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Optimization of the high-speed profile plunge grinding process
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1. Introduction

An expert evaluation conducted at the first stage
provided an opportunity to take into consideration and to
compare at the second stage only those methods, which
had the highest aggregate indicators and were of practical
interest.

A cutting mode for cylindrical plunge grinding
shall be determined by:

- rotation speed of the grinding wheel (v,, ), m/s;

- rotation speed of the work piece (v, ), m/min;

- radial feed (S ), mm/min;
— length of the wheel surface in contact with the

workpiece, mm.

Based on the experimentally derived relations be-
tween the above mentioned parameters and on the pub-
lished data [1], a mathematical model of the grinding proc-
ess was developed to help select the optimal mode for the
high-speed profile plunge grinding (hereinafter referred to
as high speed profile plunge (HSPP) grinding), to establish
a methodological basis for selecting the optimal grinding
mode, and to obtain approximate data regarding the grind-
ing mode parameters to be used in further calculations.

2. The solution of optimization of the grinding process

The solution is made by compiling a system
(model) and determining quantitative values of the follow-
ing two elements related to the grinding mode - rotation
speed of the workpiece and radial feed. The wheel rotation
speed is assumed to be constant and equal to 80 m/s. The
length of the wheel surface in contact with the workpiece
also assumed to be constant.

N<N, (1)

where N,; is an allowable capacity of the motor which

produces the primary motion. Based on the experimental
results

093, 0.18 032 o0.56
N=e""v, v, "8 2)

After substituting (1) into (2) and moving the un-
known variables v, (n, ) and S to the left side of the ine-

quality, we obtain
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In order for the wheel treads after the profile res-
toration to have roughness required by the drawings, the
following inequality must be satisfied

R, <R )

where R, is the height of the profile irregularities at ten

points, specified in the drawings (we assume that
Rzall =40 Hm)
Based on the experimental results [2]
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After substituting (4) into (5) and carrying out ap-
propriate transformations, we obtain
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In order for the metal in the wheel rims to sustain
the same structure, the following inequality must hold

Qs <Oy (7

where Q, <Q,,; 1s the temperature of the metal on the
rim surface layers, at which no changes that might affect

the rim functionality will occur. The following temperature
ranges shall be considered as allowable

qull = 3500 C

Based on the experimental results, the interface
temperature is
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Temperature of the metal on the rim surface lay-
ers O, =0.70;. After substituting into (7) and carrying

out appropriate transformations, we obtain
0.70; < Qs 4y €

In order to compensate for random errors caused
by elastic displacements the treating system, we separate
some part of the tolerance range on the surface being
treated (a ). The remaining part of the tolerance range will
be used to compensate for systematic errors
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u is an elastic displacement; 7, is tolerance; a is the coef-

ficient, which takes into account the part of the tolerance
range used for random error compensation.
Now we transform the expression (10)

P,/ j<al,

P <al,j (11)

where j is stiffness of the system; P, is the force.
Based on the experimental results
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Now we transform the expression (11) and move
the unknown variables to its left side [2]
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Taking into account the equipment capabilities for
allowable feed rates and work piece rotation rates; insuffi-
cient balance of a wheel-set (7, <n,,, ); and expediency

to work beyond the heat-affected zone (10<v,, /v, <20;

S <8, ), the following inequalities must be satisfied
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Let us combine the inequalities (3), (6), (9), (12), and (13)
into the system
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The relationship that determines primary time for
plunge grinding shall be used as an evaluation function

C

T,

——, min, in the form of f =

n n

» p
where / is an allowance for treatment; C is a constant.

In order to reduce the inequalities of the system
(14) to linear expressions, we calculate their right sides and
introduce the following notations
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The system in a linear form is

0.32x, +0.56x, <1.41
0.15x; +0.31x, <1.8796
0.09x; +0.17x, >0.309
0.09x; +0.17x, <0.408
0.63x, +0.13x, <4.3979
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Solution of the equations - inequalities system
(Fig. 1) provided the following values for the variable ele-
ments of  grinding  modes: v, =220 m/min,
S =10.3 mm/min. For calculation, the cutting speed (v,,,.)
was assumed to be constant: v,,. =80 m/s.
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Fig. 1 Solution of the optimization problem
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High speed profile plunge grinding can be used to
substantially enhance the mechanical treatment process for
shaping the wheel rim profiles - during restoration as well
as manufacturing of wheels. In addition, the results of ex-
perimental research conducted by the personnel of Krama-
torsk Heavy Machine-Tool Building Plant were compared
to the restoration of wheel tread profiles using a conven-
tional grinding method [3]. This analysis showed that when
the wheel-sets were restored by the high speed profile
plunge grinding method, the functional metal layer on the
rim was used economically, because in this case the pres-
ence of the thermo-mechanical deteriorations on the wheel
treads did not affect the treatment process, therefore the
metal layer of the rim was not unnecessarily cut into metal
chips - what typically happened during the turning process
which removes the outer crust. According to the Guide-
lines [4], it is permissible during restoration to treat the
wheel-sets with the black marks on the wheel tread; in this
case the HSPP grinding method also helps to treat the



functional metal layer of the rim more efficiently. There-
fore, the HSPP grinding method leads to the increased
wheel's service life.

