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celkova ucinnost
stoupani KS
pfevodovy pomér
stfedni pramér KS

pramér hfidele pro lozisko

Ne =Ny Mg ML, = 0.875 [-]

S = 0.01

1p =1

[m]

[-]

dg:=0.0244  [m]

dy = 0.017

[m]

. . ] Pfiloha DP UVSSR
JIRI SEDLAR VYPOCTOVA ZPRAVA BRNO 2021
Vypoctova zprava

1) Vypocet servomotort

Osa X

gravitaéni zrychleni gG =981 [mVs]

pozadovana axialni sila Fp:=1500 [N]

hmotnost KS mygq = 071 [kg]

hmotnost vozik My, = 4:0.51=2.04 [kg]

hmotnost matice KS My at1 = 0.39 kgl

hmotnost nastroje mp. =03 [kd]

hmotnost upinani myin = 1.5 kal

hmotnost stolu mgypp = 18.18 [kl

hmotnost jinych m) = 15 kg

celkova hmotnost My = Mpaee + Mypin + Mgy + Mppae) + Mygz + Myp = 2391 [ka]
vzdalenost plisobici sily ay := 0.07 [m]

vzdalenost t&7ists by:=0015  [m]

délka stolu L;:=03 [m]

13

nakloneni stolu Q=T [rad]

soucinitel tfeni vodicich ploch f| = 0.005 [-]

souginitel treni KSM f:= 0003  [-]

souinitel tfeni ulozeni KS fy:= 0003 [-]

Ucinnost vedeni My = 0.98 [-]

uginnost KSM g = 0.92 [-]

(&innost np =097 -]

loZiska
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JIRI SEDLAR VYPOCTOVA ZPRAVA BRNO 2021
moment setrvanosti motoru Jmot = 0.000162 kg.m?]
moment setrvacnosti spojky Jspoj = 0:00001 [kg.m?]
2
. L L& 1 ds -5
moment setrvadnosti KS Jg=—mggqp| =—| =5284x 10 [kg.m?]
2 2
Statické hledisko:
o m g sin(o)-sy
moment tihové slozky Mg := —————— = 0387 [Nm]
2-7T-'l’]c~1p
o g i eos(@)-si 4
moment tfecich sil vedeni Mgt = . =9.02x 10 [Nm]
2-7T~T]C-1p
0.5-(F 5 + my-g~-cos(av)-fy )-dy -f
moment tFecich sil v loZisku M| = ( Al .G 1) L3 oou [Nm]
i Me
predepnuti KSM Fp = 0.35-Fp = 525 [N]

Fp-sk 5 0.5~(FA + ml-gG-cos(oc)-fl)-ds-fz

moment fenivKSM My gy = S . =0.21 [Nm]
1y Mg pMe
Uhel sklonu vedeni <0, 11/2) Fry = Y + my-ggfi-cos(a) if my-gg< Y
1 1
0 otherwise
3:-(my-g~by + Fp-aq)f 6-F,-a
(hel sklonu vedeni /2 Frg = (m1-8Gb1 * Faver) i if m;gg < ——
Ly Ly
0 otherwise
Frqs
treci sila od kiopného Mp= | —2 K =X
momentu 2-mipgme 2
Frysg .
——— otherwise
2«7T~1p~nc
staticky moment redukovany M - M M M M _ 0.641 N
na hfidel motoru zsthm = MG T MGT + ML+ MKksm = P
FA Sk
celkovy staticky moment M,: + Mg ipm = 3:371 [Nm] [Nm]

2N,
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Kinematické hledisko
doba rozb&hu motoru t.:= 0.027 [s]
rychlost rychloposuvu Vip = 0.5 [m/s]
Vip
ineami zrychleni rychloposuvu ~ a_:= — = 18.519 [m/s?]
tI'
ag2-m
uhlové zrychleni rychloposuvu gg =
Sk
= i,=1.164 104
€m = Eglp = 1109 X [rad/s?]
, o . 1 2 -3
draha pfirozbéhu na rychloposuv s := ;ar-tr =6.75x 10 [m]
Dynamické Hledisko:
5 , _ 3mpegbyfpsg ™
moment pfesouvanych hmot: Mgq = - if a=—
2-’7T'1p~T’|C'L1 2
m; g sin(a)- sy
—— otherwise
2-7T~1]C-1p
my-gq-f1-cos(a)-s _
moment trecich si Mopg= ——— X g% 107" [Nm]
vedeni 2"'T'Pnc'lp
F.s 0.5mj-gn-cos(av)-fy-d-f
. 1’8 1 2
moment treniKSM M = _pk 1-1 ) 4 G > = - 0.147 [Nm]
KSMd 27t s ;
.T[.lp.nc lp.nc
dynamicky moment M, 4ihm = MGd + MgTd + Mksmd = 0-535 [Nm]
redukovany na hfidel motoru
2
. . Sk -5 >
moment setrvagénosti Jy=mp|—| =6.056x 10 [kg.m“]
presouvanych hmot 2m
. . Jspoj Is Im —4
celkovy moment setrvagnosti Thm = Tmot +— +— =2854x 10 [kg.m?]
redukovany na hfidel motoru i 2 i 2 i 2
p p p
Mnd = Thm€m + Mydrhm = 3-855 [Nm]

celkovy moment motoru:
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Doba rozbéhu motoru 1:
Parametry motoru:
jemnovity vykon Pipy = 1200 W]

pocatecni otacky
jmenovité otacky
jmenovity moment

pozadované otacky

OblastA:

Gas
rozbéhu

Oblast B:

Gas
rozbéhu

OsaZ

pozadovana axialni sila

hmotnost stolu

hmotnost KS

hmotnost matice KS

hmostnost motoru 1

hmotnost vozik{

hmotnost loZiskového domku
hmotnost priruby motoru
hmostnost kolejnic
hmostnost Cela

hmostnost stiracich list
hmostnost loZiska

hmostnost spojky

hmotnost jinych

ng =0 [ot/s]
Ny = 50 [ot/s]
M =37 [Nm
n, = 50 lot/s]
n.
2] h Jjm
t) = ﬁj I.dn = 0.028 [s]
Mim e Jy,
Jthm "
tg = o . n,dn, =0 [s]
jm TIC n:
jm

mg 12 = 29.5 [kal

m a0 =12 [k

Mgt =8 [kl
5 = 4-0.51[kg]

1’nVOZ
Myomp =1 [kdl
Mol = 1.5 [kl
my o1 = 201 ka]
Moo = 1 ka]
mgo. = 0.3 [kl
My i = 0.45 [kg]
0.12 [kd]

Mgpoj =

mj) = 2.5 [kal
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celkova hmotnost
vzdalenost plsobici sily
vzdalenost tézisté

délka stolu

nakloneni stolu

Udinnost vedeni

Ucinnost KSM

ucinnost

loZiska

celkova Ucinnost

stoupani KS

pfevodovy pomér

sttedni primér KS

pramér hfidele pro lozisko
moment setrvaénosti motoru

moment setrvacnosti spojky

moment setrvaénosti K3

Statické
hledisko:

moment tihové slozky

moment tfecich sil vedeni

moment tfecich sil v loZisku

predepnuti KSM

My = My + Mgy)p + MRS + Mg + Mpot] + Mdom1 + Mj2

Mpp = My + Myl + Meelo T Mgter + Myoz2 + Mozis T Mspoj

my = My + my, = 74.23
ay = 0.146 [m]
by:=005  [m]
Ly:=0235 [m]

0y =0 [rad]

Nyp =098  [-]

Ngy = 0.92 [-]

Ny =097 [-]

Ne2 = Myv2Ms2ML2

SKp = 0.01 [m]

ip2 =1 [-]

dg = 0.0244  [m]

dy, = 0017 [m]

Jmot2 = 0.000162 [kg.m?]

— 2
Tspojp = 0.00001  [kg.m?]

~ 1’1’12 . gG Sll’l(Otz) Sk2

May =
G2 - .
27TT]C21p2
" . m2~gG-f1-cos(0L2)-sk2
GT2 -~ .
27TT]C21p2
ML2 =

ip2'nc2

kal

(N]
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. F.ys 0.5:(Fpn + my-g~-cos{ay )-f7 )-dey-f
moment tfeni v KSM M = p2 k2 1-m 2 + ( A2 2°G ( 2> 1) 52 2
KSM2 27t s2 -
T1p2 Me2 1p2'Mc2
hel sklonu vedent <0, Tr/2) frve= |/ ¢ my-g-fy-cos(a) if my-gg < L,
0 otherwise
N 3-(myggby + Fagag) ) "  SFara
thel sklonu vedeni 7/2 TS2 = L, 1 myeG = L,
0 otherwise
F ‘S
ffeci sila od klopného Mg, = ISk g ay ==
momentu 2T ipn Mg 2
Frvassio :
———  otherwise
27T1p2'r|02
statlcilfy moment redukovany M, hm2 = Mg2 + Mgt + M1 + Miovn
na hfidel motoru
i Fa2sko
celkovy staticky moment M, pi=———— +M =299 [Nm]
m2 zsrthm?2
TMNe2 1p2
Kinematickeé hledisko
doba rozb&hu motoru ti = 0.04 [s]
rychlost rychloposuvu Vipp = 05 [MS]
\%
_ P2 _ 2
linearni zrychleni rychloposuvu 42 = to =125 (s
T.
. , , a;p-2-m
Uhlové zrychleni rychloposuvu £g = [rad/s?]
Sk2
Em2 = 8sZ'ip2

draha pfi rozb&hu na rychloposuv Srozbd = %'arE'trZQ =0.01 [m]
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Dynamické hledisko

moment pfesouvanych hmot:

moment tfecich sil
vedeni

moment treni KSM

moment zatéze

redukovany

na hfidel motoru
moment
setrvacnosti
pfesouvanych hmot

celkovy moment setrvacnosti
redukovany na hfidel motoru

celkovy moment motoru:

Doba rozbéhu motoru 2:

jemnovity vykon
pocatecni otacky
jmenovité otacky
jmenovity moment

poZadované otacky

OblastA:

Gas rozbéhu

Oblast B:

Gas rozbéhu

3:my-gGby-fy-syy 7
MGd2 = - if o= —

2N i)

otherwise

my-g-f 'cos(a2)~sk2

MgGrgp =

U-ms2 )+

M =——
KSMd2 :
2~7T-1p2'1’]c2

ipZ'ncZ

M_drm2 = MGd2 + MGgrd2 + MKsmd2

2
] Sk2
=My | —
m?2 20 0

Jthm2 = Imot2 *

Mpnd2 = Jthm2€s2 + Mydrhma = 3-307 [Nm]

Parametry motoru:
Pimp = 1200 [W]
ng, =0 [ot/s]
Nim2 = 50 [ot/s]
Mjm2
= 50 Eof/s}

=37 [Nm

l'lp2

2 pma [T
tpy = ——— 1dn = 0.041 [s]

Jjm ‘Iic nO

n
) Jrhm2 ( P
tgy = P. . J n,dng, =0 [sl]
jm Ne o
jm
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2)Vypocet silovych u€inkl na voziky a

kulickovy sroub

2.1) Celni soustruzeni

Vypocet Feznych sil:
Fezna rychlost Vg = 22 [m/s]
60
hloubka Fezu a1 = 0.0008 [m]
0s
posty £,1 = 0.0002 [miof]
mérna fezna sila kgp =285 10° [N/m?]
Fop=kepapfyy =456 NI
Fpp = 0.25-F = 114 [N]
Fpp = 0.5F;) =228 [N]
OsaX
a ¢ b
Fcy G Fc
<l D Fzrl
OFez TE’ Fdz '(:J, Fp
Fdy
Rozméry osy X
my = 23.91 kal
o = =8 ]
36
gqg = 9.81 [mvs?]
ay == 0.124 [m]
by = 0.150 [m]
¢ = 0.001 [m]
soucinitel tfeni lineariho vedeni  f; := 0.005 [-]
Rezny
proces
vn&jsi pramér obrobku D; := 0.055 [m]
primér, po ktery se méni D, := 0.01 [m]
HKhniks s = 0.01 [m]
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Dy
celkova draha celniho sou. s 1=~ = 0.028 [m]
, Dy _3
draha s konst. rychl suportu Skonst = 5 = 5x 10 [m]
Ve
po&atedni otacky vietena Nyppp = =21.703 [ot/s]
Ve
koneéné otacky vietena Nyppo = =119.366  [ot/s]
-3
potatedni posuv Vpl1 = Ny 1y = 4.341 % 10 [m/s]
. m/s
konecny posuv Vpl2 = N9 = 0.024 [mis]
2:(s1 — s S
celkovy Gas operace t) = ( ! kOHSt) 4 xonst _ 1.804 [s]
(Vp12 + Vp11) Vp12
\'% -V
zrychleni b&hem zr) = L L [m/s?]
nerovnomérného pohybu t
. e S1 [mVs]
pramérna rychlost posuvu Vposl = T = 0.015
b&hem procesu 3
v -60
oo POSLT i
primémé otédky kuiidkowych  "K§117= T T = 9144 (otimin]
Sroubll béhem operace osy Xa Z 5 [ot/min]
nggo1 =10
Silové ucinky v ose X
tihova sila Gy = m-gG = 234.557 [N]
treci sila Fy = Gy-cos(ay )-f; = 0.496 IN]
sila od zrychleni F . =myzr; = 0259 [N]
MOde FClbl + GI'COS(OLI)'CI - Fcylal =0
F.i-by + Gy-cq-cos(a
171 1'~1 1
Foyp = — () _ 552,412 [N]
Y
a1
Mozd : Fflbl — FCZl-al =0
~ Fpby IN]
Fo,1= = 137.903
a1
X: Fpl + Fzrll - Fakll + GISIH(OLI) + Ftl =0
Fakll = Fpl + FZI'I + Glsln(al) + Ftl = 441.335 [N]
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y: FCl — del + GI'COS(OL) + Fcyl =0
3
Fay1 = Fop + Gyreos(ay) + Foyy = 1.108 x 10 [N]
z: Fpp = Fiz1 + Fez1 =0
Fy,1 = Fpy + Foyq = 251.903 [N]
OsaZ
e
d £
G2
Fzr2 B
© Fbx
Fby
Rozmé z
ozmery osy d; = 0.029 [m]
f) = 0.147 [m]
ey = 0.055 [m]
m, = 74.23 ka]
Silové uc€inky v ose Z
Gy == my-g = 728.196 [N]
Fiy = Gz-cos(al)ft =1.539 [N]
zryq =0 [m/s?]
[N]

