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X a ó n ó y a a a  TypaHOB

Taan<eHTCKM(i HHCTMTyT HHJteHepoB xene3Hoaopomoro tpaHcnopTa 

HEXAHHKA POTOPOB C yilPyTHMM CBfl3flMM

Streszczenie. W pracy rozpatruje się uogólniony schemat 
obliczeń, zestawiono i rozwiązano równanie dragafi skrętnych 
wirników szerokiej klasy naszyn.

Peąwne. PaccMaTpKBaeTca oóodaieHHaa pacaeTHaa cxena, coc- 
TaBJieHO h  pemeHO ypaBHeHHe KpyTHjtbHux KoaeóaHHtf poropon 
BHpoKoro KJiacca nauB4H.

Summary .We consider the generalized calculation scheme 
and suggest the composition and the decision of the wide 
class machines turning vibrations rotors equation.

PeoeHHe ypaBHeHHS xpyTHiibHux xojiedaHWM no3B0aseT Ha ocHoee 
3KcuepeMeHTajibHb« aaHHhix o xacarejibHNX HarrpaxeHHax b HeKOTopnx 
ceaeHHax Bajta h noneHTax TpeHMS b onopax ompe/iejiMTb AHHaMHaecKHe 
HanpsxeHHa xpyaeHHSi b andux cexeHHax Baaa.

Baa pa6oaero 6apa6aHa mpeacTaBaaerca c o c t o h w h m H3 K yaacTKOB. 
Jaa Kaxaoro yaacTKa c HOMepoM i cavrraiOTca nocToaHHbu-iH BeawauHN 
ero AMaiierpa h Marepnaa Baaa.

Byaen CHHraTb, aro Ha xaxauft dHKCHpoBaHHwrt yaacrox aeHCTByioT 
jh6o Toabxo cocpeaoTOMeHHsr; narpysxH co CTopoHbi rrpHBoaoB h onop, 
ah6o Toabxo pacnpeaeaeHHue Harpy3KM t ah6o HeT parpy3ox ot npMBo- 
aoB , h o  Ha yaacTxe p a c n o a o x e H  yirpyrHB aaeneHT c xoa<t>$HiiHeHTori 
3aryxaHHa KpyTHAbHux xoaedamtf X .

B irpoTHBHOM cayaae yBeawaeHMen ancaa yaacTXOB Baaa moxho 
TipHMTH k BunoaHeHK» 3thx ycaosnfl. IlycTb Baa BbrraHyT BAoab <x:n z .
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06o3HaMHH; Z ,Z - aimJiHKaTbi rpaHHU yMacTKa c HonepoM i _
nojiaraa 7 =0;o ’

G  -  «ecTKocTb Bajía H a x p y x e H H e  •
i

I  -  HHTeHCMBHOCTb MOtteHTâ KHepUHH.
i

flycTb a - aTTTTJiHKaTa cocpe/ioTOMeHHoro noneHTa rni - mhcjio cocpe- 
aOTOMeHHWX MOH&HTOB f. j - HOMep HOrteHTâ.

npHHSH, 1 TO COCpe/IOTOMeHHWe KpyTJl«HeCSI MOM6HTW H3MeHSlK)TCS 
wo saKOHy

w nT . ( t) = I T. COS —  t, 
1 n*0 Jn 2 N

(1)

rae N - vepnoa Bpe«eHK/ b TeMeHHM KOToporo ttOAejHpyercs ABHxeHHe 
6apa6aHa# BbjpaxeHHuA b uejiOM HHCJie oóopoToe.

ilpmieH^MTO pacirpeaejieHHaa Harpy3Ka K3MeHseica tto 3aKOHy

<*o -  yo <Z-Z,)> +

f )
7 - —  yo <Z-Zi-,> - *0<Z- V  -
i i z i - l  1 ;

~  ( yo I2"1.) - v z-zi>)]005 7 7 ’
i i

(2 )

rae U HU - MKHHhiaJbHOe H HâKCMMaJIbHOe 3HaHeHMS HHTeHCHBHOCTHin in
B H e n w e f t  H a r p y 3 K H  p (  z , t  ) ;

y - eaHHHNHas 4»yHKUHa XeBHcaftaa.
3 a k o H  H 3 n eH eH H a b h o b ih h x  H a r p y 3 0 K  i t p e a c T a B a a e T  c o ó o ń  lO M aH H y» 

«hhmví c aByna 3BeHhsrm c OAHHaxoBwmm 3HanaHnsMn Harpy30K b xpairnux 
tomkax ( c  a m u iH K a T o ił 1  o ó n e r o  K O H ua 3 B e H b e s .Í

tlpH  H eo ô x o flH M o cT H  T ip e A c ta B a e H H a  Trpow nBO JibHO « p a c n p e a e i i e H H o a

H a rp y 3 K H  BpoH nB O jihH O H  jio n aH H O ñ  jiHHHew c  N 3 B e H b a m  B a s  c * e a y e To
p aa ó M T b  n a  N  y n acT K O B  i r o a o r a a  z  = 1  .

