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E m a HABUHOBA

SeKHHrpancKHfi H H C im yT  HiwceHepoB 
Eej83HOflopoKHoro TpaH cnopia

IEMOBHE nPOHECCbl B AHCK0BHX T0PM03AX 
nOflBHHHOrO COC TABA KEJIE3HHX .ĘOPOr

Pe3»Me. Co3AaHa jiaseMaTHUecKaff MOAeAŁ npoueccoB nepeH oca Teiwio-
TH A M  T 0 p M 0  3iIH X  AHCKOB B U C O K O C K O pO C IH O rO  noA B H Z H O TO  C O C ia B a  Z e -  
4 e 3 H h K  f l o p o r ,  I I p e A A O z e H a  K O H C T pyK itH K  a h c k o b  c  H c n o jib 3 0 B a H H e M  a a a  
OTBOAa  T e n j io T H  n e H ip o O e z H H x  l e n a o B t c c  x p y O .  I J p H B e A e H ti p e s y j i L x a T u  
T e p u o M e x p H p o B a H H H  i o p « o 3 H o r o  flH C K a A B 3 e a b - n o e 3 A a  n p w  oK C TpeH H O M  
TOpM OZeHHH AO nO AH O ft O C TaH O B K K  C M aK CHM ajILH HX  C K O p O O T ea  2 0 0  a  1 6 0  
km/ h v K 3 M e p e H a  T e u n e p a T y p H H e  n y j i L c a u a a  b  T e a e  A n e x a .

BHejipeHke BNCOKOCKopocTHoro n a c c a x u p c x o ro  coofineHHH Ha s e j ie s -  

hkx f lo p o ra x  Mapa ctbbht 3afla tiH  nepcneK TH B H oro pa3BHTHH u c o B e p - 

Œ6HCTB0B8HHH CHCTeM TOpMOHeHHH. OrpaHHqeHHH HCn0Ab30BaHHH KOH- 

CTDyKHHH KOJIOBOHHOro T O fM 038, CBH3aHHbie C OtfecneneHHeM OCfÆeKTHB- 

HOCTH TOpMOxeHHH H Tpe(50BaHHHMH Óe30naCH0CTH ABHYeHHH, npHBGJIH K 

npHMBHeHBK) Ha nOĄBHAHOM COCTaBe ĄHCKOBOrO T0pMO38 B KOMnJieKCe c

3JieKTpmieckhm  h MarHHTopeAbcoBtiM .

i in p o K o e  npH M eH eH H e h h c x o b h x  T o p M 0 3 0 B  H a  bh co ko cko do o tho m  n o f l -  

bhthom c o c T a B e  o cy rç ec T B A H eT C H  d A a r o f l a p n  wx b h co ko K to pm o 3 h o K 3 $ -  

i*SKTHBHOCTH, OTCyTCTBHK) BOSUeÍÍCTBHH H a nO B epX H O C T b K aT8HMH K O A eC ,

oCecneueHu» TopM 03Horo nyTH b npeaeA ax 3aaaHH0íí paccTaHOBXH c x r -

HajI0B, CHHíteHHK) M8CCU OÓOpyHOBaHViH.

B npopecce TopMOseHHH b MecTe KOHTaKTa n a p u  TpeHHH "n H c x -H a -  

KJiaflKa" BbiąeAHeTCH TenAO Ta, qacT b  xoT o p o ti HD,eT Ha noB um em e TeM ne- 

paTypu TpymHxcA T eA , a n p y ra a  pacceHBaeTCH b oxpyxanrçyD  c p e a y . H a - 

nCoAee HarpyxeHHOñ u a cT b n  n apa  TpeHHH h b a h g t c h  h h c x . HepaBHOMepHufí 

KarpeB anexa no TOAinme b paaHaAbHOM u oxpysHOM H anpabag hh h x  b h 3U -
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BaeT H3rH6HHe fle$opMaijMH, HanpHüíeHHH ot KOTopux 3HanHTe;ibH0 npeBU- 
rjaioT npeflen npcmnocrn nyryHOB. 3HaKonepeMeHHi>ie HanpjnKeHHH, B03HHKa- 
KsqHe npH MHoroKpaTHOM nepeflOBaHKH HarpeBOB h oxjiaiflfleHHñ, npHBOflHT 
k pa3ynpouHeHM(o MaTepnajia flucxa, a Tarace k 3apoxfl9HHK> h pa3BMTn» 

