
Copy N° 1. Library 

LOUGHBOROUGH 
UNIVERSITY OF TECHNOLOGY 

LIBRARY 
AUTHOR/FILING TITlE 

--- ------- ----~"'-~r~J-~~-~T--~--------- ______ _ 

----- - ---------------------- -- -- --- ----- - - -- --- - .... -
ACCESSION/COPY NO 

----------------- ------- Q-~ :..J-I-~J~L- _______ _ 
VOL NO CLASS MARK 

FOR EFERENCE NLY 



L 

.. 
1--------, 



CHAPTER 7 

DI:3CUSSION OF 'rH!!; EXPERIf,jBNTAL 'NORK AND RESULTS 

7.1 IN'fRODUCTION 
In thlS chapter the discussion of the experlmental 

work lS undertaken In two parts. The flrst part covers 
the dresslng of grlndlng wheels using single pOlnt dlamond 

tools, ln WhlCh the lnfluence of the dresslng varlables 
on the dresslng process and ensulng grlndlng wheel condition 
are dlscussed. In the second part, the lnfluence of 

dressing condltions on the cyllndrical grindlng process 

are dlscussed for both rough and fin1sh grlndlng. General 
concluslons drawn from the above discussion are stated 
in Chapter 8. 

7.2 DISCUSSION OF THE GRINDING WHEEL DRESSING TESTS 
AND RESULTS 

7.2.1 Tests 1 to 3 lncluSlve. 
ThlS serles of tests was deslgned to lnvestigate the 

effect oL drag angle on dressing.tool performance by 
observ1ng the dresslng actlon of the dlamond tool through 
dresslng force analysls. 

Three components of dresslng force were recorded, 

these belng the radlal (Fr ), tangential (Ft) and axlal (Fa) 
components of force belng measured relat1ve to the gr1nding 

wheel face and d1rect10n of rotat10n. Erom the tests 
conducted, the rad1al component of force was seen to be 
predom1nant, wlth a value of between 2 to 6 times that of 
the tangential component, (the highest force recorded be1ng 

of the order of ~ Newton ), and the aX1al component be1ng 
of least slgnificance. It was expected that Fa would be 
small 1n compar1son w1th Fr and Ft Slnce the rat10 of the 
perlpheral wheel speed to the cross-feed rate when dressing 
was 1n the order of 1,900:1 for the extreme conditions used, 
1. e. wheel d1ameter 305 mm, wh'eel speed 30 rev/sec and . 
cross-feed rate of .5 mm/rev of gr1nding wheel. 
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Test 1. 

'fhe dl.amond used for thl.s test l.S shown l.n fl.g. 6.2, 
and l.ts orl.entatl.on relatl.ve to the grl.nding wheel is 

depl.cted l.n fl.g. 2.5. At thl.s settl.ng it presented a 

rake 

As 
cuttl.ng edge to the grl.ndl.ng wheel face whl.ch had a 

angle of -60 degrees for a drag angle of 0 degrees. 

the drag angle was l.ncreased or decreased about this 
datura, the rake angle became more or less negatl.ve 

respectl.vely. (The rake angle of the dl.amond l.S taken 
as bel.ng negative to 
nomenclature. ) 

conform wl.th metal-cuttl.ng tool 

Fl.g. 7.1 shows the variation of 
of force wl.th dl.runond drag angle (and 

the radial component 
rake angle). The 

four force curves are l.n the order of the test sequence, 
workl.ng from the bottom of the fl.gure upwards. All the 
curves depl.cted are basl.cally the same shape and show an 
l.nl.tl.al reductl.on in force as the drag angle decreased 
from a maxl.mum value of +15 degrees. In each case, at 
some partl.cular value of drag angle the value of Fr 
l.ncreased sharply. After thl.s pOl.nt, for further decreases 

l.n drag angle, the dressl.ng process was seen to become 
unstable due to dl.amond vl.bratl.on. For each elevated 

force curve, the turnl.ng pOl.nt occurred at a higher positive 
value of drag angle. This was due to the l.nfluence of 

wear on the dl.amond tl.P, whl.ch caused an increase l.n 
dl.arnond area l.n contact with the wheel face. In fig. 7.1 
the drag angle range has been dl.vl.ded l.nto three regions, 
namely, a stable regl.on l.n whl.ch the dressl.ng process was 
stable and Fr l.ncreased for an l.ncrease l.n drag angle; 
a critl.cal regl.on whl.ch covers a narrow band of drag 
angle values l.n whl.ch the dressl.ng process was stable and 

Fr was a rnl.nl.mum, and an unstable regl.on in which the 
dressl.ng process was unstable and F l.ncreased rapl.dly , r 
for further decreases in drag angle. 

In order to analyse the dressl.ng actl.on of the 

dl.arnond tool l.t is necessary to show the relatl.onshl.p 
between the diamond geometry and the dressl.ng force. 