Moya :

Moxa :

Forp1 = my-zrp

FCldl + G2'CI'COS(OL1) - Fbylfl =0

F.1-d; + G5-e1-cos(ax
1'%1 2°%1 1
Froq = — ( ) =205.103 [N]
byl fy

Fpldl + Gzelsll’l(OLl) - Fbel =0

fi

Fygg = = 291.907 [N]

F - Faxl - Fle + stm((xl) =0

pl
Fax1 1= Fp1 = Fpxp + Gysin(ay ) = 596.063 [N]
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y: FCI — Fayl — Fbyl + G2'COS(OL1> =0
Fayl = FCl — Fbyl + G2'COS(OL1) = 558.646 [N]
z: Fei = Fakor + Fzrpp + Fp =0
Fak21 = Ffl + FZI’ZI + th = 115.539 [N]

2.2) Podélné soustruzeni (Hrubovani):

Vypocet feznych sil:

Osa X

Moyd :

Mozd :

25

Vo= [ms]
c2 60
apy 1= 0.0008 [m]
£ 5 == 0.0005 (miot)  [miot]
8

kep = 28.5-10 [N/mm2]
3

F02 = kczapzfnz =1.14x 10

Fpp = 0.45-F, = 513

sz = 08F02 =912

ZI'12 =0

Fyrip=my-zryy

F02b1 + GI'COS(OLI)'CI - Fcyzal =0

Fc2b1 + Gl €1 'COS(OLl)

F =
cy2
y a

Fpyby = Feppa; =0

_ Fpby

FczZ =

a1

sz + FZI’12 - FaklZ + GISIH(OL1> + Ftl =0

Fak12 = sz + FZI'12 + GISIH(OLI) + Ftl
F02 - de2 + GI'COS(OL) + Fcy2 =0
de2 = F02 + GI'COS(OL1> + Fcy2

Ff2 - Fdz2 + Fcz2 =0
Faz=Fp + Fepn

[N]
[N]
[N]

[m/s?]
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OsaZ
-2
otacky vietene iz = 7D,
rychlost posuvu Ve =t ngp

draha posuvu

celkovy €as operace

Moya:

Moxa:

$p = 0.040 [m]
S
2
ty = —— = 3.686 [sl]
Vi
Ng$22 =
Sk
nggip=0
Zr22 = 0

Fy00 = my-zrpy

FCZdl + Gz'el'COS(OLl) - Fbyzfl =0
FC2d1 + Gz'el'COS(OLl)
fy

Fby2 =

szdl + G261S11’1(0L1) - FbX2fl =0

(Fp2~d1 + Gyeq -sin(ocl ))
fy

Fpxo =

sz - FaX2 - FbX2 + GleIl(OLl) =0

FaXZ = sz - FbX2 + GleIl(OLl)

FC2 - Fayz - Fby2 + Gz'COS(OLl) =0

Fayz = Fcz - Fby2 + Gz'COS(Otl)

Fpy = Fagop + Fpop + Fp =0
Fak2o = Fpp + Fyop + Fip
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2.3) Podélné soustruzeni(dokonCovani):

Vypocet feznych sil:

Osa X

OsaZz

Rezny proces:

Moyd :

Mozd :

=— [m/s]
Ve3 T 6o
a3 = 0.00011 [m]
3 := 0.0003 (miot)  [mlof]
8
ko3 = 28510 [N/m?]

Foz = kezapyfhy = 9405 NI
Fpy = 0.45-F 3 = 42.322 [N]

Fp3i= 0.8F3=7524 [N]

ZI'13 =0
For13=my-zry3
FC3b1 + GI'COS(OLI)'CI - Fcy3a1 =0

FC3b1 + GI'CI'COS(C)Ll)

FCy3 =

a

Fp3by —Fep3:a1 =0

_Fgby

Fez3=

a4

Fp3 + FZI'13 - Fak13 + GISIH(OLI) + Ftl =0

Fak13 = Fp3 + FZI'13 + GISIH(OLI) + Ftl

FC3 - de3 + Gl'COS(OLl) + FC =0

y3
de3 = FC3 + GI'COS(OLI) + FCy3
Fp3 = Fy3 + Fep3 =0

Faz3 = F3 + Fepz
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Moya :

Moxa :

2.4) Zapichovani :

Vypocet feznych sil:

vy = i3y

s3 = 0.04 [m]

53
tyi= — = 6.144 [s]
Vi3
HKS23 = = 39.065
Sk
ng§13:= 0

2ryy = 0

Fr03 = my-zry3
FC3d1 + Gz'el'COS(Otl) - Fby3f1 =0

FC3d1 + Gz'CI'COS(OLI)

F =
by3
Yy fl

Fp3d1 + Gzelsll’l(Otl) - FbX3f1 =0

fi

Fpx3 =

Fp3 - Fax3 - FbX3 + stll'l(OLl) =0

Fax3 = Fp3 - FbX3 + stln((ll)