Based on the research of the HSPP grinding proc-
ess, a method for efficient restoration of wheel-sets and
increase of their functionality was developed. This method
includes the HSPP grinding process and requirements
specification for a HSPP grinding machine tool unit in-
tended for the implementation of this method.

3. The economic estimation of renewing methods

The account value method was used and eco-
nomic characteristics of the processing method were used
as indices on the third analysis stage. This is ascertained
counting expenditure of wheel efficiency renewing by us-
ing different methods in conditional wheel department
working with different programs. And branch economic
effect separately from wheel resource increase at renewing
not just geometry but physic-mechanical characteristics of
the rim metal, economic transport metal expenses, too.

Annual economic effect, connected with work
equipment intensification in conditional department level
was estimated by calculated expenditure differences.

Economic possibilities of compared variants are
shown in the graphic of calculated expenditure dependence
on the annual conditional department program (Fig. 2).
Expenditures not related to some program limits (capital
investment, equipment and industrial area springing, pre-
sent repair and supply between the repairs) are shown like
slating straight parts when drawing graphics.

The ordinate difference in setting annual program
describes effectiveness of one method comparing to an-
other. As it is seen in Fig. 2 using whetting with primal and
following thermo-processing methods with machines 1836
and 165 and HSPP grinding with following high rate ten-
sion is appropriate with programs accordingly to 5 and 13
thousand wheel pairs per year [5]. However, the marginal
programs decrease markedly with the inclusion of the
wheel work length increase.

According to Russian railways, the whetting with
primal inductive heating is already effective with the whet
2.5-3 thousand wheel pair program. The larger program is,
the bigger effect is received. The expected branch wheel
resource increase economic effect because of using cut-in
profile with high speed grinding (CPHSG) and thermal
processing with high rate tension (HRT) is calculated with
formula

E,=B|p LI
L T

here B is made production annual amount; 7}, 7, are

C
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2 (16)
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wheel work length after 1 an d 2 renewing variant; p is
wheel pair price; C is repair cost price.

The expected economy sum effect of using HSPP
and thermal processing with high rate tension would come
to 55 000 Euro for each renewed wheel pair (according to
prices of year 2009) [6].

Applying recommendations of perfecting wheel
repair technological supply (regimes, equipment and
tools), according to Russian railways data, provided for
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wheel work length increase not less than 20% and gave
confirmed economical effect.
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Fig. 2 Realized consumption dependence on annual pro-
grams processing wheel profiles. Here: / - profile
processing using 1836 machine method; 2 - profile
processing using early inductive heating; 3 - profile
processing using 165 machine method; 4 - profile
processing using early inductive heating; 5 - profile
processing using Russian railways method

Systematization and analysis wheel producing and
renewing methods revealed wheel cut-in profile high speed
grinding with following physic-mechanical wheel rim fea-
ture renewing.

4. The wheel work length increase estimation

Hatched parts are OHBC (Fig. 3) areas, which
show technical wheel resources, marked as areas 2, 4, 6, 8
are not used because of not economic run profile geometry
renewing technology. Because of defects on the run sur-
face (carriers, burns, etc.) and possible tool break the pro-
file processing is made “under crust”, which means that
shavings are made of cut rim metal layer. The wheel re-
source decreases in 35-40 % and sometimes even to 60%.
The used resource makes about 60 % of the intended re-
source.

The wheel resource scheme which gives a possi-
bility to value wheel resource increase using compared
renewing methods: method 1 - turning with one or several
tools which are put coherently wheel set using early ther-
mal processing with inductive heating which improves
processing (high rate tension + whetting) and method 2 -
high speed cutting profile outside grinding using thermal
processing after it, which restore physic-mechanical roll
profile features (HSPP grinding + high rate tension) [7].



The wheel resource scheme which gives a possi-
bility to value wheel resource increase using compared
renewing methods: method 1 - turning with one or several
tools which are put coherently wheel set using early ther-
mal processing with inductive heating which improves
processing (high rate tension + whetting) and method 2 -
high speed cutting profile outside grinding using thermal
processing after it, which restore physical — mechanical
roll profile features (HSPP grinding + high rate tension).

