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RESIDUAL STRESS EVALUATION IN NEW RIM-SPRAYED WHEELS

Sum m ary. T he u ltrasonic m ethod o f  determ ination o f  the residual stresses in the 
w heel is the m ost effective m ethod for evaluation o f  w heel batches w ith hom ogeneous 
orien tation  o f  residual stress. T he effect o f  chem ical com position  o f  the R 7T and R8T 
grade w heel steels is covered by the effect o f  heat treatm ent param eters (spraying regi
me, tem pering). R eduction  in  the level o f  residual stresses due to tem pering  varies with 
the y ield  lim it level referred to  w heel rim  m aterial.

OCENA NAPRĘŻEŃ WEWNĘTRZNYCH W NOW YCH KOŁACH Z  

HARTOWANYM WIEŃCEM

Streszczen ie. U ltradźw iękow a m etoda badania naprężeń w ew nętrznych wieńca 
ko la  je s t najefek tyw niejszą m etodą oceny serii produkow anych kól z hom ogenną 
o rien tac ją  naprężeń  w e w ieńcu koła. W pływ  składu chem icznego kół produkow anych 
z m ateria łów  R7T i R8T je s t m niejszy niż w pływ  różnic param etrów  obróbki cieplnej 
(param etry  opryskiw ania , odpuszczania).O bniżenie poziom u naprężeń w ew nętrznych 
pod w pływ em  param etów  odpuszczania zależy od w ysokości granicy plastyczności.

1. IN T R O D U C T IO N

T he residual stresses in the railw ay solid w heels are significant param eter o f  their service 
life. In itiation  and grow th o f  flaw s in the solid w heels varies w ith d istribution  o f  residual 
stresses across th e  section  and over the periphery o f  w heel in the state o f  failure. T he level o f 
the residual stresses, in itiated  in the w heels in the course o f  m anufacture is considerably 
changing in rela tion  w ith  the conditions o f  the railw ay traffic. N evertheless, the level o f  resi
dual stresses in  new  w heels has substantial effect on redistribution  o f  residual stresses due to 
service load ing  and  during  service life o f  w heel up to initiation o f  failure and/or up to its total 
fracture.

The param eters o f  heat treatm ent are m ost im portant tooling  o f  the m anufacturer how  to 
affect the level o f  residual stresses in new  w heels. In the case o f  surface-treated  w heels, the 
most im portan t role is p layed by the chem ical com position  o f  steel, by the tim e and intensity 
o f w heel rim  sp ray ing  and by the param eters o f  tem pering. The Z D B , the C zech w heelset
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m anufacturer provided until fairly recently the investigation o f  the effect o f  heat treatment 
param eters on d istribution  o f  residual stresses in the m achined w heels on the as-delivery state. 
On the basis o f  an analysis through the w orld-w ide accum ulated experience /e.g. 1,2/, the re
sidual stresses w ere evaluated in our w ork by ultrasonic m ethod w ith the help o f  the DEBRO 
device, by the hole-drilling  m ethod using the strain-gauge rosettes and by bulk cutting method 
w ith the aid o f  classical strain gauges.

The subject o f  this paper is :
a) m utual com parison  o f  the above-m entioned m easuring m ethods at determ ination o f  residu

al stresses in the w heel rim s,
b) evaluation  o f  the effect o f  steel chem ical com position on the residual stresses in the wheel 

rim  (the R 7T  and R 8T grades according to  U IC  812-3, effect o f  m icroalloying in the range 
o f  the UIC 812-3 conditions),

c) evaluation  o f  the heat treatm ent param eters on residual stresses in the w heel rims.

2. C O M PA R ISO N  O F R ESID U A L STRESS M EA SU R IN G  M ETH O D S IN W H EELS

1. R esults o f  application  o f various residual stress m easuring m ethods in w heel rims

A  w ide scope o f  m easuring m ethods is available for m easurem ent o f  residual stress in the 
structural parts. In the field o f  determ ination o f  residual stress in railw ay w heels som e met
hods have been applied w hose principles are ranged follow ing w ay :
a) the non-destructive m ethods (for m ass inspection o f  new  w heels at the acceptance procedu

re and o f  the w heels in service the ultrasonic principle is utilised)
b) the sem i-destructive m ethods ( the hole-drilling m ethod by m eans o f  strain gauge rosettes)
c) the destructive m ethods (earlier the sem i-quantitative m ethod using the residual stress re