Figs. 7.2 to 7.8 show the resolution of dressing 
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force for test 1. Althouljh the dUll,lOnd ~s sflown sa 

oc~ng a harp , a small natural flat was apparent at its 

t~p. The f~GUres (7.2 to 7.8 ~nclus~ve) show the effect 

of decreas~ng the value of drag angle ~n steps of 5 
degrees from a start~ng point of +15 degrees. Two 

components of force have been resolved for each drag angle 

value that are norlllal to, and parallel w~th, the d~amond 

cutt~ng edge (raKe face). These are termed Fn and Fp 

respect~vely. The second of these force components Fp 

shows the tendency for the d~runond tool to be pushed 

away from, or drawn ~nto the gr~nd~ng wheel face. At a 

drag angle of +15 degrees there ~s a tendency for the 

d~alnond tool to be pushed away from the wheel face, 

thereby ma~nta~n~ng stable cond~t~ons. As the drag angle 

~s reduced, both Fp and Fn are reduced ~n value unt~l Fp 

becomes zero and Fn takes on a m~n~mum value. At this 

po~nt, Fn ~s equal ~n magn~tude and d~rect~on to Fres ' 

wh~ch ~s the vector sum of F~ and Ft' This cond~tion 

corresponds to the cr~tical region dep~cted in f~g. 7.1. 

For a reduct~on ~n drag angle beyond th~s po~nt, the 

d~amond ~s drawn into the wheel face and the dressing 

process becomes unstable. At this cr~t~cal po~nt for 

th~s part~cular set of dress~ng cond~t~ons, the drag 

angle was between +5 to +10 degrees, and the rake angle 

was between -65 to -70 degrees. 

The d~aroond wear wh~ch resulted from test 1. ~s 

shown ~n the upper half of f~g. 7.9. It can be seen that 

the greatest amount of wear occurred when the diamond was 

sUbJected to drag angles ~n the range -5 to -15 degrees~ 

Test 2. 

Test 2 was a cont~nuat~on of test 1 w~th the cross

feed reduced from .5 mm/rev to .1 mn/rev, all other 

cond~t~ons remain~ng as before. Th~s was done ~n an 

attempt to reduce the rate of d~amond wear. The results 

of th~s test are used to show how the drag angle influences 

d~amond tool wear, and the correspond~ng effect on 

dress~ng force. 

-147-



l~~g. 7.9 shows the mode of d~amond tool wear for . 
the same drag angle sequence used ~n test 1, with each 

dress~ng cycle repeated fifteen t~mes. Two wear areas 

were not~ced on the d~amond, and are denoted by the 

letters A and B. As before, the dress~ng cycles us~ng 

negat~ve values of drag angle gave r~se to ~ncreased 

d~amond wear over and above that exper~enced when us~ng 

pos~t~ve values. Th~s ~ncreased wear ~s possibly due 

to a cOlUbinat~on of shock load~ng rece~ved by the diamond, 

and attr~t~on. The greater wear area is denoted by the 

letter B. It ~s interesting to note that the angle 

subtended by the wear face A and a normal to the wear 

face B ~s approx~mately 69 degrees, and suggests that the 

l~ne of contact between the two wear areas A and B 

corresponds to the cr~t~cal po~nt, where there ~s no 

sl~d~ng component of force act~ng on the rake face, ~.e. 

Fp = O. (The rake face at th~s po~nt is the wear face A.) 

Th~s cond~t~on occurs at a lower value of drag angle 

than was the case ~n test 1. Th~s further suggests that 

a sharp d~amond wh~ch ~s subjected to unstable condit~ons 

may become stable for the same cond~t~ons after it has 

become partially worn. 

F~g. 7.10 shows the range of values of Fr and Ft 

obta~ned for the cond~t~ons stated above. It can be 

seen that the tangent~al component of force Fr' ~ncreased 

as the drag angle was reduced. Unl~ke the results shown 

~n f~g. 7.1, there ~s no_turn~ng po~nt for Fr. Th~s ~s 

because of the change ~n diamond cond~tion, ~.e. a 

trans~t~on from l~ne or po~nt contact to area contact as 

the d~wnond wore. Although there was an ~ncrease ~n Fr 

for any reduct~on ~n drag angle, the dress~ng process 

rema~ned stable unt~l a value of 0 degrees was reached. 

For further reduct~ons ~n drag angle, unstable cond~t~ons 

aga~n preva~led. 

Values of the force ratio Fr!Ft , are shown ~n 

f~g. 7.11, and vary from 3 to 6 as the drag angle was 

reduced from +15 to -15 degrees. The range 3 to 4.5 

was obtained for stable condit~ons, whilst greater values 
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represent unstable conch t~ons. 'fh~s sUGgests that the 

!ngher force rat~os are caused by a comb~nat~on of two 

events, namely, an ~ncrease in wear area of the diamond 

tool, and d~amond vibrat~on. For the case of the sharp 

d~amond (test 1), a force rat~o as low as 2.5 was recorded 

for cond~t~ons in the cr~t~cal reg~on. 