TpeuiBH.
T a n ™  oópasow  npoyHocTHbie CBOfícTBa topmo3hmx hmckob b nepByio 

o nepe flb  onpenejiHioTCH TepMHnecKoñ y e T a n o c T b » , KOTopan 38bhcht ot 
MaKCMMaflbHoíi TeM nepaTypu noBepxHocTH TpeHHH, oÓT>eMHoro TeM nepaTyp- 

H o ro  n o jw ,  rpa flneH T a  TeM nepaTyp no BCeM HanpaBJieHHHM, Ten j!0$H 3nnec- 

khx h MexaHHnecKHX cboüctb M aTepuajia  $pnKpnoHHoti n a p u . ÍIpoBefleHH.e 

npoWHOí'THilX pacUeTOB rip n  npoeKTHpOBaHHK KOHCTpyKqHH flHCKOBOHO Top- 

M03a qojixHO BKJiíonaTb onpenejieHHe nepetiHCJieHHHx napaM eTpoB.

IlOCTOHHHO pacTymHe CKOpOCTM flBHJKeHHH nOBblUiaiOT MOmHOCTb TenHOBOrO 

n o T o n a , HanpaBJieHHoro b T e jía  n apu  TpeHHH. Jj,jih oóecneqem iH  bhcokoíí 
3HeproeMKOCTH topwo3hhx ahckob HeofíxoflHMO yjiyu tnaTb  hx oxjia jK flerote.

C pejibn CHHKeHHH odrero TeMnepaTypHoro ypoBHH h ducTporo OTBOfla 

TenjIOTbl H3 30HH TpeHHH B HauaJIbHHÍÍ nepHOH TOpMOSeHHH B03M0KH0 HC- 

noJib30BaHHe qeHTpodeiKHUx TenjiOBbix Tpyd.

Tô iHOCTb pac^eTa TeMnepaTypHoro nojin onpeflejineTCH, b ochobhom,
TOUHOCTbJO 3auaHHH rpaHHHHHX yCJIOBHÍÍ flJIH ypaBHeHHH TenjIOnpOBOpHOCTB. 

B CBH3H C 3THM HBJIHeTCH HeodXOflMMHM HCCJieflOBaHKe H 3aflaHHe KC3$C[)H- 

pueHTOB TenjioofiMena ot Bcex noBepXHocTeft flHCKa k OKpyxaioineft cpefle.

3naueHHe K03$$HHHeHTa B3anMHoro nepeKpuTHH flJIH n a p u  TpeHHH 3Ka- 

HHTejibHo MeHbiiie eflHHHpu, hto u p e f ln o j ia ra e r  H a jm une TeMneparypHUX 

n y jib c a q n ñ  Ha pa tíon e fl noBepxHocTH flHCKa. O to  »na cJienyeT flonojmHTenbHoe 

yBejim ieH H e noBepxHocTHbix rpannenTO B , H eodxoflH M oerb jm e T a  bjihhhkh se- 

jihuhh n y jib ca q H fi Ha Ten jioB oe  cocTOHHHe n a p u  TpeHHH.

PaccMOTpemie 3 a fla u , cbH38hhhx c onpefle jieHHeM  H ecTaquoH apH oro 

TeM nepaTypHoro n o jin ,  cboahtch k  pemeHHio sH $$epeH qH ajibH oro  ypaBHeHHH 

TenjionpoBOflHOCTH b yacTH ux npoMSBOflHHX CiJ . PacneTH an cxeMa mo- 
fle jiH  flHCKa nocTpoeH a s qHJiHHflpvraecKHX KO opflHHarax ( p H C . I ) .  YpaBHe- 

