VYSOKE UCENI TECHNICKE V BRNE
_/y Qﬁ BRNO UNIVERSITY OF TECHNOLOGY

FAKULTA STROJNIHO INZENYRSTVI
USTAV AUTOMOBILNIHO A DOPRAVNIHO

T\ INZENYRSTVI

N FACULTY OF MECHANICAL ENGINEERING
k\ INSTITUTE OF AUTOMOTIVE ENGINEERING

VISKOZNI TLUMIC TORZNICH KMITU
PLYNOVEHO VIDLICOVEHO SESTNACTIVALCE

VISCOUS TORSIONAL VIBRATION DAMPER OF A GAS V-SIXTEEN ENGINE

PRILOHY K DIPLOMOVE PRACI
MASTER'S THESIS APPENDICES

AUTOR PRACE Bc. STANISLAV RiHA
AUTHOR

VEDOUCI PRACE prof. Ing. VACLAV PISTEK, DrSc.
SUPERVISOR

BRNO 2010



PRILOHA 4:

. Rozbor silového zatiZzeni klikového mechanismu 69
. Torzni systém motoru bez tlumice vibraci 81
. Torzni systém motoru s tlumi¢em vibraci 107

Porovnani netltumeného a tlumeného modelu 130

68



Priloha 1:
Rozbor silového zatizeni klikového mechanismu

1. Redukce ojnice do hmotnych bod
Ioj = 0.298kglIn’

Loj := 0.3750n

b := 0.0910n
a.= LO] -b
a=0.284m

Mg = 12.18kg

1.1 Redukce do t Fi hmotnych bod 0

IT0j
my = —————
17 aga+ b mq = 2.798kg
J .
T
my := o my = 8.733kg
bl{a+ b
mg3 1= Mgj = Mg = My mg = 0.649kg

1.2 Redukce do dvou hmotnych bod U

Horni oko:

b
mA = ml + m3ElL—
0j mp = 2.956kg

Spodni oko:
__ a
mB = m2 + m3ElL—

0j mpg = 9.224kg
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2. Vstupni hodnoty
Pramér hlavniho ¢epu:
Délka hlavniho &epu:
Primér ojni¢niho Cepu:
Délka ojni¢niho Cepu:
TlouStka ramene zalomeni:
Sitka ramene zalomeni:
Modul pruznosti v tahu:
Modul proznosti ve smyku:

Moment setrvacnosti pfedniho konce:

Moment setrvacnosti zadniho konce:

Moment setrvacnosti jednoho zalomeni:
Hmotnost ojnice:

Redukovana hmotnost ojnice do malého oka:

Redukovana hmotnost ojnice do velkého oka:

Hmotnost pistu:
Hmotnost pistniho Cepu:

Hmotnost pistnich krouzku:

Hmotnost pistni skupiny + posuvny podil ojnice:

Mp = Mpistu* Mpcepu™ Mp.kr ¥ MA
Délka ojnice:
Polomér klikové hfidele:

Klikovy pomeér:

R
Ai=—
L

Dj = 0.16M
Lj := 0.0720n
D := 0.136[M
L := 0.135[M
Ly := 0.03
B := 0.182[M

E-= 2100 Pa
G := 0.83010 1 Pa

Jo := 0.512kgrin’

14.31Tkgl?

JgZ

J

, = 1.6610kglin”

Mgj = 12.18kg
mp = 2.956kg
mpg = 9.224kg
Mpistu = 6.120Kkg
My sepu™= 3.23kg

my k= 0.80kg

p.k

my = 13.106 kg
L := 0.3750n

R := 0.095[m

X =0.253
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Indikovany tlak

3. Vykresleni p- a a p-V diagram

o ;= Oldeg, 1ldleg.. 7200deg
Pin := READPRN("catpalfa3.dat")
Np = 720

i=0.n,-1

p
krok := 1[dleg

qj := iKkrok

pi = piniEG).ltMPa

patm = 0.1IMPa

3.1 p-a digram
Pribéh indikovaného tlaku ve valci
15
12 \
Pi 9
MPa
patr’q
MPa 6
3 \
—/ \\
e
0
0 90 180 360 450 540 630
(0’8
_
deg

Uhel nat@eni klikového hidele

720
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Maximalni hodnota tlaku indikovaného ve valci:

max (p) = 13.738[MPa

Minimalni hodnota tlaku indikovaného ve valci:

min (p) = 0.18IMPa

3.2 p-V digram

Vrtani valce: D:=0.170n
Zdvih pistu: Z :=0.190n
Stupen komprese: g =125

Plocha dna pistu:

Sp= T, S, = 0.023m”
Zdvihovy objem valce:
V, = S,Z

2= 3p V, = 4.313L

Objem komresniho prostoru valce:

V) = V) = 0.375L

€k—1

Objem nad pistem v zavislosti na Uhlu nato¢eni klikové hridele:

V(o) =V + Sp[ER[El - cos(a) + %\Eﬂl - cos(zmx))ﬂ

e ]
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Pribéh indikovaného tlaku ve valci
15

4

Indikovany tlak
(o]
//

0 3x10 6x10 9x10 0.012 0.015

Objem prostoru nad pistem
4. Pruabéh sil p FenaSenych pistnim ¢éepem, ojni €éni a bo éni
sily na pist

4.1 Sily ve sm éru osy valce p fenasené pistnim ¢epem p Fi
zadanych ota €kach

4.1.1 Sila od tlaku plynu (primarni sila)

Fpi = Spl:epi - patrq)
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Pribéh sily od tlaku plyda

350

300 \

250 \

200 \

=
Z|_'.U-I-I

Sila od tlaku plyfa

|

J

50 / \\\

0 ———

0 90 180 270 360 450 540 630
&
deg

Uhel nat@eni klikové Kidele

max( Fp) = 309.556[KkN

min(Fp) = 1.812[kN

4.1.2 Setrvaéna sila na pistni ¢éep (sekundarni sila)

Provozni otacky motoru: 1

n := 1500(min

Uhlova rychlost:

w = 20k w= 157.08%
-~ 2
Fop = mpEEREu [fcog(ey) + )ﬂtos(ZExi))]
4.1.3 Celkova sila p tsobici na pist

Fep = F

B = Fp, ~Fsp

720
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Sily ve snéru osy valce fisobici na pistniep
350
"N
300 5
o
| 1
s\
N
I\
250 "\'
[] .
> kN 200 i
\a _I.:_._. |.‘
S sh i
8 —— 150 .
q KN -
Z

S
|Z_8
=
o
o
/

.
[]
.
]
.
(1
.
(1
.

