Semestralnil prace - Planetova prevodovkg

6KT - 2016/17 LS
Vaclav Valicek, 171226

3A/6, zadani c. 21.

Zadani hodnot:

Jmenovity vykon elektromotoru
Jmenovite otacky elektromotoru
Pozadovane vystupni otacky

Pozadovana zivotnost

Koeficient vnejsich dynamickych vlivu

Provozni teplota: :=L—30
Prov
Stupen presnosti ozubeni dle ISO: QISO= 9
Celkova uchylka dotykove plochy: FBy=53um
Minimalni bezpecnost v dotyku: S o=1,1
Hmin
SFmiﬁ=l'5

Prumer roztecne kruznice pastorku

Stredni merna tuhost zubu

Maximalni vnejsi prumer skrine starteru

Uhel zaberu

Soucinitel vysky zubu

= kW
PJ 9,9

.o=1
n, = 4300 min =71,6667 Hz

n =845 min
4p

=14,0833H=
6
Lh==390 hr=1,40410 s

KK=2'25

d4:=30mm=0,03m

1
=1,1-10 OPa

-1
CY:=11Nmm Mm

D =174 mm=0,174m
max

o=20deg=0,349066

ha0:= 1

Cviceni 1 - Vypocet pastorku a ostatnich kol

Minimalni pocet zubu bez podrezani:

haO

=17,0973 z

Z .=
1 min

sin (oc)
Navrhovy prevodovy pomer:

n

i :=—l=5,0888
14n n
4p

Pocet zubu satelitu

i
l4n_l
2

=29,3432 Z

“Zon- %1

PP:
[z 1t 22]
2.—
21
Pocet zubu korunoveho kola:

=5,0526

z3n:=[—zl]-[il4— l]=—77 b4

Pocet satelitu:

aK== 4




Otacky satelitu:
i

n.=————=2259,6624min
2 Zl+|23|

Procentualni odchylka otacek pozadovanych a skutecnych
Skutecne otacky:
zZ_ ' n

n4:=2#=14,184[f2
[Zl+22]
n, -n
4 4
an =B _p,715¢
4 n
4p
n4max:=lﬁ
Kontrola:
if An4<An4maX ="V poradku
"V poradku"
else
"Odchylka prekrocila meze"
Podminka stejnych osovych vzdalenosti
zl+2-22=—z3=1
Podminka smontovatelnosti:
zZ_ +|z
S
Ni= ———— =24
aV
if(round&i;O):N} ="V poradku"
"V poradku"
else
"N Musi byt cele cislo!"

Dilci prevodove pomery:
z

i ==—2=l,5263
12 =z
1
z
i =——3=—2,6552
23 22

Cviceni 2

1. Navrh modulu ozubeni - pro vsechny kola spolecny!

Modul ozubeni: HH{=1,75mm
Roztecna kruznice:

d§=23-mn=—134,75mm

Vyska paty zubu:
h_=1,25m =2,1875mm
f n

Modulova rada 1: (prednostni)
0,6; 0,8; 1; 1.25; 1,5; 2; 2.5 mm

Modulova rada 2:
0.55; 0.7; 0.9; 1.125; 1.375; 1.75; 2.25 mn

Prumer patni kruznice:

df3==[d3— 2-hf]=— 139,125 mm

Volba tloustky steny: t:=4 mm

Kontrola volby modulu:
t+ 3,5-mn]+|d 159,375 mm

Dmax_kontrolééz{ f4=



if D >D ="V ku"
* max~ max kontrola Plokectol

"V poradku"
else
"Spatna volba modulu"

2. Vypocet prumeru roztecnych kruznic

Centralni kolo:

df=zlfmn=33’25mm
Satelity:
dj=22-mn=50,75mm

Korunove kolo:
d3=—134,75mm

3. Navrh sirky ozubeni

Sirka ozubeni je limitovanana 1.1 nasobek prumeru roztecne kruznice kola

bi=(o,6 ,,1,ﬂ-di (pastorek) =9 ..14

Centralni kolo:
bl:= 28 mm

Satelity:
b2==b1—2-mn=24,5mm

Korunove kolo:

b3:=bl=28mm

4. Vypocet osovych vzdalenosti

Centralni kolo - satelit

d1+d2

12; > =42 mm

5. Vypocet zakladnich parametru ozubeni

Roztec:
p=n-mn=5,4978mm

Vyska hlavy zubu:
h =m =1,75mm
a n

Vyska paty zubu:
hf=2,l875mm

Prumery satelitu:
Roztecna kruznice:
d2=50,75mm

Zakladni kruznice:

dy = d2-cos(oc)= 47,6894 mm

Hlavova kruznice:
da£=d2+2-ha=54,25mm
Patni kruznice:

df£=d2—2'hf=46,375mm

// muze se volit ale nemusi

b£=W1n (kola)

O,6-d1<b1]A[b1< 1,1-d,|=1

Satelit - korunove kolo
Kontrola:

23 y - 4z2mm

a

1279237

1

Prumery centralniho kola:
Roztecna kruznice:
d1=33,25mm

Zakladni kruznice:

dbf=d1-cos&ﬂ=31,2448mm

Hlavova kruznice:
d =d.+2-h =36,75mm
al 1 a

Patni kruznice:
dff=d1—2-hf=28,875mm
Prumery korunoveho kola:
Roztecna kruznice:

dy=-134,75mm

Zakladni kruznice:

d, 5= dy cos ()=-126, 6236.mm

Hlavova kruznice:
d ==[d +2'h ]=—131,25mm
a3 3 a

Patni kruznice:

df3=—139,125mm




Tloustka zubu: Hlavova vule:
s:=%=2,7489mm c=h_-h_=0,4375mn
. Kontrola vule mezi satelity