HHe TenjionpoBOflHocTH cáxjpwyjiHpoBaHO K an :
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P h c . 1 .  IlpocipanorBeKHaji c e i K a  
pac^ei H o f l  Honejra o e K i o p a  A u c n a  
B HHZHHApHHeCKHI KOOpAHHaiaX 
( y 3 j m  o e T K H  B H y r p H  oflieMa y c n o s -  
h o  H e  noica3aHH;
R y s .  1 .  S i o t k a  p r z e s t r z e n n a  «10-  
d e l u  o b l i c z e n i o w e g o  c z ę ś c i  t a r c z y  
we  w s p ó ł r z ę d n y c h  b i e g u n o w y c h  
( w ę z ł y  w e w n ą t r z  3 i a t k i  n i e  p o k a -

-££ = a f ^ r  + * _?1 + * ) • (I)
d i  [ a r  z  d r  i '2 d<s* d z *  /  ’

rne r = / / ? ,  i s , z ,  z )  - HCKOMoe TeMnepaTypHoe nonę. 

Kpeesbie ycnosnH fljw paccMaTpHBaeMoii aaflatin HweioT rwa:

nagajibiiue ycnoBMH: T(x,,if , z  , o )  = T0
rpaHHUHŁie ycnoB H a: = o  ’

d~P v * 3 0 ’
-Ha OCH CHMMeTpHK
-  Ha IIOBepXHOCTH T peH H fi

~A ( f z )  - § ( ? . * ) -d.< ( z )  ( T- Tg) ;

- Ha ocTanbHNx noBepxHOCTax

■ d J z )(T - T a) ;  - a ( § L )
z - -£

- J l D
a*

= uAMlr-re);
r-H0

(2)
- d s M ( T -  Te )  .

ts*0
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Opn nocTpoeHHM pasHOCTHoro ajiropHTMa h c x o h h o #  TpexwepHoíí 3anauM 

KCn0JIb30BaH MeTOĄ CyMMapHOił annpOKCHMapMH, nO3BO,4HI0IIÍHñ CTpOHTb 3K0- 

HOMWJHHe aąnHTHBHHe cxeMti njia napadonwuecKHX ypaBHeFwR. S kohom hu- 

HOCTb hx  saKJiKmaeTca B tom ., u t o  MHoroMepnan oa^aqa c b o ą m tc h  k  pHfly 

oĄHOMepnbDC npH ycjiOBm ,  u t o  n p opecc pacnpocTpaHeHHH Tennora ßeiiHT- 

CH Ha KOJiHuecTBO npocTpaHCTBeHHHX HanpaBBeHHñ.

C o u e T a m e  b c.eóe noJioíKHTejibHbix x auecT B  h b h h x  cxeM (f/a jiu ií oßbeM 

BHUHCJIHTeJIbHHX p a 60T) H HeHBHHX (aÖCOJHOTHajI yCTOÍÍUHBOCTb) , flaiOT

jioKajibHO-oflHOMepHHe cxeMH (JIOC). AnnpoKCHMapHH McxoflHoro ypasHeHKH 

paSHOCTHUM H COOTHOUieHHHMH B C OOTBeTCTBHH C JIOC 

" OZ "flJH OCH

^  Z + a Z  Z + a Z  r  \

= 0
A Z  \

R Jlñ  OCH " O lí  "

u.
= a

f h \ r**? J . Zt-AZr
z  /uz-f,v,z ^uz,<s,z ( ¿  z  )

(3)

•z z  * z
U  -  G z,v>,z

flJIH OCH " 0<f> "

Z + a Z  r  /  Z * a Z  Z * a Z  Z * a Z  \

^ 4 ,« o ,z  “  ^  <f, z  =  a  (  ~  2  ^ , y . z_____ z ,v - - z ,z  )

r  z ^az
^< f,z  ~ z,<s,z

ßim Kaxtfloro H3 HanpaBJieHHií cocraBJieHa CHCTeMa ypaBHeHHñ, peinae- 
Maa MeTOflOM noßromcH. IlpH stom , flBHraacb b cTopoHy ysexnueH ua k o- 

opflHHaTbi, npn $hkchpob8hhom 3naueHHH KoopuHHaT Ha ApyrHX o ch x , /yw
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Ka?floro y3Jia onpenejiHJiMcb nporoHounue K03$$mineHTU, a  d d h  ABMxeHMM 
b ofipaTHOM HanpaBJieHHM BbrancjiHJiHCb HCKOMtie 3HayeHKB TeMneparyp.

