, oq, oq oq
va sip xép lai dang ma trin chung ta cé:
m, 0 0 . . . 074gq/] [(K +K)) -K, 0
0O m, 0 ... O0/|q, -K, (K, +K,) -K,
+
0O 0 0 m |q,| | O 0 0
(S, +8S,) S, o . . . 01q, | [F]
-S, S,+S,) -S, . . . 0 | q, _ F,
0 0 0 . . =S S |ag.] |FE]
Viét gon: Mg + Kq + Sq =f(t)

Véi:
M- Ma tran khéi luong
K- Ma tran can
S- Ma tran dan hoi

. 1 ) : 1 ) . 1 ) .
@ :EKqu +5K2(q2 _q1)2 +5K3(q3 _q2)2 +"'+5Kn (qn _qn—l)2

01q,
d,
K, 4, ]
(1-11)



f(t)- Véc to cua ngoai luc
q,4,{ - La cac véc to cua do dich chuyén, vén tde va gia toc suy rong.

1.4. Phwong phap quy din cac phan tir ciia hé chuyén dong.
Trong md hinh dong luc hoc thudng ¢ cac phan tir quy dan d6 la:

- Khéi luong quy din

- Do cung quy dan

- Phan tir giam chén quy dan
Sau day ching ta s& xem xét cac phuong phap quy dan cac phan tir cua hé.
1.4.1. Quy dén khoi lwong.

Viéc quy dan khdi luong cia cic phan tir chuyén dong dua trén nguyén tic
can bang dong ning cua hé can quy dan va dong ning cia hé quy dan nghia la:
T =T

Trong do:

T'- La dong ning cua hé sau khi quy dan vé phan tir thr i

T.- La tong dong ning ctia cac phan tir trong hé can quy dan vé phan tir thir i

=

Hinh 1-18. M6 hinh bo mdy nang ha hang

i 1 i i 1 i
['=—0'w’ hay T' =—m \&
2 o2

Trong do:
o' - Khdi luong quy dan c6 chuyén dong quay
m' - Khéi lugng quy din c6 chuyén dong tinh tién

Vi du 1: Xét mot co cdu nang ha hang trén hinh 1-18.



@
/
7

(1 (1)

01 9(21) 03 Om

Hinh b. Quy dan vé truc (1).

©)

[ 1

LT
3) 3 3) (3)
02 02 03 Om

Hinh c. Quy dan vé truc (3).
m: m2 mi

+ I()H()H()l

\" m
4+

Hinh d. Quy dan vé tang cuén cdp

Trong do:

o- Van tdc goc cnua dong co
®;- Van tdc goc trén truc (1)
®,- Van tdc goc trén truc (2)
m;- Van tdc goc trén truc (3)
iy, ir- Ty s6 truyén
i5- S6 nhanh cap treo puly di dong
z- S6 nhanh cap cubn vao tang: Véi tang don z = 1; tang kép z =2
a- Boi suét cap, a :1;3 ,0daya=4/2=2
D- Puong kinh cia tang cudn cap
v- Van tdc nang cta hang
Véi Hinh 1-18 chang ta cé:
Tong dong ning cia hé:



1, 1, 1., 1

Te :561(1) +592(,0§ +563(,0§ +§mv (1—12)
Véi:
O=0; 0, = o, = = (1-13)
i i, i,
Do, Dz
= = ... > Vnﬁnzvan/a
2a 2iji,i, (Vaing=Vane/2)
Cac quy dan:
a) Néu quy din vé truc (1) (Hinh b) chung ta co:
Tt biéu thirc:
T, :lelco2 +162w§ +193w§ + Ly
2 2 2 2
Thay cac biéu thirc (1-13) vao céng thure (1—12) ta co:
1 Dzw
T = 6 —9 —
2 ( ) ( ) (211i2i3)
T, :—81w2+19—jw2+16—3w2+1m( DZ ) o’ (1-14)
2 21, 2 2 21,1,

Tir Hinh b, chung ta c6 biéu thire xac dmh dong ning cta hé sau khi quy dan vé
truc (1) nhu sau:

T :%(91 +0 +6 + 6w (1-15)
Dong nhat T = T, khi ddng nhat biéu thirc (1-14) véi biéu thic (1-15) ta co:
0 0 Dz
6,=6; 0V =22 00=—ts 0 =m( )
1 172 1 2 3
b) Néu quy dan vé truc (3) (Hinh c), chung ta c6:
1, .. . . 1 1 Dz
T = 591(1112(})3)2 + 592(120%)2 + 593(932 + Em( A 1)
1 2 Z 2 2
T = 5 0,i’i; +0,i; +6, +m(—i) (0N (1-16)
3
Tur Hinh ¢, dong ndng cua hé sau khi dan vé truc (3), xac dinh nhu sau:
T = %[e;n +09 409 +0% Jo? (1-17)
Tur diéu kién T, = T , ddng nhat biéu thic (1-16) voi biéu thire (1-17) ta co:
Dz
0 =0,iji2; 0 =0,i2; 0V=0,; 0Y=m(=>)

21,



¢) Quy dan vé tang cudn cap (Hinh d)
DPong ning ban dau cia hé triroc khi quy dan, sau khi bién d6i ta co:

Dz
T = {6111 i0+0,i+0, +m(—_)2}(o§
21,
X 2a 21,
Néu thay o, = BV =—2v vao cong thirc trén, chung ta co:

Dz

1 21
T = 2{611l 240, +6, +m(—) }(DZ)ZV2

3

Sau bién doéi rut gon:

2'131112 3 2 ﬂ 2 2 _
2{ ()T + ( ) 93(DZ) +m}v (1-18)

DPong ning cua hé sau khi quy dan vé tang cudn cap xac dinh nhu sau:
1
Trzz[m1 +m, +m, +mjv’ (1-19)

Tur diéu kién T, = T , ddng nhat biéu thic (1-18) voi biéu thire (1-19), ta cé:

. . 2
- (2111213j ; m. 292(21213) ; g (21 j
Dz Dz Dz

1.4.2. Quy din do cing ctia 16 xo.
Do cimg cua 10 xo thép duoc xac dinh bang cong thirc quen thudc
_ Gd*
~ 8nD’

Trong do:

G- M6 dun truot cua thép, G=7,9.10"" N/m’

d- Buong kinh day 16 xo, m

n- S6 vong lam viéc cua 16 xo

D- Puong kinh 16 xo, m

Nguyén tic quy dan: La nguyén tic can bang thé ning cua hé:
U=U;

Trong do:

U, Tong thé nang cta hé can quy dan

U,- Thé ning cta hé da duoc quy dan
Voi:



1.4.2.1. Vi 10 xo bién dang thing
(S- 1a do cing cua 10 xo bién dang thing (tuyén tinh) N/m).
a) Cac 10 xo mic song song (hinh v&)

Sr
Si Si S2 S2 ST — o
/__ —
+_ Al Al

R : b

m m m m

S2

Hinh 1-19. H¢ hai 16 xo mdc song song
Thé ning cua hé trude khi quy dan:
U =U +U, :lSIAlz + lSZAI2
2 2
Rt gon ta co:

U, :%(sl +S,)AP

Thé ning cta hé di duoc quy dan:
U = lSrAl2
2
Pong nhat:
U=U;,suyra S, =S, +8§,
Hoac khi xét coi d0 dan dai nhu nhau, cling cé thé x4c dinh dugc do cung tuong
duong nhu sau:
Tir Al=—2=_T8
S S, +8S,
Vi hé 10 xo méc song song, dd cing quy dan bang tong cong do cing cia

cac 10 xo thanh phan.

,suyra S =S +8S,




b) Cac 10 xo mac noi tiép

i
S Si
1 S
7 — 1
Al
I Sz
T —
\ m SZ —A12 Al
\m m/
Hinh 1-20. Hé hai lo xo mdc noi tiép
Céc bién dang:
Al =78
Sl
Al =18
S2
Al=Al + Al —(L+L)m
1 2 Sl S2 g
Khi xét, coi do gidn dai cua hé 13 tng cac d6 gidn dai thanh phan:
Tir mg _mg mg
Sr Sl SZ
Suy ra i = 1 + 1
Sr S1 2
Hay 1 _ S, +8S,
Sr SISZ
Cudiclngtacod: S, = 55, ; Tong quat 1 =S 1
S, +5S, S, &S,
Hay c6 thé x4c dinh tir diéu kién U, = U nhu sau:
1 S AlI> = 1 SAL + 1 S,AL
2 2 2
lomg, 1., mg, 1. mg,
Suy ra: —S (=2 ==S.(—2)* +=S8.(—=
y 2r(Sr) 21(31) 22(82)
Hay: 1 = 1 + 1
Sr Sl SZ



: 1 n ]
Tong quat: — =) —
54 S Z:I: S,

1.4.2.2. Lo xo bién dang xoiin
Tuong tu: S - 14 d6 cung 10 xo bién dang xo0dn, Nm/rad

U, =U,
a) Mic song song.
S2 Si
Sr
M
M
(p \/
Hinh 1-21. Hé hai lo xo mdc song song chiu xodn
Ta co: A(p:M;A(p: M
S, S, +8S,

Thé ning trudc quy dan:

U, = %SlAtpf +%SZA<P§

vi Ag, =A@, = Ag; Suyra: U, =%(S1 +8S,)A¢’

va U = %SrAcpz; Suyra: S =S, +8,; Téng quat:

b- Mac ndi tiép

A, + A, =A¢
Tir rp=MA M_M
Sl SZ Sr
Suy ra: 1 = .1
Sr Sl SZ
: 1 LI |
Tong quat: — =y —
g q S i=1 S

S, =



St

S
S
M M
~_7 N7
~7

Hinh 1-22. H¢ hai 16 xo mdc néi tié'p chiu xodn
1.4.2.3. Trong hé ddng lwc hoc c6 ca 10 xo bién dang thang va xoén
Voi:

So1, S2- PJ cling truc tang va dg ctiing cap
a- Boi sudt cap hang

m,- Khéi luong hang

D- Puong kinh tang

0o
S\ /
o =

Hinh 1-23. H¢ dong lyc hoc co ca lo xo chiu bién dang thcfng va xodn
a) Quy dan vé hé chi co bién dang xoén (Hinh 1-24)
C6 thé str dung diéu kién:
D

S Soz (7)2

) 2 A A _on ) A . X N A A _on
0. = (Tan so6 riéng cua hé trudc quy dan bang tan so riéng

2

m, (5)2

ctiia hé sau khi quy din) Dé xac dinh dugc d6 cing quy dan khi di biét khoi

S
0\); = —02 =
m

0

luong quy dan
vO1 m,- Tan s6 dao dong riéng.



0o 0.
-y
D

Hinh 1-24. Quy dan vé hé chi ¢6 bién dang xodn
Quy dan d6 ctng tir diéu kién U=U,

(V)]

Thé ning: U, :lSOZA(p2 ma Al =18
2 aS,,
1 m,g.,
Suy ra: U,==S L
y e 2 02 (aSO2 )
Mit khac tir Hinh 1-23, dong ning ctia hé sau quy dan xac dinh nhu sau:
U =13 A" véi Ap=M_megD
2 S, 2aS,
1, mgD
Suy ra: U =-S,(—>=—)
y r 2 2( 2823 )
Pdng nhat (1-20) véi (1-21) ching ta cé:
1 m 1, mgD
_Soz( Og)z :_Sz( o8 )2
2 " aS, 2 7 25
Suy ra: 1. (2)2 1
S, 2 S,
Cudi cling: S, =S, (g)z
Xéc dinh khéi luong quy dan:
Tu T, :%movz; T :%92032
ma VZQZ% ; Suyra T =—m, % ‘o)

2

Pong nhat: T, =T ; Suy ra: %mo (%)2032 :%92032

T dotacd: 6, =m, (g)2

(1-20)

(1-21)



b) Quy din vé hé chi c6 bién dang thing. (Hinh 1-25)

7.

Si
Vi m

Soz
v Mo

Hinh 1-25. Quy dan vé hé chi c6 bién dang thang
Tinh twong ty nhu trén, khi quy dan Sg,, m, gilt nguyén. Chirng minh tuong

tu ta co:
U, =18,A0", ma Ap=—t - gD
2 S a2S,,
_ 1, mgD,,
Suy ra:
Y Ue=35los,
1 o1 o, mg,
U, =2 SAP =~ 5™
2 27 as
Cho U, =U, taco:
1, mg, mgD,
1g (hsye
;50 S (D s,
Sau rut gon ta co: 11 (2)2
Sl SOI 2
. 2 2
Suy ra: S, =S, (B)

Xéc dinh khéi luong quy dan:

| 1
Pong nang ctia hé T, =560(0f ; T :Emlvf

\ D 1 D
ma: Vv, =0, Suy ra: T, ZEmI(E)zwf

Pong nhat: T, =T, ; Ta co: %Oomf = %ml (g)zwf



D 2
Sau rat gon c6: 6, = m, (5)2; Suy ra: m, = 90(5)2
1.4.2.4. Trong hé¢ ddng lwc hoc cé bién dang xoian, din dong bing bd truyén
6 ty s6 truyén i.
a) Mo hinh ban dau.

EG)

Hinh 1-26. M6 hinh hé ¢é bién dang xodn, dan ddng bang bé truyén véi 1y sé

truyén I
Pidu kién: o =5
6 0
b) Néu quy dan vé truc quay nhanh (truc 1).
~\WWWWH

Hinh 1-27. M6 hinh quy dan vé truc quay nhanh
Chung ta c6 diéu kién quy dan: T, = T®

r 1

Ma T, =%9203§ , TO = %9(2”0)2
vi: o, :&; Suyra T, 2162(&)2
1 2 1
Cho T.=T" < + 000} = - 0% (.
Y e r g 5 2 1 _E O‘)l (1—2)

, . 0 £
Saurut goncoé: 0 =—=; Cudicung cod 0, =6}
i

X4c dinh d6 cimg quy dan

Vi U, = S.00°
N 1 (O] (O]
Va: U, :582 A,

1) (O]
mh Mg, =0 s Suyra: S 8,(R0) = 80(Ag")



S

Sau khi rat gon co: S =S¥ = 1_22
¢) Néu quy din vé truc quay cham hon (truc 2)
0" 2
s’/ s Y
AW

Hinh 1-28. M6 hinh quy dan vé truc quay chdm
Chtrng minh twong tyu, ching ta co:
S =S? =8i’
0. =6 =0i
1.4.2.5. D) cirng quy din ciia hé thong paling cap
Xét cac trudng hop mic cap nhu hinh vé:

L ESO So E;; I it NS\
I | ) q
3 T
£ . 2
fi| s = b\a o
m m A
D T B N et N 4|

Hinh 1-29. So d6 tinh a6 cirng quy dan ciia hé palang cdp.
Ky hi¢u:
E, A, l- Twong tmg 1a md dun dan hdi, dién tich va chiéu dai cap.
So- Bd cuing cia mét sgi cap (nhanh cap)
Véi cac truong hop nhu trén hinh v&, chiing ta c6 chiéu dal cap tong cong
nhu sau:
+ Truong hop 1: 1= 2l,+af]
+ Truong hop 2: | = L,+l5+af;
+ Truong hop 3: 1=af;
Khi chiu luc do trong lugng cua hang (mg) gay ra, do dan dai tong cong &
cua cap xac dinh nhu sau:
mg EA

8:—,Vé’i SO:T

aS,



Khi toan bd day cap bi dan ra mdt lugng o, thi cum mde cau- puly bi ha

xuéng mot doan A = 5 = r?g
a a’S,
Xét mo hinh quy dan (4):
A="T8_ rzlg ; Suyra: S=S,a’ :%a2
S a‘S, 1
Hodc xuét phat tur diéu kién U, = U, cling co thé xac dinh dugc do cung
quy dan:
\ 1l mg, 1 mg., 2
Tr: —S(—)" =-—S,(—2)7; Suyra: S=S.a
5 ( ) ) 5 O(aSO) y 0

Két luan: Ca hai phuong phap xac dinh déu cho cuing mot két qua.
Bai tap (hoic bai kiém tra)

Cho m6 hinh dong luc hoc cua may nang véi so do sau:

- e / -
j; O 14%4 d '_'{22

Sox
v m
4
Hinh 1-30. M6 hinh dong lyc hoc cua bé may nang ha hang

- Péng co dién; 2- Hop giam toc; 3- Tang cuon cap; 4- Hang

Trong do:

™, M- Van tdc goc

001, 892- MO men quan tinh

So1, So2- PO ciing cua truc va cua day cap

i- Ty s truyén hop giam tbc

m- Khéi lugng cua hang
Hay tinh cac phan tir quy din vé cidc md hinh sau day:
a) Mo hinh véi cac khdi lugng chuyén dong quay (quy dan vé tang).

0. S 0
6 o o |/ y

7 /

W NV
D
Hinh 1-31. Quy dan vé tang cuon cdp.