3. Doplnujicici geometricka podminka planetoveho mechanismu

Volim vluli vmin v rozsahu 1-2 mm. Vmin:= 1,5 mm

dwf=d1=33'25mm

dwj=d2=50,75mm

da +Vmin
=2 ] _ | = de
O 360 deg=9o deg emin 2-asin 3 +4 83,1639 g
a wl w2
K
if 626 . ="V Poradku"
min
"V Poradku"
else
"Nedostatecna vule mezi satelity!"
. Vypocet soucinitele a drahy zaberu
Centralni kolo - satelit
Soucinitel:
1/d 2d 2I+1/d 2d 2I2- ~sin (o)
¥ %1 " a2 " “p2 G127 s .
\/12 2-H-mn-cos (O() ! al2 \/12

Delka oblouku zaberu:

wfa?
901271 %a1
Soucinitel zaberu satelit - korunove kolo

z d |z | d

3

€ ==—2- tan|acos k2 —tan(oc) - ‘|tan|acos b3 —tan(oc) =1,9405
Y23 2'm d z d
az2 2 a3

d 2I+q/d 2—d 2_,. sin(o)=16, 4787 mm
bl a2 b2 8o SENIU= L0,

. Kontrola spicatosti zubu

Minimalni tlouska zubu na hlavove kruznici pro tvrda kola:

S . =0,4m =0,7 mm
amin n

Involuta uhlu pro bod na zakladni kruznici:
inv = tan(o)-a=0,0149

Centralni kolo
Uhel profilu evolventy na hlavove kruznici:

dl
=31,7668 deg
al

Involuta uhlu pro bod na hlavove kruznici:

o _.=acos
al

inv__.=tan [ocal]— a_1=0,0648

Tlouska zubu na hlavove kruznici v normalni rovine:
Volim korekci ozubeni: 0 - bez korekce

s -q I +2-x-tan(oc)

+[inv - inv ] =1,205mm
o aal

nal al| 2z 1 z 1
Kontrola meze spicatosti zubu
if s > s ) ="V Poradku"
nal amin
"V Poradku"
else

"Zacni se modlit k Shiaglevmu"



Satelit
Uhel profilu evolventy na hlavove kruznici:

d 2
=28,4699 deg
a2

Involuta uhlu pro bod na hlavove kruznici:

o _ .=acos
a2

1nvaa£=tan[aaj—w1a2=0,0454
Tlouska zubu na hlavove kruznici v normalni rovine:
Volim korekci ozubeni: == (0
- 0 - bez korekce
2'xt
s wq |om ,zxrtanld ..o =1,285mm
naz2 az2l2-z z o' aa?
2 2
Kontrola meze spicatosti zubu
if s > s . ="V Poradku"
naz2 amin
"V Poradku"
else
"Zacni se modlit k Shigleymu"

Korunove kolo
Uhel profilu evolventy na hlavove kruznici:

d
o _=acos D3 =15,2579 deg
a3
a3
Involuta uhlu pro bod na hlavove kruznici:
1nvaa§=tan[aaﬁ—aa3=0,0065
Tlouska zubu na hlavove kruznici v normalni rovine:
Volim k kci beni: =0
olim korekci ozubeni 0 - bez korekce
2. .
s wq |om ,zxrtanld .o =1,5716mm
na3 a3| 2z z o aal
3 3
Kontrola meze spicatosti zubu
if s > s . ="V Poradku"
na3 amin
"V Poradku"
else
"Zacni se modlit k Shigleymu"

. Cviceni
Silove pomery v ozubeni

= w
PJ 9900

Vstupni kroutici moment:
P

J
M, i=——=21,9856Nm
k1l 2-H-n1
Kroutici moment na jednu planetu: (n=1)
M
M :=—EE=5,4964NH7
tl aK
Obvodova sila na centralni kolo
d
1
Me®Fer
M
tl
F,o=2—-= , 6104 N
1 dl 330,610

Radialni sila na centralni kolo:
F_=F _,tan(o)=120,3323¥

+



Normalova sila na centralni kolo:

Fo= Ft12+Fr12=351’8282N

Silove pusobeni na satelitu: Silove pusobeni na korunovem kole:
Ft2:=Ftl=330,6lO4N Ft3:=Ft2=330,6lO4N

F y=F /= 120,3323N Fr3:=Fr2= 120,3323%
Fn2:=Fnl=351,8282N Fn3:=Fr2= 120,3323N

Silove pomery na vystupu:
Vystupni Mk
M, =M _-i_ =111,0851Nm

k4 k1l 14
Sily na vystupu
M
k4
=0 — = N
Ft4 2 d4 7405,6724
= - = N
Foa~Fiy tan(o)=2695, 4443

, 2 2
= = N
Fn4 Ft4 +Fr4 7880, 9519

2. Volba materialu kol a navrh tvrdosti na boku zubu

vypocty centralniho kola a satelitu

kola - lita ocel, povrchove kaleny bok zubu, stupen kvality ML

tvrdost zubu se lisi dle poctu cyklu, vice zatizene kolo ma tvrdost +20 - +60 HB vyssi

Pocty spoluzabirajicichkol (akc - centralni kolo, aks - satelit)

akc== ag= 4 Pocet zatezovych cyklu:
gys=? - fralni kolo: |N. =T -n.-a_ =4,024810°
centralni kolo: L=y a4
. 8
- satelit: NLS-—Lh n2 aks_ 1,057510

Volba tvrdosti povrchu:

H =615 H :=H -40=575
€ 8 €

Podle tabulky ze shigleyho str 1147,
Max H = 615, min H = 485,
A a B jsou taky odtud