!
!
!
!
!
!
!
50 J
Fao
\

1
\\
\
\
l" ”-‘\ \ —
'/ /4 \ NI
\\Z ~ —~ < \\\ Stme, >\J{/
o:/\ °°°°°°°°°° )i X ,z‘\
\\ ----- -----” \\ ---------- 0’
-50
a0 180 270 360 450 540 630
o
!
deg
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Maximalni hodnota sily ve sméru osy valce:

max( o) = 271.1381kN

Minimalni hodnota sily ve sméru osy valce:

min(Fep) = ~34.987(kN

4.2 Sily pfenasené ojnici v jeji ose
Uhel odklonu ojnice:

Bj = asirfk[ﬁsin(cxi))]

Ojnicni sila:
FCpl
Foi, = =oq ]

cos(Bi)

75




Prabéh sily pisobici v ose ojnice

300

,\
\
\

— 100

'r|
O.

S
2|

Ojni¢ni sila
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Uhel nat@eni klikové Kidele

Maximalni hodnota ojnicni sily:

max( ) = 271.1620kN

Minimalni hodnota ojni¢ni sily:

min(Fo;) = ~34.9950kN

4.3 Boé€ni sily p Gsobici na pist:

Np = Fop fan( ;)



|z
e

=
P

Bocni sila na pst

Prabéh basni sily pisobici na pist
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Maximalni hodnota bo¢ni sily na pist:

max(

Np) = 18.788[kN

Minimalni hodnota bo¢ni sily na pist:

min(Np) = -10.113[kN

720

5. Priibéhy sil a to €ivého momentu na ojni énim €epu
klikového h Fidele

5.1 Odstrediva slozka sila redukované ojni

o 2
Foq:= MR

_ 4
Fog = 2.162% 10°N

€éni hmoty

77



5.2 Radialni slozka sila

ma PR, feodos) + Neos(21ay))|
Fr. .= |Foj. ~ [eos aj + Bj
Ti 0J; cos(B;) o + B
Prib¢h radialni sily
300
250 \
200 \
3 150
(7)]
s R \
‘w _' 100
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5.3 Vysledna radialni sila

I:cri = I:ri =~ Fod

Maximalni hodnota vysledné radialni sily:

max( Fy) = 240.310kN

Minimalni hodnota vysledné radiélni sily:

min(Fe,) = ~65.090kN

5.4 Tangencialni slozka sila

ma IR Hcos(o) + Azo(212y))]

Ft = |Foj - m=—=r $in(oi + Bi)
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5.5 Kroutici moment zalomeni klikové h  Fidele

My = Fy [R

Pribéh krouticiho momentu na jednom zalomeni
10

| \

[\

<
(¢D)
5
£ My /
— ' o
S KNn /
D c—
o
~
-5
-10
0 90 180 270 360 450 540 630 720
(0'R
_
deg

Uhel nat@eni klikového hidele

Maximalni hodnota krouticiho mometu jednoho zalomeni:

max{ M) = 8.197 mrkN

Minimalni hodnota krouticiho mometu jednoho zalomeni:

min(My) = ~4.446 mCkN



Priloha 2:
Parametry torzniho systemu motoru bez tlumi  €e vibraci

1. Dynamicky model klikového mechanismu bez tlumi ¢e vybraci

J
Ji J2 Js Ja Js Je J7 Js

Jo @ ®
Co |Ci]C2| Cs| Cs] Cs| Ce| C7| Ce
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2. Redukovana délka

2.1 Redukovana délka zalomeni podle Ker Wilsona

Redukovany pramér hridele:

Dred:: Dj Dred =0.16m

+ +

4 4 3
Do LB

L op Lj+04D; Lc+04M; R-0.2((D;+ Dy
red-~ “red

Dj

Lreg= 0.629m

2.2 Redukovana délka p redniho konce klikové h Fidele

Délka pfiruby pro tlumic: | pt := 0.090in
Rozte¢ Sroubl na tlumici: dpt := 0.19[M
4
I-j Dreq 1
Lredt:= 5 *Ipt3 ral Lyeg
dpt

Lragt= 0-396m

2.3 Redukovana délka zadniho konce klikové h  fidele

Délka pfiruby pro setrvacnik: lhs:= 0.090n

p

Rozte¢ Sroubt na setrvacniku: dyg:= 0.190

Y

4

a Lj Dred 1
Lreds'= 57 Ipd3 ral E[ﬂ-red
d
ps

Lragt= 0-396m



3. Redukovany moment

3.1 Redukovany moment na p Fednim konci klikové h Fidele

- _ 2
Jedt:= Jo Jredt = 0.512m" kg

3.2 Redukovany moment setrva ¢€nosti jednotlivych zalomeni

2
Jred'= I, + (20ng) R + (2mnp)[|R2[E% + %]

Jroq = 1.948m (kg
J1 = Jred
J2:= Jred
J3 = Jred
94°= Jred
J5:= Jred
J6 = Jred
J7= Jred

Jg = Jred
3.3 Redukovany moment na zadnim konci klikové h  Fidele

Jreds= Jg

_ 2
Jreds= 14.31m" kg
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4. Polarni momenty

4.1 Polarni moment p fedniho konce klikové h Fidele

Redukovany pramér: Deg = 0.16m
4
e TDyeq
Pt— 32
It = 6.434x 10 °m”

4.2 Polarni momet jednoho zalomeni klikové h  Fidele

4
e TDyeq
P 32

I = 6.434 % 10 °m?

4.3 Polarni moment zadniho konce klikové h  Fridele

4
TDyeq

Ips- 32

_ -5 4
'ps‘ 6.434x10 "m
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5. Torzni tuhost jednotlivych  €asti klikove h Fidele

5.1 Torzni tuhost p fedniho konce klikové h  Fidele

Gl
CO =
L
redt
N(in
Co=1.35x 107B_d
ra

5.2 Torzni tuhost jednotlivych zalomeni klikové h  Fidele

N(in
Cy = 8.496 x 10°+—
rad

Cr=C
C3:=C
Cp=Cq1
Cg:=C1
Ce=C1

C7 = Cl

5.3 Torzni tuhost zadniho konce klikové h  Fidele

Gllyg

Lreds

N(in
Cg=1.35x 10—
rad



6. Vlastni torzni kmitani bez tlumi  €e vibraci
6.1 Vypo €et pomoci sestaveni matic

Jednotlivé momenty setrvacnosti:

Jo

3 0.512

5 1.948
1.948

I3 1.948

4 1.948 | ,

J:= J= m~kg

Js 1.948

% 1.948

;, 1.948
1.948

g 14.31

Jg

Matice hmotnosti:

Jb 0O 0 0 0 0 0 0 0 O
060J0OO0OO0OO0OO0OO0OO0OO
0 0Jb 0O O0OOOOOO
0 0 0J300 0 00O
0 0 00Jy0O0O0O0ODO 5
M= 0 000 0Jg0O0O0O kg
0 000 0 O0Jg0O 0O
6 0 00 00 O0J,00
0 000 00O O O0JgoO
0 000 0 0 0 0 0 Jg