2
Pap sb: S, =S, i’; S, = SOZ(%) ;

. DY
0,=0,i’; 6, :m(z)

b) M6 hinh véi cac khdi lugng chuyén dong tinh tién v6i van tc ciia hang (v)

, 21’
Dap s6: S, = Sm(—) =\
v/ 2
b R % )
2% 2 K | /
m, = 901(5)
Si
) 2
m, :902 ~ P
D I/ \\
m 4i—t—t-q
P /,/
Soz
A\
!
m [
|

Hinh 1-32. Quy ddn vé hang ndng



CHUONG II
PONG LUC HQC CUA BO MAY NANG - HA HANG CUA CAN TRUC
2.1. Xay dung mo6 hinh dong lwe hoc
Xét mot bd may nang ha hang nhu hinh v€ (Hinh 2-1).

\'F"
|
Mt

Mm bong co

Phanh
KZO -]
L NP
20 0) I (De O)
ms@ Phanh \
5

Hahang | Nang é

/\ hang
m _\\ Hinh b. DCdng dic tinh co ¢
\ 9

N . v+ \i 6

)

=a

J )
O & [0 O 1 o
2 \910 'ﬁzo
- 4
Ko
Sl() III I|I
I I |
T
1| 1|t 1|

Hinh a. So d6 bo mdy nang ha hang
Hinh 2-1. B¢ mdy ndng ha hang ciia can truc
- Déng co; 2- Phanh; 3- Hop giam toc; 4- Tang cudn cdp; 5- Pa ldng cdp
6- Hang ndng; 7, 8- Cum puly dan huéng; 9- Cum puly dong (puly méc cdu)
Trong do:
i;- Ty s truyén hop giam tdc
- Van tc goc khi nang
os- Van tdc gbc khi ha
a=i,- Boi suét cap
M,,- M6 men mé may
6,,- Tuong ting la m6é men quan tinh cia rd to dong co va khop nbi
0,,- La m6 men quan tinh cua tang

D- Buong kinh tang



- Van tdc g0c cua tryc tang
S0, Koi- PO cting va hé $6 dap tat dao dong cua truc dong co va khop ndi
Mg M6 men phanh
C6 thé quy dan vé hai mé hinh sau day:
Quy dan vé cac khdi luong quay trén truc dong co (Hinh c).
Quy dan vé cac khdi luong thuc hién chuyén dong tinh tién cua hang nang

ha (Hinh d).
Hinh e- M6 hinh dong lyc hoc khoéng quy dan.
M T F
D@
My
= |- >
0.
Si K Si Ku
0, . mz\\‘
S2 f K, O
M3 v
0. v
l Rmsg l msg
Hinh c. M6 hinh quy dén Hinh d. M6 hinh quy ddin
vé truc dong co vé hang ning

I

3
|

ks
=

msg

Hinh e. M6 hinh khéng quy dan



2.2. Tinh cac phin tir quy din ciia md hinh dong lwe hoc

Sau khi x4y dung mé hinh DLH truéc khi viét phuong trinh chuyén dong
chung ta can phai tinh toan cac phéan tir quy dan trong mé hinh dong lyc hoc.
2.2.1. Tinh céc phin tir quy din theo md hinh ¢ (quy din vé truc dong co)
a) Tinh cac khéi luong quy dan

Cac khéi luong quy dan 1a cac khdi luong thuc hién chuyén dong quay

Do quy dén vé truc dong co nén:

6, =0,

Goi 0, 12 khéi lugng khi quy din cta tang cudn cap quy dan vé truc dong co,

ta ¢6 thé xac dinh 0, nhu sau:

2

; x 1
Dong nang cua phan tor quy dan: T, = 59 ®

2

DPong ning cua phan tir can quy dan: T = %920032

0
Mz o, :'9 ; Tor Te =T, ; Suy ra: 6)2602 :‘920(.2)2 ; Vay 0, :._io
i i i
Goi 0; 1a khéi lugng quy dan ctia hang quy dan vé truc dong co, ta co thé xac
dinh 65 nhu sau:

1 1 )

Dong nang T = 593032, T, zammv
\ o, D oD
ma V=—"T"—=7""""
21, 214,
TI‘I dléu klén Tr = ’Te <~ 1630\)2 = lrn30 (ﬂ)2
2 2 211,

Véi: R = i - Goi la ban kinh quy dan, tacé 6, =m,, <%>z =m,R’
211, 211,

b) Tinh cac d6 cing quy dan
S, =S,,(vi quy dan vé truc dong co nén n6 khong doi)
Do cimg quy din c6 thé xac dinh tir diéu kién tan s dao dong riéng cua khoi
luong quy dan 6 bang voi tan sé dao dong riéng ban dau cua khdi lwong ms
thudc hé trude khi quy dan, tic 1a:

ol = S_z — Szo
63 m30
Hodc: Tur diéu kién can bang thé nang: U, = U,

Véi U, :%SZOAF, U :%SZA(pz (2-1)



o
I
E,A
LC 5 l¢
L
h
A
F
777777 N
Hinh 2-2. So do tinh do cung quy ddan cua hé palang cap
EA
Ma Ap = FD VélAlZ.i viS, =—
21,15, 1,S,, 1

1= 11+ 12+i21f
Thay céc két qua trén vao biéu thirc (2-1) & trén va dong nhat U, = U, , ta co:

1 F 1 FD

_Szo(.—)2 :_Sz( - )2

2 1,S,, 2 211,S,
Sau khi rat gon, ta co: L L(L.)2

.2 - .
.S, S, 211,

Suy ra: S, =S,i; (i)2
21,1

2

Néu dat R = - Goi 12 ban kinh quy dan, chung ta co:

211,

EA EA

S =S i’R*Vv4i S, =——=
2o U B RS S S

¢) Tinh hé s6 quy dan cua cac phan tir dap tit dao dong
Vi quy dan vé tryc dong conén K, =K
Xac dinh K, nhu sau:
Xuét phét tir diéu kién: @ =@

D :lKZOAiZ
1 =
O =—K,A
Vi Al= A_ _D =A R; Suyra: lKZOA('pZRZ = lKZAfpz
211, 2 2



Tur do: K,=K,R?
2.2.2. Tinh céc phan tir quy din theo mé hinh ¢ Hinh d (quy din vé mé
hinh ¢6 cac khoi lrgng chuyén dong tinh tién)
Tai trong hang nang van giit nguyén & vi tri ban dau va hang chuyén dong
véi toe do v trong trang thai lam viéc 6n dinh.
a) Quy dan khdi lugng.
m, =m,, (gilt nguyén voi hang)

O tang cuon cap:

s : 1 1
Tu dicukién T =T vé6i T, =—0,,0.; T. =—m,v’, ta cé:
2 2

| 1
5620(02 =—m,Vv’
D 1 1 D
mia v=wm,—; Suyra: -0, 0, =—m,0;(—)’
2 212 y 2 20772 2 2 2(2i2)
. X 2,
Sau khi rat gon nhan dugc: m, =0, 3)

Quy dan m6 men quan tinh cua roto dong co va khop noi 0,, vé hang nang

thi khdi lvgng quy ddn m,; x4c dinh nhu sau:
T didu kién: T, =T < lmIV2 = l9100)2
2 2

1 D 1
Ma V:w_—l_); Suyra: —m(—) 0’ =-0,0
211, 2 211 2

Sau khi rat gon voi R:g thi m =—"-

211,

b) Quy din vé d6 cling
Tuwong tu nhu trén chung ta co:
S, = Szoii’ K, =K,

St dung diéu kién: o? = S _Se ; Suyra: S, = Sim1 = %9—12
ml 10 10 e10 R
A <\ _ SIO
Cudi cung S, = R
K
Tuong tu K, =—%.



Chuy:
1- Trong qua trinh quy dan theo mé hinh & Hinh ¢ va md hinh ¢ Hinh d, gia

tri ctia 6 cimg quy dan va hé sé dap tat dao dong quy din mang tinh chat gin

dung vi chiing ta da gia thiét:

B0 qua hé s6 do cing va hé sd dap tit dao dong cua cac phan tir khac nhu hop

giam téc. ..

2- Theo md hinh & Hinh e 1a m6 hinh dong luc hoc dugc xay dung trén mod
hinh thuc nén khéng can phai quy dan cac yéu td dong luc hoc gilt nguyén vi tri
ban dau

3- Theo md hinh ¢ Hinh ¢ va md hinh ¢ Hinh d viéc viét phuong trinh
chuyén dong s& don gian hon so v6i md hinh & Hinh e. Cac két qua tinh toan
nhan dugc theo moé hinh ¢ Hinh e s& khong can phai quy dan tro lai.

2.3. Thiét 1ap cac phwong trinh chuyén dong
2.3.1. Pé 1am vi du minh hoa cho cach thiét ldp phwong trinh chuyén dong,
chiing ta chon mo hinh & Hinh d.

Trude ta thay cac phan tir dan hoi va dap tit dao dong bang cac luc dan hoi
F; va luc dap tat dao dong F..

bit cac toa do suy rdng qi, qp, qs tai cac khdi luong quy dan m;, my, m; Nhu
vaytai mot thoi diém tinh toan nao d6, cac khdi luong s€ chuyén dong voi céac
vén tdc dic trung 1a q,,9,,9, vagia tc 1a 4,,4,,9;-

Trong truong hop nay dung nguyén 1y Dalambert dé viét phuong trinh
chuyén dong s& don gian hon, cy thé nhu sau:

Fi
mi
o L~
mlqli ~ 1\
qi
Fu Eul Fai
Frl FCl
ma
mﬂ%___‘é:4_
qJz
FrZ Fst FCZ
Fr2 Fc2
m3ij3| I /m3
| |
msg

Hinh 2-3.



Ap dung nguyén 1y Dalambert ta c6:
mq,=F —-(F, +E))
m,§,=(F, +F,)-(F, +FE,) (2-2)
m,q,=(F,+E))
Trong do:

1 )
Fl :EM(ql) —m,g

F,=8,(q,-q,).F, =K,(q, -q,)
F,=S5,(q, -q,).F, =K,(q, -q,)
Thay céc két qua trén vao h¢ phuong trinh (2-2), ta co:
m,q, =F -S,(q, -q,) -K,(q, -q,)
m,q, =S,(q, —q,) =S,(q, —=q,) +K,(q, =4,) - K,(q, -q;) (2-3)
m,q, =F -S,(q, -q,) +K,(q, =q;)
Luu y: Trong mé hinh tinh toan, chung ta quan ni€ém msg l1a ngoai luc tac dung
1én h¢ va ¢ trang thai tinh.
Biéu dién hé phwong trinh (2-3) duéi dang ma tran nhu sau:

m o0 ol&l [k o olalls o o7
0 m, 0 | qz + _Kl (K1+K2) _Kz E qz + _Sl (Sl+Sz) _Sz 19,
0 0 m; qs 0 _Kz Kz q3 0 _Sz Sz q9; (2_4)
1 .
= —m,g
0
Hay viét gon hon, chiing ta co:
Mg + Kq + Sq = f(t) (2-5)

Trong do:

M- Ma tran khdi luong

K- Ma trin ctia cac phan tir dap tit dao dong

S- Ma tran do ctiing

f(t)- Véc to luc suy rong

q,q, - La cac véc to toa do suy rong, véc to van téc suy rong va véc to
gia tc suy rong.

Sau khi giai dugc hé phuong trinh chuyén dong, chung ta phai quy dan tré

vé dé nhan duoc cac dic trung dong luc hoc cua cac phén tur trong hé.



2.3.2. Thanh lap hé phwong trinh chuyén dong theo mé hinh dong luc hoc &
Hinh e.
v g

12

<
g

M Mo M. AT
feln }jﬁka%—-————— Foy \F

SRR

[\,

Hinh 2-4.

Gia thiét tai thoi diém t = 0, luc cing ban du cua cap do trong luong hang
1a myg giy ra va tir 46 hang duoc nang 1én. Khi d6 mo men can thiét dé hang
dugc nang 1én la:

M; = My (o) - Mg
Vbi: Mg, - M6 men tinh do trong lugng hang gay ra trén truc dong co

Ma M, —m3gl:m3gR
21,

va M, (0) = M(g,)

Suy ra: M, =M(q,)—m,gR

Mo hinh gdm 3 khéi lwong, trong d6 ms 1a khéi lugng hang nang

0,- M6 men quan tinh cia rd to dong co va khép nbi.

0,- M6 men quan tinh cia tang cudn cap,

d1, 92, q3 - Céc toa dg suy rong

F,- Luc dan hoi va F. 13 luc dap tat dao dong

R = l - Ban kinh quy dan

211,

M,, M- Cac md men phat sinh trong phan tir dan hoi va phan tr dap tét
dao dong.
Dung nguyén ly Dalambert, ta co:

04 =M -M, A -M,

.. ) D
eZqZ :11(Mr1 +Mcl)_3(Fr2 +Fc2) (2_6)
m,q, = iz(Frz + Fcz)



Xac dinh cac luc phat sinh trong cic phan tir dan hoi va dap tit dao dong

Mrl = 816(|) = S1(q1 - q]) = S1(q1 - i1q2)
Vi 8¢ = qi- ;0> 12 bién dang gbc trén truc dong co (bién dang nho)
Mcl = Kl(ql - ilqz)

\ D )
Va Fr2 = 8281 = Sz (5 q, — 12q3)

D . ..
Fcz = K281 = Kz (qu - 1zq3)

Thay cac két qua trén vao hé phuong trinh chuyén dong (2-6) & trén va chuyén
vé cac phuong trinh , chiing ta co:

e1.Cl1 +K1(q1 _i1q2)+sl(q1 _ilqz) = M(ql)_ngR
.. ... ) . D D . .. D_. D )
ezqz _11K1(q1 _11q2)_llsl(q1 _11q2)+EK2(3q2 _12q3)+zsz(3qz _12q3) =0

) D. .. . D )
m,q, _lsz(qu _12q3)+1282(5q2 _lzqz) =0

(2-7)
Viét dudi dang ma tréan:
.. K -1K 0 .
0, 0 O d, 1 lDé D q,
0 92 0 | qz + _ilKl i12K1+TK2 _iZ?KZ . qz +
0 0 0,4 q
i 0 _i Dy, i’K, ’
Sl _11]:8)12 (])) q, M(ql)_mng
+ —IIS1 IIZSI+TSZ _IZESZ . 32 = 8
0 _i D S, ’
Gon hon:

Mg+ Kq+Sq=f
Hé phuong trinh chuyén dong nay ciing giéng nhu hé phuong trinh chuyén
dong & phan trén nhung chi khac & chd chung ta khong quy dan ma tinh tryc tiép
cho cac phan tr dan hdi va phan tr dap tit dao dong, cling nhu giit nguyén tai
trong ngoai tac dung.



2.3.4. Xac dinh tan s6 dao dong riéng
Tir quan diém thuc té ¢ thé xac dinh duoc tan s dao dong riéng cua hé khi
bo qua dao dong tat dan va lyuc kich thich bén ngoai. Chung ta st dung quan hé
sau:
det(S—a’M) =0

Trong do:

S, M la ma trdn d0 ctrng va ma tran khéi luong.

o 12 tan s6 dao dong riéng cua hé.
Tt phuong trinh vi phan trén ta c6 (xét cho mo hinh & Hinh e))

S, — a6, s, 0
2
det| | —is, i, +DTSZ —w0, -si,2 ||=0
0 —Sziz% i’S, —o’m,

Biéu dién dinh thtrc theo quy tic Cramer:
: D’ : . D . D
(S, —a’0))(:S, + e S, —a’0,)([’S, —a’m,) — (S, —a’0,)(-S,i, E)(—Szl2 5) —
(-1,S)(-1,S,))(:S, —a’m,) =0
Suy ra:
2 2 2
(S, —azﬁl){ifiislsz —1i;S,0’m, + 155> DT—SZ DTOtzm3 -1,5,0°0, + 0’0, m, — S2i> DT}
—1;S/ (i3S, —a’m,) =0
Khai trién cac s6 hang, ta co:
'2'28282_'282 2 '2S SZD_Z_SS D_z 2 3 SS 29 S 49 _
1112 172 ll lam3+12 172 4 172 4 amS l2 1 2(1 2+ la 2m3
2 2 2
TR DT _ @28 8,0, +1°S,a‘0 m, —i’8? DToﬁe] +S, DTa4m 0

371
2

D
. 4 6 2:2 2 £2:2Q2 2Q2,,2 _
+1,5,070,0, —a°0,0, m, + Si1; Ta 0, —1,1,S;S, +1;S;a'm, =0

Sau khi gian udc cc s6 hang trén cho 0,0, m,a’ va nhém cac s6 hang con lai,

chung ta nhan dugc v6i phwong trinh dbi véi o nhu sau:

. D’ e . ?
'S, +S,— . i’i0, +120, + m, b
4 LS,
at —(=+ +22)a’ +8S,S, =0
0, 0, m, 6,0,m,

Phuong trinh trén ¢6 dang: a* —ba’ +¢c=0



Giai phuong trinh trung phuong nay ta c6: o = \/ (g) + /(g)2 -C

Tur day ta nhan dugc hai nghiém la tan sb dao dong riéng ctua hé
Tuong tu nhu vy, néu xét cho mé hinh ¢ Hinh d ching ta co:
S, —a’m, -8,
det(S—o’M)=det|| -S, S, +S, —a’m, -8, =0
S, —a’m,

Khai trién va rat gon ta co6:

oc4—(i+—s‘ *5, +i}x2 +s,s, MM, T _,

Giai ra chung ta s€ nhan dugc nghiém la tan s6 dao dong riéng cua hé.



