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Abstract: This article presents five methods of centrifugedvision the grinding fluid to the
grinding zone such as centrifugal grinding fluidpplying through the grinding spindle and
through the grinding wheel, centrifugal grindingiiél provision through the channels in the
grinding wheel body and grinding wheel pores, dirgal grinding fluid provision through the
channels in the body and space between abrasiveeses, centrifugal grinding fluid provision
through the grinding wheel divider radial channetmtrifugal grinding fluid supply method with
use of zonal centrifugal grinding fluid provisiorysteem. The described characteristics were
referred primarily to the conventional flood coglirmethod as a reference. In summary the
conclusions drawn after mentioned characteristiedyais were presented.

Keywords: centrifugal, grinding wheel, grinding fluid, praon, expenditure

grinding wheel [13, 14]. This is a phenomenon chlle
1. INTRODUCTION an airbag that surrounds the grinding wheel ardtsnd
circumference. When the grinding wheel is rotating
Suith the tangential velocity ofs = 20 m/s (or more)

of the terr?pe_rature value in the'zone of contach,q airbag causes the deflexion and dispersiomef t
between grinding wheel and workpiece. The unequgﬂrinding fluid stream [6]. The airbag is a major
characteristics of the distribution of heat which i stacle for grinding fluid in grinding process dosit

) o 0
generated in deformable areas results in mcreasgrgakes it difficult to interact the grinding fluidith the

thermgl stresses in both the grinding wheel and thgctive abrasive grains. Moreover, the airbag mstri
workpiece [11]. To cool and lubricate the contame grinding fluid access to the grinding zone. Various

of the grinding wheel and the workpiece, the grigdi airbag elimination methods have been developedy suc

fluid is used. Cooling can effectively increase theas increased grinding fluid injection pressure, ake

parametgrs .that affgct the gringing. performance an&me nozzles and jet nozzles, outside the zondiggn
the IL_ancatlpn, while _th_e Iut_)rlcatlon_reduces theTluid provision and different methods of centrifliga
abrasive grains bla_de friction with undefined getisne rinding fluid provision to grinding zone, what feav
andhof(;enfa negl;a_mvehanglg Sf at;laglg [5].hA c?mmorgeen described in this article [7, 11]. Cooling the
met o, of supp ylng.t € grin '”9 ut _tOt € 9"'?‘9’, grinding zone using the flood cooling method isoals
zone Is a flood cpollng method in WhICh. the gringlin connected with a relatively high expenditure of
ﬂu_ldd‘|s pumpe(kjj |nhuse of Ipumphanld directed toltlheérinding fluid, whereas the use of centrifugal diirg
gr_ln _|_ng zone by the noz;e.wn s_ot_aperture [ ]fluid provision methods allows to significantly lim
Significant effect on the grinding fluid (in therfo of the grinding fluid expenditure [3, 16]

the free stream supplied to the grinding zone \ith T

velocity) efficiency is influenced by the rotating

stream of air, the source of which is the rotating

The grinding proces involves a significant increas
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2. CENTRIFUGAL GRINDING FLUID than the grinding fluid flow rate is higher. Itdsie to
PROVISION METHODS higher level of pores volume which effects on adow

float throttling [15]. It is necessary to precisdiler

the grinding fluid to avoid grinding wheel pores
glogging. The acceptable value of grinding fluid
mechanical impurities concentration cannot be great
than 0.3% and this value should be even lower & ca
of using grinding wheels with small size grains.

Centrifugal grinding fluid supply method stands
out with more efficiency in comparison to flood
cooling method. Using this method is recommende
during the internal cylindrical grinding processheT
most beneficial effects of using the centrifugal

grinding fluid ;upply m.ethOd were noticed in gr_|ng| reservation of this condition is important dueitto
process of blind openings, openings of considerab N )
. L allows to keep the proper grinding fluid flow régsel
length and in those situations when the area betwee ; -
) - S as well as avoid the grinding wheel structural
workpiece and grinding wheel arbor is limited [11].