lieving princip le by radial cutting the w heel section according to UIC 812-3 conditions, to
day the quantita tive m ethods o f  the residual stress relieving by radial and tangential cut
tings o f  the w heel section according to proposed C E N /T C 256/SC 2/W G 11 Standard, Do
cum ent M R  80D or A ISI S626 Standard conditions).
From  the non-destructive m ethods the ultrasonic m ethod seem s to be the m ost convenient 

one. This m ethod  is based upon the so called acoustoelastic effect /3 / w here the rate o f  pro
pagation  o f  the acoustic w aves in a solid body is influenced by the m echanical state o f  stress. 
It is going ou t from  direct dependence o f  the relative change in the propagation rate o f  the 
u ltrasonic w aves in isotropic environm ent on the m echanical stress

(  V ijk -  Voijk )  /  Voijk =  P  crk ( 1 )

Vjjic is the propagation  rate o f  a w ave in  the solid body w ith m echanical stress 
voijk is the propagation  rate o f  a  w ave in the solid body w ithout m echanical stress, crk = 0 
i,j,k = 1,2,3 are d irections o f  w ave propagation, w ave polarisation and o f  the affecting stress 
Pij,k is the acoustoelastic  constant, M P a '1 for a given configuration o f  the indices i j ,k

T he draft o f  the above-cited  CEN Standard (D ocum ent No. 80D) provides recom m enda
tion  for application  o f  the ultrasonic m ethod and determ ines in advance the lim its o f  residual 
stresses m easured by the m ethod over thickness o f  w heel rim.
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The ZD B  as m anufacturer o f  the railw ay w heels has purchased from  Poland a portable 
device nam ed D EB R O -30 for m easurem ent o f  the bulk and residual stresses in the wheel 
rims. The princip les o f  determ ination  o f  the two kinds o f  stress are show n in Figs. 1 and 2.

Figures 1 ands 2 illustrate schem atically  the path o f  an ultrasonic w ave at m easurem ent the 
time o f  flight o f  w ave through the w heel rim  by m eans o f  the surface and bulk m ethod. The 
bulk m ethod (Fig. 1) provides the average difference o f  the tangential and radial stress in the 
bulk o f  rim  given by its w id th  and contact surface o f  probe w ith the face o f  rim. It m akes use 
of the transversal w aves polarised in the direction  o f  the evaluated com ponents o f  stress and 
propagating perpendicularly  to  them . The surface m ethod (Fig. 2) determ ines the average 
tangential stress in the surface layer dow n to a depth o f  approx. 2 m m  in the field  o f  probe 
contact w ith the m easured surface. It m akes use o f  the longitudinal and transversal w aves 
propagating in parallel w ith the m easured stress.

The results o f  the m easurem ents o f  residual stresses by the tw o ultrasonic m ethods in the 
wheel rim s o f  R 7T grade m anufactured at the ZDB are show n in Figs. 5 a  6. The m easuring 
probes w ere placed at the outer face o f  m achined rim  profiles. The results indicated refer to 
measurem ents m ade on w heels in  as-quenched and in as-quenched and tem pered state. The 
dark areas refer to the lim its o f  bulk residual stresses m easured over the th ickness o f  the w he
el rim as p roposed by the C EN  Standard. The results show  distinct d ifferences in the residual 
stresses fo llow ing from  both the differences in the principles o f  m ethods and the probable 
heterogeneity in d istribution  o f  the residual stresses over the cross section o f  the w heel rim  as 
will be show n later. In the case o f  surface stresses the results reveal substantially  greater diffe
rence betw een the quenched state and the quenched and tem pered one. T his result is obvio
usly the outcom e o f  the m icrostructural gradient in the subsurface layers o f  the cross section 
of w heel rim  especially  at the outer face o f  rim  and below  the tread.

For evaluation  o f  the heterogeneity  in d istribution  o f  residual stresses over the cross sec
tion o f  the w heel rim , the outer surface o f  w heel rim  has been m achined by that m anner that 
the w idth o f  rim  profile  w ould be d im inished first by 25 m m  and then, by 50 mm . The results 
o f m easurem ents o f  the bulk  residual stresses after reducing the rim  w idth are sum m arized in
the Table 1.