CHUONG III

KIEM TRA CAC QUA TRINH NANG - HA HANG CUA CAU TRUC
3.1. Gi6i thiéu mdt s6 mé hinh dong luc hoc ciia ciu truc.

Céc tac gia [5], [6], [7] 43 x4y dung mé hinh dong luc hoc cua ciu truc mo ta
qua trinh 1am viéc khi nang hang tir mit dat bao gdm ba pha (ba giai doan): Giai
doan 1- Chay khong tai, tang cudn cap quay cho hét d6 trung cap (8 = 0); Giai
doan 2- Tang cudn cap tiép tuc quay lam cho luc cing trong cép ting gié tri tir 0

to1 luc cang tinh F, :% , lac nay hang van nim trén mit dat; Giai doan 3-
12

Tang cudn cap tiép tuc quay, hang duoc nang thuc sy, roi khoi mat dat.
3.1.1. Xay dung mo hinh dong luc hgc.

Feo ) Fro Feo Fro
n V/
So I::I Ko So I::I Ko So Ko
! Mo I 1
—— X T — Sl [l
Xo &/_}gi_\ﬂxl) Xipsg(| \PG) RONE P(%)
m _ _\_ |

% F, U mi
Fv
St }Kl

St K Si Ki
e

M2 M2 - mz
— L X> - Q= mag
AN AN
Ha- Giai doan 1 Hb- Giai doan 2 Hc- Giai doan 3
(phal) (pha?2) (pha3)

Hinh 3-1. M6 hinh dong luc hoc cua can truc

Trong do:

mo- Khéi lugng quy doi ciia két cau thép cau truc.

m,- Khéi luong quy ddi cua co cdu nang- ha hang.

m,- Khéi luong hang nang.

Q- Trong luong hang nang.

S,, K- Tuwong tmg 1 do cing va hé sd giam chén cua cap hang.

So, Ko~ Tuong tng 1a d6 cimg quy dan va hé sb giam chin cua két cAu
thép.

F; - Luc cang trong cap hang



Xy, X1, X»- Tuong Gng 1a cac toa d6 suy rong tng véi cac khdi luong quy
dan my, m;, m,.

o- B9 trung cap.

P(X,)- Puodng dic tinh ngoai ctia dong co (luc dong co co cAu ning- ha
hang).
3.1.2. Viét phwong trinh chuyén dong.
1- Giai dogn 1: m X =P (X,)
2- Giai dogn 2: Dung nguyén ly Dalambert, ta co:

V6i khdi luong my:

F, +F,+F,-F =0 (3-1)
Véi khéi luong my:
F+F, —P(X,)=0 (3-2)
Ma: F,=m X, F =mX,, F, =SX,, F,=-K X,,
F, =S, (X, -X,)+K, (X, -X,) (3-3)

Giai doan 2 két thuc khi Fy = mpg
Sau khi thay cac biéu thuc (3) vao 2 phuong trinh (1) va (2) ching ta ¢6 hé
phuong trinh chuyén dong:
m, X, - K, (X, - X,) +K,X, -S,(X, = X,) +S5,X, =0
m, X, + K, (X, - X,)+S,(X, -X,)=P(X))

3- Giai dogn 3: Xay ra qua trinh nang hang thuc su, tuong tu dung nguyén ly

(3-4)

Dalambert sau khi bién ddi va rat gon hé phuong trinh chuyén dong c¢6 dang nhu
sau:
m, X, - K, (X, - X, - X,) +K, X, -S,(X, - X, - X,) +S,X, =0
m,X, +K, (X, - X, - X,)+S,(X, - X, - X,)=P(X)) (3-5)
m, X, -K, (X, -X,-X,)-S,(X, - X, -X,)=-m,g
Sau khi giai phuong trinh chuyén dong & trén chiing ta nhan dugc céac toa do
suy rong X, X, Xo; Cac van tdc X, X, }Qvé cac gia tde X, X, Xthay vao
biéu thire tinh lyc cang cap Fy, ching ta s& thdy Fy 1a ham cua thoi gian t.
Vi: F, =K, (X, -X, -X,)+S,(X, - X, —X,) (Giai doan3)  (3-6)
Va F, =K, (X -X,)+S,(X,-X,) (Giai doan 2)
3.2. Kiém tra cac qua trinh ning- ha hang caa ciu truc.
Céc tac gia [1], [2] da xay dung cdc md hinh dong lyc hoc nhu sau:
3.2.1. Qua trinh nang ha hang tir vi tri cap cang(do trung cap d = 0)



1- X4y dung mo6 hinh dong luc hoc.
Dé xay dung md hinh Pong luc hoc chung ta dwa ra nhimng gia thiét sau:

Coi dam chi, dim dau c6 khéi lugng quy dan 13 ms, dugc dat trén gdi 1o xo
c6 do cing 1a S,.

Khéi lwong hang ning va cum Puli méc ciu duge quy dan co khéi lugng 1a
m,, do ciing clia cap nang hang 1a S;.

Bo qua do cimg cua bd may nang ha hang va khong xét t6i yéu t6 dap tat
dao dong trong toan bd mo hinh dong luc hoc.

Y
e M(d)
may X &
gy R ==
qr T_| ;€quth Al 7 77\ Nang hang
T T A Y
[ 1 e 0 g
— e ] -~
: 8 4 Ry :
=2 " S, 2 N
_ f Phanh
L]
q2
6® 1 1- Diém lam viéc
mz khi nang hang
X2 Pidm cudi qua
0 trinh phanh

Hinh 3-2. M6 hinh dong luc hoc cua cau truc
Hang dugc nang theo phwong thang dung tir vi tri treo hodc tai vi tri ma do
trung céap bang 0.
Qua trinh nang- ha hang duoc biéu hién trén d6 thi. M6 hinh duoc xay dung trén
hinh v¢.
Cac ky hiéu:
0,- md men quan tinh ctia Réto dong co va khdp ndi truc
m,- Khéi lwong hang ning va cum puli méc cu
m; - Khéi luong quy din cua két cau thép
M( @,)- Puong dac tinh ngoai cua dong co (md6 men cua dong co 1a ham
ctia van toc q,)
Si- Do cting cua cap nang
S,- Do ctng quy din cua ddm chu va dim dau
z = 2 s6 nhanh cap cubn vao tang (tang kép)
i;- Ty s6 truyén ctia hop giam toc
i,- SO nhanh cap theo puli di dong



qq- Toa d0 suy rong cua tang
bat mé hinh dong luc hoc vao toa dé suy rong OXY va qi, qo, g3 1a toa do suy
rong tuong trng vdi cac khoi luong 0, my, m;
Xo, Yo ... La toa d6 diém xuat phat ban d4u ctia méd hinh
2- Viét phwong trinh chuyén dong
Dung phuong trinh Lagrange loai 11
(GT) oT 8<1> 6U ~Q. (i=1...n) (3-7)
dt aq,” dq, 6qi

Ham dong nang:

Tz%@qu +%m2V§ +%m3vi (3-8)

Vi v, =q, va v, =q, nén dong nang cua hé nhu sau:

1,1 1 .
T=591qf +—m,q; +—m.q;

2 2
Dat: l:d 5_T _ar , chiing ta co: a—_T:elql,a—Tzo
dt\oq, ) &q,” aq, aq,
Nén D, =04,

Tuong ty: D, _4f o a—T:mz'cjz, D,=m/,q,
“dtlaq,) ag,

Tuong tu taco: D, =m.q,
Ham thé nang;
Voi: U=U, +U, (3-9)
U, - Thé nang tich lu§ trong cap hang va thé ning vi tri ciia hang
U, - Thé ning tich luy trong 10 xo S, va thé ning vi tri cta két cAu thép cau truc
Goi: R= % - Ban kinh quy dbi

Céc bién dang cua 16 xo xac dinh nhu sau:

m,g m,g
A = 83 ;A= 82 ; A =—q,

2 2

m .
Al=f+1z(qu—qz+q3)

2™

Trong do:
A, - D0 ltn cua 16 xo S; khi chiu trong luong két ciu thép cau truc
A, - D¢ lun cua 16 xo S, khi chiu trong luong cuia hang

A\,- Chuyén dich ciia khéi luong my



Al- D9 dan dai ctia cap nang hang
T do: U, :%SIAI2 +m,gq, va U, :%SZ(Al +A,+A) +m,gq,

Thay cac két qua trén vao biéu thuc (3-9), chiing ta c6 biéu thirc xac dinh thé
ning ctia hé dang day du nhu sau:

2 2
1_.|m ) 1 m m
U:U1+U2:§S1|:._2g+lz(Rq1+q3_qz):| +ngqz+582{_3g+_2g_q3:| +m3gq3D

lZSl SZ SZ
é't N1 :a—U:Sl|:1jn—2g+iz(Rq1 —q, +q3)}i2R (3'10)
aq, LS,
Khai trién ta co:
N, =m,gR +i:S,(R’q, —Rq, +Rq,) (3-11)
ou m ) .
N, = :SI{ & +1,R(Rq, —q, +q3)}(—12)+m2g

an 12 1
Rat gon ta c6: N, =-m,g —S/i>(Rq, —q, +q,) + m,g
Cubi cung: N, =-iS,(Rq, — q, +q5) (3-12)

ouU m ) ) m m
N3=—=Sl . 2g+12(Rq1_q2+q3) 12+Sz( 3g+ 2g_q3)(_1)+m3g
oq S S, S

Bién do1 va rat gon lai ta co:

3 21 2 2

N3 =m,g + lisl(qu —-q, + q3) —m,g—m,g + m,g + qu3
Cudi cing: N, =i3S,(Rq, —q, +q;) +S,4,

Nhom lai, ta co:

: S

N, = IESI{RQI —q, +(1+ '2§ )%} (3-13)
21

Lyc suy rong: Q =M(q,); Q,=0;Q;=0 (3-

14)

Phuong trinh chuyén dong viét du6i dang ma tran: T D; + N; = f; . (u=1+3)

Chung ta sip xép lai dang ma tran chuén nhu sau:

6, 0 0]q, R” -R R |[q] [M@)-meR
0 m, O |/q,|+iS,|-R +1 -1 |lq,|= 0 (3-15)
0 0 m,l||dq, R -1 (1+_282) q, 0
L IZSI |
Mg + Sq =f(t)

Diéu kién bién theo chiéu duong ctia hinh vé&: q,, =q,, =q,, =0



3- Tinh tin s6 dao dong riéng

det(S—a’M)=0 (3-16)
Hay: detizS, (S —a’ _21 M) =0 (3-17)
12 1
Trong do:
R’ -R +R
S=|-R +1 -1
S
R -1 (I+3
_ i)
5 1 ;
biat: B> =a’ ag a’ =58 p’°
21
Chting ta co:
R’-pO, -R R
D = det —-R 1-B’m, -1 =0 (3-18)
S
R -1 1+—2—p’m
_ s, 0

Khai trién dinh thic theo nguyén tic Cramer, cudi cung chung ta ¢6 phuong
trinh trung phwong an 13  nhu sau:
AB*+BB*+C=0

Vi A=1
SZ
g RO, 1 i
el m2 m3
Co S, 6, +R’m,

- lisl ' elmZmS
Giai phuong trinh trén véi cha y:

2 *2 2 14 4
o =1,35,8" ching ta c

. . . . . . 2
0 - 1{R21§SI+1§SI+1§SI+SZ}L\/1{R21§SI+1§SI+1§SI+S2} _izSISZ.OI+R2m2
2| 9 m, m, 41 9, m, m, 0,m,m,
(3-19)
2

Tir d6 chiing ta ciing duoc chu ky nhé nhat cia cac dao dong riéng: T, =

a,



3.2.2. Trudong hop ning hang c6 dd trung cap (tir mit dat) 5= 0
Trong trudng hop ndy hang duoc nang 1én theo ba pha chuyén dong:
Pha 1: Tang cudn cap dén giai doan hét d6 trung cap (5 = 0)
Pha 2: Tang tiép tuc cudn cép, trong cap xuat hién luc cing co tri s6 tir 0 ting
dén tri s6 luc cang tinh va hang bét dau duge nang khdi mat dat.
Pha 3: Hang thoat khoi mét dat va duoc nang lén cao.
Pha 1: Pha nay tuy d6 trung cap & giam dan dén 0 nhung luc cing cap chua
c¢6 va van tc hang nang bang 0.
Fxk=0vav,=0
Phuong trinh chuyén dong xac dinh nhu sau:
0,q, =M(q,) (3-20)
ching ta c6: 6 - DO trung cap
qao - Chuyén vi goc cia tang & pha 1
q10 - Chuyén vi goc ctia dong co & pha 1

: 9
Tu quan h¢: l—ZES:quE,Suyra q. = 1,0
z 2 zD
1 : . 2ii d
Mit khac: q,, =1,q,,, Do vay q,, = Z]l; 0 =R
e Dz , ; s o~ 1.t A
V61 R =—— - ban kinh quy doi da biét
211,
5 A ’ A 8 \ 8
¢ cuodi pha thor nhat: q, =q,,=— va q, =—— (3-21)
R 1,R

1
Pha 2: Pha 2 bit dau khi xuat hién luc cing cap va két thic khi hang bt dau
thoat khoi nén tirc 1a: q, =q, =4, =0
Cudi cta pha tht 2: q, = —% va khi pha 2 thuc hién, luc cang cap s€ la:
2

m :
Fo = izg =1,5,(Rq,, +q;) (3-22)
2
Ham dong nang:
Tz%@qu +%m3vi (3-23)
Dz

Ma: R=

1 1
, v.=d.;Suyra T=—0.q’+-—m.q’
21, ;= Yy ) 1d; 5 345

Tuong tu nhu nhitng phan da trinh bay, chung ta c6:

D1=i 8_T =04, va DZ:g 8_T =m,{q,
dt\ oq, dt\ oq,



. , zD . . : .
Luc cang cap:  F, =S,Al= Sl(qu +1,q,) =Si,(Rq, +q,)

1

Vi q1* =, =95

1T " | m
U:U1+U2:§SI[12(Rq1 +q3)] +Esz( SSg+q3)2_m3gq3
2

Tuong tu phan trén chiing ta ¢6 phuong trinh chuyén dong:

2
e1 O ql -2S R RS ql _ M(q1)
0 J . +12 | R (1+ : 2 ) . = 0
m; || 9, 1281 q,

Khi F, > % thi pha 2 két thiic va chuyén sang pha 3.