. nbalancing which increases the spindle system
Currently there are several different methods of. . . -
. L ) ) .~ “vibrations (it occurs when the grinding wheel pores
centrifugal grinding fluid supplying to the grindjn

are clogged) [11]. The grinding fluids used in this

area, such a§ gentnfggal grinding fluid SLJpF.)Iyl.ngmethod are usually mineral oils with extreme pressu
through the grinding spindie and through the gngdi additions. It is recommended to provide the grigdi

wheel, cen_trifugal gr_ind_ing fluid provision through\e . fluid flow rate value on the level which allows keep
channels in the grinding wheel body and gl"r]d'm:‘{he 0.05-0.15 MPa pressure inside the grinding Whee

wheel pores, centrifugal grinding fluid provision . ) . )
hil th ter-oil | 14].
through the channels in the body and space betwegr?reS while using the water-oil emulsion [14]

abrasive segments, centrifugal grinding fluid psaa  2.2. Centrifugal grinding fluid provision through
through the grinding wheel divider radial channels, the channelsin the grinding wheel body and
centrifugal grinding fluid supply method with usé o grinding wheel pores

zonal centrifugal grinding fluid provision system. Centrifugal grinding fluid supply through the
channels in the grinding wheel body method is being

2.1. Centrifugal grinding fluid supplyingthrough  used together with cubic Boron Nitride (cBN) gringi
the grinding spindle and through thegrinding  \wheels. In this method, the grinding fluid is being
whesl supplied to the ring-shape grooves located in taam

th In r‘:?ﬁe of ;fentnfuga;ll grlngl?r? ﬂu'g trs]uppl_yln_g grinding wheel holder, and from this location the
rough the .gnr.1 ng s.pl.n € .an . rough the grigd grinding fluid is transported to abrasive grit lpesial
wheel the grinding fluid is being injected by themp . ) .
S ) . radial openings and then, thanks to centrifugatder
through the opening in the spindle, then it flowsh indina fluid infil h indi H
through the radial openings to the grinding whee} © grinding Tu infiltrates to the grinding wrlee
surface (Fig. 2) [3, 16].

pores (Fig. 1).

L Abrasive
Grinding layer

— Adhesive

2 o=t Grinding

Hf ?\_ wheel body
Grinding—| ~Grinding
fluid -H= “t— fluid
Grinding Fig. 2. The example of the centrifugal grinding fluid

Fluid |_ — S provision through the channels in the grinding whee
Spmdle body and grinding wheel pores [3]

Fig. 1. The example of the centrifugal grinding wheel

supplying through the grinding spindle and through Described way of delivery the grinding fluid to

the grinding wheel [11] grinding zone provides the regular supplying of
grinding fluid on whole grinding wheel external
. ) ) - .~ surface. The most often grinding fluid used in this
_ce_ntnfL_JgaI forces Wh'(.:h _a|d the gnndlng. fluid method are grinding oils. Authors of research [4]
'Eﬂlt;atlon thrfough thfe g_rlr;dlng W:eell pltl)res. Cu:g compared results of surface roughness obtainedgluri
the front sur at\cesf ° gr(ljn |ngﬂV\_/de<ta athows to. :pplthe flood cooling grinding process with the results
more ‘amount of grinding fluid 1o the peripheralq ,  ipq g during the centrifugal grinding fluid siypp
surface of g””‘_"“‘?’ wheel. Supplymg grlndmg ﬂu'dthrough the channels in the grinding wheel body and
thr:(.TUQh _the grl(?_dlng r\]NhTEI _;:r(:res IS _p%ss'zlzuontl)érinding wheel pores grinding process. The amofint o
while using grinding wheels with ceramic bon € grinding fluid distributed through the grinding véie

its open pores characteristics. If the size ofrgras pores was limited to 3.0 I/min for research purgose

bigger and the grinding wheel structure is morenopery . qinging fluid have been transported directly t

The grinding wheel rotation initiates the
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the grinding zone which allowed to reach lower ealu the grinding wheel and the workpiece surface isedon
of workpiece surface roughness in comparison taccording to the grinding velocity so that the diy
grinding process with flood cooling of 33.0 I/min fluid provision takes place ahead of anglevalue
grinding fluid expenditure (Fig. 3). (Fig. 5).