Table 1
The bulk residual stresses in the R 7T w heel w im  w ith reduced rim  w idth, M Pa
M easured point State 1 State 2

1 -1 2 ,-1 8 ,-2 0 0.-26, -4
2 -12, -29, -28 -29, -2 1 ,-3 2

C om m ents to the Table 1.
M easured point 1 - approx. 15 m m  below  the tread 
M easured po in t 2- approx. 45 m m  below  the tread

State 1 - after reducing the rim  w idth by 25 mm 
State 2 - after reducing the rim  w idth by 50 mm

C om parison o f  the results o f  T able 1 and o f  Fig. 5 for a  carbon steel w ithout m icroalloying 
provides confirm ation  o f  the hypothesis on heterogeneity  in d istribution of residual stresses 
over the cross section  o f  the sprayed w heel rim.

The surface residual stress has been m easured by the hole-drilling  m ethod by m eans o f  
strain-gauge rosettes at the sam e w heels o f  R7T grade, as show n schem atically  in Fig. 4. The 
principle o f  th is m ethod is the residual stress relieving at drilling a defined hole into a small 
depth, up to 2 mm . B efore the m easurem ent, the evaluated surface is p rovided w ith  attached 
strain-gauge rosette w ith  three strain gauges w hose lattices gradually  form  the angles o f  0°. 
45° and 90° w ith defined direction  o f  stress (here the tangential stress). The m easurem ent and
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evaluation  o f  the surface residual stresses have been carried out in accordance with the 
A STM  E 837 Standard. In the practice the elastic strains Ei,E2 , £ 3  are m easure in the course of 
hole drilling  and these strains w ith the calibration constants determ ined per A STM  E 837 
show  the m ain  stresses cr 1 , 0 2  and the angle a  betw een the stress and the lattice 1. In  the case 
o f  proper o rientation  o f  the rosette a  = 0 and m ain stresses are identical w ith the tangential 
and radial com ponents o f  stress. Table 2 presents the results o f  surface residual stresses me
asured at the ou ter face o f  the R7T w heel rim.

Table 2
The surface residual stresses at the outer face o f  the R7T w heel rim  determ ined

by the hole-drilling method
Stress M easured point

1 2
Radial -150 -162

Tangential -216 -170

C om m ents to T able 2.
M easured point 1 - approx. 15 m m  below  the tread 
M easured  po in t 2 - approx. 45 m m  below  the tread

C om parison o f  the m easured tangential com ponents o f  the surface stresses m easured by 
the hole-drilling  and ultrasonic m ethods (Fig. 6) for as-quenched and tem pered w heel shows a 
good conform ity o f  the results stated by the two different methods.

C oncludingly , to evaluate the R 7T  w heel grade in as-quenched and as-quenched and tem
pered state, the bu lk  residual stresses w ere deter m ined by the cutting  m ethod as proposed by 
the C EN  Standard cited  above. T his Standard provides evaluation o f  the residual stresses as 
step-by-step reliev ing  o f  residual stresses by m eans o f  radial and tangential cuts. The principle 
o f  m ethod is show n in Fig. 3. The results are the stress at the tread in point 1 and the stress in 
point B o f  the last tangential section (see Fig. 3d), corresponding w ith the rim w eb edge defi
ned as follow s

01,3 = E ( Et + E ar) / ( 1  - p 2 ) (2)

cti. 2  are stresses in the points 1 and B as show n in Fig. 3, cut sections d), M Pa 
E - The Y o u n g 's  m odulus o f  elasticity  in tension, M Pa
e , - strain  m easured by the strain-gauge cross in tangential direction (for both points)
Ear - strain  m easured by the strain-gauge cross in axial direction (point 1) or in radial direction

(point B) 
p  - the Poisson constant

T he resu lts o f  the m easurem ents by the m ethod in question o f  the R 7Tw heels in as- 
quenched and in as-quenched and tem pered state are illustrated in Fig. 7. The dark areas refer 
to the lim its o f  stress over the cross section o f  w heel rim  as proposed by the CEN  Standard. It 
is obvious that the m easured data are som ew hat higher than the lim its proposed by the CEN 
Standard. The course in variation o f  stress w ith the rim  thickness is in conform ity w ith the 
draft o f  the Standard.
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2.2. R eliability  o f  u ltrasonic m easuring m ethod and w heel heat treatm ent effect

From the com parison o f  results o f  residual stresses m easured by the above-cited  m ethods 
is obvious that the u ltrasonic m ethod applied by D EB R O  instrum ent presents a reliable to
oling for evaluation  o f  residual stresses in w heels in as-delivered state. T he reliability  o f  this 
method varies w ith correct calibrating the instrum ent i.e. correct determ ination o f  the acou- 
stoelastic and tim e constants fo r the applied kinds o f  ultrasonic w aves and in the case o f  bulk 
method even determ ination  o f  the constant o f  anisotrophy o f  the forged w heel rim  m aterial.

