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lfl8ll $P[ES continued from pg. U
wrylng th€ fpeed of the gdndlng
fluld (0 t0 365 rn/sec) while keeptng
the mnventlonal patarneters, nams
ly trareme ryeed and depth of ctt,
constant. frrlnding fome compo-
nen$, acoustlc emlslon slgnals, and
workplece surface profller wete
rnonltored at four dlfferent lnrtances
durlng grlndlng namely 2.S, 5, 7.5
rnd l0 mlnute$, In order to rtudy
the etut of hlgh r@ grlndlng
fluld with pmgresslve whe*l wear. A
newly dr€ssed wheel was used for
experlments conducted at each
water fct spec{ settlng and grlnding
condltlon. The surface roughness of
ihe workplece was quentlfled ln
tenus of Ra. The results ln thls papsr
are a part of our pmvlous paper entl-
tled "Efftct of Hlgh speed Grlndlng
Fluld on Surfacr Grlndlng
Performrnce", SMEFaper No. MR95-
213 [01. Tlrr process porafteter$
for these experlm€nts ere glven
Irr Thble 1.

TABU 1. PROCESS
PARf;fIIIETTR$

Wortpb tnatodd SS304
Itlrcol matrdal - tl0rith (tfA5{&7,31- 50106}

f}evcrsc Sptcd - I2O rwrlt,Dcpth r O962 nm

Flg. l" Gdndlng for,c Comrow$ W, Sttdlng lfone
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Wlrod tpd
VJMrrldlh
$Yhorl dlilclof
Cnar frrd

30 m/src
l0 mm

StXl nm
0.81mn&mr

(ldllm dlrmdr 0.48 mm
Typc d caoling - fl00d.0ld lti0trspmd wrtrr id
Trmrne sprod 120 mm/mc
lhpth of orfndhg 0.ft62 rnm
Gdndim tilnr
Watorlal spod

?,5 h 10mh.
173 - 30i rd*s

The tangentlal and normal fome
components for the dlfftrent grlnd-
lng tlrnec and $ater fet speeds arc
plotted In Flg. 2. For both flood
coollng and hlgh-speed water fet
coollng the mrgnltude of the grlnd-
Ing force components lncrease wlth
lncreaslng grtndtng tlme. As grlnd.
Ing progrcsxs, the wheel zurface ls
lnltlally sublected to graln ftacture
and bond fracnrrc, tollowed by gfild-
ual attrltlouf wear The effect of
wheel loadtng alro lncreases. These
lrends affect the cutting capablltty of
the grlndlng wheel leadlng to
lncreased grlndtng forcer. The mag.
nltude of the grlnding force compo.

HfGH SPElt conttnwd wt pg, 22
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nents are Bduasd bY almost $S|6

wtth th€ aPPllcaflon of hlgh rye{
water F[r The lmProvd
coolln*flubrlcatlon effect at the
rrtndlng zotl€, effectlve cleanlng
Imon ind reduced wheel loading
efftct of the hlgh rp€ed water fet arc
rcsponslble for the lmPravement ln
o*os performanct' fire water Ft
.t ttigtt ipe*Os also prorrldel a Sentle
dressing/rtsharpenlng effec- on the

wheel bY remorrlnt a tlny laYer oI
abrarlve gralns and exPostng Tsw
cralns on the surface of the grlnding
ilheet. The hlglt flow rate of the
water fet lmproves the conrryctlve
cooilni etrectlnd provldes cumplete
evarcrltton of the fluld fllm et the
rrtndtnr zone. The effectiveness of
itte htgh sPeed grlndlng fluld
lrrcteases as the let wloctty lncreasCI'
As a reeult, the grlndlng forwc, abra'
rtve wheel wear and wotk'bum are
ndued leadlng to overall lmProve
ment ln grtndln6 Proces$'
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llrwcrsc Sptod - 120 twa/ls,Dcpth s 0A62 nm'Tlma = 10 mlr'