FC3 - Fay3 - Fby3 + G2'COS(OL1> =0

Fay3 = FC3 - Fby3 + G2'COS(Q1)

Fp3 = Fapo3 + Fo3 + Fp =0

Fako3 = Fp3 + Fyo3 + Frp

235
Vo= — [m/s]
P
a4 = 0.0005 [m]
f 4 = 0.00008 (miot)  [m/ot]
8
keq 1= 28510 [N/m?]

FC4 = kc4ap4fn4 =114 [N]
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Ff4 = OFC4 = 0 [N]
Fpg:= 0.6Fgy = 68.4 [N]
Osa X
D4 := 0.055 [m]
Dy := 0.050 [m]
Dy
S1g = —
147
Dy
S = —
konst4 5
Ved
Nyt14 =
™Dy4
Ved
Nyy04 =
D4
Vpl4 = Pyp14Tng
Vp24 = Pyi24'Tng
2-(s14— s
14 ~ Skonst4
ty = ( onstt) _ 1313 [s]
(Vp2a * ¥p14)
~ Vp24~ Vpl4
4
S14
Vposd = T
p 4
. Vpos4‘60
ng§14:=—
Sk
nK§24 =0
Forig=mypzryy
Moyd: FC4b1 + GI'COS(OLI)'CI — Fcy4a1 =0
. . FC4bl + Gl'Cl'COS(OLl)
cyd =
y a)
Mozd : Fryby = Fepqa1 =0
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OsaZ

Moya :

Moxa :

Fpa + Fzr14 = Fakia + Gyesin(ey ) + Fyy =0

Fak14 = Fp4 + FZI'14 + GlSlIl(OLI) + Ftl

FC4 - de4 + Gl'COS(OL) + Fcy4 =0

de4 = FC4 + Gl‘COS(OLl) + Fcy4

Ff4 - Fdz4 + Fcz4 =0

Faza = Fg + Fopy

Zr24 =0
Faro4:= my-7mp4
FC4dl + Gz'el'COS(OLl) - Fby4fl =0

. . FC4d1 + GZ'CI'COS(OLl)
by4 -~
Y fl

Fp4d1 + G261S11’1(0L1) - FbX4fl =0

Fx4 = fi

Fp4 - FaX4 - FbX4 + GleIl(OLl) =0

Fax4 = Fp4 - FbX4 + GleIl(OLl)

FC4 - Fay4 - Fby4 + Gz'COS(OLl) =0

Fay4 = FC4 - Fby4 + Gz'COS(Otl)

Feg = Fagoq + Fo4 + Fp =0

Fako4 = Fg + Fpoq + Fp

2.5) Zatizeni od rychloposuvu

F.5:=0 (N]
Fps:= 0 [N]
Fpsi=0 [N]
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Osa X

zrychleni soustavy bé&hem RP zry 5= 10.638 [m/s?]

sila od zrychleni F,15:=myzr5

pocet RP osy X Pppy =4

celkovy Cas jednoho RP — 0.048 Is]

(pouze zrychlovani) 5 =0

celkova draha RP osy X

pramérna rychlost béhem RP

primémé otacky KS
Silové ucinky v ose X

Moyd :

Mozd :

Osaz

zrychleni soustavy b&hem
RP

sila od zrychleni

pocet RP osy Z

celkovy €as jednoho RP
(pouze zrychlovani)

1 2
S15 = Z'PRPI'E'ZrIS'tIS

515
Vhosl5 =
P 2-Ppp1tys
) VposlS'60
ng§15-=
Sk

F.5by + Gy-cos(al)-c| - FcyS'al =0

FCSbl + GI'CI'COS(C)Ll)

Fcys =

a

Fpsby — Fep5a1 =0

 Frsby

Fez5=

a1
Fp5 + FZI'lS - Fale + GISIH(OLI) + Ftl =0
Fale = Fp5 + FZI'IS + GISIH(OLI) + Ftl

Fo.5— deS + Gyrcos(o) + F5=0

y5
de5 = FCS + GI'COS(OLI) + FCy5
Fps = Fizs + Fez5 =0

Faz5:= Fpes + Fegs

[m/s?]
ryg = 10.638
Frps = myzrps
PRP2 = 9 [_]

tys = 0.048 [s]
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celkova draha RP osy Z Sp5 1= 2PRP2~l~zr25-t252
2

pramérna rychlost béhem RP

primémé otacky KS

Silové u€inky v ose Z

Moya :

Moxa :

2.6) Soustrureni zavitu

Vypocet feznych sil:

$25
Vpos25 =
P th5-PRpo 2
. Vpos25 60
ng§25 =
Sk

FCSdl + Gz'el'COS(Otl) - FbySfl =0

FCSdl + Gz'CI'COS(OLI)