O i +1 i
d o /io f iH o e  T ip e flC T aB aeH H e  e c î b  jiH H e fw a a  K H ie p n o J i s u K s  T raoT H O cT eft

3HâXirHVfH BHfUHHX MOHOHTrtB ( KÛTOpH e MOPyT ÔMTb TtOByxeHbl H 3 OCUHJI-

a o r p a m  a x c n e p e n e H T a a b H M X  w c c a e a o B a H n f t .B  c a y x a e  O T c y rc T B w a
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pacTipeaeneHHofl HarpyoKM óyaeii nonoraTb 1 = -i.
i

Æna aam toft pacaeTHO» c x e n u  ,oóo ít¡maiomeM pacseTH y»  c x e iiy  [ i ]  

HCXOaa M3 BbipaxeHHM KHHeTHMeCKOH H TtOTeHUHiiJIbHOH 3HeprHM H  B a . 

pKauHOHHoro npMHiivma 0 c T p o rp o a CKo ro -ra r*un iT O H a  cocTasHM  ypaBHexMe 

3 (u e p a

2 2
I(z) _ G(z) + x(z. =

a t  a z2 a z
2

m 8 G(z,t) k
~ Ï. ( T j ( t )  -  I f   ) ^ ( z - a . )  -  I  r 0 < l ( i > )  P . ( z , t ) ,  ( 3 )
J=1 azt

rae e<z, t)  -  yron noBopora ceneHKs;

I -  notieHT HHepuHH n o s a  him 3Be3aoMKH;
i

( 1 = 0  -  » P H  aeMCTBMH T o p n o o a n e r o  n o n e H T a  b o i r o p e  B a n a ) ;

y ^ (z) -  aeflbTa-0yHKUiM flHpaxa;
G(z) - xecTKOCTb Bana irpH xpyneHMM;
I(z) - HHTeHCMBHOCTb MOMeHTâ HHepUHH;
X ( z ) -  K O 3$0H U H eilT  3 a T y x a H H S  KpyTH HbH  MX KOieóaHHtt B

n a r e p H a a e  y n p y r o r o  a n e t te H T a

*<z) k r l
*<*>= — —  = E \  [ V z ,.i> - WG ( z ) i = i L J

r a e  XQ-  K03$$HUHeHT coirpoTHBneHHS naTepttana y n p y r o r o  3neneHTa

KpyTHJÏbHMM KOíeóaHHSIM.

P e m ? H n e  y p a B H e H H s  H i n e M  b  s n a e  [  1 , ( 3 )  J

® n w
ß(z,t) = l  ß (2) COS---- C,

o*o 2 N

rae ß(z, u  - yron 3aKpyHMBaHHS ceaem«*.
0 r« e T M H ,H T O

e t z . i ) = ę ( t) + ß ( z , t ) ,  (4)
rae t p ( t )  -  yron n o B o p o T a  B a a a ,K a K  x e c T x o r o  T e n a ,

IloacTaBasJ! ( 4 )  b ( i )  m yxHTb»as y p a B H e H H e  B p au e H K S  B a n a  xak
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TBepaoro Tena
Ib <P"( t) = X0(t),

rae X - mom oht HHeputtM Bana h TrpHcoeaHHeHHbK k Hei-ty nacc ■b '
TQ(t) - pe3yjTbTHpyK>iuHtf KpyisiniHfli MoneHT aefccTByioiiiHM Ha Ban^ 

a TaKxe ycnoBKs cTbiKOBaHHsi pa3JH*MHbix yMacTKOB Bana

[ i=l,k ]
aHa j i o t h m h o  [ l ]  nonyMHH BMpaxeHHe aMnaHTyaHux <J>yhkuhm, ycb o b h b luncb 
cMMTaTh , m t o  ana j hoSoA 4>yHKUHM f(X),aaxe HeonpeaejieHHo« TOMKe Xo 

<P(X0 ) f(Xo )=0, ecjw <p(X0)= 0.
O T neT H H , m to  paa n a p a n e T p o B  b o 6 o 3 H aM eH M a x  n e B o i i  MacTH 

paBeHCTB ,HaTTpnnep, x , SBJiaiOTca «¡>oprtajibHb<MH, h iroaTOMy hx 0603 .  