0
1.948

0.512

0
1.948

0

0
1.948

0

0
1.948

0

0
1.948

0

0
1.948

0

0
1.948

0

0
1.948

0

0
1431

0

0

Matice inverzni M1

0
0.513

1.953

0
0.513

0

0
0.513

0

0
0.513

0

0
0.513

0

0
0.513

0

0
0.513

0

0
0.513

0

0
0.07

0

87



Jednotlivé torzni tuhosti:

Co
c 13501122.222
1
- 8495974.696
2 8495974.696
C3 8495974.696
NI N
c=|c,| 2 c=| 8495974.606 |EL"
rad rad
Co 8495974.696
8495974.696
Ce
8495974.696
C
7 13501122.222
Cg

Matice tuhosti:

o -Co 0 0 0 0 0 0 o 0
~Cyp Cu+Cy —C; 0 0 0 0 0 o 0
0 ¢ CG+C -G 0 0 0 0 0o 0
o o0 C, C,+C3 -Cg 0 0 0 o 0
o 0 0 ~C3 C3+C; -Cy4 0 0 o 0
C:= NI
o o0 0 0 -C, C4+Cs —Cg 0 0 0| g
o o0 0 0 0 -Cz Cg+Cq —Cg o 0
o o0 0 0 0 0 —Cg Cg+Cy -C; O
o o0 0 0 0 0 0 -C; C;+Cg —Cg
o o0 0 0 0 0 0 0 -Cg  Cg
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Matice soustavy:
A=m"lc
Vektor x obsahujici vlastni €isla matice A:

X := eigenvalg A

Vektor vlastnich frekvenci:

34509597.143
17014580.437
15550731.737
13079427.297
9959446.123
6674328.674
3709929.458
1480522.814
-0
267662.708

SN

5874.487
4124.873
3943.442
3616.549
3155.859
2583.472
1926.118
1216.767
Oi
517.361

» R




Matice normalizovanych vlastnich vektord odpovidajici vlastnim &islim:

X := eigenvec$ A

-0.009 0.297 -0.48 0.335 -0.074 0.421 0.4

0 -0.351 -0.476 -0.467 0.404 0.313 -0.2

6.2 Vypo €et vlastnich tvar G torzniho kmitani

6.2.1 Prvni vlastni tvar torzniho kmitani

0.99
0.913
0.78
0.599
0.382
0.141
-0.109
-0.352
-0.491

do =

0.002 -0.393 0.398 0.132 0475 -0.102 042
-0 0.449 -0.143 -0.467 -0.061 -0.468 0.083
0 -0.461 -0.174 0.334 -0.458 -0.119 -0.325
-0 0.427 0.415 0.134 0.191 0.413 -0.457

-0.025
-0.278
—-0.436
—-0.446
—-0.305
-0.061

0.954 0.084 -0.177 0.26 0325 -0.375 -0.413 0.442 0.316
-0.295 0.03 -0.073 0.131 0.202 -0.28 -0.355 0.417 0.316
0.051 -0.172 0.353 -0.467 -0.455 0.299 0.039 0.236 0.316

0.316
0.316
0.316
0.316
0.316
0.316

-0 0.021 0.031 0.036 -0.042 -0.051 0.068 0.106 0.316

-0.481
-0.476
-0.439
-0.375
-0.288
-0.184
-0.068
0.052
0.169
0.236

0




Pribéh prvniho vlastniho tvaru

N

N

0.5

qu

N\

N\

-05
0

k:=0.9
X7 1
2T X
0,7 0.944
0.534
-0.057
| -0.628
271 _9 087
-1.01
-0.691
-0.137
0.241
Prabéh druhého viastniho tvaru
1 \
0.5 \
0 //
a2, \ /
-0.5 /
-1
-15
1 2 3 5 7 8 9
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6.3 Vypo €et vlastnich frekvenci torzniho kmitani
6.3.1 Prvni vlastni frekvence torzniho kmitani

Prvni viastni Uhlova rychlost:

1
P, = 517.361~
9 s

1bg
N1 = oo Ny = 82.341[Hz

6.3.2 Druha vlastni frekvence torzniho kmitani

Prvni viastni uhlova rychlost:

1
P = 1216.767 =
7 s

N2 = oo N, = 193.655Hz
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7. Vynucené torzni kmitani

7.1 Fourierova analyza krouticiho momentu v komplex  nim oboru

np =720
j=0. Np = 1
|:=1.24
K = 0.50
np-1 i[EIEZBrEIJ—j
_ 2 Mp
h = —0O M) @
np _ ]
j =0
a, = Re(h)
by, = Im(h)
Mhl = |h||
K| = % = oy = Mhy =
0.5 -0.908| [KN[n -0.944| [KN[n 1.31| [KNOm
1 0.468 2.101 2.153
1.5 -0.091 -1.704 1.706
2 -0.114 -0.224 0.252
2.5 0.217 -1.295 1.314
3 -0.223 0.399 0.457
3.5 0.269 -0.865 0.906
4 -0.236 0.611 0.655
4.5 0.209 -0.527 0.567
5 -0.174 0.416 0.451
5.5 0.143 -0.316 0.347
6 -0.109 0.25 0.273
6.5 0.087 -0.191 0.21
7 -0.061 0.152 0.164
7.5 0.047 -0.12 0.129
8 -0.031 0.096 0.101
8.5 0.022 -0.077 0.08
9 -0.014 0.063 0.065
9.5 0.009 -0.051 0.052
10 -0.005 0.043 0.043
10.5 0.003 -0.034 0.034
11 -0.001 0.029 0.029
11.5 0 -0.023 0.023
12 0 0.02 0.02
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Amplitudo-frekvergni charakteristika krouticiho momentu

2.5

=
ol

45"
g
(>
©

Amplituda harmonické slozky
<
=

0.5 ()
® oo

. ¢ loXo Yo YoV
051 15 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95 101051111512

K

|
Rad harmonické slozky

7.2 Rezonan ¢ni frekvence motoru

k:=05,1..12

Rezonancni frekvence pro 1. vlastni frekvenci: Rezonanéni otacky pro 1. vlastni frekvenci:

N
1
fired®) == ? NreAK) = f1reAK) B0

Rezonancni frekvence pro 2. vlastni frekvenci: Rezonanéni otacky pro 2. vlastni frekvenci:

N
2
f =<

2red®) = — NoreAK) 1= Fore k) B0
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flred®w) =