F =
by5
Yy fl

Fpsdl + Gzelsll’l(OLl) - FbXSfl =0

fi

Fpxs =

Fp5 - Faxs - FbXS + stll'l(OLl) =0

FaxS = Fps - FbX5 + stln((ll)

FC5 - Fays - Fby5 + G2'COS(OL1> =0

Fays = FCS - Fby5 + G2'COS(Q1)

Fps = Fagos + Fzo5 + Fip =0
Fakos = Fgs + Fyos + Frp

145

V.= — [m/s]
cb 60

a6 = 0.00016 [m]

f6:= 0.001 (m/ot)  [mof]

8
kog:= 28510 N/m?]
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FC6 = kc6ap6fn6 = 456 [N]
Fggi= 0.45-F, = 513 [N]
Fpg = 0.8 Fgg = 364.8 [N]
Osa X
Ve6
N yp = ——
Vi6 7D,
Ve = the Mvi6
86 = 5-0.010 = 0.05 [m]
S
6
tg = — = 3.575 [s]
V6
K826 =
Sk
ng§16:=0
ZI'16 =0
Fir16=my 2116
Moyd . FC6b1 + GI'COS(OLI)'CI — Fcy6a1 =0
FC6bl + Gl 'Cl 'COS(OLl)
F =
cy6 a
Mozd : Frgb) — Fepeap =0
- Fre'by
cz6 "~
a
X: Fp6 + FZI’16 — Fak16 + GISIH(OL1> + Ftl =0
Fakl6 = Fp6 + FZI'16 + GISIH(OLI) + Ftl
y: FC6 - de6 + GI'COS(OL) + Fcy6 =0
de6 = FC6 + GI'COS(OL1> + Fcy6
z: Fee = Faze + Feze = 0
Faz6 = Fre + Feze
OsaZ

Zr26 =0
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Fo06 = my-ziyg
MOyai FC6dl + Gz'el'COS(OLl) - Fby6fl =0
. _ FC6d1 + GZ'CI'COS(OLl)
by6 - fi
Moxa : Fp6d1 + Gzelsm((xl) — FbX6fl =0
Fpxe = £
1
X Fp6 — FaX6 — FbX6 + GleIl(OLl) =0
Fax6 = Fp6 - FbX6 + GleIl(OLl)
y: FC6 - Fay6 - Fby6 + Gz'COS(OLl) =0
Fay6 = FC6 — Fby6 + Gz'COS(Otl)
z: Fgg = Fakoe + Fzro6 + Fp =0
Fak26 = Fre + Fzro6 + Fo
2.7) Upichovani
Vypocet feznych sil: 235
ypot y vy 22 [ms]
60
a7 = 0.0005 [m]
f 7= 0.00015 (m/ot)  [miof]
ko7 = 28.5:10° [N/n?]
FC7 = kc7ap7fn7 =213.75 [N]
Fpp:=025F ;=53437  [N]
Fp7:= 0.5F;=106875  [N]
Osa X
D;:= 0.055 [m]
D, = 0.01 [m]
Y
17775

Dy
Skonst7 = >
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Ver
17 =
Ver
Nyy27 =

Moyd :

Mozd :

Vp17 = yi17 a7
Vp27 = Nyp27 a7

2:(sy7—s s
17~ Skonst7)  Skonst7
ty = ( onst) + = = 2303

(sz7 + Vp17) Vp27

517
\% =—
pos7
t7
) ' Vpos7'60
ngs§17:=—
Sk
ngg7:=0
Vp27 = Vp17
2wy ==
t7

Fyr17= my-zry;

F.7by + Gy-cos(al)-c| - Fcy7'al =0

FC7b1 + GI'CI'COS(C)Ll)

Fcy7 =

a
Fp7by = Fep7a1 =0

F7b1

a4

F

cz7 =

Fp7 + FZI'17 - Fak17 + GISIH(OLI) + Ftl =0

Fak17 = Fp7 + FZI'17 + GISIH(OLI) + Ftl

Fo7- de7 + Gyrcos(o) + F 7 =0

y7
de7 = Fc7 + G1~cos(ocl) + Fcy7
Ff7 - FdZ7 + Fcz7 =0

Faz7:= Fr7+ Fopy

[s]
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OsaZzZ

Moya :

Moxa :

2y = 0
Farp7 = my-zrp7
FC7d1 + Gz'el'COS(Otl) — Fby7f1 =0

FC7d1 + Gz'CI'COS(OLI)

F =
by7
Yy fl

Fp7d1 + Gzelsm(ocl) - FbX7f1 =0

fi

Fpx7 =

Fp7 - Fax7 - FbX7 + stll'l(OLl) =0

Fax7 = Fp7 - FbX7 + stln((ll)

FC7 - Fay7 - Fby7 + G2'COS(OL1) =0

Fay7 = FC7 - Fby7 + G2'COS(Q1)