H aN eH H* noryT c o B i r a a a T b  c BCTpeM amraHM Hca p a H e e ,  m t o  H e B bO hm aeT  

H eacH O C T eft

fyz) = v o) + 1 \  (z-zi_1)
i * *

L i0 ]

(Z-Z e
2X.(Z-Zi l )

X,1

+ (Z-Z. + c (Z) } + E (Z)

K * 2;-, ) +

*n<2 » = F 0„<2 ) *„«» + Z V Z-Z ,.1> Fin<2 >-
(n>0) '*1

(5)

x (Z-Z )
A (Z) p (Z. ) e ‘ 1‘1 + Li n  n  1 - 1  i n

2 6.. 2 E. _o
 —  SIN 6. H, (Z)_ _ Alin

* X (Z-Z. J  
e ' ,n 1 - 2 X X

1 1 n + c 0 i „ < 2 >
+ E(Z), (6)

rae £* r y^ (A-B) ^ ( B - A )  -o6o6meHne CHMBOJia Kponexepa npH 
hk/iux a m B;
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L , n  =  T 0 „  /  J b G i  '

Cqin(Z) = *>(!,)
11 - LIKin in A . (Z,Z{ ) ♦ A . (Z,Z.) +q i n  i - 1  q i n  i

Z - Z
i - 1  i

« , . 1  " V  (2i " V
Bqi„<2 ' V

2 3

i  n B q , n ‘ 2 ' 2 , )  -  B q i n « 2 ' 1 ! »

• á

A ¡ (Z.X) =qin
B q i n  <2 ' X > 

Li - x

B . (Z,X) = *„(Z~X) Qq i n  ' 0  q (Z-X) ,

• - (
2 » i „  2  2  » m 2  12SIN -ií—  ,C0S(7 X) - —  SIN COS - y, (Z - 2 X)

2 i n i n 2 2

m (Z-X) , 0 » i n  SIN ( » i n 2 ) '  - « S

Qp(A,B) = A jr0(- P) + B *0(P-1> ;

(»ln(2-x)j

En(Z) = I F„ (Z) r (Z) ;
J . 1  J n

k-1
N(X) = I  (X-Z.) ;

i «0

Nj = N(a.)

F , n < 2 > =  ° n  <2 > '  i}}'
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y  x. y (Z-Z. ,) D AZ) u m
* kl» i O i -1  i     .n 1<j>, (Z) = e i 1 ---

1 I" ■ V■*' I;-

eos

S I N

» i n  D i < Z >

Ï. D.(Z)i n  i

A f SGN A, i in

D (Z) = Z + ^(Z-Z.) (Z-Z) - Z. , ;i O i l  l-l

y ■]i n f i n I *

A . X2 - X2
i n  i n  i

X = n w
i n

I.

* (Z) =
J*>

l" (Z) V IJ n  n i D . (Z)
”

J 0 D.(Z)

X (Z) = --i n '  ' y

" J

o n  2
 T,V  “ '• (V -  T j n

V ( X )  =  O X,—  SIN(y X)
yj n

N,
_ N j

D i ( 2 > = z y N « „  +  z N j  W V - i  • 

A >B(Z) ^ s g n A ^ S I N  2 ;

Rin Z = T i n ( Z ~ Z | - 1 , :
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H i n <Z > 2 2 2 
2 X i  n Xi  — Xi  n

COS 8 .  ,  X.
i n  Z i

S I N  S .  _ Ai n Z i n

x .  =in 0 -A.

OóteaHHaa (5) h  (6) ,nojiyMwi irpn jhoómx n¿0

Bn ' Z > =  F On<Z > P „ < ° ) + £  V * * ! - ! »  F i „ ( Z )

b i „ ( Z _ Z i , >+ L. P. (Z) e + C„. (Z)i n  i n  O i n + E  ( Z ) ,  ( 7 ) .

ain= \  °n i2'1» '•

b. = 2 0 1,1.X.i n  n i i n

Min<Z > = 0 n [ < Z Z ‘-1/  \  , A n(Z)] ;

P (Z) = 0

f 2 
(Z-Z.)