8

oove in the flange

surface roughness parameter value (pum)

Grinding fluid
provision
1 0 .
[ 35 70
Specific material removal rate ¥, (mm’/mm) S
ap N . . . _ SRS it
Flood cooling Centrifugal grinding fluid provision
D Grinding fluid . through the channels in the grinding Fig. 4. T-Tool-Profil segmental grinding wheel with
expenditure: th‘; b"dﬂy 3&“‘ 8““‘;"’% wheel pores grinding fluid nozzle system which injects the
i Grindi i iture: S . L
33 Lmin Sumingail) grinding fluid to the groove inside the flange and
Grinding Wheel: Giinding velacity: through the openings (located in flange) to thespa
B126 VSS 3426 JA 1SC V360 v, = 100 m/s between abrasive segments [21]
Material:
100Cr6V steel (61 HRC)

Fig. 3. Rzroughness parameter value to the specific
removal rate/’, [4]

The centrifugal grinding fluid supply through the
grinding wheel pores method allows to obtain lower
workpiece surface roughness value after grinding
process at a significant 90% reduction of a grigdin
fluid expenditure [3, 16].

2.3. Centrifugal grinding fluid provision through Fig. 5. Grinding fluid outflow angley in method using
the channelsin the body and space between T-Tool-Profil grinding wheel [21]
abrasive segments

Centrifugal grinding fluid provision through the Authors of research [22] have shown that use of
channels in the body and space between abrasiVeTool-Profil segmental grinding wheels allows to
segments method is another solution which allows tominimize the grinding fluid usage by 95% in
increase the effectiveness of grinding fluid supfly comparison to the flood cooling method. Moreover
the grinding zone at minimization of a grindingiflu using segmental-Tool-Profil grinding wheels allows
expenditure. An example of usage of this method it reduce the value of grinding force by 70% [18]. 2
T-Tool-Profil segmental grinding wheel (Fig. 4) [20-22]. There is also another solution of grinding whedtko

Segmental grinding wheels could consist of cubisvhere the grinding fluid provision system leads
Boron Nitride (cBN) or diamond grits connected withthrough the channels in the metal body and then
resin, ceramic or metallic bond. In this method théhrough the abrasive segments [12, 19]. Designéd wi
grinding fluid is being supplied to the groove lteth destination to deep ceramic materials grinding
in the grinding wheel holder flange by flood nozztéd  processes grinding wheel provides the grindingdflui
inconsiderable 0.1-0.2 MPa pressure value and thewvhich is supplied to the inner part of grinding whe
the grinding fluid is pushed due to centrifugalcier holder and then through the channels in the haiddr
through the openings located between the abrasiwabrasive segments it infiltrates directly to theasive
segments. Suitable nozzle adjustment (in the way thgrains-workpiece surface contact area (Fig. 6).
the grinding fluid infiltrates the contact pointtiveen Research conducted using this type of grinding
the active abrasive grains and the workpiece) sarfa wheels shown that there is a possibility to redom:
allows to obtain the favourable conditions of boththe residual stress and temperaturd value on the
cooling and lubricating the contact area betweéiveac workpiece surface in comparison to the flood caplin
abrasive grains and workpiece surface. The adjugtmemethod [16].
of the nozzle distance from the contact point betwe
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Grinding Wheel . Grinding Fluid
i

Wurkpicch

Fig. 6. General view of centrifugal grinding fluid provisi
system through the channels in the body and ¢
between abrasive segments [12]

24. Centrifugal grinding fluid provision through
the grinding wheel divider radial channels

Another effective centrifugal method of grindi
fluid provision to the grinding zone is supplying
through the channels located in the divider wt
separates elementary parts of sandwich grin
wheel. This method could be successfully use with
sandwich grinding wheels (which consist of two
more elementary grinding wheels). In this methbe
grinding fluid is being provided from the inside
arbor, then through the special channels to theact
area between active abrasive graarsd workpiece
surface. Figure Bhows the schematic diagram of
sandwich grinding wheel with system of centrifu
grinding fluid supplying [10].