The acoustoelastic  constant w ill be determ ined separately for longitudinal w aves (probe 
for surface stresses) and for perpendicular w aves (probe for bulk  stresses). The m easurem ent 
is made w ith  the help  o f  a testing  bar taken -o ff below  the w heel rim  tread surface having lon
gitudinal axis in  tangentia l orientation ow ing to  the w heel rim . The testing  bar is consecu
tively loaded by  tensile stresses and the tim e intervals o f  ultrasonic pulses are determ ined for 
the relevant elastic  tensile stresses.
The acoustoelastic constant, to  determ ine the surface residual stresses, w ill be calculated  as 
follows

P = ( T « - T k ) / T k CTk (3)

To - pulse tim e for a  =  0 , ns Tk - pulse tim e for a  = a k , ns

For the R 7T  and  R 8T  w heel grades the p w as the sam e and w as equal -125. 10 '7 M P a '1.
The acoustoelastic  constant p , to be used for determ ination o f  the bulk  residual stresses, 

will be calculated  as follow s

P =  ( A t,/t,k - At2/t2k ) / ct k (4)

At| = t |°  - t ik At2 = t2° - t2k

t|°, t ik - the pulse tim e in tervals for longitudinally  polarised w ave, ns 
t2°, t2k - the pulse tim e in tervals for perpendicularly  polarised w ave, ns

The relevant pulse intervals w ill be determ ined experim entally  for the individual values o f  
elastic stress at loading the testing bar. For the R 7T and R 8T  w heel grades the p w as found to 
be identical and equal to  -79.1 O'7 M P a '1.

B ecause o f  the d im ensions o f  a railw ay w heel rim  and the forging technology, the wheel
material show s an isotrophy. O w ing to the coincidence in orientation o f  the axes o f  the
forging tex ture  w ith  the d irections o f  the principle residual stresses in  the w heel rim , the com 
plex stress param eter can  be determ ined for the bulk m ethod as algebraic sum  o f  the factors 
influencing the residual stress and m aterial anisotrophy. T herefore, the coefficient o f  aniso
trophy is determ ined  on the w heel segm ent after stress-relieve annealing. The coefficient o f
anisotrophy w as also determ ined for the R 7T  and R8T w heel grades and w as found to be 
identical and equal to  -15 M Pa.

The effect o f  heat treatm ent param eters on the bulk residual stresses data, as determ ined 
by m eans o f  D E B R O -30, has been exam ined for the R7T and R8T w heel grades. The m easu
rem ents w ere  alw ays carried out in 4 points o f  w heel rim  periphery d isplaced by 90° and at 
each po in t in  2 localities o f  rim  th ickness (15 m m  below  the tread and 15 m m  from  the rim- 
web edge).

In the case o f  R 7T  grade, the set o f  20 w heels has been evaluated w hen subjected  to heat 
treatm ent in one batch. T he frequency histogram  o f  the bulk residual stress values is illustra
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ted in Fig. 9. The average value o f  set for a distance o f  15 mm from the tread equals -112 
M Pa, w hile the m axim um  com pressive stress equals -167 M Pa and the m inim um  one is -84 
M Pa. The average value o f  the set for a distance 15 m m  from the rim -w eb edge equals -43 
M Pa, the m axim um  com pressive stress is -67 M Pa and the m inim um  one is -1 M Pa. Simulta
neously, the d istribution  o f  the rim  bulk residual stresses over the w heel periphery has been 
statistically  evaluated. The average values for individual points vary w ithin -122 and -110 
M Pa (15 m m  below  the tread) and -41 to -46 M Pa (15 m m  from the rim -w eb edge).