164.681

82.341

54.894

41.17

32.936

27.447

23.526

20.585

18.298

16.468

14.971

13.723

12.668

11.763

10.979

10.293

9.687

9.149

8.667

10.5

8.234

11

7.842

11.5

7.486

12

7.16

6.862

Nredk) =

9880.873

4940.436

3293.624

2470.218

1976.175

1646.812

1411.553

1235.109

1097.875

988.087

898.261

823.406

760.067

705.777

658.725

617.555

581.228

548.937

520.046

494.044

470.518

449.131

429.603

411.703

nlk

fored®) =

387.309

193.655

129.103

96.827

77.462

64.552

55.33

48.414

43.034

38.731

35.21

32.276

29.793

27.665

25.821

24.207

22.783

21.517

20.385

19.365

18.443

17.605

16.84

16.138

MreAk) =

23238.545

11619.272

7746.182

5809.636

4647.709

3873.091

3319.792

2904.818

2582.061

2323.854

2112.595

1936.545

1787.58

1659.896

1549.236

1452.409

1366.973

1291.03

1223.081

1161.927

1106.597

1056.297

1010.372

968.273
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7.3 Vydatnost rezonanci

7.3.1 Pro prvni vlastni frekvenci

|:=0..24
K = 0.500
1
0 0
0.99
0 -65
0.913
-90 -155
0.78
-180 =245
_ 0.599
d =| —270 |ldeg dp = | =335 |ldeg do = 0.382
-360 =425
0.141
-450 =515
-0.109
=540 -605
-0.352
-630 -695
-0.491
Vydatnost rezonanci pro fady k=0.5, 4.5, 8.5
8 2 8 2
€11 .= sin[k, [ + sin(k, [ + cog Kk, [d + cog Kk, [
11 Z [qoivr[e ( 1 I‘ivr) ( 1 Pivr))] Z [qoivrtq S( 1 I‘ivr) S( 1 I:)ivrm
ivr =1 ivr =1
Vydatnost rezonanci pro fady k=1, 5,9
8 2 8 2
€nq = sin[ k& + sin( k[0 + coy k& + cog k. [0
21 Z [qoivr[e ( 2 I‘ivr) ( 2 Pivr))] Z [qoivrtq S( 2 I‘ivr) S( 2 I:)ivrm
ivr =1 ivr =1
Vydatnost rezonanci pro fady k=1.5,5.5,9.5
8 2 8 2
€nq = sin[ k& + sin k[0 + cog k8 + cog k. [0
31 Z [qoivr[e ( 3 I‘ivr) ( 3 Pivr))] Z [qoivrtq S( 3 I‘ivr) S( 3 I:)ivrm
ivr =1 ivr =1
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Vydatnost rezonanci pro fady k=2, 6, 10

8 2 8
€1 = sin[k ,[& + sin(k [ + co ) +co )
41 Z [qoivr[e (H4 Livr) (|<;4 Pivr))] Z [qoivrtq S(H4 Livr) S(H4 Pivr))]
ivr =1 ivr =1
€41 = 0.627

Vydatnost rezonanci pro fady k=2.5, 6.5, 10.5

2

8 8
€cq .= sin[k_[& + sin(k_[ + cogk_[d + cog Kk [0
51 Z [qoivr[e ( 5 Livr) ( 5 Pivr))] Z [querG S( 5 Livr) S( 5 Pivr))]
ivr =1 ivr =1
651 = 0.245
Vydatnost rezonanci pro fady k=3, 7, 11
8 2 8
Erq = sin[k.[& + sink.[0 + cog k. [d + cogk.[0
61 Z [qoivr[e ( 6 Livr) ( 6 Pivr))] Z [querG S( 6 Livr) S( 6 Pivr))]
ivr =1 ivr =1
€g1 = 0.279
Vydatnost rezonanci pro fady k=3.5, 7.5, 11.5
8 2 8
€71 = sin[ k& + sink_ [0 + coy k_[d + cogq k[0
71 Z [qoivr[e ( 7 Livr) ( 7 Pivr))] Z [querG S( 7 Livr) S( 7 Pivr))]
ivr =1 ivr =1
671 =1.741
Vydatnost rezonanci pro fady k=4, 8, 12
8 2 8
€qq .= sin[k & + sin(k [0 + coy Kk [d + cog Kk [
81 Z [qoivr[e ( 8 Livr) ( 8 Pivr))] Z [querG S( 8 Livr) S( 8 Pivr))]
ivr =1 ivr =1

€81 =4.3

97



j:=0.23
Kj := j[0.5 + 0.5

€11
€21
€31
€41
€51
€61
€71
€81
€11
€21
€31
!
Eurl = -
€61
€71

1S oL v . ,
8l Priibéh vydatnosti rezonanci

€11 5

€21

€41

€51

€61

€71 Evrl

€81

Vydatnost rezonanci

NS NS o

0
05115 2 25 3 35 4 455 55 6 65 7 75 8 85 9 95 101051111512

K

Réad harmonické slozky
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7.3.2 Pro druhou vlastni frekvenci

1:=0..24
K = 0.50
1
0 0 0.944
0 -65 0.534
-90 -155 ~0.057
-180 =245 ~0.628
5, =| -270 |deg 5p=|-335 |Weg 27| _gog7
-360 -425 -1.01
-450 =515 ~0.691
=540 -605 ~0.137
-630 -695 0.241
Vydatnost rezonanci pro fady k=0.5, 4.5, 8.5
8 2 8
€19 := sin(k, @ + sin(k, [® + cogk, [d + cog Kk, [d
12 Z |:q2ivr[€ ( 1 Livr) ( 1 I:)ivrm Z [qzivr[q S( 1 Livr) S( 1 Pivr))]
ivr =1 ivr =1
€12 =6.992
Vydatnost rezonanci pro fady k=1, 5,9
8 2 8
€nn = sin(k.,,[3 + sin( k., [® + coy k., [0 + coq k., [0
22 Z |:q2ivr[€ ( 2 Livr) ( 2 I:)ivrm Z [qzivr[q S( 2 Livr) S( 2 Pivr))]
ivr =1 ivr =1
€22 =1.285
Vydatnost rezonanci pro fady k=1.5,5.5,9.5
8 2 8
€qo = sin(k.,,[3 + sin(k,, [0 + coy k., [0 + coq k., [0
32 Z |:q2ivr[€ ( 3 Livr) ( 3 I:)ivrm Z [qzivr[q S( 3 Livr) S( 3 Pivr))]
ivr =1 ivr =1

632 = 0.664
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Vydatnost rezonanci pro fady k=2, 6, 10