P a c u e T  n p o ro H O ^ H H X  K o a i^ n q v ie H T O B  BHyTpeH HH X  y 3 j i0 B  ceT O U H oii m o -  

s e r a  npoM SBo.nH JicH  n o  peK yppeH T H H M  c o o T H o m e m ifiM , a  e ,jih  r p a m w H H x  -  

ücxoftfl M3 K paeB H X  y c x o B w ß  3 a a a u H .  M c n o ^ b s o B a H K e  w e T o n a  o H e p r e T K -  

'¡ecK oro  Ô a jia H c a  npv i a n n p o K C H M a p n H  rp aH H tiH b ix  y c j io B H ñ  n o3B O JiH 6T  y n u -  

iBBaTb K O jm necT B O  T e n ^ o T H ,  M fly iąee H a n3 M eH ei-m e  T e n j io c o n e p r a H M H  

BJieM eHTapHoro o ß ie M a  c  H an a jib H O fi t o m k o î î ,  J ie ^ a m e f i  n a  noB epxH O C T M  

Tejía, a  3 H am iT  m n o j iy r ja T b  6o j i e e  6 jiM 3 K o e  k  T o m io M y  p e in e m ie .

B pe3yjibTaTe nocJienoBaTejibHono psuienvïH ypaBHeHHñ no Bcew Toew 

HanpaBJieHHHM ocyrçecTBJiHJicH nepexoA Ha cjieayoiqwfl BpeMeHHoñ CJiofi m 

onpenejieHMe odrero TeMnepaTypHoro norm.

B p a ô o r e  n p o B e f le H  pacneT  s a n a m i  T e n jio n p o B o n H O C T M  ą j i h  nepcneK T U B - 

Hoiî KOHCTpyKIIMM CGKpMOHHOrO T0DM03H0r 0  AMCKa.

A r ia m i  pe3y j!bTaT0B  n o K a 3 a ^ ,  m ro  MaKCHMyM T ë w n é p a T y p  Ha n o B o p x H o c -  

T« TpeHHH ĄOCTHraeTCH K KOH py n e p B O fi Tp9TH n p o p e cca  TOpMOTeHMH H c o -  

CTaB^HeT 3 C 0 ° C  npn to pm o kg hm h  c o  c K o p o c T H  = 4 4 , 4  m / c m  4 S 0 ° C  

nP1'  V* - 55,5 m / c .

PeajiM sapK H  B h n m c ^ H T e jT b H o ro  a j i r o p i iT M a  c  yneT O M  T e M n ep a T y p H b ix  n y j i b -  

tannü  n o s B o jiH J ia  y T o u m iT b  o ô u ie e  T e w n e p a T y p H o e  n o u e  a n e x a .  MaKCHMyM 

TeM nepaTyp H a noB epxH O C T M  TpeHM H n o B b ic iu ic n  b  c p e n n e w  H a I G 0 ° C  npvi 

npaKTHnecKM H en3M eH H 0ii T e M n e p a T y p e  H a  n p o T V iB o n o J io sH o ñ  noB epxH O C T M . 

PacijeTHbie B ejim jHHb! n y j i b c a p n t i  cocT aB M jiv i 4 6 ° C  b  T en e H M e  n e p B b ix  A B yx 

CêKyHfl T opM o*eH M H , 38°C H a I 4 - o ñ  c e x y H A e  h  npM 6.nn3M .nacb k  H y jm  b  c e -  

pei(HHe n p o p e c c a  ( p H c . 2 ) .

06oCu;eHMe p e 3 y a b T a T 0 B  p a c n e T a  n o K a 3 H B ae T  c jio ^ n b if t  x a p a i c r e p  o 6-beM - 

Horo T e M n e p a T y p H o ro  n o u a ,  M ew n o m u tic h  b  n p o p e c c e  TopM O>;eHHB.

