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Clasificarea lanturilor cinematice este prezentata Tn Tabelul 1.1. Rangul “j” a unui element este egal cu numarul cuplelor
cinematice cu care acesta se leaga de alte elemente.

Tabelul 1.1

Dupa complexitatea

Lanturi cinematice plane

Toate elementele au miscari intr-un singur plan sau in plane paralele

miscarii

Lanturi cinematice spatiale

Miscarile elementelor au loc Tn plane diferite

Dupa numarul cuplelor

Lanturi cinematice simple

Fiecare element arej £ 2

cinematice Lanturi cinematice complexe Cel putinun element arej 3 3
carerevin unui element | | anturi cinematice fnchise Toate elementele au j 3 2

cinematic Lanturi cinematice deschise Cel putin un element arej = 1

5
L=6x- § k>Ck (1.2)
k=1
Figural5
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M=L-6=6Xn-1)- g k>C, =6xm- g k>Cy (1.2)
k=1 k=1
L=(6- 3)xn- (5- 3)xCs- (4- 3)>C, (1.3)
M =3xm- 2xCg5- C, (14)
5
M =(6- f)xm- § (k- f)>Cy (15)
k=1
element conducator S N Cui Cu
R S contactor
Cvl 2 3
s 2 JI|E cH
m=3;Cs=4:C,=0 m=2;C5=2;C,=1 L
M=38- 24=1 —39. 22- 121 o 1
M=32-22- 121 Figra16 ) M=68- 52- 32=2
Wy (motor)
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Mecanismul spatial schematizat in figural.7 aree m=3, Cs =2, C4=2s f = 1. Caurmare, aplicand relatia (1.5), rezultaM = 1.

cR
1.~y " douacuple Cy !
2 o <—1
' (motor) 5
CIV
o
Z
m=3
)—> 3 Cv=2
X y Cv=2
R ket M=68- 52- 42=01? m=6;Cy=7!
Cv ‘Se observa canici un element nu poate M=36- 27=4
Figural.7 avearotatie fata de (Oy). Figural.8
1 2 S~ doua cuple Cs! 2
5
/ 6
4
m=6; C5 =9 . =7
M=36- 20=07 m=5;Cs=
Elementul 3 este pasiv! Ajutalarigidzareabarei 2. M=3%5-27=1
Figural.9.b

Figural9.a

e
3,

m=3 m=2
! C5 =3 C5 =2
/ C4 =1 C4 =1
Cv M=38-28-1=21? M=32-22-1=1
Rola 2 poate fi indepartata.
Figural0.a Figura10.b
3 XMegh - 2XCsecn=-1 (16)
3XMech +1
Csech = zc 17
Tabelul 1.2
Mech 1 3 5 7
Csecn 2 5 8 11
1 2 m=2 1 /GD m=2+1=3
C-=2 -9 C;=2+2=4
NS
0 M=1
g M=1 £y 4
Figural.lla Figural.1llb
: IK (3
(), (n)\ 2 2 ‘ B
) m=3
C5 =4
C4 =0
/ M=1
m=
C5 =
Cy= Figura1.13
M = N
Figural.12 (n)
Cs = g m (L8)
Tabelul 1.3
m 2 4 6 Y,
Cs 3 6 9 Ya
element i
/\ conducator diada
Figural.l4 a Figural.14.b
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Figura2.8 Figura2.9
Vg =Vp +Vpa
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\_/C :VA +VCA, iar directia \_/CA N AB. (216)
& AB

== 21
a AC (@17
ag =@ +agp (2.18)
Agp =aBa +§}3A (2.19)
3g =@, +aRa +3ha (2.20)
n V%A 2 n
aga == w dag; aBa |AB (2.21)
BA

apa =edap; aga " AB (2.22)
\_/A = Kv pva

vg =K, xp,b (2.23)
\_/BA = KV >{a_b

Pentru determinarea acceleratiilor se considera ecuatia vectoriala a acceleratiilor conform relatiei (2.18).

w |
a
Vga Va
b
v n ~
B Py aBA

' Figura2.12 Figura2.13 Figura2.14
g =8g +3p; 8a =@} +8A; Apa —aBa +3a (2.24)
ap +ap =3, +aBa +aga (229