Test 3. 

In test 3 a comb~nat~on of four d~fferent gr~nd~ng 

wheels were used in conJunct~on with two d~amonds of 

d~fferent geometry, to test further the ~nfluence of 

drag angle (and rake angle) on dress~ng cond~t~ons. The 

d~amonds used were class~f~ed as dodecahedrons and had 

~ncluded angles of 143 degrees and 95 degrees respectively, 

these be~ng measured ~n the v.ert~cal plane. The d~amonds 

were set so that for a drag angle of 0 degrees, the 

correspond~ng rake angles presented to the grind~ng 

wheel were -69 degrees and - 45 degrees respect~vely. 

The~r or~entat~ons were such that the more obtuse angled 

d~amond made po~nt contact w~th the gr~nd~ng wheel face, 

due to ~ts well formed sharp po~nt, whilst the other 

d~amond presented a ch~sel edge to the gr~nding wheel, 

w~th the l~ne of contact runn~ng in the hor~zontal plane 

across the wheel face. Th~s sett~ng is shown ~n f~g. 7.16. 

The or~entat~ons were as dep~cted in figs. 2.5 and 2.6 

respect~vely. 

F~g 7.12 shows the var~at~on of the rad~al component 

of force Fr , w~th drag angle (and rake angle) when 

dress~ng the four gr~nd~ng wheels w~th the more obtuse 

angled d~amond tool.. 'rhe force curves shown are s~m~lar 

to those plotted in f~g.7.1, except that the cr~t~cal 

region ~s d~splaced by 5 degrees to the r~ght. 'fhe 

curves are identif~ed In the order of test sequence 

followed, and form a fam~ly of curves that ~ncrease ~n 

the same order. S~nce the grind~ng wheels hav~ng d~fferent 

gr~t sizes were used in a random order, ~t ~s reasonable· 

to assume that the increases ~n force from curve to curve 

are due to di~ond wear and not variation in the grinding 
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wheels themselves. For each elevated force curve, the 

turm.nt; po~nt occurred. at a h~gher poo~ t~ ve value of drag 

anGle, th~s be~ng a trend s~m~lar to that dep~cted in 
f~g. 7.1. It was also not1ced when dreso1ng, that 1n
stabi11ty occurred for drag angles less than 0 degrees. 

F1g. 7.13 shows the var1at1on of the rad1al 
component of force F , with drag angle (and rake angle), r . 
when dress~ng the four gr1nd1ng wheels w~th the less 
obtuse angled d~amond tool. The f1gure shows a rapid 
1ncrease ~n force for each curve when the drag angle 
was reduced from the 1n1t1al condit1on of +15 degrees, and 
the complete range of drag angles are depicted as g1V1ng 

unstable cond1t10ns. It was found 1n pract1ce that when 
uS1ng th1s pa~t~cular d~amond, instabi11ty was encountered 
for all dressin; cond1t10ns used. 

Th1S phenomenon 1S shown more clearly in f1gs. 

7.14 and 7.15 1n which the dress1ng force components 

Fr and Ft are resolved. Fig. 7.14 shows that min1mum 
values of Fr and Ft occur for the more obtuse angled 
diamond when the resultant force F = F , and F = O. res n p 
This occurs for a drag angle of 0 degrees and correspond1ng 
rake angle of -69 degrees. For further reduct10ns in 
drag angle, the d1amond was drawn into the gr1nd1ng wheel. 
Th1s was seen to occur irrespect1ve of the part1cular 
grind1ng wheel used. F1g. 7.15 shows that for any value 
of drag angle 1n the range used, there was a tendency for 
the less obtuse angled d1amond to be drawn into the 

gr1nd1ng wheel, as dep1cted by the force component Fp. 
Again, th1S occurred for all four gr1nd1ng wheels. 

Values of the force rat10 recorded for the more obtuse 
angled d1amond were between 2.6 and 5.8, wh11st those 

for the other d1amond were between 3.1 and 6.9.- These 
values are s1m1lar to the range estab11shed for the 

d1amond used 1n the prev10us two tests. The results show 

that the rad1al component of force Fr , 1S 1nfluenced 
more by changes in drag angle than the tangential 

component Ft' th1s be1ng due to the influence of drag 
angle (and rake angle) on d1amond wear and 1nstability. 
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Th~s ~s ~n Jceep~ng w~th the observat~ons made for test 2 • . 
D~runond wear is dep~cted in f~g. 7.17 for the more 

obtuse angled d~runond, and f~gs. 7.16 and 7.18 for the 

other d~amond. Cons~der~ng fig.· 7 .17 first. Th~s 

particular d~amond was s~m~lar in form to that used in tests 

1 and 2, and had the same or~entat~on. In terms of angular 

presentat~on, a larger value 

the same drag angle sett~ng. 