8 2 8
Ego = sin(k 3 + sin(k [® + cogk,[d + cogk,[d
42 Z [qzierQ ( 4 Livr) ( 4 I:)ivrm Z [qzierG S( 4 Livr) S( 4 Pivr))]
ivr =1 ivr =1
€q0 = 0.381
Vydatnost rezonanci pro fady k=2.5, 6.5, 10.5
8 2 8
€co = sin(k_[3 + sin[k_[d + cog k_[d + cogk_[d
52 Z [qzierQ ( S Livr) ( ) I:)ivrm Z [qzierG S( 5 Livr) S( ) Pivr))]
ivr =1 ivr =1
852 = 0.153
Vydatnost rezonanci pro fady k=3, 7, 11
8 2 8
Epo = sin(k [ + sin(k .[0 + cog k. [ + cog k. .[D
62 Z [qzierQ ( 6 Livr) ( 6 I:)ivrm Z [qzierG S( 6 Livr) S( 6 Pivr))]
ivr =1 ivr =1
862 =0.199
Vydatnost rezonanci pro fady k=3.5,7.5,11.5
8 2 8
€79 = sin(k_[3 + sin[k_[d + coy k_[d + cogk_ [
2 Z [qzierQ ( 7 Livr) ( 7 I:)ivrm Z [qzierG S( 7 Livr) S( 7 Pivr))]
ivr =1 ivr =1
€79 =2.933
Vydatnost rezonanci pro fady k=4, 8, 12
8 2 8
€qo = sin(k & + sin[k[® + cog kLo + cog k(D
82 Z [qzierQ ( 8 Livr) ( 8 I:)ivrm Z [qzierG S( 8 Livr) S( 8 Pivr))]
ivr =1 ivr =1

882 = 2.612
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j=0.23
Kj :==j0.5+0.5

€12
€22
€32
€42
€52
€62
€72
€82
€12
€22
€32
€42
€52
€62
€72

Pribéh vydatnosti rezonanci
€82 8

€12
€22
€32 6

€42
€52
€62

Evr2 4

€72

€82

Vydatnost rezonanci

\ \ \

N N N

0
051152 25 3354455556657 758 85 9 95 101051111512

K

Réad harmonické slozky
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7.4 Torzni vychylky volného konce klikové h  Fidele v rezonanci

Velikost tlumicich odport ¢ := 35[NIn3ediad 1

7.4.1 Prvni vlastni frekvence

_ thﬂﬁvrlj
b1 o= -
bolfe ) (qok)2
k=1
o¥k _ o1
Kj = rad10” d_eQ ) nlreZ(Rj) -
0.5 974.486 5.583 9880.873 E
1 694.724 3.98 4940.436| s
1.5 324.569 1.86 3293.624
2 28.284 0.162 2470.218
2.5 57.65 0.33 1976.175
3 22.823 0.131 1646.812
3.5 282.509 1.619 1411.553
4 504.828 2.892 1235.109
4.5 421.721 2.416 1097.875
5 145.609 0.834 988.087
5.5 66.024 0.378 898.261
6 30.692 0.176 823.406
6.5 9.22 0.053 760.067
7 8.199 0.047 705.777
7.5 40.091 0.23 658.725
8 78.011 0.447 617.555
8.5 59.509 0.341 581.228
9 20.941 0.12 548.937
9.5 9.82 0.056 520.046
10 4.819 0.028 494.044
10.5 1.508 0.009 470.518
11 1.444 0.008 449.131
11.5 7.288 0.042 429.603
12 15.032 0.086 411.703
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Torzni vychylky volného konce 1. vlastni frekvence

o1

deg \

N \\ PN

0
051 152 25 3 354 455 556 65 7 758 85 9 95101051111.512

K

Réad harmonické slozky
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7.4.2 Druha vlastni frekvence

$2
deg

3.032

r‘2rez("'”J') -

23238.545| 1

0.915

0.375

n |

11619.272

0.032

7746.182

0.067

5809.636

0.03

4647.709

3873.091

0.879

0.567

3319.792

1.312

2904.818

2582.061

0.192

0.076

2323.854

2112.595

0.034

0.011

1936.545

0.011

1787.58

1659.896

0.125

0.088

1549.236

1452.409

0.185

0.028

1366.973

0.011

1291.03

1223.081

0.005

0.002

1161.927

0.002

1106.597

. th+1ﬁvr2j
2] = - )
b, EDZ (O|2k)
k=1

P2
Kj = rad10” *
0.5 529.263
159.774
1.5 65.422
5.545
2.5 11.62
5.249
3.5 153.436
98.88
4.5 229.045
33.487
5.5 13.308
6 6.018
6.5 1.858
7 1.886
7.5 21.774
8 15.28
8.5 32.32
9 4.816
9.5 1.979
10 0.945
10.5 0.304
11 0.332
11.5 3.958
12 2.944

0.023

1056.297

0.017

1010.372

968.273
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Torzni vychylky volného konce 2. vlastni frekvence

2
¢ 2
deg

| V,

\/\ \\¥ 7 ~—~

0
051 15 2 25 3 354 455 556 657 758 85 9 95 101051111.512

K

Réad harmonické slozky

7.5 Namahani klikové h fidele na torzi p fidavnym torznim nap étim

7.5.1 Prvni vlastni frekvence

Pomérné zkrouceni
AQlg7:= q06 - qo7 AQlg7=0.25

Torzni moment
M1g7:= $1,[Nqls7Cq M1g7 = 59.909kNn

Modul prifezu ojni¢niho ¢epu v krutu

3
. 7TEIDC _ —4 3
Weq = T Weq=4.939x10 'in

Pfidavné torzni napéti

Mlg7
Wy T1g7 = 121.296(MPa

T167 =
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7.5.2 Druha vilastni frekvence

Pomérné zkrouceni

Aq223 = C]22 - C]23 Aq223 = 0.591

Aq289 = C]28 - C]29 Aq289 = -0.378
Torzni moment

M223 = ¢215Dth223m32 M223 = 7.671KNIn

Modul prifezu ojni¢niho ¢epu v krutu

3
7'r|:IDC

16

Weo:= W, = 4.939x 10~ 4’

Pfidavné torzni napéti

M255
Wey 255 = 15.531[MPa

T223 =
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Priloha 3:
Parametry torzniho systemu motoru s viskdznim
tlumi ¢éem vibraci

1. Dynamicky model

Js
Jor U de s ds dr Js @
® 2o0000000

Co |Ci]C2| Cs| Ca| Cs| Cs| Cr| Cs

Moment setrvacnosti prstence tlumice: Jr= 1.8Ekgmn2

Moment setrvacnosti skiiné tlumice: Jg:= 3.1 (kglin’

Ekvivalentni moment setrvaénosti v misté 0O:
1
Jot:=Jdo*Js+ St

Jo1 = 4.512m°(kg
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2. Vlastni torzni kmitani s tlumi

2.1 Vypo €et pomoci sestaveni matic

Jednotlivé momenty setrvacnosti:

Matice hmotnosti:

Jbr 0 0 O
0 JJ 00
0 0J O
0 00 J3
0 00O

Tl o 0 0 0
0 00O
0 00O
0 00O
0 00O

(]
~ o o o o

o O o o o

o O o o o

o O o o o

o O o o o

o O O o o o
o O O o o o o

o

0 J O

o

003 o0
0 0 0 JgO
000 0 Jg

¢em vibraci

kgl

4512
1.948
1.948
1.948
1.948
1.948
1.948
1.948
1.948
14.31

m2 (kg
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0
1.948

4.512

0
1.948

0

0
1.948

0

0
1.948

0

0
1.948

0

0
1.948

0

0
1.948

0

0
1.948

0

0
1431

0

0

Matice inverzni M1

0
0.513

0.222

0
0.513

0

0
0.513

0

0
0.513

0

0
0.513

0

0
0.513

0

0
0.513

0

0
0.513

0

0
0.07

0
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Jednotlivé torzni tuhosti:

Co
c 13501122.222
1
. 8495974.696
2 8495974.696
C3 8495974.696
N[in N[in
c=[Cq| — C=| 8495974.696 |A—
rad rad
Cs 8495974.696
8495974.696
Ce
8495974.696
C
7 13501122.222
Cg

Matice tuhosti:

Co -Co 0 0 0 0 0 0 o 0
~Cyp Co+Cy  —C; 0 0 0 0 0 o 0
0 ¢ C+C -G 0 0 0 0 o 0
o o0 -C, C,+C3 -Cg 0 0 0 o 0
o o o0 0 —C3 C3+Cy -Cy 0 0 o o
o 0 0 0 —C, C4+Cy —Cg 0 0 0| g
o o0 0 0 0 -Cz Cg+Cq —Cg o 0
o 0 0 0 0 0 —Cg Cg+Cy -C; O
o o0 0 0 0 0 0 -C; C;+Cg —Cg
o o0 0 0 0 0 0 0 -Cg  Cg
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Matice soustavy:

A=M"1c

s wr

Vektor x obsahujici vlastni €isla matice A:

X = eigenvalg A

Vektor vlastnich frekvenci:

17292789.031
16431230.832
14591727.536
11916231.808
8775056.28
5631915.248
2948918.546
1090362.896
-0
190884.871

SN

4158.46
4053.545
3819.912

3451.99
2962.272
2373.166
1717.242
1044.204

Oi

436.904

n e
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Matice normalizovanych vlastnich vektora odpovidajici vlastnim €islim:

X := eigenvec$ A

0.081
—-0.386
0.403
—-0.405
0.393
—0.366
0.327
-0.276
0.215
-0.012

-0.102
0.458
-0.377
0.209
0.009
-0.224
0.387
—-0.46
0.426
-0.026

-0.114
0.441
-0.153
-0.236
0.47
-0.396
0.063
0.312
-0.482
0.033

-0.128 -0.149
0.381 0.287
0.149 0.402
-0.49 -0.292
0.21 -0.398
0.336 0.296

-0.456 0.395

—0.003 -0.301
0.458 -0.392

—0.039 0.047

-0.182
0.161
0.498
0.192

-0.362

-0.449
0.044

0.48
0.297
-0.06

-0.24
-0.003
0.374
0.499
0.286
-0.12
-0.445
-0.47
-0.176
0.083

2.2 Vypo €et vlastnich tvar G torzniho kmitani

2.2.1 Prvni vlastni tvar torzniho kmitani

TR

Or1 =

0.936
0.794
0.617
0.413
0.191
-0.04
-0.269
-0.486
-0.609

0.342
0.217
—-0.035
-0.279
—-0.452
-0.513
—-0.446
-0.267
-0.021
0.137

-0.316
-0.316
-0.316
-0.316
-0.316
-0.316
-0.316
-0.316
-0.316
-0.316

-0.515
-0.482
-0.409
-0.317
-0.212
-0.098
0.021
0.138
0.25
0.313

112




Pribéh prvniho vlastniho tvaru

\\
0.5 \\\
quk 0 \
-0.5 ~
-1
0o 1 2 4 8 9
k
2.2.2 Druhy vlastni tvar torzniho kmitani
k:=0.9
S Xk,?
T2, T %
k' X 5
Or2 =
Prab&h druhého vlastniho tvaru
1
0.5 \\ /
0 N 4
-05 \ /
quk \
— =] \
-15
-2
-25
0o 1 2 4 8

0.636
-0.102
-0.815
-1.323
-1.501
-1.304
-0.781
-0.062

0.4
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2.3 Vypo €et vlastnich frekvenci torzniho kmitani

2.3.1 Prvni vlastni frekvence torzniho kmitani

Prvni viastni Uhlova rychlost:

1
P, = 436.904 -

9 s
Nyt = %

1T~ o N1 = 69.535Hz

2.3.2 Druha vlastni frekvence torzniho kmitani

Prvni viastni uhlova rychlost:

1
P, = 1044.204 —
7 s

11)7
NoT = o NoT = 166.19(Hz
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3. Vypo €et viskdzniho tlumi  €e torznich kmit G

3.1 Nahrada vicehmotové soustavy jednohmotovou

Jef

Jr -
o

s
M

3.2 Moment setrva €énosti jednohmotové soustavy
9
= ¥ [’
i=0

2
Jo = 14.496 m“(kg

3.3 Pomeérna velikost setrva c¢niku tlumi ¢e

HT = T
T~
Jo uT = 0.124
3.4 Pomérny utlum
1
T / 201 + ur)(2+ )] T = 0.458

3.5 Optimalni sou ¢éinetel tlumeni

kT = 2|]l-|—lfdb951-|—

NIin[s
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3.6 Ladéni tlumi ¢e

W =

T =
T—089
W .

3.7 Vlastni frekvence tlumi ¢e

b= 1|J9|3NT
P = 388.645%
3.8 Tuhost tlumi ce
2
Cr = Jrlby
Cr = 2.719x 10°E 0
rad

3.9 Amplituda relativnich kmit & setrva €niku tlumi €e

LT = 13 !
2
k
1+ !
| [JTEPTJ
$2rTj = 623 !
2
k
1+ !
| [JTEPTJ
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G1rT;

rad10

67.921

LrT]
deg

48.422

3.892

G2rT;

rad10

2.774

36.889

2rT;
deg

22.622

1.971

1.296

11.136

2.114

0.638

4.018

0.113

4.56

1.591

0.23

0.387

0.261

0.81

0.022

19.691

0.091

1.128

0.366

0.046

35.186

29.394

2.016

10.694

0.021

0.613

10.149

1.684

6.892

5.5

4.602

0.581

15.964

0.395

2.334

0.915

6.5

2.139

0.264

0.123

0.928

0.134

0.643

7.5

0.571

0.037

0.419

0.053

0.024

0.13

2.794

0.033

8.5

5.437

0.16

0.131

0.007

1.518

0.008

4.148

0.312

1.46

0.238

1.065

0.087

9.5

10

0.684

0.084

2.253

0.061

0.336

0.129

10.5

0.336

0.039

0.105

0.019

0.138

0.019

11

11.5

0.101

0.006

0.066

0.008

0.021

0.004

0.508

0.006

12

1.048

0.029

0.023

0.001

0.276

0.001

0.06

0.205

0.016

0.012
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4. Vynucené torzni kmitani s viskoznim tlumi