2

(3-24)

(3-25)

(3-26)

Pha 3: Thuc hi¢n khi tai trong dugc nang 1én khéi mat d4t, hoan toan tuong

tu nhu phan trén (nang hang khi & = 0) ching ta co:

zD . . . ) .
FK = SIAI = Sl(qu —1,q, + 12q3) = IZSI(qu —q, + q3)

1

Phuong trinh chuyén dong:

e1 0 0 ql Rz -R R q, M(ql)
0 m, O0|q,|+iS|-R 1 ~1 q, |=|—m,g
0 0 m]g, R -1 (+>)a] [ 0
L IZSI .
Hay viét gon: Mg + Sq = f(t)

(3-27)

(3-28)

(3-29)

Trong do:q, = q, ; M- La ma trdn khéi luong; S- Ma trén do cimg; F- Véc to luc suy rong



3.2.3. Truwong hop nang hang va phanh ham(Hang treo trong khong gian,
nang Ién va phanh)

¥ M@)
e @ 4 ii )
-— ﬁ /\ qd —_— —> —>
0: T = = < D AN
}q3 0 q
—rt F o —A - —{——
S v S %
e ) e Pt 2R = -
77;4‘77 S V74 N S .
i — i GP)hanh’h- m B )
g - §iOm lum viQe
63/@ khi n€éng hung
m?” < @ - §iOm cugi
qu, trnh phanh

Hinh 3-3. M6 hinh dong luc hoc
Khi hang dang duoc nang lén, ching ta phanh lai thi quan hé gitta My va
g, biéu dién trén hinh v&, lic nay v =const
Cac diéu kién:
) .V
q, =V, ¢, ZE,q1=qz=q3=0
Khi phanh, m6 men hang M(g,) duoc thay bing mdé men phanh
M, =Pm _gR va khi truc dong co dimg lai han (q; = 0) thi mé6 men phanh dat
gia tri 1,RFg.
Trong do:
B-Lah¢ sb an toan (hé sb truot cua phanh)
m,- tai trong khi phanh, néu q, =0 thimy=m, vap =1
Khi bat diu phanh thi hang dugc nang 1én véi toc ¢ 6n dinh 1a ¢, =v

Phuong trinh chuyén dong viét nhu sau:

Tuong tu nhu nhitng phan, néu dat D. - d 8_T _or , ta co:
dt\dq, ) dq;
Dl = eltjll
D, =m.,q
2 2.(:;12 (3_20)
D, =mq;,

Luc suy rong: Q, = —-Mf; véi RZZZ.—[.);Qz =0;Q,=0

112



Luc cang cap:

F =28 g Al (3-31)
12
. zD . ) zD ) )
Voi: Al = q.—~ +t19, —19,=—_—-q, — 1,4, +1,q;
2 21,
Al=-i,(-Rq, +q, —-q;)=1,(Rq, - q, +q;)
A m :
Vay: FK - lzg +IZSI(Rq1 - qz + q3) (3_32)
2
iy m,g m,g .
Voi: A = Sz s A, = Szz ; Ay =—q,

Twong ty nhu nhitng phan trudc chung ta c6 phuong trinh chuyén dong dang
ma tran nhu sau:

6, 0 0]q, R* -R R q, | [-Mf-m,_gR
0 m, O |/§,|+iS|-R 1 1 |lq,|= 0
0 0 m,||q, R -1 (1+'2S2) d, 0
L IZSI _
Trong do:

M¢ = Pm,gR néu q,>0

M;=m,gR néu ¢, =0

B> 1 La hé s6 truot cua phanh

m,- Tai trong khi phanh, néu khi q, =0 thim=myvap=1

Giai hé phuong trinh chuyén dong ta c6 két qua dang nhu sau:



M(q1) Mi(q1) |
|
\(D) . | .
qi | qi
0 0 i
1Mn R
— Bmng
|
|
M(t) Mi(t) |
|
|
| t
0 t 0 - | m2gR
|angR 12RFx
|
Fx(t) |
o
<~ Y
| t
0 |
a :
,\ |
/™N ~~ l t
0 \/
|
e :
qi (.]2 |
AN
0 N
Nang hang Phanh

Hinh 3-4. Két qua kiém tra dong luc hoc khi can truc dang ndng hang

va phanh ham



3.2.4. Truwong hgp ha hang va phanh ham.

Y M(qr)
e 4
Mf <1\£(_q1) o —| T I 7=2
“ql'E ] 7 . —
T [~ ] T 0 qi
— == — ==
> §2 ms §2 @
o 29 . - -
12 | N —
@r @ = 3 :
gz 1- Biém lam viéc
m khi ha hang
X 2- Diém cudi qua
0 trinh phanh

Hinh 3-5. M6 hinh dong luc hoc
Khi ha hang, q;, q», g3 ¢6 hudéng nhu hinh v€ (Hinh 3-5)
Puong dédc tinh co va m6 hinh dong lyc hoc c6 huéng nhu Hinh (3-5)
Luc cang cap:

F = LE S,Al
12
. ) zD . . zD
Ma Al:12q2 —— 94 1,4, :12(_fq1 +q, _q3)
2 21,1,
Al=1,(-Rq, +q, —q,) voi R:;_]?
11

172

Thay vao ching ta co:
m :
F = izg +1,S5,(-Rq, +q, - q,)

2

Ham thé nang:

2
1 m )
Ul =—Sl|:_—2g+12(—qu +q, _q3):| —m,gq,
2 ZSI
2
1 m,g m,g
Uz :ESZ(S_Z-"j""(hJ —m,gq,

2 2
l,|m . l,|mg m

U:U1+U2 :_Sl . 2g+12(_Rq1+q2_q3) _ngqz+_sz =+ 2g+q3 —m,gq,
2718, 27%'s, s,

Pat N. _u

aq,



Tién hanh dao ham sau khi bién ddi va rat gon chung ta c6 két qua cudi cung
nhu sau:
N, =-m,gR +i;S,(R’q, —Rq, + Rq,)
N, =iS,(-Rq, +q, - q,)
Céc luc suy rong:
Q, =M(q,%Q, =0:Q, =0

Rut gon dudi dang ma tran chung ta co:

D, +N, =Q,
Hay
6, 0 0 ||q, R* -R R q, M(q,) + m,gR
0 m, O |[[d,|[+i:S,|-R 1 -1 1q, |= 0
0 0 m,jq, R -1 1+ 1+.ZSZ 9s 0
Luu y:

Khi ha hang, ché do 1am viéc cua dong co thay ddi, dudi tac dong cua
trong luong hang nang s& 1am cho dong co lam viée theo ché 6 may phat, dau
cia moémen thay doi va diém lam viéc clia quan tinh ha hang s& nam bén dudi
truc Oq, (diém 1)

Khi phanh ham, sau khi phanh déng dong co bat dau nging quay lac d6
thay M(C.h) = Mf . Néu tdc d6 cia tang bang 0 (c.l . =0) thi mOémen phanh dat tri
s6 Mf =—i F, R, lac d6 tai trong hang nang va hé thong két cdu thép clia can

truc s thuc hién dao dong tu do.



CHUONG 4
NGHIEN CUU PONG LUC HQOC CUA MAY TRUC
KHI DI CHUYEN
4.1. Pong luc hoc ciia may truc trong truong hop di chuyén
Xét mot loai may truc khi di chuyén trén ray c6 mo hinh dong luc hoc nhu
trén hinh 4.1

M
(O M(Q1

T
i
T
i
i
i
i
i
i
i
i
i
i

Hinh 4-1. M6 hinh dong luc hoc cua may truc

Voi:
0, - M6 men quan tinh ctia 16 to dong co va khop nbi
m,- Khéi luong quy dan ciia may truc
m;- Khéi luong ciia hang nang
d1, 42, g3 - Céc toa d suy rong
q: - Chuyén vi gbc cua dong co, rad
q - Di chuyén cua cau truc, m
qs - Chuyén vi lic cta hang, rad
Mf - Mémen phanh

M((i]) - Puodng dic tinh co ciia dong co bo may di chuyén

W - Tong céc luc can di chuyén, N

1 - Chiéu dai day cap hang

S - P cling quy dan ctia bd mdy di chuyén vé truc dong co, Nm/rad

i - Ty sb truyén cta co cdu dan dong bo may di chuyén

O trang thai tinh ban dau:

X,=X,:Y,=0

Tur Hinh 4-1, dua trén cac quan hé hinh hoc, ching ta c6 thé xac dinh duoc

cac toa do cua cac khbi luong nhu sau:



X, =q:Y,=0
X,=X,+9,:Y,=0
X, =X, +Isinq, =X, +q, +1sinq,; Y, =1cosq,
Dao ham ching ta co:
5(1 :(.11
5(2 :(.12
X3 =q,+1cosq,.q,
Y :—lsinq3.c.13
Van toc cua cac khdi luong:
.. .2
V,=Xi=q,;nén V] =q,
. .2
V,=X:=q,;nén V,; =q,
V3 :).(34- Y.v3
Binh phuong van tdc cta cac khdi lugng ta co:
‘2 .2 L2 .2 .. .2
V) =X;+Ys=q,+1°cos’q,q,+2lcosq,q,q,+1°sin’q, q,
.2 o2 o e
Cubi cung: V! =q,+1q,+2lcosq,q,q,
Biéu thtc cia ham dong ning:
1 o2 1 o 2 1 o 2
591 q1+5m2V2+5m3V3 (4-1)

Thay cac két qua binh phuong vén téc ¢ trén vao biéu thirc (4-1) chung ta co:

T=

2 2 2

1 . 1 .2 1 . . P
T= 591 q,+ Emz q,+ EmS(qz—i— 1°q,+2lcosq,q,q,) (4-2)

Tinh cac dao ham theo biéu thirc (4-2), chiing ta nhan dugc:

oT - d oT - 0T
—.:elql;a(—.)zalql;a—zo
aq, oq, %
Vay: D -3 oG  cubi g D=0
dt oq 0q,
(4-3)
Tuong tu ta co:
d oT oT
D= ()=~
toq,

Tién hanh dao ham theo biéu thirc (4-2), ta co:



aT . . .
——=m,q,+m,q,+lcosq,q, m,

0q;
d oT o o . .2
—(——)=(m, + m,)q,+Im, cosq, q,— Im, sinq, q,
dt 5
q.
Vi T _ 0
ad,
- .- .2
Nén: D, =(m, +m,)q,+1m, cosq,q,—1Im,sinq, q,

Vi q; nho nén coi sinq, ~q,

- .“ .2
Cudi ciing ¢6: D, =(m, + m,)q,+Im, cosq, q,— Im,q, q,

(4-4)
Twong tu, tién hanh dao ham dong ning theo cong thirc (4-2) dbi véi q, vaqsta
co:

oT ,° .

——=m,l"q,+ m,lcosq,q,

0q,

d aT oo .o . e o

E(—') =m,l" q,+m,lcosq,q,—m;lsing, q, q;
0q,

oT ) . e

—=-m,Isinq, q, q,

0q,

Cuoi cung ta co:

D, =m,I’ a3+ m,lcosq, az (4-5)
Ham thé ning cia hé:
Thé ning tich lu§ trong 16 xo S:

1 . 1 q,1 1 q
U, :Es(ql -q,)’ :Es(ql _ﬁ)z :ES(ql _Ez)z

2
V(’)i:R:E

2i
Thé nang vi tri cua hang nang:
Uz = ngh = 1’1’13g(1 - lcosqs) = m3g1(1 - COSC[3)

Téng thé ning cua hé:

U=U, +U,= %S(q1 — %)2 +m,gl(1 - cosq,) (4-6)



Dat P, = S—U va tién hanh dao ham dao ham U theo cong thirc (4-6) d6i véi
d

cac tao dg q;, ta co:

P :—:S _—
e (@ -3
ou S q,
== (g, )
aq, R R
P, :a—U:m3glsinq3
ad;

v61 g3 nho sinq, = q,, nén ta cd thé 1ay: P, =m_glq,
Xac dinh cac luc suy rong Q;:
D@ dang thay:

Q, =M(q,)

Q, =—wsign(q,) = —(m, + m,)gosign(q,)
Véi: @ - hé s6 can di chuyén
Q,=0
Chung ta c6 phuong trinh chuyén dong:
Sap xép dudi dang: D, + P, =Q_, ta co:

0,.q9,+5(q, —%)ZM(ql)

2

. . ' . S . .
(mz + m3)q2 + m3lcosq3 q;— m3ls1n q;9;— E(ql - %) = _(mz + m, )g(’)SIgn(qz)

m,lcosq, ;iz_" m312 a3+ m,glq, =0
(4-7)

Véi: gz nho sinqg, = q,;cosq, =1, thay két qua nay vao (4-7), chung ta
viét lai dudi dang ma tran nhu sau:

Mg+ Sq=f (4-8)
o, 0 0 14, S -s/R 0 T]fq M(q,)
0 m,+m, m,l |{4,|+|-S/R S/R* -m)q:||q,|=|—-Wsign(q,)
0 m,l  m]l’||q, 0 0 m,gl ||q, 0
(4-9)

4.2. Pong luc hoc ciia cin truc thap khi di chuyén

Dé don gian, ching ta chua xét dén anh hudng cta luc can do gid va luc can
do dd doc cua nén:
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Hinh 4-2. M6 hinh dong luc hoc cua can truc thap khi di chuyén

Trong do:
m; - Khéi lwgng quy ddi cta toan bd can truc vé trong tAm cia nd
m, - Khéi lvgng cua hang
f - Chiéu dai cap hang tir méc cau t6i dinh can
(X2,y2) - Toa do cuia hang & thoi diém xét
(Xo,yo) - Toa do ban du cua bd may di chuyén

0, - MOmen quan tinh quy d6i vé tryc dong co cta bd may di chuyén, kgm®

M((i]) - Puodng dic tinh co ciia dong co bo may di chuyén
D - Puong kinh banh xe, m
S - P cling quy ddi cua bd may di chuyén vé truc dong co, N/rad
R; - Khoang cach tir bo may di chuyén dén trong tam can truc, m
R, - Khoang cach tir bd may di chuyén dén dinh can, m
(X3,y3) - Toa do trong tAm cua may truc & thoi diém xét
d1,92,93 - Céc toa do suy rong
véi: q; - Do dich chuyén goc cua truc dong co, rad
q» - D6 di chuyén cua can truc, m
qs - Chuyén vi goc ctia cap hang quanh dinh can, rad



Xac dinh toa d6 cac khoi luong:
Twr cac quan h¢ hinh hoc trén Hinh 4-2, ta co:
X, =X,+q, +R,cosp, +fsing,
y, =Y, +R,sinp, —fcosq,
X,=X,+q, —R,cosp,
y, =Yy, +R,sino,
Tién hanh dao ham chung theo thoi gian, ta co:

X2=(,+ fCOSq3 q;,Y, = fSil’lq3 q;

X3 =q,5y,=0
Binh phuong van tdc, ta co:
o2 o2 o2 o2 o o
v, =X:+y, =q,+f’q,+2fq,q,cosq,
02 o2 o2

2
VvV, =X3t+Yy; =q,

Tong dong nang cia hé:

1, °* 1 1
T:EGI q1+5m2V§ +Em3V§ (4-10)
Thay céc két qua trén vao biéu thic (4-10), ching ta c6 dong ning ctia hé nhu
sau:
1 o2 1 o2 o2 o o 1 o2
T=-0,q,+-m,(q,+fq,+2fq,q,c0sq,) + o m,q, (4-11)
N (8 I
dt aq 6q1
Dao ham T theo q,, ta co:
D, =6,q, (4-12)
Tuong tu:
aT . . . . .
——=m,q,+ mszOS(h q,+m,q, =(m, + m,)q,+ mszOS(h q;
aq,
dl! oT . . ) o2
a a—. = (1’1’12 + 1’1’13)q2+ mszOSCh q;— 1’1’1sz11’1(13 q;
q,

Cuoi cung:
2

Dz :(mz +m3)qz+mzfcosq3 q3_mszinq3 q; (4'13)



or _ m,f’ (i3+ m,fcosq, c.l2

2q,
d aT . oo . o o
ol 7 m,f*q,+m,fcosq,q,~m,fsing,q,q,
2q,
oT ) <o
— —=-m,fsing,q,q,
aq,
Cubi cung, ching ta nhan dugc:
d| oT oT - -
e —(9—:n12t“2q34rn12t“cosq3q2 (4-14)
aq3 q;
Ham thé ning cta hé:
1
UZESA(Pz +m,gy, +m,gy, (4'15)
21 q : D
ma: Ap=q,—-q,—=q, ——; Voi: R=—
¢=q, —q, D q, R 2

Thay cac biéu thuc tinh Ag,y,,y, vao cong thirc (4-15), chung ta c6 cong

thirc tinh thé nang cua hé day du nhu sau:

1 ? . .
U =5‘S(q1 —%j +[m,g(y, + R, sing, —fcosq,)]+m,g(y, + R,sing,) (4-15)

Ti€n hanh cac dao ham riéng cua U theo q;, ta c6:

ou S
N1=—=S(q1—q—2j=8q1——qz

aq, R R
ou S q S S
N = = — —_ —2 = —— _—
2 6(12 R[ql Rj qu R2 qz
N, ngU =m,gf sinq,
3
Dé dang thiy cac luc suy rong dudc tinh nhu sau:

Q, =M(q,)

Qz = _FN(’O = —(1’1’12 +m, )g(DSign(qz) (4'16)

Q,=0

Vé&i o - Hé s can di chuyén riéng
Vi géc nhd nén cosq, =1;sinq, = q,. Tu phuong trinh: D; + N; = Q; sau
khi sap xép lai chung ta nhan duoc phuong trinh chuyén dong dang ma tran nhu
sau:



o, 0 0 14, s -s/R 0 Tq
0 m,+m, m,f |4, |+|-S/R S/R* -m,fq:||q,|=
0 m,f  m,f? || 0 0 m, gf
: - omf L of Jlad 0
M(q,)
- (1’1’12 +m, )ngign(qz)
0

D@ dang thiy rang day 1a hé dao dong phi tuyén.
Ghi cht: C6 thé tiép tuc phat trién mé hinh dong luc hoc trén khi xét cac truong
hop cac bd may hoat dong ddng thdi (Vi du vira di chuyén vira nang hang), ké
dén anh huong cua luc can do gid, anh huong cua luc can do do ddc nén...



CHUONG 5
TINH ON PINH CUA MAY XAY DUNG THEO QUAN PIEM
PONG LUC HQC
5.1. Nhitng van dé chung
Theo tac gia [1], 6n dinh cua may xdy dung theo quan diém dong luc hoc dugc
nghién ctru nhu sau:

bicu kién 6n dinh cua cac loai may truc va may thi cong... [a mot trong
nhiing ti€éu chuin an toan cho may moc, thiét bi hang hoa va nguoi trong qua
trinh lam viéc.