flats were formed at its t~p 

correspond to those shown ~n 

of rake angle was apparent for 

It can be seen that two wear 

(front v~ew), and that they 

f~g. 7.9. This would suggest 

that s~m~lar dress~ng cond~t~ons preva~led in both cases, 

and that the analysis of the dressing action for the d~amond 

~n test 2 holds true for th~s d~runond tool. When looking 

at the d~amond ~n plan v~ew, the wear faces were seen to 

run parallel to the gr~ndLng wheel face, L.e. parallel to 

the cross-feed mot~on. In fLg. 7.18 Lt is seen that a sLngle 

wear flat was formed at the tLP of thLs dirunond tool, 

resultLng from the unstable dressing cond~tLons encountered. 

A better VLew of thLs ~s shown ~n f~g. 7.16, where ~t can 

also be seen that dLamond flak~ng or attrit~ous-wear was 

apparent on the dirunond rake face. LLke the prev~ous 

dLrunond, the wear face when v~wed ~n plan runs parallel 

to the cross-feed mot~on. 

One of the most Lmportant features of any dressing 

operatLon LS the surface cond~t~on produced at the 

gr~nd~ng wheel face, SLnce this affects dLrectly the 

surface fin~sh of the gr9und component. FLgs. 7.19 and 

7.20 show the surface finLsh obtaLned on a plunge ground 

specunen, us~ng a grLnd~ng wheel that had been dressed 

w~th both d~runonds over the full range of drag angles. 

F~g. 7.19 shows the surface f~n~sh traces obta~ned for 

the more obtuse angled dLrunond tool. It can be seen that 

for the stable condLtLons encountered, ~.e. +15 degrees 

to +5 degrees, a reasonably smooth surface was obta~ned. 

In the crLtLcal regLon, L.e. 0 degrees (verge of instability), 

the spec~men surface showed sLgns of instab~lity with 

occasLonal rLfts ~n the surface. For drag angles of 

less than 0 degrees, ~nstabil~ty was present and 1S 
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shown ~n the irregular surfaces produced. F~g. 7.20 shows 

the surface f~n~sh traces obta~ned for the less obtuse 

angled d~Dmond. It ~s seen that all the traces produced 

show ~rregular surface patterns, wh~ch have high surface 

f~n~sh values. Th~s was to be expected s~nce all conditions 

produced ~n~tab~lity ~n the dress~ng process. 

It was noted when dress~ng ~n the unstable region 

that the wheel surfaces were penetrated to a depth of at 

least 150 pm by all the d~amonds used. Th~s depth ~s 

approx~mately equal to half the diameter of the grit s~zes 

used ~n the gr~nd~ng wheels. For these cases, the resulting 

surface damage to the gr~nding wheel would imp are its 

ab~l~ty to gr~nd eff~c~ently. 

The results of these three tests would suggest that 

the rake angle presented to th~ gr~nding wheel face by 

the dress~ng d~amond, ~s a more ~mportant parameter when 

cons~der~ng the dress~ng action of the d~amond tool, than 

that of drag angle. Th~s f~nd~ng w~ll be discussed more 

fully ~n the summary (statement 7.3). 

7.2.2 Tests 4 to 7 ~nclus~ve. 

Th~s ser~es of tests was des~ened to invest~gate 

the effects of drag angle, d~amond wear, ~n-feed and cross

feed on dress~ng force and grinding wheel surface roughness, 

when dress~ng four gr~nd~ng wheels w~th an ~nit~al1y sharp 

d~amond. 

The test's covered a w~de range of dressing condi t~ons, 

~nvolv~ng a 5 x 5 matr~x of ~n-feed and cross-feed values, 

IU th three values of drag angle. The dress~ng d~amond ' 

used throughout th~s ser~es of tests ~s shown ~n f~g. 6.1, 

and was class~f~ed as an octahedron d~amond. Its 

or~entat~on relat~ve to the gr~nd~ng wheel was as 

dep~cted ~n f~e. 2.5. At th~s sett~ng ~t presented a 

cutt~ng edge to the grind~ng wheel face wh~ch had a 

rake angle of -64 degrees for a drag angle of +5 degrees~ 

This raKe angle was modified as the diamond wore. 

Test 4 
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A r,rlndlng wheel of the type 32A60-K8VBE, which had 

a relatlvcly flne grlt and an open structure, was used 
for thlS test. 