Centralni kolo:
Mez unavy v dotyku:
A =0,74MPa B =602 /MPa Podle materialu z elearningumuze byt
H=675 HV pro ocelolitinu
= . = MP
Ou1imC Al Hc+B1 1057, 1MPa
Mez unavy v ohybu:
A2==O,305MPa B2:=76MPa
1= . = MP,
Or1imcC A2 Hc+ B2 263,575 MPa
Batelit:
= . = MP
oHlimS Z—\l Hs+B1 1027, 5MPa
%r1ims” P2 st B2
3. Stanoveni soucinitelu silovych pomeru ozubeni

=251,375MPa

2
Z = dotyk, Y = ohyb . E

. s . . B=—{Q —q =0,731
Soucinitel vnejsich dynamickych sil: KA= 2,25 4 IS0

Soucinitel vnitrnich dynamickych sil: QISO= 9 A=50+56(1-B)=65,0638
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[A+13—Q ] nd._n

150 -1
v o= ms T=23,849% v =max . -7,48622
max 200 S Kv n-d2-n2 E

B
A+,‘/200-V il
Kv m

K = =1,4066
AV A

Soucinitel nerovnomernosti zatizeni zubu po sirce dotyku: Khp
Celkova uchylka dotykove krivky: Stredni merna tuhost zubu:
F_ =5 um 10
gy C =1,1-10" Pa
Y
Pracovni sirka ozubeni:

b12:=min[[b1 bZ]]=24,5mm

Stredni obvodova sila:
= . . = N
Fm Ftl KA KV 1046,3097
Merne zatizeni (min 100N/mm)
N
100 —
mm

N
W _=max F =100—
n m mm

b12

Pomer rozlozeni zatizeni po sirce ozubeni

C

FBy' v
bkrit:=2-—wn=0’275

= ] > =
KHB if bkrit_l 1,275

2:F_-C
By v

KHB= 1,275

Soucinitel nerovnomernosti zatizeni zubu po sirce pro ohyb: Kfp
Vyska zubu:
hi=h +h _=3,9375mm

a £

b, b
i =min|_1L1 _2
bh_n h h

3
i, =max|| s =6,2222
bh “lbh_n
2

i
bh
NF-—ﬁ— 0,8428
+ lbh+ lbh

N

F
KFB_KHB =1,2272

=6,2222




Soucinintel souctove delky dotykovych krivek boku zubu:
4-¢
7 = —Y12_0, 8954
€ 3
Soucinitel vlivu zaberu profilu:

Bb:= 0 deg B:=0 deg

0,75

2
Y _=0,25+ -cos[Bb] =0,7203

ylz

Soucinitel podilu zatizeni jednotlivych zubu v dotyku a ohybu:

Tab. A-36
Mezni ichylka Zelni roztece Celnich ozubenych kol f,. (Vyber z CSN ISO 132811
:;::ju;r;: stupen presnosti Q.
6 7 8
d +f,
(pm)
8.2 d S0 05<m<2 3.3 4,7 6,5 9.5 13,0 19,0 26,0
2<m<35 3.7 5,0 7,5 10,0 15,0 21,0 29,0
05<m<2 3,5 50 7,0 10,0 14,0 20,0 28,0
by 2<m<35 3,9 9.5 I:5 11,0 15,0 22,0 31,0
35<m<é 4,3 6,0 8,5 12,0 17,0 24,0 34,0
6<m=<10 4,9 7,0 10,0 14,0 20,0 28,0 40,0
05<m<2 3.8 55 7.5 11,0 15,0 21,0 30,0
2<m<35 4, 6,0 85 12,0 17,0 230 33,0
50 <d <125 35<m<éb 4,6 6,5 2.0 13,0 18,0 26,0 36,0
6<m<10 5,0 7,5 10,0 150 21,0 300 42,0
10<m<16 6,5 9.0 13,0 18,0 25,0 35,0 50,0
05<m<2 4,2 6,0 8,5 12,0 170 240 34,0
2<m=<35 4,6 6,5 9.0 13,0 18,0 26,0 36,0
125 < d < 280 35=m<éb 5,0 7,0 10,0 14,0 20,0 28,0 40,0
6<m=<10 3,5 8,0 11,0 16,0 23,0 32,0 45,0
100<m<16 6,5 2.5 13,0 19,0 27,0 38,0 53,0
05<m<2 4,7 6,5 9.5 13,0 19,0 27,0 38,0
2<m=<35 50 7,0 10,0 14,0 20,0 29,0 41,0
280 < d < 560 35<m<é 55 8,0 11,0 16,0 22,0 31,0 44,0
6<m=<10 6,0 8,5 12,0 17,0 25,0 35,0 49,0
10<m=<16 7,0 10,0 14,0 20,0 29,0 41,0 58,0
Smerodatna obvodova sila v celni rovine: m,=t7emm dg=d =33, 25mm

F ‘K K K _=1334,0448N Q

e Fe1 Ko By Kup™ IS0
Uchylky celni roztece fpt: (tabulka A-36, shigley)

9 d =d,.=50,75mm
s 2

Uchylka zakladni roztece:
f . =f _ -cos(a)=18,7939um f . =f _ -cos(a)=19,7335um

pbc ptc pbs pts
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Ucinna uchylka zakladni roztece:

f o .
b HlimC
£ =max| 7% =19,7335 um G .. =max ™= 1057, 1 MPa
pe f Hlim o .
pbs HlimS

Obr. 14-8a 20

SniZeni Gchylky zakladni roziete

opoffebenim pfi zdbdhu®.