1 ,0 1 Ai

2 z Z
  SIN — —  ,H. (Zi - 2 XX.i n  i  i n

Aw4>$epHHUHpys  ¡ 7 )  h  B o c i r o j i b 3 y a c b  c b s 31>m r paHKMHwx y c n o B w i ł

G.ßz (Z-0,t) = G.ßz(Z.tt), 1=2,K
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itoayMHH

ß (Z) =• F j z t ß J O )  + Z *0 <**,.,)
i »1

a (Z-Z )i n '  i - 1  7 F.A Z ) M (Z) +in in

a F (Z) M. (Z) + F. (Z) M. (Z)i n i n i n  i n  i n 07 0 ( Z i - i )  + L. ei n  in
i - 1

F (Z) P (Z)+b. F. (Z) P, (Z) + F. (Z) P. (Z)i n  i n  i n  i n  i n  i n  i n +F i n ( Z ) C 1 ) n ( Z )  +

F (Z) C (Z)i n  Oi  n + E (Z) 6„ + 6_ Z  . Z
G„.<Z>

N ( Z ) - 1  N ( Z Ï -  1 G
N ( Z )

. (7-)

rae N (Z) = N(Z) - ^(NfZ) - 2) ;

F. n (Z) = •»’„(n-l) JT0 (N(Z) - i - 1 ).

f  X y  ( z - z  ) D (z )j  o '  J - l  jj« 1 •

1.-
'*(z j,n

COS E sgn A X +
N ( z ) . n . z  N ( z > ,n  n ( z )

S I N  S » ( Z ) , n , z  X» ( Z )  T» ( Z ) , n  x

i m , n  

1 - sgn ¿
N ( Z ) , n

N (Z»-1 r—1
COS S, X agn A ,JnZ j”*“ jn

n  »
j*i y

J" SIN S. , 1.ln 7 ln
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i = i + 60 (—i);

Pin (Z)=or
2 (Z-Zj  ̂) / _

V ° X
SIN S i n Z

COS %
i n Z

SIN s
i n Z

X
i

L. (Z) = sgnA, COS S , ;i n  ^  i n  i n Z  •

w z> * ». DJIZI I F„jn (Z> (Z)

M c x o a s  H3(7) aH aao rK M H O  [ j ] n o m o  HOjyxnTt> $opnyjy 4 M  BbiXHCieHHS «ak- 
c H M ajib H u x  BHHaMKMecKMX H aw psxeH M ft B * » 6o m  c e x e H H H  s a j í a

r(Z.t) = I  i  v ' „  <Z> cos a  t.
N ( Z ) m = 1 n * 0

r / i e  3HdMeHH5l ßmn (Z) OTJIHMa»TC5l rpaHHMHMMK 3HaM eHHflW 4 ß ( 0 ) , B N -
n

fipaHHMHM n p o H 3B O JibH O , a Koa<jxj>ni[neHTbi Q iro jiy M aB T c *  bo n e r o a ym
F iH a e p n a H a  K 3 ycjroBM Si p aB e H C T B a  H y jtn  k p y r s a e r o  n o n e H T a  H a n p a s o H

CBOÓO/IHOH KOHlie B a j a ,
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JlHTEPATyFA

[I-] TypaHOB X. T. f K apnyxnH  r .  A,; X CTpyKTypHoPt h w ap aM eTpK N ec-  

xo fl onTHMHtjauHH CHCTeM coeaMHeHHMX ueimbii-iH trepeaaMaMM p a 6 o -  

mhx o p r a n o B  6 a p a 6 a « H o r o  T H n a .M e x B e j .p e c n .c 6 .  Teopiw H exaH H n- 

m o b  h  tiaoHH. liHiita B K o n a  xry, F S n b . 4 7 .  X apbK O B  1 9 8 9 , c .  9 9 - 1 0 9 .

MECHANICS OF ROTORS WITH ELASTIC TIES

In this paper a torsional vibrations equation was solved and 
dynamic torsional stresses were evaluated. Results of a measur­
ement of tangential stresses in certain intersections and moments 
of friction in bearings as a input data were taken. The shaft was 
partitioned on K section. For each section "i" invariable 
diameter and constant mechanical properties were assumed.
Author considered concentrated drive and bearings load, only 
distributed load or no driving loads. Dumping coefficient for 
several shaft section was equal X..
Author consider the generalized calculation scheme and suggest 
the composition and the decision of the wide class machines tur­
ning vibrations rotors equation.