H anC ojiee  c y ąe c T B e H H b o c  seJW HM H Ą o c T H ra io T  r p a n i ie H T U  noB epxH O C T H bix  

C;IOeBi COCTaBJlHOTlHe 6 9 °C /m M  n p H  TOpMOWeHMH CO CKOpOCTH y „  =  4 4 , 4  m / c  

* ?5°C /km  n p i i  -  5 5 , 5  m / c  ( p n c . 3 ) . 3 t o  n o A C K a3U B aeT  H e o 6xoflM M OCTb 

A flam a 3$$eK T H B H bix  c n o c o Ö O B  OTBOfla T e n jio T H  o t  H a n ö o j i e e  narpyx:eHHbrx 

HOBSpxHOCTHHX CJiOeB flHCKOB.
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B p a S o T e  [ 2 ]  npeflJioiKena KOHCTpyKUMH TopM 03Horo f l ucKa  c y r a a -  

H O BK O 0 peHTpOÓejKHbDC TeiUIOBbDC TpyS (UTT) flJW ÓHCTpOrO OTBOfla TenjIOTU 

H3 30HH TpeHHfl  B HOnaJlbHHfi MOMeHT TOpMOfteHHH.

AnajiH3 pe3yjibTaTOB BbWHCJieHHft no3EOJinji ycTanoB K Tb CHK?OHne oCuiero 

TeM nepaTypH oro ypoBHH, yweHbmeHMe rpanneH TO B b  nosepxH ocT H nx  c j io h x  h 

n e p e p a c n p e n e jie H u e  TeruioBHX i i o t o k o b ,  otJyciiOBJieHHoe ycmieHHHM o t b o ą c m  

TenjioTU H3 30Hbi TpeHHH. 3 t o  yxash iB aeT  n a  HecoMHeHHyto nepcneKTWBHOcTb 

T a n o ro  pemeHMH npofineMbi oxnasfleHHH s h c k o b . OTcyTCTBHe micJieHHHx naH- 

Hbix no  BHyTpeHHKM ripopeccaM  TeruioofiMeHa b  paÓooeM pesKMe UTT 3aTpy,n- 

h h j io  nocTaHOBKy s a n a ^ v  b  HecTaqnonapHOM BHE.e. rioaTOMy fljifl ycTanoB Jie- 

h m h  AeftcTBBTejibHHx 3HaxjeHHił T ew nepaT yp  n  nonTBepKĄeHHB 3iix$eKTKBH0C- 

tm UTT, noTpefioBaiiHCb sKcnepnMeHTajibHbie 3aMepu.

B x o n e  MccJieflosaHHii [ 3 ]  nojiyyeH o o6T>eMHoe TeM nepaTypH oe noJie 

TOpM03H0r0 flHCKa C pa3JIHUHHMH ĄaHHbMH 00 M8KCMMyMaM H rpaHHeHTaM.

H pw  p a c C M O T p e H H H  p e 3 y ^ b T a T 0 B  H 3 M e p 3 H n 8  B C e K T O p e  T B n O B O ił K C H C T p y K -  

pwM h  c e K T o p e ,  cH afisteH H O M  UTT, y C T a H O B J ie H O , u t o  T e M n e p a T y p a  b  c r o n x ,  

i5j i h 3 k h x  k  n o B e p X H o c T H  T p e H K H  b  c e K T o p e  c UTT, c H H s a e T C H  H a  70-Q0°C 

no c p a B H e H H H  c  n o K a s a H H H M H  b  T H n o B o tt  K O H C T p y K p w H , a  b  Ó o J ie e  y ^ a j ie H -  

h h x  c j i o h x  n a  I5 -2 0 ° C . B u H B Jie H  T a x s e  p a n  a a K O H O M e p H o c T e ft , na o c H O B a -

Phc. 2 . TeM nepaTypHHe nyjibcapHM
na noBepxHOCTn tpshhh
b T eneuH e ne?Bbix I O - th

0()0P0T3X
R y s .  2 .  Z a l a n y  t e m p e r a t u r y  na 
p o w i e r z c h n i  t a r c i a  w c z a s i e  

p i e r w s z y c h  1 0  o b r o t ó w

Pu c . 3 . K3Me He n n e  T e w n e p a T y p u  b

T o u K a x  S o k o b o R  noBepxHOCTvt 

.HHCKa b n p o p e c c e  TopMO'#:e- 

h h h  ( V n  = 4 4 ,4  m / c )