(Vitbdr z IS0 8336-1:1 994(E)) —
]
= +—+—._._1|[|}E141;
_= max.
A ] _"
=
§ . 7 B max.
f . Z
B Thitim = 300 MPa / y 6.5 max.
E 600 " 5.5 max.
g 5 57,
-
-3 1 LIJI.]
E 1 200 /
2z —_—— e o — | Jmax.
g F s
=
= g
3 N \~ #
3_‘ 2 / e
z 4 .
= X rd
g ./' /z’
B 1 z

. s
7 /
P
F
e
0.5 £
3 5 (1] 0 40 50 100

afinnd dehylka zikladni roztede, f. (pm)

—— 7udlechi®nd ocel, tvimi litina (perlitickd, bainiticka)

R obvodovd rychlost v > 10 m-s™'
— = o Gedd Dviimd litina, tviimd litina (fenincka)

— — — = povichové kalend, cementovand, nitridovand,

karbonitridovand ocel; povechove kalend tvirmd liting } libowiuk ubvodovi sychlon

A\ pfipodd riznych matertld postorku o kelo nabo izného chemicko-1epelngha zpracovini materidly postorky o kela se vvaiuje

arftmeficky prilmér y, = Yo t¥s

Snizeni uchylky zakladni roztece opotrebenim pri zabehu: (Obr 14-8a, shigley)
yO(:= 2, 9 um

Pomocny soucinitel:

C [f Yy
q =—¥1 P 3,4007
o F
tH
b12
i < = i < =
if sY12_2 1,8024 if sY12_2 1,8024
_ \/12 _ \/12
Ko™ [o 9+ 0,4 g ] K oo™ [o 9+ 0,4 q]
else else
K_ =0,9+0,4

Fco
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KHCO(= 1,8024

KFCO(= 1,8024

Shigley strana 802, rovnice 14-35 a 14-36

s f K < 1 = mn s < = mn
* Hco™ iE KFcoF 1
K =1 =
Hco KFCO( 1
else else
€ €
K e Y12 9 0473 K = Y12 4 3884
Hcoa crit . 2 Fcoa crit ¢ 12-Y
8\/12 € Y ¢
if K > K .. =1, i =1,
* Hco Hcoa crit 1,2473 iE KFCO(>KFCO(_CIlt 1,3884
K =K . = .
Hco Hcoa crit KFCO( KFCO(_CIlt

else else

nwn nwn

KHcot= 1,2473

KFCO(= 1,3884

. Cviceni
Soucinitel tvaru spoluzabirajicichkol

2-cos(p.) cos(a)
ZH:= [ 2b] =2,49406
cos (o) "-sin(o)

Mechanicke vlastnosti materialu (shigley, strana 1)

| Mechanické a fyzikalni charakteristiky materiélo.

modul E modul G Poissonovo €islo hustota
material (GPa) (Mpsi) (GPa) (Mpsi) (1) (kN'm™3) -
hlinik a jeho slitiny 71,7 10,4 26,9 3,9 0,333 2712

slitina berylium méd’ 124,0 18,0 48,3 7,0 0,285 8219
mosaz 106,0 15,4 40,1 5,82 0,342 8 545
uhlikové ocel 207,0 30,0 79,3 11,5 0,292 7 801
Zeda litina 100,0 14,5 41,4 6,0 0,211 7199
méd a jeji slitiny 1190 17,2 447 6,49 0,326 8 902
douglaska 11,0 1,6 4,1 0,6 0,330 438
sklo 46,2 6,7 18,6 2,7 0,245 2 590
inconel® 214,0 31,0 75,8 11,0 0,290 8 494
olovo 36,5 53 13,1 1,9 0,425 11 370
hoféik 44,8 65,0 16,5 2,4 0,350 1795
molybden 331,0 480 1170 17,0 0,307 10 197
Monelov kov’ 1790 26,0 65,5 9,5 0,320 8 831
alpaka’ 1270 18,5 48,3 7.0 0,322 8749
niklova ocel 207.0 30,0 79,3 11,5 0,291 7750
fosforovy bronz 111,0 16,1 41,4 6,0 0,349 8168
nerezavéjici ocel (18-8) 190,0 27,6 73,1 10,6 0,305 7750
titanové slitiny 114,0 16,5 42 .4 6,2 0,340 4 426

"Sypersliting na bdzi Mi
¥ Skitina médi {0,5% Be, (1,5 oF 2,55)% Co-+Ni).
“Shiting médi ({9-11)% Ni, 25% In).

Soucinitel mechanickych vlastnosti materialu (Shigley str 789, rce 14-15)

- 1 -189,77864 MPa
S e hew?
I | C T B A
E E

Soucinitele jednoparoveho zaberu
Z =1 Z =1

Rmin Nmin

Z
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+=1,0539

+=0,9813

Soucinitel jednoparoveho zaberu pastorku

Ml
Zg=max =1,0539
Bmin
Soucinitel jednoparoveho zaberu kola
M
Zd=max . =1

Dmin

Soucinitele mazaci vrstvy:

- Klidné i 0.4, pro brouSeny kola

Prumerna vyska prvku proflilu boku zubu:
RZ:= 6-Ra= 9,6 um

Polomer krivosti pastorku ve valivem bode:

o =214 ‘tan(a)=5, 6861 mm

c 2 Dbl
Polomer krivosti kola ve valivem bode:

o) ==i-d -tan(a)= 8,6788 mm

s 2 b2
Redukovany polomer krivosti

P

P

C

P

S = 3,4353mm

red pCT

S

Prumerna relativni vyska prvku profilu boku zubu soukoli:

R =R -3 10 =13,7072 um
z10 z o)
red

Soucinitel maziva:

(pref=10mm)

Koeficienty urceny konzervativne metodou D (shigley strana 814)

Hodnota koeficientu:

Soucinitele poctu cyklu pro dotyk:
Pocet cyklu pastorku:

N =4,0248-1O8
Lc
Pocet cyklu kola:
8

NLs= 1,057510
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1,7
1.6 "'\
b3 =4‘2?1 4N D07T38
\E/Zm L
1.5 :
L e
ZNT = 3,947 ? N‘.-HJITI‘I \\\

14

1.3

souCinitel poctu cykld, Zy, (1)
v

~
~ =3256 5 N,
\/zx'r v L
1.1 \\\
S Zy = 4317 5 N 000
1.0 & |
f i T3
—
0.9 Zor = 1319 N 0901~ 7 =
0.8 Zyr = 1,674 NP4
0.7
10! 10° 10 107 10° 10” 10\

polet cykla, N, (1)

g b konstrukéai ocel (R, < 800 MPa), zuilechténg ocel o ocel k zulechfovini (R, > 800 MPa), tvémd iina (perl, boin.), temperovnd liina (el

tementolni ocel, ocel k povichovému keleni, ocel o tvimé liting plemenem nebo indukéné kalend; podle o plipoudtime-li jisté poskozent pittingem.

¢ —3eda litina, Mimnd lifing (ferit.), ocel legovand k nitvidod, ocel legovand k nitrocementadi o kaleni.
d — zuslechténd ocel karbonitridovand.

Soucinitele poctu cyklu pro dotyk (Shigley str. 812, tabulka 14-11)

// Soucinitel pro pastorekl

// Soucinitel pro satelit

z NTc:= ontc [NLc]

Znrs™ FPnts [NLS]

=0,9349

=0,9724

Soucinitel tvrdosti:
Tvrdost v predchozich vypoctech byla uvadena podle Vickerse..
HVC== Hc= 615

Prevod dle:
HVS:= Hs= 575 http://www.converter.cz/tabulky/tvrdost-online.htm

Soucinitel velikosti:
ZX:= 1 Dle shigleyho v ISO norme vzdy

Soucinitel sklonu zubu:
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pacman -Syu // funkéni diakritika i pod wine!

Nominalni napéti v ohybu:

Ftl

112+1

o=y %E %: %p

dyby

=342,4889MPa

12

=7 _ [K K K__-K_
%ne BOHo’/ AV R HER MHeo

=7 - K ‘K ‘K_ ‘K '
%1s DOHo’/ AV R HER MHeo

Bezpecnost v dotyku:

=809, 7474 MPa

=768,3561MPa

z
NTc
Sue™ %H1inC o Z1LvR Zw %k Lr1229
He
z
NTs
Sps™ OHlimSo—Hs Zivr g by~ 11963

5. Cvic¢eni

Souc¢initel tvaru zubu:

soudinitel tvaru zubu pfi pisobeni sily na spicku zubu, ¥, (1)

35

34

33

Tabulka 14-17, Shigley 823

0.6

%&\% 0.8

15 20 30 50

potet zubi virmudiniho kola, =, (1)

100 200 400 =~



Souéinitel koncentrace napéti p¥i pisobeni sily na S$picéku zubu
Shiley 824, tab 14-18

Y, o=1,54
v, o=1,63
Souéinitel poétu cykld
N =4,O248-108 N =1,o575-1o8
Lc Ls
-0,0323
YNT(N):=1,683-N ¢ Obr 14-23, Shigley 828
YT YNT[ L] 0,8875

Inrs™ YNT[ L]

Souc¢initel vrubové pevnosti:

0,9266

Y
if min Ysac <1,8=0,8

Sas

6relT =058

else

YérelT:=

YérelT= 0,8

Souc¢initel drsnosti v oblasti patniho p¥echodu zubu:

YRrelT:= 0,9

Souc¢initel pro vlozZené kolo (satelit):
Y _=0,7

Souc¢initel velikosti:
Shigley 830

YX:= 1

Souéinitel koncentrace napéti:

ST =2 // Shigley, bulharské& konstanta?

Souéinitel sklonu zubu:
Shigley 827, beta = 0
Y =1

B

Nominalni napéti v ohybu:

F
t1

_ . . v oy = MP

%roc b ym_ Ypac Ysac Ve Y= 24, 37064 MPa

F

t2
- . . Y Y = MP
°r0sT b, . m_ L FaS ‘sas g TpT2os12210Fa
12 'n
Napéti v ohybu v paté zubu:
= MP.
OFC FOCKAKVKFB Fe =131,445MFPa
O_ = K -K_-K =135,4656MPa

rs™ %ros Ka ¥v B rg ¥ rea

Mez Unavy v ohybu referenéniho ozub. kola:

- MP
Orec™ OFlimc Lsr 02 1oMPa

- MP
Ores™ OFlims Lsr 204 /3P
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Pripustné napéti v ohybu v paté zubu:

: Y Y
_ 9reC 'n7C TX Yore1T YRrelr

°Fpc

Fmin

_ 9res Ynrs Yx Ysre1T YRre1T Ya

°Fps

Bezpecnosti

SFmin

v ohybu:

S

SFCI o

_ 9FpC “Fmin

FC

=2,5626

Cviceni 6:

=224,5569MPa

156,5276MPa

S

_ 9%ps SFmin
FS

=1,7332
°Fs

Jmenovity kroutici moment na ramenu unasece:

Mya

M, = =27,7713N m

U
ag

Radiélni sila v uloZeni cCepu:

M
_tu

F,_=——=661,2207N

tU
212

Maximdlni pruimér pouzdra:

pmax

Volba pouzdra: Oiles 500:
viz oiles.pdf v gitu

t
pmvi=——-n
2

if pmv>pmv

2

=da2_2{3’5mJ=42mm

-1
'n1=3,1932MPa m s

max

"Nutno uz
else

it lozisko"