4.1 Rezonan ¢ni frekvence motoru

k:=05,1..12

Rezonan¢ni frekvence pro 1. vlastni frekvenci:

NyT

f1rez7(K) = "

Rezonancni frekvence pro 2. vlastni frekvenci:

NoT

forez1(K) = "

0.5

1.5

2.5

3.5

4.5

5.5

6.5

7.5

8.5

9.5
10
10.5
11
11.5
12

flrez7(K) =

139.071

69.535

46.357

34.768

27.814

23.178

19.867

17.384

15.452

13.907

12.643

11.589

10.698

9.934

9.271

8.692

8.181

7.726

7.32

6.954

6.622

6.321

6.047

5.795

MHz

Mrez7(K) =

8344.247| 1
4172.123| s

2781.416

2086.062

1668.849

1390.708

1192.035

1043.031

927.139

834.425

758.568

695.354

641.865

596.018

556.283

521.515

490.838

463.569

439.171

417.212

397.345

379.284

362.793

347.677

¢em

Rezonancni otaCky pro 1. vlastni frekvenci:

NMrezT(K) = f1rez7(K) (B0

Rezonancni otaCky pro 2. vlastni frekvenci:

MrezT(K) = forez7(K) (B0

forez1(K) =

332.381

166.19

110.794

83.095

66.476

55.397

47.483

41.548

36.931

33.238

30.216

27.698

25.568

23.741

22.159

20.774

19.552

18.466

17.494

16.619

15.828

15.108

14.451

13.849

MHz

Mrez1(K) =

19942.836

9971.418

6647.612

4985.709

3988.567

3323.806

2848.977

2492.854

2215.871

1994.284

1812.985

1661.903

1534.064

1424.488

1329.522

1246.427

1173.108

1107.935

1049.623

997.142

949.659

906.493

867.08

830.951
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4.2 Vydatnost rezonanci

4.2.1 Pro prvni vlastni frekvenci

|:=0..24
Kl = 0.500
1
0 0
0.936
0 -65
0.794
-90 -155
0.617
-180 -245
8 270 | 8 335 |d 0413
=] — e =] — e =
L J P 9 T a0
-360 -425
-0.04
-450 -515
—-0.269
=540 -605
—0.486
-630 -695
—-0.609
Vydatnost rezonanci pro fady k=0.5, 4.5, 8.5
8 2 8
TS Z [quieresm(HlmLivr) ¥ Sln(ﬁlmpivrm * Z [quierécos(HlmLivr) ¥ Cos(ﬁlmpivr))]
ivr =1 ivr =1
€1lT = 4.269
Vydatnost rezonanci pro fady k=1, 5,9
8 2 8
1T = Z [quieresm(Hszivr) ¥ Sln(ﬁzmpivrm * Z [quierécos(Hszivr) ¥ Cos(ﬁzmpivr))]
ivr =1 ivr =1
821T = 1.916
Vydatnost rezonanci pro fady k=1.5,5.5,9.5
8 2 8
€ = sin[k,,[d + sin[k,,[d + coy kK, [d + cog Kk, [0
31T Z [quierG ( 3 I'ivr) ( 3 I:)ivrm Z [quierG s( 3 I'ivr) S( 3 Pivr))}
ivr =1 ivr =1

€3lT =1.135
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Vydatnost rezonanci pro fady k=2, 6, 10

8 2 8
A= Z [quivr Sln(H‘lml'ivr) ¥ Sln(I<L4[&Pivrm ¥ Z [quivr COS(H‘lml'ivr) v COS(H“BPivr))]
ivr =1 ivr =1
Vydatnost rezonanci pro fady k=2.5, 6.5, 10.5
8 2 8
51T~ Z [quivrtesm(%mLivr) ¥ Sln(I<L5[&Pivrm ¥ Z [quierGCOS(%BLivr) v Cos(ﬁ5mpivr))]
ivr =1 ivr =1
Vydatnost rezonanci pro fady k=3, 7, 11
8 2 8
61T~ Z [quierGSIn(HGBLivr) ¥ Sln(IQGBPivrm ¥ Z [quierGCOS(RGBLivr) v COS(HGBPivr))]
ivr =1 ivr =1
Vydatnost rezonanci pro fady k=3.5, 7.5, 11.5
8 2 8
7aT= Z [quierGSIn(H7BLivr) ¥ Sln(I<L7[&Pivrm ¥ Z [quierGCOS(R7BLivr) v Cos(ﬁ7mpivr))]
ivr =1 ivr =1
Vydatnost rezonanci pro fady k=4, 8, 12
8 2 8
81T~ Z [quivrtesm(HsmLivr) ¥ Sln(Fbs[épivrm ¥ Z [quierGCOS(HSBLivr) v Cos(ﬁsmpivr))]
ivr =1 ivr =1
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ji=0.23

Kj := j[0.5 + 0.5

€11T
€211
€317
€411
€51T
€61T
€717
€81T
€11T
€211
€317

€417
EvrlT =
S o L v . ,
51T Prab&h vydatnosti rezonanci

€61T 5

e71T

€g1T !

€11T

€171

€317

€411 Evr1T

€51T

Vydatnost rezonanci

€61T

e71T

€81T 1 \\ \\ \\
i N\ il

0
05115 2 25 3 35 4455 55 6 65 7 75 8 85 9 95 101051111512

K

Réad harmonické slozky
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4.2.2 Pro druhou vlastni frekvenci

1:=0..24
K = 0.50
1
0 0
0.636
0 -65
-0.102
-90 -155
—-0.815
-180 —245
5 270 | 5 335 | 123
=| - e =| - e =
L J P 927 1sm
-360 -425
-1.304
-450 -515
-0.781
=540 -605
-0.062
-630 -695
04
Vydatnost rezonanci pro fady k=0.5, 4.5, 8.5
8 2 8
€121 = Z [qTZivr[esm(HlmLivr) ¥ Sm(Hl[&Pivr))] ¥ Z [quivr COS(Hlml‘ivr) v COS(Hlmpivr))]
ivr =1 ivr =1
812"' = 7.448
Vydatnost rezonanci pro fady k=1, 5,9
8 2 8
€221 = Z [qTZivr[esm(Rszivr) ¥ Sm(HZBPivr))] ¥ Z [quivr COS(HZ[(‘BLivr) v Cos(ﬁzmpivr))]
ivr =1 ivr =1
€22T =1.231
Vydatnost rezonanci pro fady k=1.5,5.5,9.5
8 2 8
€307 1= Z [qTZiW[esm(%[&Liw) + S|n(|<;3[6pivrm + Z [quivr cos(m3[6|_iw) + cos(m3[<‘5pivr))}
ivr =1 ivr =1

E32T = 0.522
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Vydatnost rezonanci pro fady k=2, 6, 10