Hg.3. Fro$rfiry Danrlnlf $l$uls

crlndlng condlsons ls around 150
kffz. nre effect of bond fracture and
graln fiacture on th€se *lgnrls Tn-bu
iltmlnated al they are acqulred aftet

Hffi $m[ nntlnwd on Pg' 27
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A plot of frequency domaln acoustlc
enitsrton (AE) slgnrl* acqulred for
flood cooltng and hlgh lPeed watl

let cooltng after l0 mlnut€r of grlnd'
ing ttme li shown ln Flg. 3. It can be
nit*O that the Peak @uencY br all
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ft$n Pg' 22
10 mlnuhr of grtndlng
tlme. The Peak rmPlttude
ts higheet br flood cool'
tng conditions lndlcrting
the presmca of high attrl'
dor wear of the wheel.
Wth appltcatton of hlgh
speed water let, the Pesk
response at 150l(Hz dtoP
dowrr lnttlallY to about
4CI!6 and then to 25{}6 due
to reductlon ln wheel
loedlng and attrltlous
wear. The decrease ln the
area enclosed bY the FFT
flirve tndlcatec that the
energy of the AE slgnal
reduces wlth the rPPllca'
tlon of water iet. At high-
er water fet sPeeds the
amplltude of the fiequert'
cl domaln AE tlgnal
drops through all the fre'
quency rrnge whtch
could be due to the
nsharpentng of the wheel
by the fet. fite above
peak frequency of the AE
stgnal 050 XlHz) can be
mnsldered as a good Indl-
cator of the average num'
ber of actlve gralns ln con-
tact wtth the workPlece
per unlt Ume. The aver-
age number of actlve
gralns (N) per unlt area ls
gven by

N- (peak
Frequenqy)/(Pedpheral
Speed of the Wheel x

Cross Fesd)

Tte value of 'N" ai Pet
the above equatlon was
calculaEd to be aPProd'
mately 6/mmr. Thls was
found tobe ln good agtee
ment wlth the actual
number of gralns Per mrnt
as p€r wheel speclflca'
ilons. The htgh amPll'
tude forthe Peak frequen'
cy of l5O KHz In flood
cooling Indtcaterl the Prer'
ence of excesslve rubblng
actlon of tbe gralns
caused bt ttte blunt cut'

tlng edges. However, tht
ruharpentng effect of the
ulsa-htgh spoed watet Pt
oroduces randornlY orl'
ented and randornlY dis'
trlbuted ctttlng edges
whtch cautes relatlvelY
flat rerponse oo the FFT

curve. Thus the uend
exhlbtted bY the fitquen'
cy domatn AE slgnal suP
ports the Prwlous obser'
vatlons made about the
rolt played bY hlgh speed
grtndtng tluid ln lmProv-
ing the Proc€s$ Perfor'

mance,

Surfact rrrugh ness Indtca t'
ed by f,a ls Plotted against
grlndlng tlme for flood
coollng and hlgh sPeed

lll8ll $P[80
rrrlntlnued on trt,31
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watel fetcootlng In Fig' {'.With pr*

rresttne grtndlng tlme, the suthy

illrh foi uottr the cooting c${t

Uons deerlorates whlch'could be

rtttfmt O to lncreamd wheel wert

.ii ort.et lordlng. lt can be noted

ttret tor rll conditlons ol gdnding

tlme, the rurfae flnlsh ImProrres

wttr, m.*se ln waBr let speed' Ra

reduces bY more than 5$!{r. A com'

iinitron of factors durlng hlgh

il.d water t$ grlndlng such as-the

finproved coollng/lubrlcatlon effect

otitre gfnding zone, redu$ 19"'
it* *6*t wbr and lts loadlng,
tmproved dresrlnS/resharPenlng
.ft*c, absence of wheel/workPleq
ptttf.fo at the grindtrrg zone caused
Lv tmprorted washlng actlon, etc' an

responstble for the lmprovernent ln

surface qualltY,

the heat fltx lnto th€ tilorkplece
durlng the Sdndlng operattons ectl'

rnated uslng the exPerlmentrllY
determlned temperature hlstorler
itrmugh an lnvine heat transfut
metfrfr [11] ls Plotted |n ng' I'
CtrnOrttg'n,ia n the fonn of hlgh
uressure watet let reduces the hert

input by up to ?sqt of that of fld

coollng'