Fp7 = Fago7+ Fpo7 + Fp =0

Fako7 = Fp7 + Fpo7 + Fip
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o . ré "
Souhrn pusobicich sil:
OsaZ
Fay1 = 558.646 N] Fay1 = 596.063 N] Fypoq = 115539 IN]
3 3
Fayp = 1108 x 10~ [N] Foxo = 1L145x 107 [N] Fyj0n = 514.539 IN]
Fay3 = 268.101 IN] Foy3 = 473.439 [N] Fai3 = 43.861 [N]
Fayq = 284.115 [N] F, 4 = 467.949 IN] Fo4 = 1.539 IN]
Fays = 192.605 IN] Foys = 413.042 [N] Faias = 791.197 [N]
Faye = 538.646 N Faxg = 705.875 IN] Fai06 = 514.539 IN]
Fay7 = 364.186 NI F,y7 = 498.833 IN] Fyj07 = 54.976 IN]
Fpy1 = 205.103 [N] Fpx1 = 291.907 [N] nggo =0 [ot/min]
Fhyp = 340.042 N] Fio = 426.846 N] Ny gyy = 65.109 [ot/min]
Fpy3 = 133.698 [N] Fly3 = 261.771 IN] g3 = 39.065 [ot/min]
Fhys = 137.634 IN] Fyq = 260.421 IN] nggn4 =0 [ot/min]
= N = .
Fpys = 115.144 [N] Fixs5 = 246.928 IN] s = 1.532 x 0> [otimin]
Foyg =205103 NI Fpg=318895 N o~ ga018 [otrmin]
- N = N .
Fiy7 = 157.313 [N] Fpy7 = 268.012 [N] g = 0 fotimin]
Osa X
Fey1 = 552412 N] Foy1 = 137.903 N] Fypqq = 441335 IN]
3 3
Foyp = 1.38x 10" IN] Feyo = 620.565 IN] Faupp=1125x10° [N
Foyz = 114.57 [N] F.,3 = 51.197 IN] Fyp13 = 288317 IN]
Feys = 138.703 N} Fez4=0 IN] Fox14 = 281.48 IN]
Foys = 0.799 [N] F.,5=0 (N] Fliq5 = 467.431 IN]
Foyg = 552.412 [N] F.,6 = 620.565 IN] Fo16 = 577.877 [N]
Fey7 = 259.368 IN] F,7 = 64.642 [N] Fai17 = 320.11 [N]
3 :
Fayp = 1.108 x 10 N Fq,1 = 251.903 [N] ng gy = 91.443 [ot/min]
3 3 .
Fiyp =2.619x 107 [N] Fgpn=1134x10" [N] nggio=0 [ot/min]
Fay3 =307.748  IN] Fy3 = 93.519 IN] ngg 3= 0 [ot/min]
Fayg=351831 N Faza =0 N] N4 = 125.669 [ot/min]
= N = .
Fays = 99928 N Fdzs =9 N nggys= 1532 x 10°  [otimin]
3 3
Fiye = 1.108 x 107 [N] Fae=1.134x 10" [N] S fotimin]
Fayy =s72246 1N Faz7 = 118.08 N nggp7=71.63 [ot/min]
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3) Vypocet zivotnosti linearniho vedeni HIWIN
Osa X
faktor tvrdosti fi, == 0.8 [-]
zatéZovy faktor foy = 3.5 [-]
teplotni faktor fp=1 [-]
dynamicka unosnost Cyn = 26480 [N]
celkovy &as osy X te] == t] + ty + 2Prpy-ty5 + t7 = 5.805 [s]
celkova draha osy X Se] =5 + (514 - skonst4) + 515+ 517 =0.156 [m]
o Scl ,
prameéma rychlost vp] == ——60 = 1.608 [m/min]
t
cl
Zatizeni vozika
_ [Fay| + [Fan|
P
o Faya| * |Fazy
41 - b
o Fays| * |Faus|
51 5
_ [Fayr| + |Faz1|
s

ekvivalentni zatéz

P

ml -~ s

i/
jmenovita Zivotnost v draze

jmenovita Zivotnost v hodinach
pozadovana zivotnost

pomeér vypocetné Zivotnosti a
pozadované zivotnosti

OsaZ

1

cl

3 3 3 3
[Pll 's1+ Pa1 (514~ Skonsta) + Ps1 515 + Py '(517)} = 397.824 IN]

3
fh 1 Cayn 8
Ly = | ——=—1 -50000 = 1.761 x 10 [m]
dl f .P
w ml
L
d1
Lyjioq = ~1.825 x 10° [h]
hlinl 60
Vpl
3
Lpoz = 8010 [h]
Lhtin1 [-]
Sp = =22.818
hi =7 .
poz
tC2 = t2 + t3 + 2PRP2t25 + t6 = 14.269 [S]
Sep = 89 + 83 + Sp5 + sg = 0.351 [m]
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Vo2 = ::—2-60 = 1.474 [m/min]
I L : [Fax2]
b L : [Faxs|
I : [Faxs|
I L : [Faxel