Flg. 7.22 shows ln a three dlmenslonal form, the 

varlatlon of the radlal component of dresslng force Fr 

wlth In-feed and cross-feed for all three values of drag 

angle used. It can be seen that lncreases In both In-feed 

and cross-feed brought about an lncrease In Fr for all 
values of drag angle, up to a maXlmum value of about 

4.5 Newtons (1 lbf) for the most severe dresslng condition 
tested. ThlS force value lS low compared wlth those 

obtalned for the other tests ln thlS serles, and lS 

accounted for by the fact that the dlamond tool was 

lnltlally sharp and presented a smaller area of contact 
to the grlndlng wheel than for the later tests. 

Varlations ln drag angle caused little overall change 
in the value of Fr , and the force trends were the same 

for each drag angle settlng. ThlS observatlon lS exp~alned 

by the fact that any lncrease In the value of Fr for the 

lower drag angle settlng, due to lnstablllty ln the 

dressing process, was balanced by an increase ln Fr for 

the hlgher drag angle settlngs as the dlarnond wore. 

Values of the force ratlo FrlFt are shown In 
Appendlx Vl, pages265to267lncluslve. These show that 

for low values of In-feed, the value of the force ratio 

dropped from around 3 to 2.2 as the drag angle was lncreased 

from +5 to +15 degrees, lrrespectlve of the cross-feed 

value. ThlS lS explalned by the fact that at the drag 
angle settlng of +5 degrees, the dlarnoacl., whlch was In a 
sharp condltlon, presented a rake angle to the grlndlng 

wheel whlch gave unstable dresslng condltlons. Hence 

the observed reductlon ln the force ratlo for an lncrease 
In drag angle suggests that more stable dresslng 

condltlons were brought lnto belng. As the In-feed and 

cross-feed were lncreased at the hlgher drag angle 

settlngs, the force ratlo also increased. Thls was a 

dlrect result of an increase ln diamond wear. 

Sirnpllfled dlagrams showlng the varlatlon of 
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dres:nng force (l!'r and I" t components) W1 th cross-feed and 
1n-feed are dep1cted 1n f1gs. 7.23 and 7.24 respect1vely. 

Values have been plotted for the +15 degree drag angle 

sett1ng. It 1S seen from f1g. 7.23 that a 11near relation
sh1p exh1sts between the dress1ng force and cross-feed 

rate (1n-feed rema1n1ng constant), and that there 1S a 

fall111y of curves ascend1ng 1n the order of increas1ng 

1n-feed. At the lowest cross-feed rate (.1 mm/rev) the 
d1amond cut each grit at least tW1ce, S1nce the gr1t 

for the type of gr1nd1ng wheel used can be cons1dered 

to be approx1mately sphe:r;o1dal 1n shape, and hav1ng a 

me9n d1ameter of .25 mm. In the m1d range (.3 mm/rev) 

each gr1t was cut once, and at the h1ghest cross-feed 

rate (.5 ~n/rev), the d1amond m1ssed each alternate grit. 
If the d1amond 1S cons1dered as only cutt1ng the gr1ts, it 

could be expected that the rate of increase of force with 

1ncrease 1n cross-feed would decrease, or that the force 

would rema1n constant as the cross-feed exceeded the mean 

grit d1ameter. Th1s is d1sproved as shown by the above 

11near relat10nsh1p between force and cross-feed, and 

suggests that the d1runond cut through both gr1t and bond 

at the same t1me. 
that the abrasive 

A further conclus10n to be drawn 1S 
grits and bond cons1dered at any depth 

from the wheel face are distr1buted 1n a un1form manner 

at that level, and that an 1ncrease in cross-feed rate 

oauses a proport10nal increase 1n d1amond-gr1t/bond 

contact. F1g. 7.24 shows that the relat10nship between 
dress1ng force and 1n-feed (cross-feed rema1ning constant) 

1S non-11near, and that a fam1ly of "s" shaped curves 

eX1st, ascend1ng 1n the order of 1ncreas1ng cross-feed. 

The shape of the force curves suggest that at the lower 

depths of cut « 7.5 ).lm) the gn t density was less than 

that encountered further into the wheel surface, i,e. a 
greater v01d dens1ty. This 1~ h1gh 11ghted by the fact 

that at the lower values of 1n-feed, the dress1ng force 

1S seen to vary very 11ttle w1th changes 1n cross-feed 
rate. A further p01nt of note is that for an 1ncrease 

1n depth of cut (cross-feed constant) a point is 
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reached where the dress~ng force tends towards a plateau 

value, th~s be~ng elevated for each h~gher cross-feed 

rate. The ~nference here ~s that a depth of cut was 

reached for each cross-feed rate at wh~ch an opt~mwn 

value of dress~ng force was generated for splintering 

through the gr~t and bond around the dress~ng tool. 

The above conclus~on drawn from f~gs. 7.23 and 7.24 

are upheld by the sim~lar~ty ~n results obtained for the 

other tests ~n th~s series, as w~ll be shown. 