-1
pmv =1,64MPams
max

-4
oiles_k§=0,42-10 mm

="Nutno uzit loZisko"

"Lze uzit OILES pouzdro"

Minimalni prumér Gepu:

T =0,557R =222,8MPa
max_cep e cep
Strih:
4-F S .
. = M=2,0388m
min T T
- max_cep
Ohyb:
B +b
loz 2
= |———|=11,4061 N m
MO_cep FtU 2 06
32 '

'MO cepSFmin

min o

R
e cep

=7,5809mm
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min T
. = max —||=7,5809mm
min cep .
— min o

>> Minim&lni prumér ~8mm, volim lozisko 6003

dgpy=dy =17 mm

Cvic¢eni 7:

Materidl hridele:

d4=30mm

Si¥ka ozubeni pastorku:
b4=0,6-d4=18mm

Mezni rozméry vyloZeni pastorku:

1,5-d4 45

"l 60

1 =
1 .
mez 2 d4

Odhad $irky loziska A:

BlA:= 23 mm
Vzdalenost loziska A od pastorku:
B A
—2b +5mm+1mm+ =53,5mm

Vzdalenost mezi lozisky:

N A N ELIEE
2mez 21, | 107

Radialni sily v loziscich: FA+ FB+ F 4= 0
Zatéz htidele od pastorku: Fool -F 1 =0
F =7880,9519~N nd 1 "B 2
n4
7.9 kN

Lozisko B (kulickové) :
1

F_=F S

= N
B na T 5270, 3866

N

Lozisko A (jehlickové):

= == N
e ey TR
| |
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Minimalni vnéjsSi primér duté hfidele dle HMH k MSP:
kn:= 1,2

=F -1.=421,6309N m
o max n4 "1

Reh
= = MP,
ored . 270,8333MPa
n
o =5
T
o =3,5
o
2
M -5_12 e 2+3-M 2-@ e 2
6 o max 15 o k4 15 T
D = = =39, 6355 mm
msp 2 2
o o
red

Minimalni vnéjs$i prumér duté h¥idele dle Gerbera + HMH k MSU:

N

=
a :=]/ D i] —[;-D ] = 34,3254
e msp mm 2 mm msp
Marinova Rce, 345 shigley:
Souc¢initel vlivu jakosti povrchu: (shigley 346)

b

Rmh
MPa
Souc¢initel vlivu jakosti povrchu: (shigley 346)

k_=a: =0,8392

a

k =1,24-d = 0,107
b e

Soucinitel vlivu zpuasobu zatéZovani: (shigley 348)
Podminka krutu kombinovaného s ohybem, pozndmka 33 dole
kC:= 1

Souc¢initel vlivu teploty: (shigley 349, t7-6)

kd:=1,02
Souc¢initel spolehlivosti: (shigley 350, t7-7)
k =0,897

e

ok ok ok ok ok = MP
o co ka kb kc kd ke oCoh 182,6128MPa

B =0,90a =3,15
(e) (e)

B =0,90a =4,5

1/k 2R 2lp % 2R %438 %o P
4.3,/?.3 n mh Bo O _max mh B'[ % co k4 . Bo' n o max
2 m o'
mo' 'R Co
D — Co mh
msu %‘/1—5'

D =45,7644 mm
msu

Dh== 45 mm
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Cvic¢eni 8:
Volba loziska:
Jehlové loZisko v misté A:
Volba: lozA:= "NA 4909.2RS'

. -1
FA= 13,1513 &V n4= 851,0417min
-
3
a
A
Cal  10°

L == ——=1015,9982Ar
10hA !
0 FA n4

a_:=
A

Kulicdkové lozisko v misté B:
Volba: lozB:= "6009.2RS"

= kN
FB 5,2704

.o-1
n4= 851,0417min

aB:=3 // Kulicdkové

B 10 _ 1443, 934 Ar // Dosazeno v zakladnich jednotkach

viz: Planetovéd pfevodovka - doplniujici podklady vl.1l.pdf
S ohledem na rozmér Dh jsou voleny rozmé€ry drazkovani ze lehké rady stfedéni

na vnifni prumér:

pocet zubu:

d
dr

mm

—_—

bd
r ; '|f9'|
mm

bd
r ; '|H11"
mm

D
oznh:= concat[nusttr[zd ] ;" ox ", numZStr[ ] ; "g6 x "; numZStr[ ] ; "all x "; num2str
T,

d
dr

mm

D
d

] ; "H7 x "; numZStr[ r] ; "H12 x "; num2str
mm

—_—

ozn :=concat numZStr[z ] ;" ox ", numZStr[
n dr,

Rovnoboké drazkovani:
H¥idel: oznh= "6 x 23g6 x 26all x 6f9"

Néboj: oznn= "6 x 23H7 x 26H12 x 6HI1"

Délka drazek:
L,=1-2b +1_=97,5mm L.1 je délka vcetné vysunutého pastorku!

dr 1 4 2 L - L. . N <
) Ve vypoctu konc¢i drazkovani pod stredem loZiska
Ucinna délka drazek:

L =1L -1,5b =70,5mnm U&inna délka = délka - vysunuti - rezerva
dr u dr 4

Stfedni prumér drazkovani:

[D +d ]

D ;=M=24,5m
S 2

Sila pusobici na spoj:
2°M

- Dk4=9068,1702N

S

Fdr
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U&inna plocha na lmm drazkovani: Volba vnitfniho priméru:

D, -d
Af-—0,75-zdr- T—Z-rdr—4,95mm

Tlak v drazkovani:

=——————=25,9852 MPa

Povoleny tlak v drazkovani:

Pyar= 40 MPa // Pro tento use case 40-70 Mpa
Bezpecnost vic¢i otlaceni:
p
o= —E=1,5393
pdr
Primér osazeni h¥idele:
d =53 mm
osaz

Cviceni 9.

