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Static & dynamic stiffness
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Paramery viastnosti materidlu

or 1 " \ . ;

r._}s!atenal Mocul pruinossi | Hustota Koef. tepelné ~ Rozsah pevnosti

E [MPa) p [N.dm*l roztaznosti R_[MPa]

| o [1K]

| OCEL " 2,1 .10 785 1,7.16° 400 + 1300

| LITINA 1,7.10° 74 9.5 10" 400 + 700

SEDA LITINA | 05+ 11 .10° 72 9.10" 100 + 300

MED 12,107 895 162.10° | 200+ 400
HLINIK 07 | 27 B8 | 1204400 |
MOSAZ 09 10° B.S 19.10* 300700 |
TITAN L1 45 108.10° 500+ 1200 |
BETON 0.2.10¢ 25 1110 S+60 |
f—— —

Stiffness Partial and Complex

y=yl=y2=y3
F=Fl1+F2+ F3

k=ki+ik+ks

y=yl+y2+y3
F=Fl=F2=F3

1.1
Bk
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Inertia Moments &Stiffness
of different crossectins
with equal area (A=100
cm2)

Crossection shape

bending
I,/k

800/ 1

2420173

4030/5

834 /1

3330/4

16000 / 20

torque
I /k

1600/ 1

4840/3

8060 /5

1400/0,9

680/0,4

143 /0,09

=15
k=3
ko=1.78
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Borientadnicenanosniku(1e-1€)  O1.viastni frekvence (Hz) ~ Dhmotnost profilu (kg) @ maximalni napéti (MPa) B tloustka stény profilu (mm)
_ pressure
T — . . . .
contact deformatio n in normal direction
MATERIAL Surface finish Contact Stiffness [MPa.mm-1]
Under load
, 0,5 [MPa] 5 [MPa]
litina / litina brougeno (Ra=0,4, 1 mm) 0,35 0,75
lapovano (Ra=0,08 , 0,16 mm) 0,5 4,2
ocel / litina brouseno (Ra= 0,4 mm) 0,65 1,8
hoblovano (Ra= 3,2 mm) 0,4 1,25
ocel / ocel brouseno (Ra=0,4 mm) 0,7 2,0
hoblovano (Ra= 3,2 mm) 0,55 1,6
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Static Stiffness of Machines

[ D= T @

* Enclosed Structure (cabinet) of frame is
much more rigid than open frame
structure.
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Vibration

By path Circular, Straight

By Stiffness Charakteristics Linar, Nonlinear

By Grade of Freedfom one, more grades

By existence of exciting force free, exciting

By damplng existence damped with damping constant c,

Imf

e

undamped
Euler s equation

X =x.(cosj +isinj )=xe"

VIBRATION ORIGIN, kinds & models
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amplitude  of load
amplitude of deformatio

d

amplitude of deformation
amplitude of load

k' (R)= = RECEPTANCE

Origin of vibration are the dynamic forces rised by:
Unbalance of parts with rotary or reversible motion,
inaccuracy of part production,
gaps between parts,
roling parts over itself

Analysis os vibration is made on the basics of complex numbers.

COMPLEXNUMBER X =a + j.b ,where absolute value is| X| @ =+a’ +5’

N

Real part (Re) Imaginry part (Im)
Complex number is possible to display in Gaus plane as a vector, with x axis —
showing real part Re, & y axis — imaginary part Im

a = Xx.cos|
b = x.sin]j j =wit

X =x.(cosj +isinj )=xe" Euleravvztah

X, = xe"™ = x.(cos(W.r) +i.sin(W.r))

Zakladni déleni kmitavych systému:

a) By movement - linear (periodical straight movements)
- rotary (circular movements)
b) By stiffness charakteristics - linear
- nonlinear

¢) By degree of freedom — with one degree

- with two degrees (o more degrees)
d) By existence of initiating force — free vibration

- forced vibration

¢) By damping existance - damped

- undamped
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System of one degree of freedom