A substant~al proport~on of th~s test was devoted 

to the measurement of the gr~nd~ng wheel surface cond~t~on 

after dress~ng, s~nce th~s d~rectly affects the gr~nd~ng 

character~st~cs of the wheel, part~cularly at the start 

of gr~nd~ng. F~gs. 7.25 to 7.39 ~nclus~ve, show "Talysurf" 

traces of the gr~nd~ng wheel surface roughness for each 

dress~ng cond~t~on covered, as represented by the surface 

of a plunge ground test piece • (N.B. It had been noted in 

the past8 that a d~rect analys~s of the wheel surface 

w~th stylus type instruments, after dress~ng, proved to 

be mean~ngless when analys~ng dress~ng parameters.) 

Figs. 7.25 to 7.29 ~nclus~ve, show surface roughness 

traces recorded when dress~ng w~th a drag angle of +5 

degrees. It can be seen that when us~ng the lower 

values of ~n-feed ~n conJunction w~th the f~rst two cross

feed rates (.1 and .2 mm/rev), the surface f~n~shes 

obta~ned were reasonably smooth and show no d~scernable 

s~gns of the d~amond prof~le ~n thera. A possible reason 

for th~s ~s that because the diamond was sharp and on 

the verge of instab~l~ty when set at the +5 degree drag 

angle, rap~d wear tooK place at the d~amond t~p for the 

~n~t~al dress~ng condit~ons, result~ng in the ensu~ng 

surface prof~les be~ng representat~ve of the pre-test 

wheel surface roughness. At the h~gher values of ~n

feed for the sarae cross-feed rates, the surface fin~sh 

traces show much coarser prof~les, hav~ng h~gher surface 

f~n~sh values. Th~s suggests that the dressing act~on 

of the relat~vely sharp d~amond had a spl~nter~ng effect 

on the grit and bond, caus~ng a random prof~le to be 
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generated. For an ~ncreaGe ~n traverse rate ~t ~s seen 

that a mod~f~ed form of the d~arnond shape ~s d~scernable 

in tile surface f~n~sh traces, part~cularly at the h~gher 

depths of cut. 

Increas~ng the nrag angle brought greater stability 

to the dressing process, and the "mod~f~ed" diamond shape 

~s seen w~th ~ncreas~ng clar~ty ~n the traces at both 

h~gh and low cross-traverse rates, ~n either tr~angular 

or trap~zo~dal form (f~gs. 7.35 and 7.38). 

The ~n-feed when dress~ng ~s shown to have a 

l~m~ted effect on the surface roughness depth (peak to 

valley he~ght), as seen clearly at the h~gher cross-feed 

rates (f~gs. 7.29, 7.34 and 7.39), where an ~ncrease ~n 

depth of cut from 5 pm to 25 pm brought about changes in 

the surface roughness depth of approx~mately 5 pm. This 

was to be expected s~nce ~n~t~al rap~d wear of the d~amond 

at the +5 degree drag angle sett~ng caused substant~al 

blunt~ng at ~ts tip, hence increas~ng the possibil~ty 

of d~amond overlap for the range of cross-feed values 

used, and thereby caus~ng 

surface roughness he~ght. 

low peak to valley hHght 

a correspond~ng reduction ~n 

Another poss~ble reason for 

values ~s that the nature of 

the abras~ve is such, that the grits ~n the wheel surface 

remain obtuse after dressing, and present relat~vely 

shallow cutt~ng points w~th wh~ch to gr~nd. 

F~g. 7.35 shows the l~m~t~ng effect on dressed 

prof~le depth when assign~ng a low value to the cross

feed (.1 mm/rev), even when the diamond presented a 

relat~vely sharp cutt~ng edge to the gr~nd~ng wheel 

(sharp edge presented by the d~amond when set init~ally 

at +15 degree drag angle). It ~s seen that at th~s 

cross-feed rate, ~ncreases ~n depth of cut from 5 ~m to 

25-)lm produced-l~ttle-or-no-change in-e~ther-the surface-------

roughness depth or the correr,pond~ng value of average 

ar~ thmet~c roughness, Ra. 'rh~s can aga~n be attr~buted 

to the ~nfluence of d~amond overlap as mentioned above. 

To obtain an overall view of the effects of ~n

feed, cross-feed and d~arnond geometry on wheel surface 
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rouGhness when dressing, values of erind~ng wheel average 

ar~thmet~c rOU1'.hneSD have been presented ~n both tabular 

and graph~cal form in f~gs. 7.40 to 7.43 ~nclusive. The 

exper~Inental results are presented ~n three tables ~n 

fig. 7.40 according to the drag angle setting, w~th an 

accompany~ng set of "equ~valent"theoret~cal values. In 

f~gs. 7.41 to 7.43 inclus~ve, the exper~mental values are 

plotted ~n a three-dirnens~onal arrangement with in-feed 

and cross-feed. 