Fa Fy

VyloZeni pastorku - L, 1 Vzdélenost mezi loZisky - L, _|

Nebezpetna
Hfidelové mista

tésnéni

Pastorek Pastorek
(vysunuty)  (zasunuty)

Jehlové lotisko

Délka draZkovani - L, Kuli¢kové loZisko

¥

Nebezpeéna mista:

. Drazkovani pod jehlic¢kovym loZiskem

. Osazeni u jehlickového loziska

. Osazeni u kulic¢kového loziska

. Osazeni na konci dréazkovéani

. Osazeni pro jehlové lozisko C - drzi rotor motoru

. Osazeni pro pruzinu - zbytecné pocitat, stejné namdhani jako u 5, kdyz spocditém 5
jsem dostateéné konzervativni

oUW N

1. Drazkovani pod jehlickovym loZiskem (A)

MSP:
1O-rdr 1O-rd
o .=6,083-14,775|—=2|+18,25|—=E| =5,0544
T 1 D D
- dr dr
B .=0,9 0 _=4,549 2«
1 1 o =—21L1_3 3696

- o = o 1 3
B 0,9 ,=3,0327



Moment na hridel:

X=42l,6309Nm D

o _ma dr

Kroutici moment:

= N
Mk4 111,0851N m

32'M d

o max' A
4

dA - Ddr

= =53,04006MPa
o1l
o

2
ored_f:W/[Oo_i O‘o_l] +3 (e K 1 O(T_l]
R
Kk =— S0 9 9204
ored_l
Langer:
- : - MP
%0 1% 1 Bo_l 160, 8547 MPa
= - - = MP
% 1 A3 Tk_lBT_l 55,0527 MPa
R
Ky g= fh =1,5053
- %% 1" %1
Gerber:

Analyza vypocltu c'co:

ka - soucinitel povrchu - vsSude stejné - viz vysSe

Vnitrni priumér hr:
=26 mm

Vnéjsi primér hr:

dA= 45 mm

2
=188,9053MPa

2 =6,9872MPa

k =0,8392
a

kb - souc¢initel velikosti télesa - de < 51 - vzorecek stejny

kc - souc¢initel vlivu zatéZovani - kombinovany - stejné kc= 1

kd - soucdinitel vlivu teploty - stené naptic startérem kd= 1,02

ke - souc¢initel spolehlivosti - stejny naptfic h¥ideli

= . . . . = MP.
koef ka kc kd ke °con 214,991 Mba
d D 2
g =N=2 -|=&E| =36,7287
e 1 mm mm
-0,107 <51l=
k. =1,24-d =0,8433 1 0
b e 1
= . = MP,
O'Co_l kb kkoef 181,2952 a
R 2 2 2
1| “mh %o 1 °m 1%co 1
k l:=E' ' =1+ 1+ R -
9_ Om_l O'Co_l mh Ooc_l
2. Osazeni u loziska A (jehlickové lozisko)
MSP: d r o =2,65
D—A=l,7308 d—A=o,0133 L2
dr 2 ao 2=2,7
o
o 2
50_2_ [oc —l] =1,9335

k =0,897
e

=1,114

[Tabulka A-15-8/9, shigley 1115

Tabulka 7-8, shigley 354

2
139 MPa

Rmh

a, 177177=5,9468-10_5m




T 2 d:=D
= =1,9037 d
Pr 2 (% 21 4=, R
1+2 — - " Tosaz
T2 q/rA
B B
A A
_ . _Bli(- A N
MO_2 AR 5 +[ FA] 5 361,0215N m
322M_ ;D 16:M, ,-D
o =26,219MPa T = =4,0337MPa
o 2 4 4 k 2 4 4
- H'[D -d ] - H'[D -d ]
= 2 3 2I—73 1723 MP
“red 27 [00_2 O‘o_z] * [Tk_2at_2] = “
R
k :=—eh=4,44l6
Ored_2
Langer:
= . - MP
oo(_2 00_2 50_2 50, 694 MPa
= . . = MP
% 2 A3 rk_st_z 13,3003 MPa
R
ky = fh =5,0786
- %% 2" % 2
Gerber:
D 2
d .<51=1
a  =1]—282% _|_9X| - 46,1844 e 2
e_2 mm
-0,107
kb.-1,24-de_l =0,8433
=k - = MP
0'00_2 KKy oo 181,2952MPa
R 2 2 2
o e "o,
k 2:=%- mh SN R S [ Rm% Co 2l |-3,5517
9_ Om_2 O Co_2 mh Ooc_2
3. Osazeni u lozZiska B (kulickové)
MSP:  d ry a_ g=2,25 |Tabulka A-15-8/9, shigley 1115
—=1,7308 —=0,0222 Tabulka 7-8, shigley 354
D d o =2,65 gtey
dr B 3 2
MP -5
% 3 di= D a3=—l3§ 2| mm=5,946810 " m
B = =2,0327 T Ydar mh
0_3 [O( —l] a3 _
14+ 2= A " “osaz
o 3 f‘/rB
(04
T 3
= =1,7703
Pi3 CASEPES
T 3 3
1+ 2 — :
T 3 f‘/rB
By By
- . -—|+(-F. )1 -—]|= N
Mo_3 N R 5 +[ FA] 1, 42,1631 N m
32°M D 16'M, -D
o = o 3 =3,0621MPa T = k4 =4,0337MPa
o 3 4 4 k 3 4 4
- H'[D -d ] - H'[D -d ]