a) -
Nut  Grinding wheel

radial channel

Grinding wheel
of finish grinding
zone

Arbor radial
channels

Grinding wheel of
rough grinding zone

b
) Nut Divider radial
channel

Grinding wheel
of finish grinding
zone

Arbor radial
channels

Grinding wheel of

rough grinding zone  Divider

Fig. 7. Schematic diagram of the sandwich grinding wi
with system of cemifugal supplying of the grindin
fluid: &) through charels formed in the grinding
b) through channels formed in a divider betw
elementary grinding wheels [10]

That method of supplying the grinding fluid
mostly applicable in traverse internal ndrical
grinding process. Grinding fluid flow paramet
could be affected by changing the dividers

characteristics of may vary depending on the nun
shape and size of the grinding fluid delivery chela
[10]. Figure 8 shows the example shapedeflbcatec
in the dividers channels which provides the grigc
fluid to the grinding area.

Grinding wheel of
rough grinding zone

Grinding wheel
of finish grinding zone

Divider

Nut Divider radial channel
Arbor

Fig. 8. Exemplary shapes of the divider channels suppl
the grinding fluid to the grinding zone [10]

The greatest load of the sandwich grinding wi
in the traverseniternal cylindrical grinding proce:
occurs in the zone located between the taperedse
grinding area and the cylindrical, finishing gring
area, which is also the region where the grindinigl*
supplying divider was located (Fig. 9).

/ /j7_— Workpiece

Coolant
(e

Sandwich grinding wheel
with a centrifugal coolant
provision system

Fig. 9. Cross-sectin of the grinding zone using sandw
grinding wheel [10]

Research performer by authors of this solu
[10] in the scope of the traverse internal cylindr
grinding process shows that the use of the sanc
grinding wheels had an influence on reducitng
active grinding wheel surface cloggings. This melt
allows to provide more amount of supplying grind
fluid directly to the grinding zone, which had
influence on five times reduction of grinding flt
expenditure in comparison to the flood caglimethoc
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(without the deterioration of quality and energ:
parameters of grinding process). Moreover obta
results of grinding process with use of sandwicleeV
shows that using this method in favourable conadi
(1.0 I/min grinding fluid expendire) allows tc
achieve 30% reduction (in comparison to the pro
performed with the zondiverse grinding wheel ar
with grinding wheel without the fine grain finishyi
grinding zone in condition of 5ldmin flood cooling
method) in value of the workpie surface roughne
(Fig. 10a€). Reduction of power consumpticP in
grinding with sandwich wheel was incsiderable
(about 7-11%) (Fig. 10e) [10].

a) b)
0.5 3.0 575
04 25
0.35 2.12
031 2.0
g [ g 151
2 25
£ 02| 220 | 4
1.0
0.1 05
0.0 0.0
A B C A B C
d
9 120 ' 5o 166
RN 4.42
100 97.12 | 40 ]
80 3.16
e L 30
=60 : E
3 4054 H487 20
40 Wi
20 10
0 ) 0.0
A B C A B C
e
800 723 753 7] Grinding wheel A:
700 [ 873 T 1-35x20x10-SG/F46KTVDGT0%
600 / SGF8017VDG30%
Coolant given by centrifugal method
= 500 T Q¢ = 1.0 Vmin
- 400 Grinding wheel B:
3 300 1-35x20x10-SG/F46K7VDGT0%
/ SGFROITVDG30%
200 Coolant given by flooding method
100 Qc=5.0 I/min
0 Grinding wheel C:

1-35%20x10-SG/F46K7VDG
Coolant given by flooding method

Grinding parameters: Qc=5.0 Vmin

v =60 m/s; v,=0.75 m/s; a,=0.15 mm; v, =2.0 mm/s; b=12.6 mm; ¥= 0.68%
Workpiece: bearing rings made of 100Cr6 steel (62+2 HRC)

Coolant: 5% water solution of Castrol Synthilo RHS oil

A B C

Fig. 10. Comparison of the grinding results with sandw
grinding wheel (A), grinding wheel with zc-
diversified structure (B) and grinding wheel madl
SG™ grains no46 in the entire volume (C
a) arithmetic mean deviation of the workpie
profile Ra b) maxmum height of the profile withi
a sampling lengtRz ¢) mean width of profile
elements, within a sampling length Sm; d) arithm
mean slope of the profiléa; e) grinding power gai
4P [10]