F~gs. 7.41 to 7.43 show that whilst equations 3.5, 

3.7 and 3.9 ~n chapter 3 g~ve some ~nd~cation of the 

effects of ~n-feed, cross-feed and d~amond geometry on 

gr~nd~ng wheel surface roughness (spec~men values plotted 

~n f~gs. 3.~7 to 3.21 ~nclus~ve), the theoretical values 

calculated are far greater than those obta~ned ~n 

pract~ce under s~m~lar dress~ng cond~t~ons. The main 

d~screpency l~es ~n the fact that one of the four assumptions 

made ~n order to set up the ~nit~al equat~ons has s~nce 

been proved to be ~ncorrect. This ~s the assumpt~on that 

the dressed wheel takes on the same shape as the diamond 

tool produc~ng ~t. F~gs. 7.41 to 7.43 do not g~ve a clear 

~nd~cat~on of the effects of ~n-feed, cross-feed and 

drag angle on gr~nd~ng wheel surface roughness for the 

particular d~arnond used, but show a range of values of 

average arithroet~c roughness that could be expected in 

practice. F~g 7.40 g~ves more mean~ngful ~nforrnat~on. 

The "equ~valent" theoretical values of average 

ar~thmet~c roughness in f~g. 7.40 have been calculated 

from parameters taken from actual "Talysurf" traces, 

by l~ken~ng the traces to a ser~es of equilateral 

tr~angles hav~ng a base length equal to the part~cular 

values of cross-feed cons~dered, and a he~ght equal to the 

mean peak to valley he~ght of the part~cular prof~le. It 
~s shown that by using the above method, values of 

average ar~thmetic roughness are obta~ned wh~ch are close 
to the recorded values. This analys~s however, could 
not be used for the in~t~al dress~ng cond~tions tried 

at the +5 degree drag angle setting because of the 
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~rreguLlr traces be~ng recorded due to dressing instability. 
To complete the analys~s, values of the included 

angle (f3) for each approximated tr~angular form seen ~n 

the surface roughness traces, have been calculated from 

the above ~nformat~on and entered into, f~g. 7.40. These 
values of (3 show that the tr~angular "screw thread" form 
generated ~n the wheel surface for the maJor~ty of dressing 
cond~t~ons, was obtuse, w~th values in excess of 158 
degrees even when the d~arnond was ~n a relat~vely sharp 

cond~t~on (the ~n~t~al values of the included angle of 
the d~amond be~ng 94 degrees, measured ~n the hor~zontal 
plane). The trend, as seen from f~g. 7.40, ~s that the 

greatest change ~n(3 occurred for an ~ncrease ~n cross
feed from .1 to .2 mm/rev, ~rrespect~ve of the drag angle 
sett~ng, and that for further increases in cross-feed up 

to .5 mm/rev, the value of f3 was increased up to a maximum 
value of 177.5 degrees. Increases in depth of cut from 
5 )lm to 25 )lm for any cross-feed value caused a small 
decrease ~n the value of (3. 

These values of the included angle (3 considered in 
conJunct~on w~th the "Talysurf" traces (F~gs. 7.28 to 7.39 
~nclus~ve) suggest that as the diamond tool ploughed 
through the wheel surface, the gr~t and bond on e~ther 
s~de of the d~amond dress~ng tool were dislodged as well 

as that immed~ately in front, even for those dressing 
cond~t~ons us~ng h~gh cross-feed rates with low depths of 

cut. 
The final wear recorded for the dia'nond dressing 

tool at the end of test 4 ~s shown ~n f~g. 7.21. It can 
be seen that two wear flats were generated at the diamond 

t~p, as depicted ~n the profile view 0. The smaller 
wear flat was caused by the cond~tions operat~ng at the 
+5 degree drag angle sett~ng, and the upper wear flat, 
adJacent to the original dirunond rake face, was caused 
by the conditions operat~ng at the +10 and + 15 degree 
drag angle sett~ngs, wh~ch gave the more stable dressing 
cond~t~ons. The wear faces as seen in plan view@, run 
at a small angle to the cross-feed mot~on, and show that 
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for thls particular dlalJlond, most wear was encountered 

on the diamond's approach side to the erlndlne wheel. 

Tes~s 5, 6 and 7 

These rema.lnlng three tests In thls series are 
dlscussed together, Slnce the results from each test were 

slmllar in nature for each dlfferent grlndlng wheel 

employed. The dlamond dresslng tool was the same one as 

used In test 4 except that It was in a more worn condltion 

at the start of test 5 due to lntermedlate use. 

Flgs. 7.44 to 7.46 lncluslve, show In three
dlmensl.onal form, the varlutlon of the radlal component 

of dresslng force Fr wlth In-feed, cross-feed and drag 
angle for the three grlndlng wheels used. 