(2.26)

an
- ggad )
\% ~
pV B A/\1 ag
~ an
v, Vea BA
a Ny
Figura2.15 . b as p. .égA
Figura2.16 Figura2.17
Ve =K, Ab); 74 =K, {p.3) (2.27)
dp =3} +3y +aBs +3ba (2.28)
am.=o (2.29)
Al <=0 (2.30)
é@xinxmn xe‘*n+|'n>ei*n)=o (2.31)
a Q A oy e +ix e, ke - | et T e wiod >ei*n)=0 (2.32)
a (I Ay e e - w2 et 4 25 4w, e+ xei’f")= 0 (2.33)
Ipxen =1, xcosf , +i 4, >6inf, (2.34)
O0+OA+AB=0B sau h+l;+T, =Xg (2.35)
}ll )COSf.l + |2 >COSf.2 =Xp (236)
fh+lssinf, +1, xsinf, =0
. l;>sinf; +h
sinf, =-% (2.37)
2
; | sinf <L 1 xsinf , <0 2 = X
dt dt dt

i (2.38)
i

df df
11, >cosf ; ==L +1, xcosf , x—2 =0
i1 g Tl 24



dfl df2 dXB
e S2oy, -u 2.39
R R (239
1-1y >y xsinf | - |, W, xsinf, =u
i 1y 1-12°W3 2_ B (2.40)
111 2wy xcosf 1 +1, w5, >cosf , =0
I, xcosf |
Wo = - Wy ¥—m—r————— .
2 o 5 xcosf , (2:41)
i -odig . dwy o dio .. _dw, _dug
p- 1 2y XCOS] | *—=- |1 >8inj | X—=- |, W, XCOS] , *—=- |, 36N] , x—5=—=
| dt ot it dt ot 242
: d dw di, dw, (242
To 1y sy xsing ¢ =L + 1, xcoSj 1 %x—=% - |, 30, X8iNj 5 %22 +|, xCOSj 5 *—2 =0
Tll]ldtljldtzzjzdtzjzdt
;'lle/f)COSfl'|2>VV§>‘COSf2'|2>ez>G.nf2:aB (243)
f-lpwfminfl-I2>q/\/%>sinf2+|2>ez>cosf220
2 o .
e2:I1>qN1><s|nfl+I2xw§>@nf2 (2.44)
I, xcosf 5
. I, .
smf2=-|—1>smf1 (2.45)
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o ® 2 vZ,, 0 w2, 0
a émk X% My x% +a - Jy kal;:Wm - Wy, - Wi, (3.12)
a a
2 W, 2
o \Y o k2
a Mk XGTKZ"'a I ——=W, Wiy er (313)
2
ékavG—kl a.‘Jk Wkl =Wy, - Wy - W (3.19)
W, - W, w
h=—10_ ® -7 _P (3.15)
Wm m
_ WI’U —
h = = hy g wecedy Oh (3.16)
m
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Wm Win Wan
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Figura3.7
o mk 2 _
a— >(Vek2 - VGk1)+ a—- >‘(sz - )- Wp - W,
o lk2 o i k2

Wi =@ QOFk cosak>dk +a Mk i «

|kl ]kl

l'k2 i ke
W, = a OFk cosa k>d|k+a Gﬂrk xdj 'k

I'q I a

F red. dl = é Fiic >cosa’c sll’y +é M i >dj 'k

o v o W
Fared. =@ Fik X—V.k xcosay + g Mk X—V.k
B B

_ o V'k \ [o] Wk
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B B
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Mured. i = & Fr %058y xdl + & My 6l (3.24)

. _ 9 . 4. . O .
My red Xdi = Q Fr >cosa’y di’c+g My >dj (3.25)
_ 2 Jk 2 Nk
M mred. = A ka xXosay +aq M mk (3.26)
W W
M red. = é. Fix xVka;osa'k +é M XWWK (3.27)
Vge

Figura3.8 Figura3.9
2 2 2
Mg Vg _ o My Wgk + o ‘]k AW (328)
2 a 2 a 2
.2 .2
Mreg = M ek 2 +8 3 20 9 (3.29)
r - -
g Ve g VB' @
2 2 2
Jred W o My Vg o ‘Jk AW (3 30)
= + -
2 a 2 a 2
.2 2
Jred = @ M glok 2 +a % &9 (3.31)
W g eWg
I
Myeq2 W%‘z Mieg1 XV%’l 3
22— = Finred - Frrea )l (3.32)
Il
I, 2
2 5 Mredt VB
Vgo = ol +—52 22 (3.33)
M red xd:r Meeg2
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1 i2
Wi = ——XCv>dj (4.2)
O .
J1
Se defineste gradul de neregularitate a mersului masinii (d) cafiind d = d”‘a‘dA .Uzual, gradul de neregularitate al mersului
m

masinii are vaorilee d=1/5...1/30 - pentru pompe; d = 1/20...1/5 — pentru concasoare; d = 1/50...1/30 — pentru masini-unelte; d =
1/300...1/200 — pentru motoare electrice de curent aternativ si d£ 1/200 pentru motoare de aviatie.