R y s .
t a c h

3 .  Z m i a n y  t e m p e r a t u r y  w p u n k-  
n a  p o w i e r z c h n i  b o c z n e j  t a r c z y

c z a s i e  h a m o w a n i a  /'VU' = 4 4 , 4  m / s )
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Hsiii KOTopHX npuH H T H  p eK O M eH fla m in  n o  H c n o ib 3 0 B a H w o  o x jia* fla io a iH X  y c T -  

poficTB u  nyTHM noB bm eH H H  T e n ^ o n e p e f ta s o ą e K  c r io c o d n o c T H  L.TT.

3a$H K cnpoB aH H  n o B ep x H O C T H H e n y j ib c a q H H ,  K O T o p u e  c o cT aB jiH io T  3 0 - 4 5 ° C  

s n p o ije c ce  n e p B b ix  I 5 - t k  ceK y H Ą  T o p M o seH H H . 

Csma H a T jraeH H a  H a H a o a f l K y  c o o T B e T C T B O B a jia  flaBJieH H M  b riH eBM aTH — 

yecKOH pH JiH H upe 0 , 3 4  M ila . ,D,;ih H 3 M e p e n n fl n y j i b c a m i f t  T e M n e p a T y p  H c n o j i b -  

30BSIHCb flaTUHKH TenjIO B H X  nOTOKOB.

JiHTEPATTPA

[ 1 ]  A .M .M c a K e e B , M .F .K H c e j i e B ,  O .K .H h k o j i i C K a n ,  E .A .C o i iO B b e B :  

P a  c u e  t  T e M n e p a T y p u b c c  n o j i e f t  y 3 J io B  3 H e p re T H u e c K H x  y c T a H O -  

b o k .  n o «  p e f t .  K w c e j ie B a  H . T .  3 1 . :  M a m n H o c T p o e H H e , 1 9 7 8 .  -  

1 9 2  c .  

[ 2]  E .H .E a f i f ia K O B a .  O x j ia x f le m ie  T o p M 0 3 H o ro  f lH c ica  c  K c n o j ib 3 0 B a -  

HvieM p e H T p o C e ^ H b tx  T em io B U X  T p y f i .  -  B k h .  : B o n p o c b i  c o B e p -  

UieHCTBOBaHHH T 0 p M 0 3 0 B  ¡lO flB H tfH O ro C O C T aB a B yCJIOBHHX C h -  

6n p n  h  f l a j i b H e r o  B o c r o f c a .  -  X a f ia p o B C K : X a< 5K M T , 1 9 8 5 ,  

c .  2 0  -  2 5 .

M  H . T . K u c e J i e B ,  B.A.AcMaj iOBCKHfi ,  E . H . B a t i C a K O B a :  S Kc n ep HM e H-  

Ta j ibHoe  onpe f le J i eHHe  T e M n e p a T y p u  n oB e px p . oc TH TpeHHH T o p -  

M03Horo  ĄHCKa Bb ic o K o c K o p o c TH o r o  B a r o H a .  "I lpoM.  T e n j i o T e x -  

h h k h " ,  1 9 8 7 ,  Jp I ,  c .  1 9  -  2 2 .

R e c e n z e n t :  D o c .  d r  i n i .  Roman Bą k

"Płynę ło  d o  R e d a k c j i  w s t y c z n i u  1 9 9 0
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THERMAL PROCESSES IN DISK BRAKES OF R A I L-VEHICLES 

S u m m a r y

A p r o b l e m  o f  h e a t  c o n d u c t i o n  f o r  a  s u r f a c e  f r i c t i o n  o f  t h e  b r a k e  disk 

i a  c o n s i d e r e d  i n  t h e  u n i d i o e n s l o n a l  s t a t e m e n t .  R e s u l t s  o n  t h e  measurea en t  

o f  t h e  h i g h s p e e d  v a n  d i s c  t e m p e r a t u r e  a n d  s c h e m e s  f o r  i n s t a l l a t i o n  and 

a r r a n g e m e n t  o f  t h e  h a s t  f l o w  s e n s o r s  a r e  p r e s e n t e d .