- free vibration undamped = st
g x=X.e"
' mB+ikx=0

=

=3

£

%

ms: X' vk Xe' =0 #=s5X.e"
k
m

-l.-:{ k
ms’ +k=0=>s , =i |—
m

General solution is summation of two particular once:
— — Wt - Wit
x=xtx, =X, +X,e
Initial conditions are te=0 x=a x=b

b .
xﬁ%.(aﬂ'.%) xz:%.(a-i.%/) x:a.cosWt+w.sth

period time: T = 2_p
W
? - free vibration damped
. mBFck+kx=0 r=Xe
2= o - = t=s5.X.e"
ms . Xe' +csXe' +kXe' =0 = o
¥=s5"X.e"
m
X -cxNe - 4m.
- ms*+ces+k=0 = s,= ik Lt L
’“_“‘ ’ 2.m
c
T si, =-d++/d?- W

k k
— =W W:\f Natural frequency d=w
m m

s, =-d*xiJW -d’

c . = .
——=d - Damping coefficient; ¢ =2md - damping constant
2.m
d > W aperiodical movement (the mass returnes into initial position)
d=W critical damping c,. ¢, =2.mW

d <W vibrations with circular frequency: J= \/W -d 2
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X=X+ X0 8 =Y (X + Xl ™)

Sometimes it is neccessary to find damping coeff. By the outer impuls we start vibration
and record the time responce (osciloskop). We may recieve a similar picture as shown

A, =A% A4, =40

n+!

-d.s
Ty g . A, _ Ae _ 1 AT
Ve F T-2E - “d(+T) ~ _dT
) T A, e €
Aa 4
f . 7
N, IS =e =d T
! II|I I i ’ ot An+1

RN
" Tlogaritmic dekrement: D =d.T

i . D
Damping coefficient:d = —

) 2.m.D
Damping constant: ¢ =2.md =

Proportional damping D = propotion of system damping constant ¢ over critical damping c..
2.md _d
D = < = m =

c. 2mW W D=002 0l

- Forced vibration undamped

mi+kx=p mB+kx= F.e'™
Homogenous solution

= b
x=X1.e/™M + XM = a.cos Wt +—.sin W¢

\I_H —ljp Particular solution "
PR . = X /W
mB+kx=Fe™ *70¢

) ) . £=jwX.eM
- mW XM +hk XM =Fe™ gz ow x e
p X = F = F :E_ 1 :E_ VVZ
kom-w ko kW kWew

W I- W2
P R, =RECEPTANCE g, =X-1_W

F kW - w?

Receptance i nrepresenting the dynamic behavior depending on initiating force = systém
resonce is ratio of deformation amplitude vers. Amplitude of initiating force.




,.-| =

-

complex rezonance charakteristics

frequency is same as frequency of initiating force.

Gratest flexibility (deformtion) is when w = W or

absolute rezonance charakteristics

W . . .
— =.¢. in the rezonance region, when self
W

Frequency charakteristics has two parts- real & imaginativ.

i3
. 4y .
. fi
o it
= I _F__,-)‘l | é 15
. ! =
20 b e A
# 1 a b :
&;
- - Il T
B 0 -
it [
- Forced vibration damped
= k. stiffness of i-th part
n ni
x = Fé a’li szz 9 \W  natural frequency of i-th part
: 2 . = u . Directional coefficient of i-th part
= gkm‘ szZ W 2 -J ‘di W 4] Vibration shape
R o=U W
€W - WP+ 2. DWW

Dampers_ principals

1/7/2016
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System of two degrees of freedom

= - free vibration undamped

< m & +k.x +k,.(x-x,)=0 (iﬁ(sz +W, +V\él) - W,

u
+k(x,-x)=0 & W 2w
m2-8&2 (- x) = e 2 S 2 J0
k. k.
where W, =k W =22 W, =2
m, m, m,