Caurmare, rezultarelatiile: Wy =Wy, >g[+ ngmax S Wpin = Wy, Xc1- gg_
e Z2¢ & 2p
2p
W = (\jVIm.red dj (4.2)
0
2p
W, = d\/l rred dj (4.3

0
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p

m :Lﬁm, m, este minim pentru a :E-

sina +mcosa
r=ryxsinj »ryxgj =ry xm=ct.
Ms = Ry xr = Fy xsinj xry» Fxgj xrg = F xr; xm

M :%mxpmerXB

M, :%XmXFxr @L57 <,

d p/2
F=20m ><§>Bxc‘j;osza xda
0

_2F c
Prax _pr>¢ Pa
45 c
Pmax = pxBd Pa
M, :mxB>d2>pmax
2

4
M :B>m><F>¢,P:fov:m><va

j-

(Pm *V) £ (P *V)admisibit, FESPECHV (Pmax XV) £ (P XV) admisibi

4

P = £p
" ooz o2) e

De

2
M = dpm >Qpr>dr)>m>¢
Di

2
3 3

Dg - Dj

My = XM x——
3 D¢ - Dj

10

.2
&a 0
p(a)— Pmax >\1' x
acg
2 24
sina, = 4y%q-' ny 1- nzg 2xF
g E; E, 5 B{D-d)
° D_. uD
M¢ = oémXp(a)XBx—XdaHx—
g 2 a2
_ a, D _ - . . . _mxa,
M; = mx——xF x— =my, XFx ), coeficientul de frecare conventional (echivalent): myy, =— .
sina. 2 sina.
? /ﬁ?/cuzinet 2
° Fy
J B%
Figura5.6 Figura5.7
p/2 ;
F= 0 pm>«a;g>da9>cosa B =p, B>
€2 g
-p/2
F
=——¢£
Pm e Pa
p/2 " 2
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) @2 g 2 4
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De De

2 2
F= (‘)0>Qpr>dr:2p(pr)>< (‘jir

bi bi

2 2
F:me(pxr)x—De'zD‘

F 25 . 25
= ,pentrur = D; 2, = trur=De@py, =
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De D_e

2 2
M; = c‘)(p>Qpr>dr)><m>¢ = 2p(pr)>m><(‘j><dr
Di Di

2

2
DZ- D?
M = 2pm><(pr)>% =%><m>(pr)><(D§ - Diz)

F 1
Pentru (pW)zm) Mf =Z>¢n>4:>(De +Di)
e 1
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| —+— cuzinet
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Figura5.8.a Figura5.8.b Figura5.9

%;dN +dFC=(F+F+dF)>sind—a@F>da 2
I 2 unde: diy = mxdN si dFC:rxN2>dm:r>L>¢>da><B>f S,

! 2
1R = (F+dF- dF)>cosd7a @dF r
dR = Bxsor x? xda

O oE = - o 2

da

F=Cxe™ +Borsx w?

a=0 b F=F, b C=F,- Bsx »?
F:(F2 - Bxer ><\/2)>emb +Bsr w2

R= (Fz - Bxsx ><\/2)>em‘9 +Bxex w2

Fuzzxg"
R=R-R
i gmp 5
PR = Fy et B v
Il e -1
'R, =F, 1 Ber x?
t Y g
ﬁ:%@m+85xw2
_IN_Pda-df L 2F
STUA 5 mo
A g @D0g, BOA™-
€2g
2, xe™

Pentrua=b b p =s =
e T Bap ™ -1
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2xF,

Pentrua =0 b p =s = 5.54
max = Ssmax mm (5.54)

Boo & F VAR BS

510a 510b 5.10.c 5.10d 5.10.e 5.10.f 5.10.9 5.10.h 5.10.i 5.10,
by
A\ Y p
F= xdS = xBxdb =— oy B 5.55
gPH - lE)OH 5 "PHmax XOH ( )

25F
=—— _ (5.56)

- n2 -n26
bH: ivav(j:a ni +1 nZ?: E)l,undel:i+i (557)
p B §E Ex 5 dp Eecn B rry rp