2.5. Centrifugal grinding fluid supply method
with use of zonal centrifugal grinding fluid
provision system
Zonal centrifugal grinding fluid provision syste
allows to direct the grinding fluid stream directly

the contact zone between active abrasive grains
workpiece surface due to modernization of the

which provide the grinding fluid to the grinding whe
holder and due to additional aperture which lintits
grinding fluid outflow only to grinding wheel spéici
area. The grinding wheel was also modernized a
stage of production (radial channels have feemed
inside). Figure 1khows the schematic diagram of
zonal centrifugal grinding fluid provision syste

a - grinding fluid
outflow angle

Body ofthe  Grinding  Grinding Moving Feeder
grinding wheel ~ wheel wheel aperture
holder holder

Fig. 11. Components of the zonal centrifugginding fluic
provision system [1, 2]

The conception of the described method is tha
grinding fluid fed from the supplier, flows to tt
feeder through the opening in the moving apertack
to the grinding wheel holder and opening insidt
then through mentioned openitg the grinding zone
Figure 12shows the conception schematic diagrar
the grirding wheel outflow during the grindir
process with use of zonal centrifugal grinding dl
provision system [17].

- grinding fluid
outflow angle
@ - aperture angle

of rotation

Moving
aperturc

Grinding
wheel

Grinding
wheel holder

Fig. 12. The conception schematic diagram of the grin
wheel outflow during the grinding process with |
of zonal centrifugal grinding fluid prsion systen
[1,2]

The most important function in the descrit
system is the moving aperture, which has
opportunity to angle adjustment. Variable aper
opening angle could be set in such a way, thai
grinding fluid could be provided before oirettly to
the contact area between active abrasive grains
workpiece surface. The authors [1], lzave used il
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their research the grinding wheels consist of w

By analyzing the data contained in the Fig. 14,

fised alumina and ceramic bond. The results theg  minimum admissible ammount of grinding fit
obtained shows nearly twice the amobwf grinding supplied to the grinding zone is 0.5 I/min and Hert
fluid provided into the grinding zone using the imyy ~ even fivefold increase of its output reduces
aperture with respect to results obtained withaing workpiece temperature by only 1°C. The use of
it. Both the aperture angle set and the grinding zonal centrifugal gringig fluid provision system he
velocity vs, have the significant influence on t asimillar, and in some cases, even lower values®
amount of the grinding fluid sugpd to the grinding normal and tangential component of the grindingék
zone (Tab. 1). at nearly ten times less grinding fluid expendi

compared to the flood cooling method (Fit4)
Tab. 1. Effect of aperture angle of rotatighon the value o~ [17, 18].

normal component of the grinding forEg (average
results of five repetitions) and on grinding fldiow

rateQgr in the grinding zone [17] 3. CONCLUSIONS

The  Grinding fluid flow rate in the grindin This article describes the most import

average zoneQgr, dn¥/min centrifugal grinding fluid to grinding zone prowsi
Ang value of  Cooling with the  Cooling without methods. From the analysis of the presen
leof the aperure apertur characteristics, the following conclusiomsre mad:
the Norma 1. The grindin rocess involves a diggant
aper COMPON - g g p _ S
tl.E)l‘e entof L= K= W= V= W= K= increase of temperature in the grinding zc

° the 7.5 15 30 75 15 30
' ogrinding m/s m/s m/s m/s mis mis

force
FI’| av sy N
0 — 098 069 054 2.
15 70 - - -
30 66  0.82 0.79 0.63
45 62 - -

60 55 0.76 0.70 0.67 570 460 390

75 47 — - - 3

90 42 0.68 0.61 0.73

105 56 — - —

120 65 0.61 0.56 0.61

Grinding parameters in Fn measuremengs: 7.5, 15, 3(

m/s, Vx = 10 m/min;a. = 0.05 mmy, = 0.3 mm per stroke
Qor = 2.0 dni/min; Grinding parameters iQer

measurements; = 7.5, 15, 30 n¥; Grinding wheel: typ

C (with three rows of channels) 4.