Quy pham cua cac nudc vé 6n dinh c¢6 nhi€u diém khac nhau va cling chi dé
cap theo quan di€ém tinh theo cong thurc:

_2M,
K, —WZ[KM] (5-1)
Vi:
>'M, - Téng cdc mdmen gay lat
> M, - Tong cac mdmen chdng lat
[K,,]- H¢ sd 6n dinh cho phép (trong quy pham cia cac nudc hé sd
nay c6 gia tri khac nhau)
a) Theo quan diém ciia Lién X6 va cac nuéc Pong Au
- Khi tinh 6n dinh nguoi ta quy dinh tai trong tinh toan nhu sau:
P=nQ (5-2)
Voi: Q - Tai trong hang nang dinh murc
n- Hé s6 phu thude vao tinh chét kiém tra 6n dinh
Néu kiém tra on dinh tinh n=1,6
Néu kiém tra 6n dinh dong:
+ Co tai trong n=1,35
+ Khong ¢6 tai n=-0,1
Truong hop hang roi dot ngot (dut cap) n=-0,3
- Khi thtr tai:
Néu thir tinh 14y P=1,25Q
Néu thir dong 1ay P=1,1Q
b) Trong quy pham cia Cong hoa lién bang Dirc (DIN 1509) qui dinh:
Khi tinh toan 6n dinh:
Néu ké ca tai gio P=1,1Q
Khong ké tai gio P=1,45Q



Khi hang roi (dut cap) P=-0,3Q
Khi tai 16n :
Véi tai nang nho P=1,25Q
Vi tai nang 16n P=1,33 Q
Quy pham vé 6n dinh cta cac nudc khac nhau va chu yéu dua trén co so
kinh nghi¢m va thuc nghiém.
Sau day s& trinh bay phuong phap tinh 6n dinh cta can truc thap theo quan
diém dong luc hoc trong 2 trudng hop :
1. Nang - ha hang va phanh ham (mé hinh 5 bac tu do)
2. Nang - ha hang va di chuyén ddng thoi (m6 hinh 8 bac tu do)
5.2. Céc gia thiét dé xdy dung mé hinh tinh toan
Xét can truc thap thay ddi tam véi bang cach nang ha can va di chuyén trén
ray
Gia thiét :
- Chi nghién ctru 6n dinh doc may, can truc di chuyén xudng déc
- Bd qua bién dang cta can truc va khdi luong cua can truc duge quy két
tai diém C 1a m;.
- Tai trong gid tac dung giy bét loi cho can truc (gdy 14t), hudng gio tac
dung cung nhiéu véi chiéu chuyén dong cua can truc.
- Trong lugng hang va moc cau quy din c6 khdi luong m,
- Quan hé gitra may va nén duong di chuyén 1a quan hé dan hdi tuyén tinh
véi do cimg (S,,S3) va hé s6 dap tit dao dong (K,,Ks)
- Céap hang c6 do cing S; va hé sb dép tit dao dong K,
- DBat mo hinh vao hé toa do tuyét ddi XOY vdi cac hé toa do suy rong ky
hiéu nhu sau :
q: - Goc quay trén truc dong co cua bo may nang ha hang
q» - DO ltn cuia nén tai gbi dan hoi B theo phuwong vudng goc véi ray
qs - Goc nghiéng cua can truc quanh dudng 14t B-B
q4- Do dich chuyén cua hang theo nhiing cap hang
qs- Do dich chuyén goc cta cap hang quanh dinh cu
q6 - DO dich chuyén cua can truc khi di chuyén
q; - Goc quay trén tryc dong cua co ciu di chuyén ¢ gbi B
qs - Goc quay trén truc dong cia co cdu di chuyén & gbi A
F,, - Tai trong gi6 quy din tai diém D
M(q ) - M6 men trén truc dong co cia bd may nang ha hang
M(q,) - M6 men trén truc dong co cua bd may di chuyén
M; - M6 men phanh



i1,i7: Ty s truyén cua hop giam tdc

e, - Boi sut cua cap hang

0| - M6 men quan tinh qui dan cua roto dong co bo may nang ha hang

0 ;- M6 men quén tinh qui din cua réto dong co bd may di chuyén

D, - Buong kinh tang day cudn

D¢ - Buong kinh banh xe

Fy - Luc cang cap hang

F,, - Luc can di chuyén clia can truc

¢ - Goc nghiéng

AA, AB, AA,, AB, - cac do lin (dich chuyén) tai 2 géi A va B (hat
cum banh xe di chuyén sau va trudc )

B-B - Duong lat cua can truc

Fa, Fg - Cac phan lyc tai 2 géi A vaB

R - Céc ban kinh

o » - Goc nghiéng tinh cta can tryc khi c¢6 hang va cho ca trong luong ban
than can truc

AyB,C,D.E - Vi tri can béng tinh

ABCDE - Cén tryc ¢ trang thai dao dong
a) Truwong hop nang hang khi c6 d¢ trung cap (Mo hinh dong luc hoc S bac
tu do)
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Hinh 5-1. M6 hinh dong liec hoc ciia can truc thap khi ndng hang c6 dé tring
cdp
b) Truomg hop nang hang va di chuyén dong thoi (M6 hinh dong luc hoc 8 bic

tu do)

M) Ll
0
o

qi i1

Sl FK
Ki

M(@d1)

My

()
M:

o

Hinh 5-2. M6 hinh déng liec hoc ciia can truc thdp trong trwong hop ning hang

q: - B0 may nang

va di chuyén dong thoi

¢ - Lun theo phuong vudng goc ray

gz - Goc quay quanh canh lat B-B

Fx



q4 - Di chuyén hang theo phuong cap

qs - Di chuyén gbc cua cap hang

qe - Di chuyén cua can truc

q, - Di chuyén cua dong co co ciu di chuyén & gbi B
qs - Di chuyén cua dong co co ciu di chuyén ¢ gbi A

F, =2S,AA + 2K AA (5-3)
Véi AA =B, +q, —2Ksin(a, +q,) nén AA = q, —2Kq, cos(a, +q;)
F, =2S,AB + 2K,AB (5-4)

AB=AB, +q,;AB=4,
Lyc cang cap:
FK = FSt + FKd

Vi: Fg, - Luc cang tinh; Fyy - Luc cang dong cua cap

FK = £ + 12SI(R1q1 - q4) + lZKl(qul - q4) (5'5)

12

Sau khi dung phwong trinh Largange loai II chiing ta ¢6 phuong trinh chuyén

dong dang ma tran:
MG +K,q: +K,qq, +K,q+Sq=f

Gidi ra ta c6 céc q,,q,,q,, thay vao cac cong thuc (5-3), (5-4), (5-5) ching ta
cO Fa(t), Fp(t) va luc cang cap F(t)

Tong mo6 men 6n dinh:

2 M, () =F, (1).2Kcos(a, +4q;)

Néu AA >0 suyra F, (t)>0 va > M_, (t) >0, c6 thé két luan h¢ 6n dinh

Néu AA <0 suy ra F,(t)<0 va > M_, (t) <0, nghia 1a can truc rat d& mat
6n dinh. Lic nay can xét thém bién thién cua luc cing cap Fx va qs

1. Trang thai lam viéc 6n dinh cua can truc

Céc banh xe ludn ludn tiép xtc voi duong ray, phan luc ludn luén duong
(F»>0, Fg>0) va > M

muc.

. > 0va tai trong hang nang Qi am 12 tal hang nang dinh
2. Trang thai mét on dinh

Khi F5= 0, banh xe roi khoi ray va > M, =0lac nay c6 2 truong hop xay
ra:

Néu sau mot thoi gian ngan ma n6 hdi phuc FA>0va Y M, >0 c6 thé thay
day la “trang thai on dinh t61 han”, Qginam - ~Tai trong hang nang téi han theo

quan diém dong luc hoc”.



Néu trang thai mét 6n dinh tiép tuc phat trién, can truc bi dd, lac nay (3;—>o
va FK= 0

Két luan:
Néu Q<Qgin dm » can truc lam viéc on dinh
Néu Quin dm £Q=Qinth » cin truc lam vi¢c & trang thai on dinh t61 han
Q> Qgin dm » can truc mat 6n dinh.



CHUONG 6
TINH TOAN UNG LUC (UNG SUAT) TRONG THAP CUA
CAN TRUC THAP THEO QUAN PIEM PONG LUC HQC
Pit van dé

Can truc thap c6 thap cao, d6 manh 16n, két ciu cua cot (thap) dang dan
khong gian. Khi cac b§ may ctua can truc 1am viéc doc lap hoac d@)ng thoi thi tai
trong tac dung tai mot mat phéng tinh toan nao do téng quat gém cac thanh phén
ung luc: Fy, Fy, F,, My, My, M,.

Céc ung lyc nay theo quan diém dong lyc hoc, do trong lugng ctia cac bg
phan, trong lwong cua hang va luc cing trong cap hang, cap can gy ra.Ban than
cac luc cang cap ciing 1a cac ham thay dbi theo thoi gian. Chinh vi vy cac tng
lyc nay ciing 1a cac ham thay d6i theo thoi gian va chiing gdy ra cac ung suat
trong cac thanh dtmg va thanh xién 13 cic ing suat dong (ham cia thoi gian).

Viéc xac dinh cac Gmg luc (Gng sudt ndy) 1a cac ham thoi gian c6 mot ¥
nghia rit quan trong trong viéc tinh toan moi, tudi tho cua két cdu thép can truc
thap.

Pé xac dinh duoc ung luc nay theo quan diém dong luc hoc, can phai giai
bai toan dong luc hoc, xac dinh duogc céac toa do suy rong dé tinh ra duoc cac luc
cing cap va tir d6 tinh duogc cac ung suat dong.

Chung ta chon can tryc thap kiéu thap quay (KB 160-2 do Lién X6 cii ché
tao) lam d6i twong nghién ctu.

Mo hinh thyuc thé hién & Hinh 6-1, so d6 méc cap ¢ Hinh 6-2, mé hinh dong
luc hoc ¢ Hinh 6-3
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Hinh 6-1. Tong thé can truc thap kiéu thap quay (KB—160-2)
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Hinh 6-2. So d6 mdc cdp ciia can truc thdp
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Hinh 6-3. M6 hinh dong luc hoc



Trong do:

di, 98> 913, q14 - Tuong ung la gbc quay trén truc dong co cia bd may quay,
bd may nang, bd may di chuyén va bd may nang ha can

q» - Do dich chuyén gdc cua toa quay quanh truc quay cua can truc

q; - Do dich chuyén twong ddi cua thap quanh truc riéng cia nd (goc xoin
khi bién dang)

Q4, Qs - PO dich chuyén goc nghiéng ciia cap hang quanh dinh can trong mit
phang thap - can va trong mit phang vudng goc v6i mit phang trén.

e, q7 - DO dich chuyén ctia dinh thap (chd ndi can) trong mat phang thap -
can va trong mdt phang vudng géc véi miat phang trén (bién dang do uén cua
thap trong 2 mit phang chinh cua no)

qo - D0 dich chuyén cua cap hang theo phuong ctia cap ning hang

qio - Do dich chuyén cia dinh can (do gbc quay twong d6i cua can quanh
khép ban 18 ndi véi thap)

qi1 - Bo dich chuyén ctia can truc khi bo may di chuyén hoat dong

q12 - D0 dich chuyén cua puli dong ctia bd may nang ha can

m, - Khéi lugng cum puli dong

m, - Khbi lugng cua can

m; - Khéi lugng cta thap quy dan 1én dinh thap

my - Khéi lugng quy dan cta phan cong & chan thap

ms - Khéi lugng ctia phan satxi

mg - Khéi kugng cua san toa quay

my - Khéi lugng cua ddi trong

S4, Ky - PO cing va hé sb dap tat dao dong cua cép treo can

Sg, Kg - PO cung va hé sb dap tat dao dong cua cép hang

S1, K, - Do cting va hé s6 dap tit dao dong cua bd may quay

S12, Kys - PO ciing va hé ) dap tat dao dong cua cép thudc to1 nang ha can

S11 - Do climg cuia bd may di chuyén

S, S7, Kg, K7 - B0 cling va hé $6 dap tat dao dong quy dan cua thap theo 2
phuong chinh

S,, K, - B cing va hé sb dap tat dao dong X04n clia thap

M(q,),M(q,),M(q,;),M(q,,) tuong tmg la cic duong dac tinh co cua bd
may quay, bd may nang ha hang, bd may di chuyén va bé may nang ha can (thay
d6i tam véi)

f, - Chiéu dai ban dau cua cap hang

0,- MOmen quan tinh cua by may quay

0,,- Momen quén tinh ctia b may di chuyén



6,,- Momen quan tinh cua by may thay d6i tam véi
Dung phuong trinh Lagrange loai II, chung ta viét dugc phuong trinh
chuyén dong dang ma tran nhu sau:
Mq+K,V+K,W+Kq+Sq=f

Trong do:

4..9,,9,- gla tdc, van toc, chuyén vi (i= 1+14)

M - Ma tran khdi luong

K, - Ma tran cua céc lyc ly tam

K, - Ma tran cua cac luc Coriolit

K - Ma tran cua cac ham tiéu tdn nang lugong

S - Ma tran dan hoi

W - Véc to tao thanh béi tich cua cac van tdc khac nhau

f - Véc to tao thanh béi binh phuong cua cac vén tde

Sau khi giai dugc hé phuong trinh chuyén dong trén, ching ta nhan duogc cac
q4,,9;,9;,- Thay vao cac cong thuc tinh luc cdng cap ching ta co luc cang cap
hang, luc cing cap can, luc cing cap trong pa ling cap can 1a nhitng ham theo
thot gian.

Luc cang trong cap hang:

m,g . . .
TQ =——+5,1,(Ryq; —q,) + K1, (R4 — q,) (6-2)
2
voi R, =—3
21,1,
Luc cing trong cap can:
Tg = Tgst + S4 (qlo SinB - qlz) + K4(q10 Sil’lﬁ - qlz) (6'3)
Luc cdng trong cap ciia paling cap cua co cau nang ha can:
Tl = Tlst + Sl2ig (_q12 + qu14) + KIZig(_q12 + qu14) (6'4)




So d tinh toan cot (thap)
V4

_Ae le f+q6 N le
Fxl |
Fxl
ZI MZ
Zo
I I 6 F:
| | 1 WAL M/
/-(FX Mx%
Z E BN
4 1 X
0
X
Hinh 6-4. So dé tinh todn vmg liec trong thdp
F,1- Hop luc cua tit ca céac luc theo phuwong Z tai dinh cot (diém O;)
F - Luc cét tai dinh cot (diém Os)
Céc ung luc:
Fx = Fxl
Fy =S,q, +K.,q,
Z
F = —(le + 0,77m9g—1J
ZO
nZ (6-5)
M, = —{FyZI +F,q, COS(EZ—J:|
V4
M, =F,Z +F,|f+e—X, +q,cos| ~—L
27,
M, =8,q, +K,q,
Trong do:
Z .
F, = (1 + .—g]Tg +(Z, +1,)T, + (m, + m;)g (6-6)

1
g



F

X

my, - Khéi lugng cua cot (thap)

= 7g Y ZcTQal + iZTQq4

(6-7)

So dd tinh tmg suét trong cac thanh cua thap tai mat cét I-I nhu sau:

.

B

7

]

2

Vi

Hinh 6-5. So' do tinh img sudt trong cdc thanh

I

/My

_s

[\S)

Bang 6-1
Ky hiéu céc thanh tai mit phang I-I (Hinh 1)
Un | |1 2 3 4 5 6 7 8
g
luc
F, c c
2a 2a
F, c c
2a " 2a
F, 1 1 1 1
4 4 4 4
M, 1 1 1 1
" 2a | 2a | 2 | 2a
M, 1 1 1 1
2a | 2a| 2 | 2a
M, C C C C
2a’ 2a? 2a’  2a?




Ung luc trong cac thanh c6 thé biéu dién dudi dang ma trin nhu sau:
(R,,R,,R,,R,,R,,R,,R_,R,)
Vi I-1 - mat phang tinh toan
1 M

Vidu: R, =— + 1 , VO1 COS(p:E
2 cos¢p 2a coso

Sau khi tinh duoc R;, R;, R3, Ry, chiing ta dé dang tinh duogc Gng suét trong
cac thanh nhu sau:

Rl RZ R3 R4
6,=—,0,=—3;0,=—,0, =—
Fl Fl Fl Fl
Vi F, - Dién tich cac thanh tir 1- 4
Tuong tu:
R R R R
GS :—5;66 :—6;67 :—7;68 :—8
F2 FZ FZ FZ

Véi: Fa- Dién tich mit cét céc thanh tr 5 - 8
Sau khi chay chwong trinh tinh trén may tinh, ching ta s& nhan cac dd thi
biéu dién tng suat trong cac thanh ky hiéu 4 va 6 trén Hinh 6-4 ddi véi cac
truong hop lam viéc khac nhau cua can tryc nhu sau:



CHUONG 7
PONG LUC HQC MAY LAM PAT
7.1. Nhitng véan dé co ban vé dong lwe hoc may dao - vin chuyén dit
7.1.1. Khai niém chung

May lam dit lam viéc voi ddi tuong dat ludn ludn thay doi, luc can tac
dung 18n bd cong tac ciing thay ddi lién tuc theo thoi gian do dat khong dong
nhat, bé mit thi cong nhap nho, két ciu va trang thai k¥ thuat ciia may khong on
dinh... Do tt ca cac nguyén nhan da néu trén, cac trd luc va luc kéo, luc tac
dung giita bd cong tac va dat, gitta bd may di chuyén va dat thay doi khac nhau
d6i voi cac loai may 1am dat khac nhau.