T he set o f  the R 7T  grade w heels w as evaluated after the heat treatm ent in one batch. The 
frequency histogram  o f  the bulk residual stresses is show n in Fig. 8. The average value of the 
set fo r a d istance 15 m m  from  the tread equals -131 M Pa, the m axim um  com pressive residual 
stress equals -196 M Pa, the m inim um  value is -102 MPa. The average value o f  the set for a 
distance 15 m m  from  the rim -w eb edge equals -65 M Pa, the m axim um  com pressive residual 
stress value equals -113 M Pa and the m inim um  one is -10 M Pa. The average value o f  the rim 
bulk residual stresses in  the individually  m easured localities over the w heel periphery vary 
w ith in  -132 and -123 M P a (15 m m  below  the tread) and betw een -59 and -73 M Pa (15 mm 
from the rim -w eb edge).

3. IN FL U E N C E  OF C H EM IC A L C O M PO SITIO N  ON W HEEL RIM  RES1DUAI. 
STRESSES

A s m entioned earlier, the residual stress in the w heel rim is influenced, apart from the 
anisotrophy due to forging texture o f  wheel rim m aterial, by the m icrostructural gradient and 
by the m echanical properties over the rim  cross section. The gradient is originating in the co
urse o f  the heat treatm ent by rim  w ater spraying and is influenced by the chem ical composi
tion the w heel is m ade of.

C arbon and m anganese together w ith m icroalloying elem ents, im proving the steel harde- 
nability  (Cr, N i, M o, V) are the elem ents producing the m ost significant effect on distribution 
o f  the m icrostructure over the w heel rim  cross section in accordance w ith UIC 812-3 rules. 
The ZD B , as m anufacturer o f  railw ay w heels, produces m achined w heels w ith ferritic- 
pearlitic m icrostructure over entire rim  cross section, free o f  quenching phases in the wheel 
rim  steel. The above-cited  elem ents in steel together w ith the technology o f  heat treatment, 
how ever, influence the gradients o f  the ferritic-pearlitic m icrostructure and m echanical pro
perties param eters over the rim  cross section and in the sam e tim e the integral 
values o f  the rim  bulk  residual stresses. The result o f  such gradients is a heterogeneous distri
bution  o f  the residual stresses over the w heel rim  cross section, w hen m easured in tangential 
direction as indicated in C hapter 2.

From  the com parison  o f  the results o f  the R 7T  and R8T grade residual stresses measure
m ent (carbon quality , see Figs. 5 and 6) w ith identical regim e o f  heat treatm ent (spraying and 
tem pering param eters) and w ith  sam e level o f  alloying, the h igher carbon content o f  R8T 
w heel grade enhances the com pressive residual stresses in the w heel rim , especially  in the 
subsurface layers be low  the tread. The extent o f  residual stress grow ing is controlled by the 
heat treatm ent param eters. A s follow s from  the basic statistical data for the sets o f  R7T and 
R8T w heel grades, the effect o f  carbon content is less expressive than that o f  the heat treat
m ent regim e.

T he residual stresses in the w heel rim  are also influenced by the m icroalloying elements 
(Figs. 5 and 6, m icroalloyed variant o f  the R7T grade). For the m icroalloyed variant the 
spraying intensity  w as reduced so that no quenched m icrostructural phases w ould occur below
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the rim tread and sim ultaneously , the gradient o f  m icrostructure and m echanical properties 
parameters in that locality should be reduced too. The figures show  obviously that the distri
bution o f  bulk  and surface residual stresses over the rim  thickness reveals identical features. 
This confirm ed the sim ultaneous effect o f  the chem ical com position and o f  the heat treatm ent 
on distribution o f  residual stresses in the w heel rim.

4. IN FLU EN C E O F R IM  SPR A Y IN G  PA RA M ETER S ON RIM  R ESID U A L STRESSES

In accordance w ith  the UIC 812-3 conditions, the solid w heels are heat treated after auste- 
nitization heating  by spraying the rim  periphery by m eans o f  pressure w ater je ts  (T -grade) or 
by volum e quenching in w ater (E-grade). The m ajority  o f  solid w heels in the European C onti
nent is heat treated  by spraying. The selective rim  cooling by spraying has to carry the funda
mental m echanical properties and the m icrostructure as specified in the U IC  812-3 technical 
conditions. T he fundam ental param eters influencing the w heel rim  properties are the spraying 
intensity governed by the volum e and pressure o f  spraying w ater and by the spraying time.