3
1 3 3 3 3
C

3
£ £ C
hiTCq
Ly = | ——=2 | 50000 = 4.985 x 107 [m]
W'PmZ
L
a2
Lyjin2 = = 5.636% 10° [h]
Lhlin2
Sh2 = = 7.044 [']

poz
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4)Vypocet kulickového Sroubu HIWIN:
Osa X
koeficent ulozeni kq:=042
primér hfidele dyp =218 [mm]
vzdalenost mezi loZisky lq := 170 [mm]
jmenovity pramér KS Djm1 =25 [mm]
maximalni uvazované otacky nyp = 3000 [otmin]
Otackovy faktor
4 Py v
D, := im1 Myl = 75% 10 musi byt mensi nez 90 000
Kontrola maximalnich
otacek
. dep g 4 .
kritické otacky nyq = kg——-10" = 3.168 x 10 [ot/min]
2
la1
maximalni pfipustné otacky noi= 0y q-0.8 = 2.535 x 104 [ot/min]
Kontrola vzpérné tuhosti:
koeficient zavislosti na ulozeni ky = 0.26 [-]
nepodeprena délka hiidele I = 130 [mm]
4 4
. . k1 5 5
max. teoreticka dovolena Fi 1= ke-——-10" = 3.475 x 10 [N]
axialni sila 12
k1
max. dovolena provozni
P Frmax == Fi0-5 = 1.737 x 107 IN]
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Vypocet zivotnosti
dynamicka unosnost Cgyn = 16400 [N]
t, o=
X.
podet riiznych otackovych i=1.7 !
rezim( b&hém jednoho ckylu 0
—-100
Fik1. = n, = te1
1 1
)
Falc11 K311 o 100
C
Fak12 K12 G
Fak13 K313 :'100
N C
Fak14 NKS14 »
Fak15 K315 100
N 1
Fak16 nK$16 c
t15PRp12
F Ny &
akl7 KS17 —-100
tel
t
tel
t
tel
ty
v , ;v 1 .
stfedni otacky = Z o 186.609 [ot/min]
i
3 ny, t
v P o~ . 3 1
stfedni zatizeni F, . = F = 425336 [N]
ml Z ( ak11> npl
i
c 3
Zivotnost v otagkach ol = dynl | 105~ 5732 % 10° [of]
ml
zivotnost v hodinach [h]

pomér vypoctené a pozadované
Zivotnosti

OsaZ

3
Cq 6
) ynl 10 6

F1 m1 60
Ly«
hks1
Sp3 = ——— = 63.998
poz
dyr = 21.8 [mm]

lqp = 270 [mm]
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jmenovity pramér KS Dipp =25 [mm]
maximaini otacky v operaci nyp = 3000 [ot/min]
ackovy 4 - .
otackovy Dpy = Dimpyp = 7.5 x 10 musi byt mensi nez 90
faktor 000

Kontrola maximalnich
otacek d

K2 .
Ny = kd-—~108 1256 x 10 [ot/min]
2
Ll
Nax) = Nip 0.8 = 1.005 x 10t [ot/min]
Kontrola vzpérné tuhosti:
Iy = 220 [mm]
4
dep 5 5
Fiep = ki =107 = 1.213 x 10 [N]
%)
4
Fimax2 = Fxa:0-5 = 6.066 x 10 IN]
Cgynp = 16400 IN]
Vypocet zivotnosti
Fako. Ny = t, =
1 1 1
Fako1 K01 4 100
Fak22 K322 ten
Fak23 K323 ty
B — —.100
ak24 KS$24 te
Fak2s K325 t
i I —.100
ak26 KS$26 ten
Fak27 K307 4
—-100
th
th5Prp2 2 100
th
t
6
—100
th
t
;
—-100
th
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3
nz.'tz.
3 171
F_~:= F ———— | =702.448 (N]
m2 z ( akZi) n_ 100
1
3
C
dyn2
Loy = ( = J 10°= 1273 x 10"° [of]

Fm2

= 1.439 x 106

3
Cdyn2] 10°

Ly =
hks2 (F

m2 Om2 60

(h]
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4)Vypocet zivotnosti kosouhlého loziska HIWIN:

Osa X

vypoctovy soucinitel

hmotnost KS 1
dynamicka unosnost
radialni sila

axialni sila

ekvivalentni zatizeni

Zivotnost v hodinach

pomér vypoctené a poZzadované
zivotnosti

OsaZzZ

X:=0.63
Y, = 1.24
Cy = 18800 [N]

Fal = le = 425.336

Pl = XFrl + Y2Fa1 = 531.804

3
6 C
1 11
0 [—J = 3.946 x 106

L =
10h1
Lion1
Sh5 = =49.323
poz
Cpp == 18800 [N]

Fa2 = sz = 702.448

P2 = XFrQ + Y2Fa2 = 876.598

3
6 (cC

1 12

0 [—J - 1115 x 10°

L = .
10h2

Lion2

Sh6 = =13.94

poz

(h]

[N]

[N]

(h]