Using primal thermo-processing high rate tension
to renew wheel run profile by whetting practically does not
influence the wheel resource technical changes, because all
the “under crust” defects are distinctive to this method [8].
After every whetting (Fig. 3) function wear off resistance
BC) wheel strength characteristics decline. The main high
rate tension destination increased wheel run surface proc-
essing with Lithuanian railways that is why the amount of

not used wheel resource 7., (Fig. 3 BFC area) does not

change. The HSPP grinding method with following high
rate tension allows rim metal layer work economy and
physic-mechanical property repair. Minimizing amount of
not used 7,,,,; resource on economic renewing account,

unuse

the amount of not used 7, resource will get close to
fixed T' (resource)

Tused -T, Tunused Z min
Tpood =0+1+2+3..+8+9

u

New used resource T

"seq €aning makes about

Tusedl = O.95T

H B
H {)
\]__.\ 1] D Ih!(
0 : /
'.|| l'l
: /
4 /
i 6 v
i 7
wheel diameter. mm !/ §
i
rim thickness, mm 0 9 ¢ Z F

100 400

Rim metal wear off resistance, thousands km/mm

200 300

Fig. 3 Wheel resource description scheme

Like it was mentioned earlier, primal thermo -
processing high rate tension 2 method after renewing
wheel rim profile geometry parameters allows to renew
physical-mechanical rim metal surface layer properties [9-
12].

Then new wear off resistance function (Fig. 3) will be
reflected on BDFK line. Technical wheel resource will
increase to area CDKF and will make about 20% of OHBC
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area. The new possible to use wheel resource 7,
T, sed2 = Tusedl +0.2T =1.15T

Uu.

TusedZ /T,

use

. =1.15T/0.6T =1.9

Comparing to existing used resource 7,,,, it in-

creased 1,9 times. The same size decrease of the need of
Lithuanian railways in wheels processing using the given
technology is possible.

5. Conclusions

1. The processed wheel pair renewing method re-
alization on the wheel rim geometry parameter economi-
cal renovation using HSPP grinding method and physic-
mechanical property of its’ metal account, allows an in-
crease of technical wheel pair resource comparing to al-
ready used existing resource in 1.9 times. It is possible to
decrease the need of Lithuanian railways in wheels, proc-
essed with this technology, the same size.

2. Analyzed axles run surface technical renewing
process HSPP grinding capabilities showed that axles re-
newing development has prospects.

3. The latter was approved by the Ministry of
Means of Communication of the Russian Federation and
endorsed by the Ministry of Machine and Tool Building
Industry (Minstankoprom).
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GREITOJO PROFILINIO SLIFAVIMO PROCESO
OPTIMIZAVIMAS
Reziumé

Straipsnyje pateiktas greitojo profilinio Slifavimo
optimaliy parametry parinkimo, metodiniy pagrindy kiiri-
mo, Slifavimo parametry nustatymo uzduoties sprendimas.
Naudojantis literatiiros Saltiniy ir bandymy duomenimis
sudarytas Slifavimo proceso matematinis modelis.
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OPTIMIZATION OF THE HIGH-SPEED PROFILE
PLUNGE GRINDING PROCESS

Summary

This paper presents the based on the experimen-
tally selection relations between the above mentioned pa-
rameters and on the published data, a mathematical model
of the grinding process developed to help select the opti-
mal mode for the high-speed profile plunge grinding (here-
inafter referred to as HSPP grinding), to establish a meth-
odological basis for selecting the optimal grinding mode,
and to obtain approximate data regarding the grinding
mode parameters to be used in further calculations.

. Comos, XK. bazapac, A. Ilynnsasudtore

OIITUMM3ALIA ITPOLIECCA
BBICOKOCKOPOCTHOI'O ITPO®UNJIBHOI'O
BPE3HOI'O HVIM®OBAHUA

Pes3omMme

B HacTosmiel paboTe MpUBEICHO pPEIICHUE 3a71a-
YH TI0 BBIOOPY ONTHMAJIBHOTO PEKHMa BBICOKOCKOPOCTHO-
ro TPOQIIFHOTO BPE3HOTO NUTH(OBAHUS, yCTAHOBICHHUS
METOJMYECKIUX OCHOB BBIOOpa ONTHMAIBHOTO pPEXHMa
nuTAOBAHUS, MTOMYYCHHUS OPUCHTUPOBOYHBIX ITAHHBIX TI0
mapaMeTpaM pexkuMma OUTNGOBAaHUS UIsI BKIIOYCHUS B
nmanpHeimue pacueTsl. CocTaBlieHa MaTeMaThdecKas Mo-
JleNb Tporiecca HUIHM(OBaHUs HAa OCHOBE 3aBUCHMOCTEH,
MOJYYEHHBIX SKCIEPUMEHTAIBHO U UCHOIB3YS JIUTEpaTyp-
HBIE TaHHBIE.
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