E_ = 2
p=—— 2%
' 1nf | 1-nd (5.58)
E; E>
F>xEqh
S = | "Zech 5.59
H max 2><p><r B ( )
Tn cazul particular cilindru/plan, r ;= R, 1, ® ¥, E; = E s, ipotetic, E, ® ¥.Caurmare, Eecnh = 2 >
2 1-n
E
(5.60)
(5.61)
M
F y
\
J I SH max
M2
\
N=R=F
k
—>
Figura5.11 Figura5.12 Figura5.13
3 _hxF o 11 1-n? 1-n3
ay =by =g—xog— unde  k=—+— h="-=L4+-__2 5.62
RRUIE -y a T, E, E, (5.62)
(5.63)
& wp, 0
Pi =Pa +Pg =H >4<><W1§1+2>F: (5.64)
W1 g

F; = Fxos2a

F, = Fxosa
Froax = F1
Figura5.15 Figura5,15
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x® d, © ® d, 0
P =F % +2x—8 F=F % 1+ 2+ 5.65
i =R ’W1>‘g1 o= R oW g = (5.65)

b g b g
o) .0 & d,0
M R =K ><k><gl+d—e‘: Momentul de frecare total My = é Mg = kxgl+ iné 5 (5.66)
W dp dp 7
é_ F :%xj: (5.67)
4 @ dg 0
M; = — gl + -8+ (5.68)
p dy 5
& )
M :i><k><|:x9>§1+d_ﬂi>£ (5.69)
p 2 dp z d
8 k& d;0
m =—x=xl+—<<m (5.70)
p d dy 5
d
Mf =m xF);Z (5.71)
][Pﬁ = 2F| *be
5.72
Wy X = Wy "dTm 572
[
dm
P = F &k xw; xd (5.73)
b
anr
Mp =R o odm g F (5.74)
wq dp
dm d
Mi = koo == m s (5.75)
dp 2
2Ky o 5.76
M =, (5.76)
d )
F‘ dy surubul
|
’\!'_,./‘"“ Wy
i {
I W piulita
| W2:O
l pd;
O b) 0
Figura5.17 Figura5.18
ha .
N j =6° filet ferastrau
mp
t 20 filet triunghiular
| sau trapezoidal
1
=m | F
d! - Y2
D
g <

N |/ ne \
F S autofrénare; suruburi de miscare,

suruburi de stréngere;  fara autofranare (masini-unelte);
randament foarte mic randament relativ ridicat.

|
Figura5.19 Figura’5.20 Figura5.21
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F

4 %—

_ z (5.77)
p —q—)fp
m p d2 _ D% a
H:F><tg(y2+ft1),undey2:arctg P (5.78)
pxd;
dp dp
Mt1:H>T:Fx7>¢g(yz+f¢) (5.79)
dy _., 9
M{leFx7=Fx7>¢g(y2- f (5.80)
Punand conditiaca M{; £ 0, rezulta conditiade autofrénare y , £f¢ (5.81)
M, = Lo xS D8 (5.82)
= — A .
273 g e
33
Q2 1 S™- Dy
Mcheie_Fx7>¢g(YZ +f©+§>¢rb %m (583)
Pentru o cheie de lungime L rezultafortala cheie Fypge = MEhe‘e .
C
Pentru o lungime standardizata L. = (12--~15)>d , rezulta F@(60-~-100) Feneie!
h:i: Fxo _ FXgy, __ 19y,
Lo Hxpxd, Fxgly,+fd tgly,+f¢ (5.84)
Punand conditia g—h =0 pentru randamentul maxim ? o , rezultay o :%- f—2¢ @41°...42° .
y
2
=19Y2 _ 9y, _1107Y2 g,
tg2xy, 2X4gy, 2 (5.85)
1- tg’y,
dp
My X2 > P10y 2
h=+ 3 = - sau
M +Mp 25 ed, SEE (5.86)
Fxe—<=x +f §+ = x———=u
82 g (y 2 © )ﬂb Sz } DZI:I
€ au
h= tgy ,
) s*- D} (587)
2 - Yy .
t +f 9+ =
g(yZ @ Smb d 82- DS
|
e i
R, .
y2 | |
| |
. L&,
Figura5.22
dp
Mt:Fx7>¢g(y2+fr) (5.88)

Momentul este similar cu cel a cuplei surub—piulita cu alunecare, iar unghiul de frecarereduseste f, = arctg

d,ssing’
Tn acest caz randamentul atinge valori de 80Y485%, iar puterea pierduta prin frecare este de 50%4 100 de ori mai mica decét in cazul
suruburilor cu alunecare.
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