Dbi voi may dao - van chuyén dét, néu goi X 1a quing duong di chuyén
theo phuong ngang, A 1a hé sd dic trung cho sy thay ddi ciia luc can tir dat
(cuong do bién ddi trd luc can) tac dung 1én by cong tac thi:
dF,

dx

A=

—F = J.Adx—> F =Adx!"

Ik
(Néu A khong phu thudc vao x)
Va: F =A(x,—-x,)=AX
Trong d6: Fyx — Lyc can tu dat tac dung Ién bd cong tac
Mo hinh déng luc hoc ctia may ti va may cap co thé biéu dién nhu sau:

Trong do:
\
5
A=dFx/dS < [o] & % W 1
AMAM, \\ F o~ ® S7

Hinh 7 — 1. M6 hinh dong luc hoc cua may ui



mz+mi(X)

Q
Sv
0 Jx
Sme a
=+ Pt

Fr RA A AR AR K]
AAAAASE

W? T Tw& ? Fk=|Adx W? Ckt ?

Hinh 7 — 2. M6 hinh dong luc hoc cua may cap
J; — Cac m6 men quén tinh cta cac chi tiét va cum may
S; — Cac d6 ctimg quy dan
Cac gia thiét:

- Chung ta quy dan mo men quén tinh ciia cac chi tiét may quay vé khau
dan.

- B0 qua bién dang dan hdi ciia nén va chuyén dich theo phuong thing
ding gay ra.

- Sp 12 d0 cling cua bo cong tac bao gdm ca phan do cing khi chiu bién
dang do tai trong theo phuong ngang.

+ Phuong trinh chuyén dong nhu sau:

(Z_zlr+m)ji:T(X)—Ff -F (7-1)
r

Trong do:

I, — M6 men quéan tinh quy dan cuia tat ca cac chi tiét may quay vé truc cua
banh sao chu dong

T — Luc kéo, 13 ham cua van tdc

F¢— Luc can di chuyén

F, — Luc can do bién dang cta nén

r — Ban kinh quy dan

m — Khéi luong cuia may

+ Néu coi may nhu hé 1 khéi luong, phuong trinh chuyén dong co thé viét
dudi dang sau:

F-F —m X=0 (7-2)

Voi:

F;, — Luc chu dong

F.— Cac luc can

m, — Khéi luong quy dan ciia may



+ Néu coi luc bam 1a luc téi han cia luc kéo dé dam bao may lam viéc
khong bi truot thi phuong trinh chuyén dong (2) ¢ trén c6 thé viét dudi dang
khac:

T,-F, -mi=0 (7-3)

Véi: T, - Lyc bam ctia may
7.1.2. Khio st so' @ may dao — van chuyén dit nhu hé mét khdi lwong quy
két c6 dd bam tot.

Néu tri s6 tuyét d6i cau do ctng két cdu may 16n hon hé sd dic trung cho
su thay doi lyc can, tirc 1a |S, | > |A| thi ching ta c6 thé coi may dao — van chuyén
dat nhu mot khdi lwong m, chuyén dong.

So dd khao sat nhu sau:

V = vk = const

E
Vot A
E:
5 é FK: AX
mrdx<dt2 X >
b) Fi(v) i
V
E:
<<

Hinh 7 — 3. So @6 mdy ddo — vin chuyén dit nhw mot khoi heong quy két,
mady c6 dg bam tot.
a) Truoc khi gap vdt can, b) Sau khi gap vat can

Phuong trinh chuyén dong khi may gip vt can, d6 bam tot nhu sau:

d*x
Fh _Fc _mr dt2 =0 (7_4)

Voi: F,=F; ; V="V
Trong do:
Fi, — Luc kéo; Fr— Luc can di chuyén;
Fi — Luc can tir dat tdc dung 1én bd cong tac;
v — Van tdc may; vo — Van tdc ban dau
Téng luc can F, xac dinh nhu sau:
F =F, + Ax=F, +F, (x) (7-5)

Trong truong hop tong quét khi may di chuyén trén nén cé do déc thi:



F, =f.G.cosa £ G.sina
Véi: G — Trong lwong may; a - Do dbc ciia nén; f— Hé s6 can di chuyén
Luc dong 16n nhat khi:

F, =f.G.cosa—G.sina
Khi: f.G.cosa=G.sina thi: F;=0
Tir @6 thi duong dic tinh co cia dong co, T
chung ta c6 cong thic tinh luc kéo Fj, tai
mot thoi diém bat ky khi mdy dang lam
viéc véi van tdc 6n dinh v (trong doan
Vn — Vo) i
Véi: T, , va — Luc kéo va van tdc tai thoi

diém bat dau giai doan lam viéc 6n dinh;
=

Vo — van toc dong bo.

\%
O Vo V Vo

Hinh 7 — 4. Bwong déc tinh co cia may

F,=T=—"—(v, - V) (7-6)

VO _Vn

Thay cong thirc (5), (6) vao biéu thic (4) va bién doi chung ta co:

T 2
L v, —v)-F -Ax-m Y = =0
(VO _Vn) dt
T T ?
Hay: —“.VO——“V—Ff—A.X—mrd?:O
(Vo —V,) (vy—V,) dt
Chuyén vé phuong trinh trén va chi y v = ((11—: ta co:
d’x T, dx T,
m —-+ ——t+tAX=——"—""v, -k
dt (VO _Vn) dt (VO _Vn)
Chia 2 vé cho m, ta cé:
d’x N T, dx A T, _F
dt (v,-vn)m, dt m (v,-v,)m ' m
T F
bat G = ﬁ va D =G.v, —— phuong trinh trén tr¢ thanh:
v, -V, )m, m,
2
dx, 6&, A+ D (7-7)

dt dt m

T



Phuong trinh (7-7) chinh 1a phwong trinh vi phan cip hai tuyén tinh, hé s hing.
Nghiém cua phuong trinh c6 dang quen biét:

D.m . ,
x=N,e" +N,.e” + A . (Nj, Nj la cac hang s0)

D¢ xdc dinh cac hing s, chiing ta st dung di€u kién bién:

. dx
t=0;x=0vaV, =—
dt
Chung ta c6 cong thue xac dinh chuyén dich, van tdc, gia tdc nhu sau:
+ Chuyén dich:
D.m D.m
V, +o,.—- V, +a,. - D.m
X = A e A gty o
r r A
+ Van toc:
ve V. .a,.D ot V.a,+D o
r r
+ Gia toc:
v, .o, .D V..o, +D
q= k It 'alealt _ k 2 -az‘euzt
r r

Luc tac dung 1én b cong tac:

F =Ax hoic F =T-F. -m_a; (a- Giatdc)

(Gia tri ctia A co thé tra trong tai liéu chuyén nganh vé may lam dat).

7.1.3. Khio sat so b6 may dao - vin chuyén dit nhw hé mot khéi lwong quy
két bi trugt hoan toan (d0 bam dat tri sé giéi han).

Trén hinh 7.5 thé hién md hinh khao sat may dao - van chuyén dit nhu
mot khdi luong quy két bi trugt. Khdi lugng quy két m, ctia may c6 thé chia 1am
2 phan. Phén trén gdm khdi luong quy két cua cac phan quay cia dong co va hé
thong truyén dong gdm ca cac bo phan cua bd may di chuyén, ky hiéu (m, - m).
Phan dudi 1a khdi luong con lai.

Difu kién xay ra truot: F, —(m, —m)X =T, (7-8)
(m-m)X
F \'%

h —

<= To

To E——

m——=>

F:
Fe=Ax+Ax,

Hinh 7 — 5. So' d6 mdy ddao — vin chuyén ddt nhw mét khéi heong quy

két bi triot (d6 bam dat tri s6 téi han)



Luc nay, do luc chit dong va lyc quan tinh ting 1én va bang luc bam, hé thong s&
truot hoan toan.
Trong truong hop, khi hé s6 bam ¢ tuy con 16n hon nhung van c6 kha ning
truot vi bd cong tac cét sdu vao long dat va phat sinh ra gia téc 4m (gia tbc cham
dan) co gia tri 1on.

Phuong trinh chuyén dong:

Teo-mX-F =0 (7-9)
Khi bat dau truot ¢ thoi diém nay ching ta ¢6 cac quan hé sau:
To=F +Ax, +ma (7-10)

Luccan: F, =F +Ax, + Ax
Thay cac két qua (7-10) vao phuong trinh (7-9) ching ta cé:
mX + AXx=ma, (7-11)
Véi: ay, - Gia toc ctia may khi bat dau truot
Nghiém cua phuong trinh vi phan c¢6 dang:

. A [A ~ma
x =N, sin,[—.t+N, cos | —.t+—
m m

Tu diéu kién bién t=0; x =0 va V =V, (Vo1 Vigla van tdc cua may khi

bat dau truot) xac dinh duogc tri s6 cua cac hang s6 Ns va Ny.

A ma
N3 :qu)\/g; N4 — Aktp

Twr do, chiing ta c6 cong thirc xac dinh dich chuyén, van toc, gia toc nhu sau:

ma ma
X = Vkmf sm"—t— ¢ 1, k("
V:ka.cosJ t+akM, sm1,—

A . A A
a=-V,. asm ;.t+akw.cos ;.t

Tai trong tac dung Ién bd cong tac:

F =T, +V,~Am-F (7-12)
Trong trudng hop di chuyén 1én dbc:
F. =¢0.G, —fGcosa+Gsina+ V, vVA.m (7-13)

Véi: G, — Trong lugng bam ctia may.



7.1.4. Khio sat so d6 may dio — van chuyén dat nhw hé mét khoi lwong cé
ké dén bién dang ctia két cau thép may khi va vap.

Trong qua trinh may lam viéc, c6 thé xay ra truong hop may va vap vao
cac vat thé co do cung 16n khi ddi twong cong tac khong dong nhét. Luc nay tai
trong dong va luc tac dung 1én bd cong tac ciia may s€ cd gia tri rat 16m, luc kéo T
do dong co cia may phat trién s& dat téi gié trj cua luc bam T, trong thoi gian ngin
vi luc quan tinh tang 1én nhanh chong. Do ctng cua két cau thép may va bo di
chuyén c6 vai trd quan trong khi may va vap vao vét thé.

Néu bo qua khdi lugng ciia bd cong tac va cua két cdu thép may, mo hinh
khao sat ciia may thé hién ¢ hinh 7 — 6.

Fu vk=const
—= Fi<To —
a) = ~
< N
B<To AW (WA
F: N
o<
X
;_ ;h_ (m:-m)a v
b) | T =
| < ? N
| T—> N
e ™ AW
| F: N
: <<
X Xl

Hinh 7 — 6. M6 hinh may dao — van chuyén dat nhw hé mot khoi lwong (chua ké dén

khoi lwong bé cong tac va két cau thép) khi va vap.
a) Khi may chwa gap vdt can, b) Khi may gap vdt cdan

O thoi diém bat dau khi va vap, do bién dang ctia két cau thép nén lyc tac
dung 1én bd cong tac, luc chi dong cua may, gia toc chdm dan va luc quan tinh
tang lén.

Do gia toc cham dan (gia téc 4m) ting 1én dot ngdt, din dén md men bam
trén banh chu dong cling tang 1€n lam cho hi¢én tuong truot xay ra sau do. Ching
ta cso thé chia qua trinh va vip clia mdy va vét can thanh 2 giai doan:

[ Giai doan 1: F;, = F; va m6 men quan tinh ctia cac vat quay tang 1é€n, do
bam giita bd may di chuyén va nén dat trj s6 toi han (chwa xay ra truot
hoan toan)

] Giai doan 2: Hién tugng truot hoan toan xay ra.



7.1.4.1. Pj cing clia két cau thép may va vat thé va vap
a) PO cirng ciia két cau thép
Do cimg cua két cau thép c6 thé coi nhu d6 ctng quy dan ctia mot hé gdm
nhiéu khéi lugng mic ndi tiép duge xac dinh theo cong thirc sau:
1 1 1 1

— =t —F....... +—
S S

Véi: Sy, So....., Sa - D0 cing cua cac khéi lwong thi i trong hé.
Do cung két cau thép cua mot sé may dao — van chuyén dat thé hién ¢ Bang 7 -
2 dudi day:

k 1

Bang 7 - 2. D§ cieng két cAu thép ciia mt s6 may dao — van chuyén dat

(Cia Lién X0 cii)
TT | Loai may Ky hiéu P00 cing Sk
(kN/m)
1 May i D-159 6200
2 May ui A-271 12000
3 May cap D - 183 1830
4 May cap D - 541 1600
5 May cap D —-222 3350
6 May san D - 265 1300 — 1450
7 Maiy san D —446 1330
8 Maiy san D - 144 1600
9 May san D - 395 2000

Hoic d6 cing cua két cau thép may c6 thé xac dinh theo cong thirc thuc nghiém:
Sk = B.Gme ; kG/m

Véi B-H¢ s6 tinh toan, kG/m
kG/m
=0,9+1
B (KoL)

G — Trong lvong may co so, kG.

b) P cirng ciia vat thé va vap

Theo Fedotob, d6 cting ciia cac loai vat thé ma mdy va vap nhu sau:

+ P4 tang c6 duong kinh ¢ = 0,5 (m) thi Sy = 130000 (kN/m)

+ Birc tudng rong 650 (mm), tiét dién 3900 (cm?), dd cao va cham 150
(mm) thi Sy = 18150 (kN/m).

+ Gbc cay thong co duong kinh ¢ = 700 (mm), chd va cham ¢ dudi, goc
diém va cham c6 chiéu cao 150 (mm) thi Sy = 9300 (kN/m)



+ Tang dat dong bang c6 bé rong 1250 (mm), gbc dat ludi san 60° thi
Sv =2300 (kN/m).
¢) P§ cirng quy dan ciia hé

Gia thiét rang, trong qua trinh chuyén dong do cimg cua vat thé va vap
khong ddi va dic trung boi hing s6 A. Chi nghién ciu chuyén dong trong 1/4
chu ky dau tién cta dao dong.

Goi Sk l1a do s,

cung cua k&t cau (kN/m) s
V=00 6

thép may; Sy la do Sv=10

’p vy, AV . 4.10* b 4
cung cua vat thé va s

X A , Sv=10
vap, do cung quy \

X 5 A 1x 3.10
dan chung cua h¢ l1a /
S; duoc coi la do ,

2.10

cung cua mot hé

A , \ < 4
gdém cac 10 xo mac 1 Sv=10
ndi tiép thi S dugc P s=10
xac dinh theo cong ) ]

, 10* 2100 3.10° 410° S (kN/m)
thirc:

1 ) 1 Hinh 7 — 7. Quan hé gitra cac do cung S,, Sk va Sy
— =4 — Sr -~ -

Sr K v SK + SV

(7-14)
Quan h¢ gitra cac dg cting S,, Sk va Sy thé hién trén hinh 7 — 7

7.1.4.2. Phuong trinh chuyén dong
* Giai doan 1:
vk — Van tdc on dinh cua may trude khi va vap
F;— Luc can chuyén dong 1 hing s6
Phuong trinh chuyén dong c6 dang:

d’x
F, -F —-Sx—-m, i =0
Véi F,=Frva S, = A, (S, - Do cing quy dan cau hé) thi chung ta cso dang quen
thuoc:
d’x A
~x=0 7-15
dt® m (7-15)

Vi diéu kién ban dau:
t=0;x=0vav=vg



Nghiém tong quat cua phuong trinh vi phan (15) c6 dang:

+ Dich chuyén:
m._ . (A,
X=V, sin_|—.t
Ar mr
+ Van tbe:
Ar
V=V, cos |[—.t
mr
+ Gia tdc:

Ar : Ar
a=-v, .s1n t
mr mr

Gia toc dat gia tri cuc dai khi v =0 va xac dinh nhu sau:

mr
Xmax :VK Ar
Ar
amax = _VK
m

* Giai doan 2:

Do md men quan tinh cua cac phan quay ctua mdy ting 1én, su truot hoan
toan s& xay ra tai noi tiép xtc gitta bd may di chuyén va nén. Luc nay phuong
trinh chuyén dong c6 dang:

d’x

dt’ =0

T -F -Ax_ —-Ax-m
¢ r (O} r

Trong do:
Xke - Quang duong dich chuyén ctia may ké tir thoi diém bat dau gap vat
can dén khi truot hoan toan.
Tai thoi diém bét dau truot:
T,-F -Ax,6—ma =0
va luc nay:
i:‘ +1?nf x=a, (7-16)

Voi: ay, - Gia toc cua may khi bo may di chuyén bat dau truot voi ki€u

kién ban ddu t = 0; x = 0 vd v = vk c0 thé xac dinh dugc nghiém cua phuong
trinh (16).
Tur phuong trinh (16), ching ta c6 thé xac dinh duoc quing duong di chuyén,
vén tdc va gia toc trong giai doan 2 nhu sau:

+ Dich chuyén:



m : A T, -F m A T, -F m
X =V, .|— cosarcsinf3, 14+ .——CO0S t— —
A, m m -m A, m m,-m A

+ Van tbe:
. Ar m TQ_Ff m . Ar
v =v, cosarcsin 3, cos = — .——SsIn 1t
m A m -m A, m
+ Gia tc:
Ar : : Ar T(P _Ff Ar
a=-v,,[— cosarcsinf}, sin,[—.t— .COos,[—.t
m m m_—m m
. T, -F m
Véi: B, = —— :

VK \IArmr mr —m

Gia tdc cuc dai dat dén tai thoi diém may dirng lai (v = 0)

Tai trong tinh toan: F, =T —F, + v, /A .m (7-17)
7.1.5. Khao sat so' d6 may dao — vin chuyén dat nhw mét hé dao dong hai
khoi lwgng.