2
+3{T o

ored_§=¢[oo_3“o_ﬁ k 3% 3

R
k==——:§L—=18,3712
“red 3
Langer:

o o =6,2243MPa

a_3= o_SIBo_S

om 3= 31

. = MP,
K 3 51_3 12,3686 MPa

13 5 =17,4798
a

Gerber:

D
osaz| dr

mm

=46,1844

-0,107
0,10 =0,8433

= . = MP,
o'Co_3 b “koef 181,2952MFa

=
=17,6907 MPa

2
R o 2
mh [ a 3 o144 1+

2

m 3°%'co 3

=22,3042

k :=%~
- °m 3] “rco 3
4. Osazeni na konci drazZkovani:
D

., =D
] h in dr=0,5nm

dr

L __B
2

R
——Jﬁl—=13,9905
ored_4
Langer:

= . = MP.
oo(_.4 oo 4 Bo 4 10,6407 MPa

RmHoa_S

[Tabulka A-15-8/9, shigley 1115
Tabulka 7-8, shigley 354

2
139 MPa

Rmh

-5
mm=5,9468 10 m

d=D %4

=50,0687N m

l16-M. D
k4
= = MP.
Tk 4 7,133 a

- nfptoaf)

>
=23,23MPa

4= 14,7557 MPa
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k =—=12,7971

h in
mm

36 e 2" |
-0,107

1 =0,8433

de_4=

kb:=1,24-de

= -_ = MP
%o 4= Kpy Koo ™ 18172952 HFa

2 2
R o} 2'c "o,
K :=%- mhol ol g — 4 TCo A1y 6031

m 4 o'Co_4 Rmhloa_4

5. Osazeni pro lozisko C: Nejdrive odhadnu parametry pruziny, abych védeél, jak
Priumér dritu pruZiny: zhruba volit lozZisko

Priméry pruziny:

D =D . =27 mm
pr h in

d_ =D -2d . =21mm
pr pr dr pruziny

- je kryté!

Vzhledem ke konstrukci prevodovky si mizu dovolit zanedbat vypolet Zivotnosti loZiska C.

Volba tloustky stény h¥idele rotoru pod lozZiskem C:

Katalog lozisek zde:
http://www.skf.com/group/products/bearings-units-housings/roller-bearings/
=> needle roller bearings => needle roller bearings with machined rings

=> withmachined rings with inner ring d
_ dr pruziny_

https://goo.gl/RxEaWs I6F'————j;——————]-mm
D
€ _1,4074 Tc
D in 5 =0,0079 [Tabulka A-15-8/9, shigley 1115
- c Tabulka 7-8, shigley 354
D:=D d=D_ |, 2
C h in MP -5
_ a =232 MPA N 5, 946810 O m
a 5 5 Rmh
B o= T - =1,73
_ [OtT - ] /a5
1+ 2 =
aT_5 4rc
MSP:
T -——16.Mk4.D =13,8371MPa W/ 2
= =13, 3. : = MP
k 5 H.[D4_d4] red s 3[Ik_4at_4 17,9142 MPa
R
k :=—eh=18,142
“red 5
Langer:
= . . = MP.
% 5 43 Ty 5P, gm41,4631MPa
R
eh
kK| 5575 — - 7:8383
- m 5

Ad dréazkovéni pod loZiskem B - skrze priméry se zde jednd o stejny pripad, jako u
loziska A, akoréat zde pltsobi mensSi Mo - tudiz mazZu vypoclet preskoclit.



Celkové bezpecénosti:

kmin_ms;min[[kl Kpkykygkgky 1k 5k 3% 4 k1_5]]=1r5053

— k k k k -
min_msu min([%g 1 %g 2 g 3 Kg 4f|=1,110



Vypis parametrd pro tabulku:
Cv.1l:

Zl=19 22=29 23=—77 aK=4 112=1,53 123=—2,66 An4=0,7156'n2=2259,66mlﬂ
Cv.2
mn=1,75nm7 b1=28nm7 b2=24,5nm7 b3=28nm7 df3=—139,12mm sv12=1,595
sv23=1,941 samin=0,7mm sna1=1,205mm sna3=1,5716mm
Cv.3:
= N = N = N = N = N
Mkl 21,9856 N m Mtl 5,5Nm Ft1 330,61 Mk4 111,09N m Ft4 7405, 67
Hc=615 HS=575 KV=1,4O66 KHB=1'275 KFB=1'2272
Z =0,8954 K =1,2473 Y =0,7203 K =1,3884
g Hco € Fca
Zz_=1,0539
Cv.4: B
ZH=2,4946 ZE=189,7786JﬂH@ ZD=1 ZLVR=O’92
ZNTC=O,9349 ZNTS=O,9724 SHC=1,1229 SHS=1,1963 ZW=1
Cv.5:

YFaC=2’85 YFaS=2,775 YSaC=1’54 YNTC=O’8875 YNTS=O,9266
= = = MP = =
Y6relT 0,8 YRrelT 0,9 O rES 502, 75MPa SFC 2,5626 SFS 1,7332

YSaS=1,63
Cv.6:
= N =
FtU 661,2207 dé2 17 mm
Cv.7:
1. =53,5mm 1,=80mm F, =7405,6724N D =39, 6355 mm
1 2 t4 msp
F_=13151,3385N F _=5270,3866N D =45,7644 mm
A B msu
Cv.8:
1 ="NA 4909.2RS" L =1015,9982Ar
ozn ="6 x 2396 x 26all x 6£9" CZp 10hA
=" " = h
lozB 6009.2RS LthB 1443,934 Ahr

oznn="6 x 23H7 x 26H12 x 6H11"
kotl=1,54
Cv.9:

. =1,5053
min msp

. =1,114
min_ msu