Evaluation o f  the effect o f  these tw o spraying param eters on the bulk residual stresses over 
the w heel rim  periphery  has been m ade w ith five R7T grade w heels. There are the w heels 
from the sam e batch w hich are statistically  evaluated relating to residual stresses as described 
in C hapter 3. Selected  w heels have been heated to the austenitization tem perature and then 
sprayed in various regim es as indicated in table 3.

Table 3
 The regim es o f  spraying o f  the trial R7T grade w heels

Wheel No. Spraying regim e
reference regim e to achieve the quality  requirem ents o f  the UIC 812-3 conditions 
spraying intensity  saved, the total spraying tim e longer by 60 sec ow ing to 1 
spray ing  intensity  saved, the total spraying tim e shorter by 40 sec ow ing to 1 
the total spraying tim e like to 1, spraying intensity elevated by 30%  ow ing to 1 
the total spraying tim e like to 1, spraying intensity reduced by 30% 'ow ing  to 1

At the end o f  spray ing  all the w heels w ere subjected to tem pering at 520°C w ith a dwell 
period o f  2 hours. The bulk residual stresses w ere m easured by ultrasonic m ethod w ith the 
help o f  the D E B R O -30  device at the outer face o f  wheel rim s in four points on the w heel rim 
periphery ; the m easuring  points are displaced by 90° one to  another. In each point o f  the rim 
periphery, the bulk residual stress w as determ ined in tw o localities o f  the rim thickness i.e. 15 
mm below  the tread and 15 m m  from  the rim -w eb edge. The m easured residual stresses are 
listed in the table 4.

Table 4
T he bulk residual stresses in the wheel rim after various spraying regim es

W heel N o . 1 3 4 5
Point in th e  r im T L W T L W T L W T L W T L W
Point on  p e r ip h e ry -1 8 9 -7 2 -2 0 5 -123 -1 2 9 -3 4 -143 -7 0 -1 2 7 -41

-121 -6 6 -1 8 9 -1 5 2 -1 3 0 -4 8 -1 4 7 -6 7 -131 -6 9
-1 7 4 -7 6 -1 6 3 -1 3 6 -1 1 0 -3 8 -1 4 0 -6 5 -1 1 6 -52
-1 8 2 -91 -1 7 5 -1 18 -1 3 3 -5 6 -1 4 5 -6 6 -1 2 9 -56
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T he w heel num bers refer to the codes o f  heat treatm ent regim es as show n in the table
3. The letter T  refers to  the point o f  m easurem ent 15 m m  below  the tread and the letters LW 
denote the po in t o f  m easurem ent 15 m m  from the rim -w eb edge. Table 4 show s remarkable 
dependence o f  the bulk residual stresses in the tw o m easuring points over the rim thickness on 
the total spraying tim e (w heels num bered 1, 2 and 3). The variation in the spraying intensity 
at the beginning o f  rim  spraying has brought a drop in the bulk residual stresses especially 
below  the tread (w heels num bered 1, 4 and 5). N o expressive qualitative displacem ent occur
red in the residual stresses due to influence o f  spraying intensity betw een the w heels 4 and 5.

6. C O N C LU SIO N S

1. The u ltrasonic m ethod  seem s to  be the m ost effective approach to the m ass evaluation of 
the residual stresses in the rim s o f  railw ay solid w heels. This m ethod can be used for eva
luation o f  the average state o f  stress over the cross section o f  rim  and in the subsurface lay
ers w ith  the hom ogeneous orientation o f  the direction o f  residual stresses (tensile or com
pressive). The hole-drilling  m ethod by m eans o f  strain-gauge rosettes is a suitable comple
tion  o f  this m ethod  to  determ ine the surface residual stresses especially for evaluation of 
the residual stresses in the w heel plate and in the wheel hub.

2. The scatter o f  resu lts o f  residual stresses determ ined in the w heel rim is influenced by cor
rect calibration  o f  the m easuring instrum ent ( determ ination o f  the acoustoelastic and time 
constants fo r the bulk and surface m ethods and the constant o f  anisotrophy for the bulk 
m ethod) and the heat the w heel batches. The m easured coincidence o f  the acoustoelastic 
constants for the R 7T  and R 8T w heel grades are associated probably w ith sm all differen
ces in the technology o f  heat treatm ent o f  the above-m entioned w heel grades. The neglec
ting value o f  the anisotrophy coefficient o f  tw o described w heel grades is associated with a 
h igh degree o f  the rim  forging and consequently  w ith low  anisotrophy o f  rim  wheel rim 
properties. The present-day technology o f  R7T and R8T w heel grades applied by ZDB 
show s m uch low er level o f  com pressive residual stresses relating to the CEN  D raft Stan
dard lim it than the French m anufacturer / l /  and the highest stresses below  the tread surpass 
only slightly  the above-m entioned lim it -150 MPa.