Are partial freequences

- free vibration damped

m, 8 +ck,
my & +c,.(& - &) +hky(x, - x)=0

+hk.x, te,.(& - %)=0

— - (-dy+jup).e (-dy+ju,).t
Xy, =Xy txy =X e +X,e

J] =\N:Z' dlz

J, = va - dz2 Are resulting freequences of parts

x=K I.F det(E - \/\FM) =0 For natural freequences  \\, | W, ,... W,

General —
displacement

W

X =aq, X1+ a, Xao+ a, X3+ a4.X4 Superpozition of individual vibration

m B e e (- )+ hx (- 3. = Fe™

m, 8 +cynk, toy (& - &)+ kX, vhy(x, - x)... = Fe"

m & +o, b e, (& - &) Ak R0 - ). = Fe

MB+Chk+Kx=Fe™

0 O LHQ ?u ki ki /‘149
m, Cp €y Cyu+ K= Qk:\ ky ky o ky s
0 Cy €y Oyl Qkﬂ ky ko :
0 Cp Ciy Cy B §k4w ky ko ky B

shapes

Summation of vibration amplitudes

;: é ?I,—.F:’ -

W w42 dw

I-I-O:

[N
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b5 e e RS
AMPLITUDE SCALE

Figure 6.20 Alignment of spindle and table of milling machine in the horizontal modes

(couresy LMech.E ).

Pro thumeny systém a vynucené kmity s frekvenci e piblizné plati :

2
55| aF—— | souket tvard kmitd s vektorem sil plendsobenym
3 5
i ﬂ. - Wz +21 5 0,
dynamickou poddajnosti.
Rozklad frekvencni charakteristiky
1 Re O ‘Néiveh pro nucené kmity :

oddilit frekvenei budici
sily od nebezpefné
viastni frekvence

1/7/2016

12



1/7/2016

5 281 F o] 4
X=F3g¢ .. 1 *=FQR =FR
% gkm. W - W +2.jd,W 2 " i

U= s fe i)

ORIENTED RECEPTANCE

ThimiXa xnnrrtdxranich h(__)(I{L

=38 10
D

Tlumié —

snazime se naladit tak, aby tvary kmitd
hmoty byly nejlépe v protifazi resp,
se zpozdénim za budici silou.
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SELF VIBRATION (initiated by the processs itself)
Stick — slip ocurs when heavy loads move very slowly

Striberks diagram:

I,
@ ?' P ablast price | - plimoéard vedend 08
Ef e E = allast préce 7 - Eluma rakatn’ wlodend (15
a6 EN= i
B\ g
L :\/ L
; 1 2 =
[ 1 B =1 r)].
v piochodona v [1|..|iri. 1
rychlo=t
) Ir L L . .
o . * & 13- valia dellka prodicy
_— %« driha aoinybu télesa
oJ L a9
1ol m&+T - k(s, +vt-x)=0

mB+T - k(s, +vi-x)=0 mB+rkx=ks,- T+kvt

8&+£.x =£+£.v.t

8&+VV2.x:E+VV2.v.t m m m
m

Homogenuous solution: §+W.x=0 X, = CI.COSV\LZ + Cz.Sil’l Wt

particular solution: 3&+V\/2.x=g+\/\/2.v.t condition: X, =a+tbt
m ﬁp =) %Lp =0
po t=0 x=0 %£=0
DT _br _br _or
0+VV2-(a +bt) =7+V\F.V.l‘ => xp —7"‘\21 a mV\/z X b=v
. DT
X=X,+X, =Cl.cos(Wt)+C2.sm(Wt)+7+v.t
DT (DY
pot=0 x=0 => 0:Cl+7 C =- p
=0 = 0=C,W+v ¢, =."
W

X =- P cos(Wiry- 2 sin(Wi) + v + 2L
k W k

1/7/2016
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Displacement graph in time t
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Odstrafiovani trhavych pohybu: - pouzitim specialnich maziv, - pouzitim valivych vedeni
- pouzitim hydrostatického vedeni (tlakovy olej), - pouzitim specialnich materialti na kluzné
plochy  (teflonu, plasti ) o velmi nizkém koeficientu tfeni
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