2

8 8
40T = Z [qTZivr[g3|n(&4[6Liw) + S|n(|<;4[6pivr))] + Z [quierGCOS(%BLivr) + cos(&4[6pivrm
ivr =1 ivr =1
E42T = 0.28
Vydatnost rezonanci pro fady k=2.5, 6.5, 10.5
8 2 8
E5oT = Z [qTZivr[gsm(&S[&Liw) + S|n(|<;5[6pivr))] + Z |:qT2ivr cos(&SDBLivr) + cos(&SDBpiwm
ivr =1 ivr =1
E52T =0.12
Vydatnost rezonanci pro Fady k=3, 7, 11
8 2 8
€6oT = Z [qTZivr[gsm(&G[&Liw) + S'n(HGBPivr))] + Z |:qT2ivr cos(r;G[&Livr) + cos(&smpivrm
ivr =1 ivr =1
EGZT =0.191
Vydatnost rezonanci pro fady k=3.5,7.5,11.5
8 2 8
€797 = Z [qTZivr[gsm(&?[&Liw) + S|n(|<;7[6pivr))] + Z |:qT2ivr cos(&7[6|_ivr) + cos(&7[6pivrm
ivr =1 ivr =1
E72T =3.125
Vydatnost rezonanci pro fady k=4, 8, 12
8 2 8
€goT = Z [qTZivr[gsm(&s[&Liw) + Sm(HSBPiVY))] + Z |:qT2ivr cos(lz;s[&Livr) + cos(&stéﬁpiwm
ivr =1 ivr =1

€82T = 6.753
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j:=0.23

Kj :==j0.5+0.5

€121
€227
€327
€427
€527
€62T
€721
€82T
€127
€227
€327
€427

Evr2T =
€527

62T Prib¢h vydatnosti rezonanci

€727

o ( ( |

€221

€327
€42T

€527

| | |

€62T
€72T /

BN N N

N N D

0 S~— S~ ~—
05115 2 25 3 35 4 45 5 55 6 65 7 75 8 85 9 95 101051111512

K

Vydatnost rezonanci

Ré&d harmonické slozky
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4.3 Torzni vychylky volného konce klikové h  Fidele v rezonanci

Velikost tlumicich odporu - mztkg

4.3.1 Prvni vlastni frekvence

IV'hjﬂﬁvrlTj
¢1Tj =
8 ) kT
VT 552 (quk) + 2
k=1 1+[ T ]
Jribr
o1T) o1y
Kj = rad10” 4 deg Nrez1(%) =
0.5 331.82 1.901 8344.247 E
1 244.624 1.402 4172.123| s
1.5 114.913 0.658 2781.416
2 10.025 0.057 2086.062
2.5 20.411 0.117 1668.849
3 8.036 0.046 1390.708
3.5 96.197 0.551 1192.035
4 107.746 0.617 1043.031
4.5 143.599 0.823 927.139
5 51.271 0.294 834.425
5.5 23.376 0.134 758.568
6 10.879 0.062 695.354
6.5 3.264 0.019 641.865
7 2.887 0.017 596.018
7.5 13.651 0.078 556.283
8 16.65 0.095 521.515
8.5 20.263 0.116 490.838
9 7.374 0.042 463.569
9.5 3.477 0.02 439.171
10 1.708 0.01 417.212
10.5 0.534 0.003 397.345
11 0.508 0.003 379.284
11.5 2.482 0.014 362.793
12 3.208 0.018 347.677
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Torzni vychylky volného konce 1. vlastni frekverscéumicem

15 \

®1T
deg

0.5 \
N \\ N

0
051 152 25 3 354 455 556 657 758 85 9 95 101051111512

K

Ré&d harmonické slozky

4.3.2 Druha vlastni frekvence

Mp [&
hj +1 V2T

$2Tj =

8
ey (o

2
k=1 1+[ ij
Iy by
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O2T;

w R

B 2T,
Kj = rad10”* deg ) n2rez'|(""‘j) =
0.5 412.678 2.364 19942.836
112.06 0.642 9971.418

1.5 37.629 0.216 6647.612
2 2.978 0.017 4985.709
2.5 6.684 0.038 3988.567
3 3.681 0.021 3323.806
3.5 119.638 0.685 2848.977
187.114 1.072 2492.854

4.5 178.591 1.023 2215.871
23.487 0.135 1994.284

5.5 7.655 0.044 1812.985
6 3.232 0.019 1661.903
6.5 1.069 0.006 1534.064
7 1.323 0.008 1424.488
7.5 16.978 0.097 1329.522
8 28.915 0.166 1246.427
8.5 25.201 0.144 1173.108
9 3.378 0.019 1107.935
9.5 1.139 0.007 1049.623
10 0.507 0.003 997.142
10.5 0.175 0.001 949.659
11 0.233 0.001 906.493
11.5 3.087 0.018 867.08
12 5.572 0.032 830.951

127



Torzni vychylky volného konce 2. vlastni frekverscéumicem

3
2
92T
deg
1 \ /’\
\,\ N il

0
051 15 2 25 3 354 455 556 657 758 85 9 95 101051111512

K

Rad harmonické slozky

4.4 Namahani klikové h Fidele na torzi p Fidavnym torznim nap étim

4.4.1 Prvni vlastni frekvence

Pomérné zkrouceni
AqlTgg = a1, ~ aT1, AQlTsg = 0.23

Torzni moment
M1T5g:= $1T [Aq1T56Cs M1Tgg = 1.574KkNn

Modul prifezu ojni¢niho ¢epu v krutu

3
WDDC

WepTi= — W17 = 4.939x 10~ in°

Pfidavné torzni napéti

M1Tgg

TiT56:= Wit T1Tgg = 3.186[MPa
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4.4.2 Druha vlastni frekvence

Pomérné zkrouceni

AQ2Ty 5= G2, ~ 912, AQ2Ty, = 0.738
Aq2T89 = qT28 - qT29 Aq2T89 = -0.462

Torzni moment

M2Ty 5= 62T, [AG2T; 5C) M2T 1, = 0.829(kN[in

Modul prifezu ojni¢niho ¢epu v krutu

3
ﬂDDC

. _ -4_3
WC2T = 16 WC2T =4.939x 10 W]

Pfidavné torzni napéti

M2T 15

T2T12 = _
Weot T2T15 = 1.6791MPa
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Priloha 4:
Porovnani netlumeného a tlumeného modelu

Torzni vychylky volného konce 1. vlastni frekvence

d1
deg

417
deg /\

L~ O\ TN

0 ] — ~—
051 15 2 25 3 354 455 556 65 7 75 8 85 9 95 101051111512

K

N\

Rad harmonické slozky
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Torzni vychylky volného konce 2. vlastni frekvence

$2

deg \
ozt ?
deg

K/

051 152 25 3 354 455 556 657 758 85 9 95 101051111.512

K

Rad harmonické slozky
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