3. The heat treatm en t and partially  even the chem ical com position are the technological pa
ram eters o f  so lid  w heels m anufacture that affect substantially the level o f  residual stresses 
in the w heel rim . R easonable selection o f  the spraying param eters for the R7T and R8T 
w heel grades, to m eet the m aterial properties as required by the custom er, could cover the 
effect o f  chem ical com position  (it refers to carbon, m anganese and m icroalloying elements 
in the range o f  UIC 812-3 conditions).
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F ig .l . S c h e m e  o f  d e te rm in a tio n  o f  b u lk  re s id u a l s tre s se s  b y  u ltra s o n ic  m e th o d  
Rys. I . S c h e m a t p o m ia ru  n a p rę ż e ń  w ła s n y c h  p io n o w y c h  m e to d ą  u l t r a d ź w ię k o w ą

F ig .2 . S c h e m e  o f  d e te rm in a tio n  o f  su r fa c e  re s id u a l s tre s se s  b y  u ltra s o n ic  m e th o d  
R.ys.2. S c h e m a t p o m ia ru  n a p rę ż e ń  w ła s n y c h  p o z io m y c h  m e to d ą  u l t r a d ź w ię k o w ą
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F ig .3 . S c h e m e  o f  d e te rm in a tio n  o f  b u lk  re s id u a l s tre s se s  b y  C E N  c u ttin g  m e th o d  
R y s .3 . S c h e m a t p o m ia ru  n a p rę ż e ń  w ła s n y c h  m e to d ą  tr e p a n a c y jn ą  C E N
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Fig.4. S c h e m e  o f  d e te rm in a tio n  o f  s u r fa c e  re s id u a l s tre s s e s  b y  h o le -d r il l in g  m e th o d  a c c o rd in g  to  A S T M  837  
S ta n d a rd

R ys.4 . S c h e m a t p o m ia ru  n a p rę ż e ń  w ła s n y c h  p o w ie rz c h n io w y c h  m e to d ą  w ie rc e n ia  o tw o ru  w g  s ta n d a rd u  A S T M  
E 8 37
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F ig .5 a . D e te rm in a t io n  o f  b u lk  re s id u a l s tre s se s  in th e  ca rb o n  s tee l R 7 T  w h e e l r im s  b y  C E N  u ltra s o n ic  method 
(D E B R O -3 0 )

R y s .5 a . O k re ś le n ie  n a p rę ż e ń  w ła s n y c h  w  k o le  z e  s ta li w ę g lo w e j R 7 T  m e to d ą  u ltra d ź w ię k o w  ą  C E N  (D EB R O -30)

F ig .5 b . D e te rm in a t io n  o f  b u lk  re s id u a l s tre s se s  in m ic ro a l lo y e d  s tee l R 7 T  w h ee l r im s  b v  u ltra s o n ic  method 
(D E B R O -3 0 )

R y s .5 b . O k re ś le n ie  n a p rę ż e ń  w ła s n y c h  w  k o le  ze s ta li n is k o s to p o w e j m e to d ą  u l t r a d ź w ię k o w ą  C E N  (D EBRO -301
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Fig .óa. D e te rm in a t io n  o f  s u r fa c e  re s id u a l s tre s se s  in ca rb o n  s tee l R 7 T  w h e e l r im s  b y  u ltra s o n ic  m e th o d  
(D E B R O -3 0 )

R ys.óa . O k re ś le n ie  n a p rę ż e ń  w ła s n y c h  p o w ie rz c h n io w y c h  w  k o le  ze  s ta li w ę g lo w e j R 7 T  m e to d ą  u l t r a d ź w ię k o w ą  
C E N  (D E B R O -3 0 )

F ig .6b . D e te rm in a t io n  o f  s u r fa c e  re s id u a l s tre s s e s  in  m ic ro a l lo y e d  s tee l R 7 T  w h e e l r im s  b y  u ltra s o n ic  m e th o d  
(D E B R O -3 0 )