Do giita may co s& va bo cong tac co lién két dan hoi va khéi lugng cua
bd cong tac so véi cac khdi luong ciia may co sé 1a dang ké nén khong thé bo
qua va trong trudng hop nay can khao sat may dao — van chuyén dat nhu mot hé
dao dong hai khéi luong. my; 14 khdi luong quy dan cta cic cum may va m, 1a
khéi lugng quy dan cia bd cong tac. So dd khao sat 2 khéi lugng nhu trén thé
hién trén hinh 7 — 8. So d6 nay dung cho cac loai may cap, may cap tu hanh c
tryc trude 1a truc chit dong. Dbi voi cac may nay, khdi lugng cua bd cong tac co
¥ nghia quan trong. Bién dang cua khung kéo chiém 80 % bién dang cuia két cu.
Khéi lugng cia cac cum may trude banh sao chu dong thude khdi lugng quy dan
m,;. D6i v6i cac may cap kéo theo, ngoai cac khdi luong quy din vé m,, nhu da
ké trén, can tinh thém cac khdi luong cua truc dau tién thudc dau kéo va khoi
lugng cua khung kéo.

Khéi lugng m,; gdbm 2 phan: Khdi luong cua tit ca cac chi tiét may quya
ctia dong co va hé théng truyén dong ké ca khéi luong cta bo di chuyén 1a (my,
—m;) va khoi lugng cua cum banh trude 1a m;

Luc déy Fy va lyc bam T, co thé xé4c dinh tir cong thirc quen thudc da biét
Luc can di chuyén Fr chia lam 2 loai Fg va Fp, d0 ddc cua ching khi di chuyén
1én ddc xac dinh nhu sau:

F, =R f +mgsina
F, =R.,f, +m,gsina



Véi: Ry, R, 1 phan luc phap tuyén cau nén tic dung 1én cum banh trudc
va cum banh sau.
f;, f, — Cac hé s6 can di chuyén
o - Po ddc cua nén

v I (mﬂ—ml)iil 1 Fu
= < 8
a) ! ——=Ty :| S(X1-X2) N
| [ | Axz [\
= To -
: miX: q ): mt @ N
| Fu . | |Ff2 - | i
A
mOE | ]
b) éV_ (mrl 1’1’11)X1 Fu |
——=Te | S(X1-X2) N
miXi ? a )l m2X2 cW\
Fu | l Fn | N
Y Ve X2
g <28

Hinh 7 — 8. a) So d6 may khi chua xdy ra trieot
b) So do may khi xay ra truwot hoan toan

Hé phuong trinh chuyén dong thiét 1ap cho cac khéi lugng nhu sau:
Véi khéi luong my:

F, -F, -S(x, -x,)-m_ X, =0 (7-18)
Vé6i khéi lwong my:
S(x, —-x,)-F, —Ax, -m,X, =0 (7-19)
. F
Neéu dat d, :i; d, :i;b2 =——2;e, A
mrl mZ mZ m2

a; va b; 12 cic hé s6 xéc dinh theo cac doan khac nhau cia duong dac tinh ciia dong
co thi hé phuong trinh chuyén dong trén duoc viét lai dudi dang sau:
véi khoi lugng m,q:

X+ax +d(x, -x,)=b (7-20)

1
V6i khéi lugng my:

X, +e,x,—d,(x,-x,)=b, (7-21)
Giai hé phuong trinh trén vé1 cac hé s6 duoc tinh toan theo cac duong dac tinh
co cua cac dong co cu thé, ching ta s& thu duoc két qua mong mudn.



7.2. Pong luc hoc may ti Kkhi va vip

Dbi v6i may ui, trong qua trinh lam viée bd cong tac clia chung cb thé bi va
vap vao d4 hoc hodc gdc cay 16n... Khi d6 lyc can dio s& xudt hién & trang thai
dong

Gia thiét bo di chuyén banh xich( hodc banh hoi) khong bi trugt va dang di
chuyén tinh tién

Mo hinh thyc cia may thé hién trén Hinh 7-9, m6 hinh dong luc hoc khi va
vép thé hién trén Hinh 7-2

Hinh 7-9.May iii
Mb hinh ddng lue hoc 1 khoi lwgng
T T

- < <

m %—/\N\/\/\/\/\W—m

Hinh a. M6 hinh 2 d6 cimg quy két ~ Hinh b. M6 hinh 1 dg cimg quy két
Hinh 7-10. M6 hinh dong lyc hoc

Trong do:
T - lyc day cta dong co
>W  -Tong luc can
m - Khéi luong cta may
S; - B§ cling cua bg cong tac ui; S, - BJ cling cua vat thé va Vép
S - P cling chung ctia hé va vap (mdy va vt thé va vap)
Xac dinh gia tri cia d0 cliing
Theo kinh nghiém:
S, =BG, , kG/m

mc 2

véi: P -hésb tinh toan, B=90+ 100%

Gpe- trong luong may co sé, kG



C, d6 cung cua vat thé va Vép, ¢,=13.10° kG/m v6i tﬁng da kich ¢6 0,5m
1 1 1 S S.S,

S — ..
S S, S, s +8, | mx T
Phuong trinh chuyén dong: Sx | m
mx+Sx=T->W (7-22) *—
T->W S W
Hay: X= T-2W_S X 1A 2
m m

Vi diéu kién dau: t=0; x=0; v=v, va t=t;; x=x,; v=0
Vo - Van tdc may trude khi va vap
Sau khi giai phuong trinh chuyén dong (7-1) trén, chiing ta co:
Luc dong 16n nhat:
Pamax= S-Xmax

P, =(T- ZW){I + 1/%} (7-23)

Nhat xét: Pomax ty 1€ v&i vo va > W nho thi Py 160 va nguoc lai
7.3. Dong luc hoc cia lu rung 6
4 5 T

+++++++++++++++++++++++++++++++++++++++++
++++++++++++++++++++++++++++++++++++++++++

Hinh 7-11. Lu rung ddn dong co khi

1- Khung tréng lian sau; 2- Trong lan sau, 3- Thung ddu diézel; 4- Ghé
5- Vé lang ldi; 6- Can s6,; 7- Can ly hop; 8- Déng co; 9- Trong lan truede
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Hinh 7- 12. So do dong
1- Pong co diézel; 2- Hop s6; 3, 6- Ly hop; 4,7- B truyén dai; 5- Cum 6 do
8- Truc, 9- Banh léch tam; 10- Giam chan cao su; 11- Hop giam téc;
12- Phanh ham, 13- Truc cac dang; 14- T réng lan sau;
15- Truyén déng cdp banh rang - vanh rang dan déng tréng lin sau
Nguyén ly lam viéc:

- Khi di chuyén, dung can sb diéu khién hop sb (2) va dong ly hop (3)
- Khi can rung, dong ly hop (6)

Y

, M
Ve
b q
Mo %Sl Mo
T ¢

0 BTN

Hinh 7-13. M6 hinh dong lyc hoc
Trong do:
m, - Khéi lvgng quy din cua may 1én tréng rung (trng lan sau)
m, - Khéi lugng quy din cua phan duoc giy rung
m, - Khoi luong 1éch tdm cua 1 banh I¢ch tam
r - Ban kinh 1éch tam cua banh 1éch tam



®- Van toc gbc cua truc Iéch tam; F - Luc kich dong

S, - Do cling quy dan cua cac gbi cao su; S, - Do cliimg quy dan ciia nén
q: - Do dich chuyén cua khéi lwong m; theo phwong thiang ding

q, - Do dich chuyén cua khéi luong m, theo phwong thing dtng

OXY - Hé toa do tuyét ddi

Viét phuong trinh chuyén dong cho hé

Dung nguyén ly Dalambert:

mlql + Frl = O (7_24)
m,q, +F, -F, =F
L Frl :Sl(ql _qZ);Fr2 zszqz |
Vo 2 . miq: mi
F=2m ro sinot ? 1/
Chung ta c6 phuong trinh chuyén dong: +F qul
.. T
mq, +Sl(q1 _qz):O (7-25) Il
mzqz o Sl (q1 o qz) + quz = 2m0r0)2 sin ot meQe Frll\ll mz
Pé giai phuwong trinh ching ta c6 thé bién doi: t 7 ¢
|
. S S i 2
q, :__1q1 +_1q2 lFrz
ml 1/rll
, . (7-26) F
. 2mgo sinot S (S, -5,
q, = 9 -———— 9
m2 m2 m2
Luc dong tac dung xudng nén la:
F=S,.q (7-27)
Luc tac dung tai giam chan cao su:
Fi=Fu=Si(q1-q2) (7-28)

7.4. Pong lwe hoc may lam dit tw hanh ¢6 bd di chuyén banh hoi

Hinh 7-14. May cap tw hanh



0)

qmax X

Hinh 7-15. Hinh ddng quy két ciia mdt dwong

[

u

u(t)=@mxcosyt

T777777777007%

Hinh 7-16. M6 hinh dong luc hoc

Do cac may ty hanh c¢6 bd di chuyén banh hoi lam viéc trén nén map mo va
chiu anh hudng bai tinh chat dan hoi (d9 ciing) cua banh hoi nén may rung dong
16n, dac biét 1a cdc may hién nay khong c6 giam xo6c nén anh hudng cua rung
dong cang 16n hon.Khao sat dao dong ctia may c6 bo di chuyén banh hoi nham
nghién ctru anh hudng ctia d6 nhap nhdé mit duong va do cimg cua banh déi voi
su rung dong ciia may ciing nhu xac dinh luc dong khi may di chuyén 1a can
thiét.

Trong do:

m - Khéi lvgng méy phéan bd trén banh can tinh

S - d6 ctng cua banh hot

1- Hé s6 can ma sat cta banh hoi

q - B6 nhip nhé cua mit dudng

Qmax - DO nhap nho 16n nhat ciia mat dudng

y- Tan s6 cta d6 nhap nho

t - Thoi gian dién bién dao dong

Gan dung c6 thé coi dd nhip nho bién doi theo quy luat hinh sin:

q=d,,, COSYt



Qmax theo tiéu chuan: 50, 100, 150, 200 mm

Dét tu nhién q thay d6i tir 20-200mm va L= 0,5-12m

Thudng L= 4m va g= 50mm (S liéu ndy thudng dua vao tinh toan)

Tan s y cua do nhép nhd duogc xac dinh qua van tde di chuyén v va budc

nhap nhé:
_2mv
L
D0 cling cua banh
. Q
f

Voi:

Q. - Tai trong tinh de¢ 1én banh

f; - PO Iun tinh

(Qy, fi - chon theo ap suit hoi trong banh)
Hé s6 can ma sat:

0,1S

n=

Y
_ 0,8
o

khi q,_ # 0, nén c6 nhap nho

khi qma= 0, bd qua nhép nho6 (guax=0)

1)

Véi: o= \/E - Tan s6 dao dong riéng cua banh hoi
m

Phuong trinh chuyén dong:

mZ + uz + Sz = F(t) (7-29)

F(t) =SU(t) + pU(t) mz m

Voi: — F(t)=Sq,,, cosyt —puyq,, sinyt \k | —
U(t)=q,,, cosyt — = é/—-— -
(Pho nhap nhé cia dudng 13 ham diéu hoa) | f

Thay vao ta co: \L \L _
Sz nz

mZ + uz + Sz =Sq,, cosyt —uyq,,, sinyt
Chia 2 vé cho m ta c6: F(t)
Hinh 7-17

Z+£Z+§z=§qmax cosyt — =

—7Yq,,,, SIN Y
m m m m

(7-30)

S .
bat 2\ = ad ;®° = — chung ta ¢c6 phuong trinh chuyén dong:
m m



724202+ ®’z=w’q, cosyt—2\yq, . sinyt (7-31)
Vi cac diéu kién c6 gia tri ban dau: zg=f; 2= 0
Sau khi giai xong phuong trinh ta thu duoc z
Luc dong ctia nén tac dong vao banh hoi dang khao sat:

Re=S(z-q)



CHUONG 8
PONG LUC HQC MAY VA THIET BI THI CONG CHUYEN DUNG
8.1. Phén tich bai toan dong coc bang bua rung dong
8.1.1. Pic diém ciu tao ciia biia rung
Nhu chung ta d3 biét, bua rung déng coc cé cac dic diém sau:
- Hop luc cia céc luc kich dong theo phuong dung
- ®1avan tbc gbc cua truc gén bua léch tam
- X latin s dao dong riéng cua hé theo phwong dimg
- Khi ché tao can tranh o=\ dé tranh cong hudng
- Trong qua trinh ddng coc mdi quan hé giira bla - coc - nén 1a mot quan
hé phtec tap. Nén dong coc co cAu tao dja chat phtrc tap, coc phai dam
bao cuong do chiu luc va co thé chim t&i d6 su can thiét
8.1.2. M6 hinh dong luc hoc

J A ‘A , M A 1Y A A y — 1
C6 thé nghién ctru bang mo hinh mot khoi F=F.sinoot
m
lugng A

Trong do: _T/P_ _____ /___ -

m- Khéi luong quy két ctia bia dong coc

S - Do cling quy két ciia coc va nén
K - Hé s dép tit dao dong quy dan ctia coc va nén

7 - Lyc khang cat, gy can bo than coc
(Do luc ma sat voi nén)
P | Luc khing nén (Luc can dau coc) Hinh 8-1. M6 hinh dong lyc hoc
Neéu goi: E 1a chu vi cta coc
7; 12 lyc can cua dat Gmg véi vang thd nhudng (16p dat) thir i
h; 13 chiéu sau ctia 16p dat thir i
thi:

t=F) 1. h, - Ung véi coc bé tong, bé tong cdt thép
i=1
F - Chu vi coc

1=Y1.h, - Ung v6i coc van thép

i=1
F, - Luc kich dong( luc gay rung)
F =Fsinot = 980)2 sin ot
g
Voi:
G - Tong trong luong cua cac banh 1éch tim 2
€ - B0 léch tam cua cac banh lIéch tam



G.g - M0 men cua cac banh 1éch tam

Ft Ft

\ "

Y 7 I S V-1
! X

I
F. P F« I
I
P
Hinh 8-2
Phuong trinh chuyén dong:
mX+F +F =F —(T__ +P)
Hay: mX +Kx+Sx=F —(T__ +P) (8-1)
Vi P - Luc can dau coc
P= PO .AC
Trong do:

P, - Ap luc ctia nén 1én dau coc (MPa)
A, - Tiét dién dau coc
A<150cm’ thi Py=0,15 - 0,3
A.<800cm’ thi Pg= 0,4 - 0,5
A>2000cm’ thi P=0,68 - 0,8
Toax €O thé tra bang
Khi ha coc véi chiéu siu tang 16n hon10m thi tang hé s6 d6 1én 1,2-1,5 lan
bat: F, — (T, +P)=Rsinot

Chia ca 2 vé phuong trinh (8-1) véi m, chiing ta co:

max

. K. R .
X+—X+—X=—sInmt
m m m
Nhu di biét trong “Dao dong k§y thuat”:
- K 2 S & R \ 7 A A J \ J3
bat 2 = —;A" = — véi N =— la lyc kich dong tong trong qua trinh dong
m m m
coc luc do chung ta c6 phuong trinh:

X +2PXx + A’x = Nsin ot (8-2)



Nghiém cua phuong trinh c¢6 dang: x = A.sin(ot + @)
Véi:
A - Bién d§ dao dong théng dimg cua hé bua - coc khi co luc kich dong
tac dung 1én coc
¢ - Gbc pha cua dao dong

A=KA,
Trong do:
A, - Bién d¢ dao dong gidi han (max), A = Ge ~Me®
m

Véi: Q - Trong lugng bta va coc

I‘2

JA—r1?) +48°r°

K - Hé s6 bién do; K =

trong d6: S==var=

to@ =
£® -1’

Nhan xét:
Néu o >>) thi hé s6 cong hudng r >>1, bo qua tri sb cia S lac d6 Kx1
A=A, thi do dich chuyén cua coc hoan toan phu thudc vao lyc quan tinh
cua toan b0 hé dao dong. Luc quan tinh cang 16n thi tdc d6 dich chuyén cua coc

vao nén cang nhanh
2

Néu << A thir<< 1 thi A:%,K:ﬁ;Aw:E:A

st

C

(Vimau sb /(1-1*) +4S1* ~1); F=Yey
g

Vi Ay - Bién o dao dong on dinh cua hé

Luc nay d6 dich chuyén cua coc do gia tri cua lyc kich dong cua bua sinh ra
quyét dinh