In the clastcal grtndlng operatlon
the hadness of the bond materlal ls

Jemmtned ry the stren$h of the
workotece materlal. Ih ordet to pr+

vlde'the so'catted self'sharpenlng
effec1, namelY rcmoval of the $ofir'
out or ftactdred abrashre gralns by

dislodglng them fiom the bond
mttettit, tt lr recomnrended that

filndtng softer workPlece matedal'
ino soder bond materlal be rlected
for grlndlng hardet wotkPlec mate

rrlndlng fluld for drcssing antl cool-
ing/tubilcatlon, a hard bond materF

lffGll$Pff0 nntlnued wr Pg' 34
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sTEm cilc 820
$upEnfisnffiilE ltG[[$0sr

nn0nffitfficEtls

coll$[ucnoN
Ths gtinding sPlrdla;c ls
a saahd unit ol 100mm
dhmotgr that ls drfimn bY
a hlgh Parformanct
vrrlablo spacd $lemcne
spldh sento molor. Ttn
grlrding splndlc ls Pro'
grammauto up to 3,5{10
hPu. (Optlonal 6,000
RFfill

cotuTBOt
su$ffftt
TIrs $lnmrm Fitllc or 8400, 3e ut control ttto.rrds (ortlold qq t'dl-ytk haad)' htgh

prdorman* sy€t6m, tlst ffid;tt.gtghtg rnqts sirpglor tohranoo capablllty wllh

fiigh il;d ffii,lra*iirirol. tttacNn0tl-nngc trom 20" t0 ff b0fiffi0n snttts.
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taper lr measund on dlameter, the

tapet etror would be .000218 ln/ln
and ln a hole 2 tnches long.00O{36
ln.

The MICROANGTING/ FORCE'
SaN$lNC rubplate under the wheel'
hEad and a PC{OtlTROLwlth oPen
archltecture, Pruvldes a qntem for
halding close totetances on frst

qrcla wlthout sparkout end wlthout
uslng ocpenslrry ln'procesr gaglng

and postgroce$$ taPeriltrend gag.
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al could be used for gdndlng anY
ttpe of workPlffi natertal. NamelY,
the self*harPenlngffi for the case
of applylng hlgh sPeed gdndlng
fluld ts no longsr a mattcrof conccm
slnce the gtndlng wheel ls contlnu'
ously resharpened bY the fluld let.
Evtdently, the rate of abraslve graln
removal-ftom the wheel surfiace rnd
Its topo$aphY will dePend on the
speed- oi ttre grtndlng flutd. The
optlmlzadon ol the grlndtng flutd
sieeC should be done for the select'
efo t1peof grtndlngwheel, lBdlmen'
doriiand gtven workptece mahrlal.

A ner,Y way of Prwldlng grtndtng
fluid to the grtndlngmne was devel'
oped. Thts aPProach ls based on
tnlecttog hlgh pressurc wahr fet.tan'
gehuatty at ihe abraslve whcl about
5O mtn from the entrance tnto the

I 
,Iunrrrrfl$?

collclu$l0t{$ REFERT]I8ES

grlnding zone. In order to Pengqte
Itre ati layer formed around the
rotatlng grtndlng wheel and dro t'o
suppres-ttl centrlfugal fole, .the
grlndlng flutd must travel urtth a
ipeO at least equal to that of the sur'
fice peed of the grlndtng wheel.
firrough extenslrr experlmentatlon
It was found that the Prqssurtztd
wat€r let breaks the alr hYer, over;
comesihe hlgh centrlfugat force and
flnally penetntes #ctlvely Into the
grlnding tone. Due to the tmPoved
ioollngfiubrlcallon, cteanlng and
washtng actlons of the hlSh sPeed
water fet coolantflubrtcant, the over'
alt grtndtng Prcc€$r Perfomance lr
slgnlflcantly lmProved.
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