R y s .ćb . O k re ś le n ie  n a p rę ż e ń  w ła s n y c h  p o w ie rz c h n io w y c h  w  k o le  ze s ta li n is k o s to p o w e j m e to d ą  u ltra d ź w ię k o w  ą 
C E N  (D E B R O -3 0 )
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F ig .7 a . D e te rm in a t io n  o f  b u lk  re s id u a l s tre s se s  in ca rb o n  s tee l R 7 T  w h e e l r im s  b y  C E N  c u t tin g  m e th o d  
R y s .7 a . O k re ś le n ie  n a p rę ż e ń  w ła s n y c h  w  k o le  z e  s ta li w ę g lo w e j R 7 T  m e to d ą  tr e p a n a c y jn ą  C E N

F ig .7 b . D e te rm in a t io n  o f  b u lk  re s id u a l s tre s se s  in m ic ro a l lo y e d  s tee l R 7 T  w h ee l r im s  b y  C E N  c u t tin g  m e th o d  
R y s .7 b . O k re ś le n ie  n a p rę ż e ń  w ła s n y c h  w  k o le  ze  s ta li n is k o s to p o w e j m e to d ą  tr e p a n a c y jn ą  C E N
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Fig.8a. F re q u e n c y  h is to g ra m  o f  re s id u a l s tre s s e s  m e a s u re d  n e a r  th e  tre a d
Rys.8a. H is to g ra m  c z ę s to t l iw o ś c i  w y s tę p o w a n ia  n a p rę ż e ń  w ła s n y c h  m ie rz o n y c h  w  p o b liż u  o k rę g u  to c z n e g o
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Fig.8b. F re q u e n c y  h is to g ra m  o f  re s id u a l s tre s s e s  m e a s u re d  n e a r  th e  rim  -  w e b  ed g e
Rys.8b. H is to g ra m  c z ę s to t l iw o ś c i  w y s tę p o w a n ia  n a p rę ż e ń  w ła s n y c h  m ie rz o n y c h  w  p o b liż u  o b rz e ż a  k o la
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Steelgrade - R8T
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F ig .9 a . F re q u e n c y  h is to g ra m  o f  re s id u a l s tre s s e s  m e a s u re d  n e a r  th e  tre ad
R y s .9 a . H is to g ra m  c z ę s to tl iw o ś c i w y s tę p o w a n ia  n a p rę ż e ń  w ła s n y c h  m ie rz o n y c h  w  p o b liż u  o k rę g u  to c z n e g o
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F ig .9 b . F re q u e n c y  h is to g ra m  o f  re s id u a l s tre s se s  m e a s u re d  n e a r  th e  rim  -  w e b  ed g e
R y s .9 b . H is to g ra m  c z ę s to tl iw o ś c i w y s tę p o w a n ia  n a p rę ż e ń  w ła s n y c h  m ie rz o n y c h  w  p o b liż u  o b rz e ż a  k o ła



Residual stress evaluation. 165

Fig. 10. B u lk  r e s id u a l s tre s s e s  in th e  R 7 T  w h e e l r im s  tr e a te d  b y  v a r io u s  re g im e s  o f  s p ra y in g  (m e a s u re d  by 
D E B R O -3 0 )

R ys.10 . N a p r ę ż e n ia  w ła s n e  w  k o ła c h  z e  s ta li R 7 T  p o  c h ło d z e n iu  (p o m ia r  D E B R O -3 0 )
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Streszczenie

W  artykule porów nano trzy m etody pom iaru naprężeń w ew nętrznych we w ieńcach kól 
(m etodę u ltradźw iękow ą urządzeniem  D EBRO -30, m etody odw iercaniem  z użyciem  tenso- 
m etrów  w edług norm y A STM  E 837 i m etodę dzielenia profilu w ieńca z użyciem  klasycz
nych tensom etrów  w edług propozycji norm y C E N /T C 256/SC 2/W G 11). Przedstaw iono ocenę 
w pływ u składu chem icznego w edług specyfikacji UIC 812-3 i rozrzutu wielkości 
objętościow ych i pow ierzchniow ych naprężeń w ew nętrznych po obw odzie koła namierzo
nych m etodą u ltradźw ięków , a także ocenę w pływ u technologicznych param etrów  obróbki 
cieplnej (param etry opryskiw ania, odpuszczania) na zm iany rozłożenia naprężeń we
w nętrznych we w ieńcu kół z m ateriału  R 7T w edług UIC 812-3.