Néu w=A thi r=1 bta lam viéc & vang cong hudng
8.2. Nghién ciru dao dong ciia hé thong rung dong diic dim ciu bé tong duw
urng luc
8.2.1. Pic diém céu tao

Hé théng rung dong nay dé dic cac dam cau bé tong dy ung luc co kich
thude 16n. Vi du ddm cau dan duong sit ciu Thiang Long: Q=70T;L= 33m;
H=2,5m;
B=1,93m; 40,7 m’ bé tong; Trong lugng toan by 130T



Cau tao cua hé thong van khuon diac cau nhu hinh vé
1. Lo xo cao su giita nén va da ngang

2. Da ngang

3. Dam rung duwoi day

4. Bém cao su giita tam van déay va da ngang
5. Pam canh (ldp ngodi cot pha)
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7
.
7
7
I
7
1.
71
7
.
7
.
.
7
218
7

6. Van khuon; 7. Khung thép 7
8. Dam bé tong cot thép; 9. Tam vén ddy

, | : g
Hinh 8-3. Hé thong van khuon duc dam BTDUL

Pé gay rung dong duc dam ngudi ta sir dung 3 loai may dam:
DPam ngoai cbt pha, ddm trong (dim dui) va Dam mit (dam ban)

| — Nl
|

1 151 131
N\~ pim day _/

Hinh 8-4. So dé bé tri cac dam rung trén van khuén

8.2.2. Xay dung mo hinh dong luc hoc
Gia thiét:

Céc 16p bé tong coi nhu rai déu sudt chiéu dai cbt pha

Trong lugng cua bé tong va cdt pha tac dung tai trung tAm ctia hé thdng rung
dong dic dam

Céc gbi dd cao su co do cao nhu nhau, d6 ctng va do lun nhu nhau trong qua
trinh lam viéc (bo qua dao dong xody va dao dong xodn)

Bo qua do vdng cua tdm van day (vi khoang cach giira cac da ngang gan
nhau

B0 qua rung dong theo phuwong ngang va doc dam



Bo6 qua céc sai 1éch ngau nhién vé tan s6 va pha khi cac may dam hoat dong

dong thoi m
y /
ZP1/1\ | /
C
=52 #‘%ﬁ v
Wzm by,
0
Hinh 8-5.
Trong do:

y; - Bién do rung dong cua khdi luong m,

y, - Bién d6 rung dong cua khéi lwong m,

m, - Khoi lugng cua tdm van day,ctia bé tong va cot thép

m, - Khéi lugng ctia thanh van khuon da ngang va khéi lwong cbt thép canh

dam

>'S, - Do cing tong hop ctia hé théng dan hoi dudi tAm van day

>'S, - bj climg téng hop cua 84 dém cao su nén

Zdl - H¢ s0 luc can nhét cia hé thong dan hoi cao su gitra van khuodn va van

day va lyc ma sat gitra bé tong va thanh van khuén

>d, - Hé s6 can nhdt cuia tong 10 xo cao su nén

3. Viét phwong trinh chuyén dong
Dung nguyén ly Dalambert ta co:

m,y, +F, +F, =) P sinot

m,y, —F, +F, —F, +F, =) P sinot
Véi lyc dan hoi:

F, = zsl(yl N2 H 282Y2

Luc can nhot:

Fdl :Zdl(Y1 - ’ d2 Zd2YZ

Thay vao hé phlrcmg trinh (1) chiing ta co:

(1)

my:

!

2P

i

mu
/

m'}'lz

by

Fsi

2P

Fai
me

*-

FSZ

Ik,



mlyl + Zdl(yl - Y2) + Zsl(yl - yz) = ZPI sin ot
mzyz - Zd1(Y1 - Y2) + Zd25I2 - zsl(yl - Yz) + ZSZy2 = ZP2 sin ot
Viét dudi dang ma tréan:

N IR e IR R ate i ]
{ZP1 sin mt}

Y P, sinot

Hay: My + Ky + Sy =f
Voi:
P, - Téng lyc kich dong (thanh phan lyc ly tim & phuong thang dung,
do cac may dam day gay ra
P, - Téng lyc ly tim do cic may dam canh giy ra



CHUONG 9
PONG LUC HQC CUA MAY SAN XUAT VAT LIEU XAY DUNG
9.1. Pong luc hoc ciia may sang
Xét may sang rung quan tinh nhu Hinh 9-1
Ciu tao va nguyén 1y 1am viéc dd xét trong mon hoc “May va thiét bi san
xuat vat liéu xay dung”. O day, chi néu lai so dd cAu tao nhu sau:

Hinh a. Sang rung vé huong Hinh b. Sang rung co huong
Hinh 9-1. Sang rung

9.1.1. Xay dung mo hinh dong luc hgoc cia may sang rung c6 hwéong

Gia thiét:

Bo qua anh hudng va dép ciia cac hat vat liéu va c6 thé coi khung sang co
dao dong diéu hoa.

C6 thé coi 1/3 khéi luong vat lidu trén sang dao dong cung véi sang

Puong tac dung cta lyc kich dong di qua trong tdm cua hé thong

D¢ cuing va kha nang chiu tai cia cac 10 xo la nhu nhau va d6 cung tuong
duong la S

Sy dép tit dao dong giira sang va dong vat liéu thé hién bang hé sb dap tat
dao dong K

Ky hiéu:

m - khéi luong dao dong ciia toan hé

m=m

m
VL
st
3



Hinh 9-2. M6 hinh dong luc hoc

Voi:
myg - Khéi luong dao dong cua sang
myy, - Khoi luong vat ligu téng cong nam trén mit sang
Sx, Sy - B0 cting theo phuong X, phuong Y
Kx, Ky - Hé s6 dap tit dao dong theo X va phuong Y
F - lyc kich dong duoc phan tich thanh Fy, Fy
o - Goc nghiéng cua duong tac dung luc cua luc kich dong theo phuong
ngang
H¢ 2 bac ty do theo 2 phuong X va' Y
9.1.2. Viét phwong trinh chuyén dong
mX + K, x+S X=F,

.. : (9-1)
my+K y+S y=F
V6i: F=m,r,0’sin ot
Trong do:
mgr, - Mdmen khéi lugng cua cac banh 1éch tam
®- Van tdc gbc cua bd gay rung
F =Fcosa;F, =Fsina
Thay vao chung ta co:
mX + K X +S x =m,r,0’ cosasinot
(9-2)

my+K y+S y=m,r,o sinasinot



9.2. Nghién ciru dao dong ciia ban rung duc bé tong
9.2.1. M6 hinh dong luc hoc 1 khoi hrong (Hinh a)
Gia thiét:
- Luc kich dong qua trong tdm hé thong
- Két cdu hé ddi ximg
- Chi xét dén khdi luong cta ban rung
va van khuan, bo qua khdi lwong bé tong
9.2.2. M6 hinh 2 khéi lwong (Hinh b)
Ky hi¢u:
my, - Khéi luong tong cong cla bé tong
my, - Khéi legng mot phan bé tong dao
dong cung ban rung
m, - Khéi lugng van khudn
m; - Khéi luong cac phan dao dong thude
ban rung
Trong tinh toan gan dang, khdi lugng chung
cua hé la:
m=m_, +m +m,
V61 my=(0,2 - 0,35)m,
Trong mé hinh ndy di dwa vao ca khdiluong cua bé téng va do cimg, hé sb
dap N Tw

tat dao dong clia bé tong. S~ | A7

: 7 ¢
52 %:}jkﬂ 52 k2 e AN
. F
Hinh a

Hinh b
Hinh 9-3. Cac mé hinh dong luc hoc




9.2.3. M6 hinh ddng luc hoc ciia ban rung chiu tai khong ddi xing
Két cdu hé khong ddi xtng
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Hinh 9-4. M6 hinh dong liec hoc cud ban rung khi chwa chiu tai khéng doi ximg

Ky hi¢u:
O - Trong tam chung ctua hé
m - Khéi luong chung

F.ey - MOmen cua lyc kich dong

B, - Goc quay cua khéi lugng m quanh tryc vudng goc voi mit phang hinh
vé (truc Z)

e, - Do 1éch tAm cua khdi lugng chung m véi trong tim ctia ban rung
Phuong trinh chuyén dong:

my +K,y, +K,y, +S)y, +S,y, =Fcosot

0B, +K, Ly, -K 1y, +S,1,y, =S 1y, =Fcoswt.e, ©-)
Véi:
y, =y-Ltgp,
y, =y +Ltgp,

biate=ecl=e= GTX =1 =l(1-e)l, =11+e)

y - P9 dich chuyén cia trong tdm



Vi goc lac B, nho (107 - 10 rad) nén coi tgf, =f.
Thay két qua trén vao (1) chiing ta co:
y, =y—-pld-e)
y,=y+Bl(l+e)
Sép xép, rut gon lai chiing ta co:
my + Ky + Sy + Klep + Slep = Fcos ot
Op + KI*(1+e*)B + SI*(1+ ¢*)B + Kley + Sley = leFcos mt
Trong do:

(9-4)

K=K, +K,;S=S, +8,

CK,J1-K1=0
O1:
S,1+S,1=0
Cha y:

Hé phuong trinh (9-3) 1a phwong trinh ¢6 ca 1, L, yi, y», ¢6 ging bién doi
dé dua vé phuong trinh (9-4) 14 hé phuong trinh chi c6 1, y, p
9.2.4. Ban rung dao djng tron

Khi khong thé dit bo phan giy ra luc kich dong vao dung trong tdm hé
thong lic ndy mémen cua lyc kich dong 1am cho goc lic cua ban rung thay do6i
mét cach diéu hoa.

Céac diém cta ban rung dao dong trong qua trinh lam viéc s& 13 diém co
dao dong téng hop theo 2 phuong (x,y) va goc quay f. Quy dao thuc khong

phai 1a dudng tron ma 1a duong Elip y
Ix |
|p
0 = *
ﬂ/\§</—| ] \‘\/(r)?
- |
Kx K./2

(]
S,/2 ' 2 S,/2 K./2
Mo O

1 1

Hinh 9-5. M6 hinh dong luc hoc cua ban rung dao dong tron

Ky hi¢u:
O, - Trong tAm ctia ban rung c6 dd dich chuyén theo 2 phuong x, y



O, - biém dit cua luc kich dong
e - Khoang cach giita 2 diém O, va O,
m, - Khéi lugng 1éch tAm cua bo gdy rung
1o - Do 1éc tAm cuia bd giy rung; w- Van tdc goc
Sy, Ky - Do cung va hé s6 dap tat dao dong theo phuong ding (y)
Sy, Ky - Do cimg va hé sb dap tit dao dong theo phuong dimg (x)
Gia thiét goc lic pnho thi:
sinf3 ~ tgf ~ B;cosP~1
Cac gbi dan hoi co @6 dich chuyén x4, v, v»

y

X y2
@

1 1

y
9
KX, SXi 1 z S
S 1K, . 2 T/K/Zyz
1 y -
27 Ao 7 Fy T/Z 72

Hinh 9-7. So d6 luc téc dung

Twr quan hé€ hinh hoc co6:



y, =y —ltgB y,=y—1B
y, =y +ltgp Hay: y,=y+1B

X, =X +dsinf X, =x+dp
y=y-1p
Suy ra: v, =y+1p
X, =% +dp

N F =m0’ sinot
va F =m0’ cosot
Phuong trinh chuyén dong:
Phuong trinh cin bing theo phuong thing dtng:

K K S

my+7yy1 +7yy2 +7yy1 +—y, =m0’ cosot (9-5)
Theo phuong ngang:
mX +K X, +S_x, = m,r,0’ sin ot (9-6)
Déi v6i trong tam Oy, phuong trinh can bang md men:
. | K K, S S, : 2
GB{T V, _TYI +7y2 —7y1}1+[Kxxl +8S.x,]d=em, 0" sinot (9-7)

Tir cac phuong trinh (9-5), (9-6), (9-7) ¢ trén, sip xép lai ching ta c6 hé
phuong trinh chuyén dong:

K S
my+ =@ AT+ ) =m,r,0° cos ot

mX + K X, +S_x, =m, 1,0’ sinot (9-8)

. | K S
of + H(yz 90+ - yl)}w[Kxxl +8,x,1d = em, 0’ sinot

my +K y+S y=mro’cosot
Hay: mx + K x+K dp+S x+S dp =m,r,o’sinot (9-9)
Of + [K I + K d*B+[S,I* +8,d* B+ K xd + S dx = e.m,r,0 sin ot
Cht y:
Y2 - Y1 = 21BaY2 -y = 21B



BAI TAP CUA MON PONG LUC HQC MAY XAY DUMG - XEP DO
Bai tap 1: Nghién ctru dong luc hoc cua co ciu nang ha hang véi mé hinh dong
luc hoc 2 bac tu do nhu hinh vé:

ey g [ HRY

. Q:
11
g M

R = L - Ban kinh quy dan
211,

n - S6 vong quay cua dong co
q: - Do dich chuyén goc cta dong co
qz - D6 dich chuyén cua hang nang
i; - Ty s6 truyén cua hop giam toc
i, - Boi suét cap
A - B0 trung cdp cua mQt nhanh cap
Yéu cau:
1. Hay viét phuong trinh chuyén dong cua co céu trong 3 truong hop lam
viéc sau day:
a) Khi nang hang c6 do trung cap A (hang nam trén mat dat)
b) Nang hang tur vi tri treo trong khong trung (ddy cdp hang cing,
d6 triung cap bang khong)
c) Ha hang tr vi tri hang dugc treo trong khong trung
2. Giai bang may tinh hé phuong trinh chuyén dong trén véi cac sé liéu
cu thé sau:
0=0,0688kgm*;i, =27,3;i, =4
m =3200kg; D =220mm;A = 200mm
n =1000vg/ph;v=12m/ph



Bai tap 2: Cho 1 co cau ning ha hang nhu hinh v&:

LY

0 [

LAl i T

z  \~N T e —— A
12 1i ;/
g
M(w)

My

Theo A

Céc s liéu cho trudc:
0, =0,0688kgm’;i, =27,3;m =3200kg
1, =4;D =220mm;
v=12m/ph;n, =1000vg/ph
Yéu cau:
1. Hay xac dinh mémen quan tinh 6,
Viét phuong trinh chuyén dong (hé mot bac tu do)
Xéc dinh luc cang trong cap hang

Sl

Xay dung duong dac tinh co M(q)(M(oa)) v6i cac gia tri cu thé dd cho
O trén
Bai tap 3: Cho md hinh dong luc hoc cua lu rung nhu hinh vé:

T

./1’1’11
Vo
Mo %, Si
\
L me
< ()] \l/ ¢
S X

0
Trong do:

m; - Khéi lugng quy din cua phan khéi lwong may tic dung 1én tréng rung



m, - Khéi lvgng quy din cua phan duoc gy rung
S, - Do cling cua cac gdi cao su
S, - Do cling quy dan ctia nén
r - Ban kinh 1éch tam cua banh 1éch tam
® - Van toc gbc cua truc lép banh lIéch tam
F - Luc kich dong
q: - Do dich chuyén cua khéi lwong m; theo phwong thiang dtng
q, - Do dich chuyén cua khéi lwong m, theo phwong thing dtng
my - Khéi lvgng 1éch tAm ctua mot banh 1éch tim (tong cong 2 banh)
Yéu cau:
1. Hay viét phuong trinh chuyén dong cia mo hinh dong luc hoc trén
2. Hay giai phuong trinh chuyén dong trén véi cac sb liéu cu thé sau:
o =261,7 rad/s; m;= 1845 kg; m,= 2051 kg;
S\=1662126,1 N/m; S,=225.10° N/m
Qioy= 11,1 mm; my= 12 kg; r = 0,0605 m
Bai tap 4:Cho 1 m6 hinh dong luc hoc cua hé théng van khuon rung dong duc
dam cau bé téng ¢t thép lam cau dan duodng sit (vi du Cau Thing Long) nhu

hinh vé: /ﬂl
y
ZPIA\‘ | / 7
* Iy
s E L E s m
Mol |
|
Vsp, | %2
5.5 g ;
O
Voi:

>'P, - Tong lyc kich dong cua cic may dam day

> P, - Téng lyc kich dong cia cac may ddm canh

m; - Khéi lugng cta tAm van day, cbt thép va bé tong

m, - Khéi luong cta thanh van khudn, da ngang va khdi lugng cbt thép canh
dam

y; - Bién do rung dong cua khdi luong m,



y, - Bién d6 rung dong cua khéi lwong m,
>'S, - Do cing tong hop cua hé thdng tim cao su dan héi dudi tAm van day
>'S, - Do cung tdng hop cua cac dém cao su nén
Zd] - Hé s luc can nhét cta hé théng dan hdi cao su gifta van khuon va van
day va luc ma sat gitra bé tong va thanh van khudn
>d, -Hé s6 can nhét cua tong 16 Xo cao su nén
Yéu cau:
1. Hay viét phuong trinh chuyén dong cua hé dong luc hoc trén
2. Hay lap so d6 khdi giai trén Matlab (Simulink)