The use of the zonal centrifugal grinding fl
provision system significantly reduces grindingidl
expenditure without significant impairing the ther
conditions in the grinding zone. Figure Khows
adiagram of the workpiece surface tempera
measirements depending on the amount of supy
grinding fluid.

45

42.5 Grinding parameters:

v, =30 m-s", v; =5 m'min’

v = 0.3 mm per stroke, @, = 0.05 mm

38.6 Grinding fluid:

3% water solution of Cimcool Cimtech D18
Grinding wheel: 1-250x32x98-99A60J7V
Workpiece: steel CrV12 (55 +2 HRC)

IS
S

w
S

30.8 30.6 304 30.1

w
S

Workpiece temperature, °C

+— Q= 0.5 dm’ min’!

25
0 02 04 06 08 1.0 12 14 16 1.8 2.0 22 24 26 28

Grinding fluid flow rate O, dm*-min!

Fig. 13. The workpiece ta@perature variations measul
1 mm under grinding zone according to the quai
of the applied grinding fluid [17]

therefore in most cases the grinding fluid is L
to provide the stable process conditions
reproductible results.

There are many various types of nozzles
providing the grinding fluid to the grding zone
Their main aim is to effectively supply t
grinding fluid to the grinding zone with ti
greatest efficiency.

There are many methods of supplying the grin
fluid to the grinding area, but the progress
development of technology, as we#l acreasing
enviromental care and tendency to produc
costs reduction, cause that the most approf
way is to supply possibly the least amount
grinding fluid with as much precision as possi
Grinding wheels construction modifications ¢
adjugment for use them with centrifugal grindi
fluid provision methods can affect: limitation
grinding fluid expenditure in the proce
reduction in the grinding forc& and grindinc
power P consumption as well as reduction
workpiece surface roughnessreduction o
grinding wheel pores clogging and ovel
improvement in grinding efficiency in comparis
to the flood cooling method, mainly in the case
the internal cylindrical grinding process.
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GW with
1 row of
channels
(wheel A)
GW with
2 rows of
channels
(wheel B)
GW with
3 rows of
channels
(wheel C)
GW with
1 row of
channels
(wheel A)
GW with

2 rows of
channels
(wheel B)

GW with
3 rows of
channels
(wheel C)
GW
without
channels

o
£
=
S

W
3

el
=‘_

V=
£,=1600s

)
S

® S
S S

=
=)

T-‘k
-
15
.

[
S

Normal (F,) and tangential (F;)
components of the grinding force, N

[] Normal component
of the grinding force F,

[l Tangential component
of the grinding force F;

o

=
<
=
3

V4= 10 m'min’!
£,=1100s

)
S

PN ®© =
S IS S S

[ 3
S

Normal (F,) and tangential (F;)
components of the grinding force, N

43.2

76.6

Grinding parameters:
vy=30m-s"!
vy =5,10, 20 m-min’!

v = 0.3 mm per stroke

o

74.2 75.1
66.6 637
329 323
&3 1

a,=0.05 mm

£
=
3

19
S

£ =600's

IS
S

90.3 I ]
84.1 ]

v =20 m'min’! 116.8

- gl
Q(;Fwnn‘ifugul =0.5 L-min

_ syttt
Q6 flooding = 5-0 L-min

Grinding wheel:
1-250x32x98-99A60)7V

%

S
P
G
o

=Y
S

43.4 44.1
34.7 +—

39.9

I
S

¥
S

Normal (F,) and tangential (F;)
components of the grinding force, N

56.6

Workpiece: steel
CrV12 (55 +£2 HRC)

46.5

Grinding fluid:
3% water solution
of Cimcool Cimtech D18

o

Zonal centrifugal GF provision
(with aperture)

Centrifugal GF provision
(without aperture)

Flooding
nozzle

Fig. 14. Maximum values of normaF{) and tangential)) component of the grinding force recorded in theegimental tests
for the analyzed GF provision methodsviayF 5 m/min andy = 1600 s; by = 10 m/min and, = 1100 s;
) Vi = 20 m/min and, = 600 s (GW — grinding wheel) [17, 18]
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