The general trend depl.cted lS that lncreases in 

both In-feed and cross-feed brought increases In dressing 

force F r ,up to a rnaxlmu,,1 value of about 13 Newtons 
(approx. 3 lbf), Wl.th an overall dlfference l.n force 
between any of the grlndl.ng wheels used belng of the 

order of 3.5 Newtons (.7 lbf) for the same maxlmum cross

feed and In-feed values. Slnce thlS was the dlfference 

recorded for two simllar wheels (46 grlt) dressed with 

the same dl.wJond under dlfferent wear conditl.ons, It lS 

reasonable to assume that the difference l.n force readings 

were due more to differences In dresslng condltl.ons than 
l.n wheel characterlstlcs. 

Increases In drag angle from +5 to +15 degrees 

caused reductlons In dressing force Fr to be recorded 
for all three grindlng wheels, partlcularly for the 

hlgher values of In-feed and cross-feed used. Thls 
trend l.S best explalned wlth reference to flg. 7.21, 
whlch shows the dlamond wear at the end of each test. It 
can be seen from the dlamond proflle Vlews that as each 

dresslng test progressed, the wear flat generated at the 

lowest drag angle setting of +5 degrees, l.ncreased more 
In Slze relatlve to that generated for the two hlgher 

settlngs. Thls may be due to a combinatlon of the 

dlarnond's natural wear characterlstlcs,and increased 
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dresslne stabl1lty aB the drae angle was lncreased. The 

greatest change ln dres:nng force F r' due to chenl!,es ln 
drag angle, lS seen in flg. 7.46, where the maxlnlUm force 

recorded for the floal test In thlS serles at the +5 degree 
sett1ne was approxlmately 1.8 tlmes that of elther of the 
forces recorded at the +10 and +15 degree settlngs, 

these belng of almost eCl.ual value. This result is 
explalned by referrlng to flg. 7.21 agaln, where lt is 
seen for the flnal dlalJond condi tl0n in profl1e CD, that 
the wear flat generated at the +5 degree drag angle 

setting covered almost the entire dlamond tlp, Whl1st 

that for the +10 and +15 degree drag angle settlng was 
small In comparlson. The Vlews of dlamond wear In plan 

show that as the dressing tests progressed, the wear faces 
changed from belng at a Sllght angle to the cross-feed 
motlon (on the dlamond's approach slde to the grlndlng 
wheel) to being parallel with it. The overall reduction 
In dresslng force F In test 7 (flg. 7.46) as compared 

r 
wlth tests 5 and 6 (figs. 7.44 and 7.45 respectlvely) 
may be due In part to the lnfluence of a flaw uncovered 
In the maln wear face, WhlCh lncreased in Slze durlng 
test 7. The upper edge of the flaw (WhlCh ran dlagonally 
across the wear face) lS seen at the bottom side of the 

wear face In plan views (}),@and®. 

Figs. 7.44 to 7.46 1nclusive, show Slml1ar trends 
to those seen 1n1tlally In f:gs. 7.23 and 7.24, from 
which the relatl0nshlps between in-feed and cross-feed 
wlth the dresslng force component Fr were drawn for 

test 4. The force component Fr is agaln seen to have 
lncreased 11nearly wlth increases In cross-feed (In-feed 
constant), and non-llnearly wlth lncreases 1n in-feed 
(cross-feed constant), thls belng the same for all tests 
conducted. The falulles of curves produced for increases 
ln one parameter, the other being held constant, are of 
the same form as those shown for test 4, lrrespectlve 
of wheel grlt Slze (46 and 60 grit used) or 1ncreases 
1n d1amond wear. Th1S suggests that the analys1s made 
of dressing force with changes 1n cross-feed and in-feed 
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for teot 4 (page154) holds true for tests 5, 6 and 7. 
Values of the force rat~o FrlFt' which are tabulated 

~n Append~x lV pages268to276~ncluo~ve, for tests 5, 6 and 7, 
show that the var~at~on in the force rat~o for each test 
is smaller for changes ~n drag angle and cross-feed than 
for changes ~n ~n-feed; with a range of values of between 
2.6 to 3.8 be~ng recorded. In general, increases in 
force rat~o were due to ~ncreased d~amond area of contact 
through wear (~nfluenced by drag angle), and ~ncreased 
d~amond-gr~t/bond contact (~nfluenced by in-feed and 

cross-feed). The average force rat~os recorded of FrlFa 
were ~n the range of 18:1 up to 40:1, showing that the 
axial component of force Fa was small ~n comparison with 

Fr and Ft' The above range of values were recorded for 
stable dress~ng cond~t~ons. 

The influence of in-feed cross-feed and drag angle 
on gr~nd~ng wheel surface roughness when dress~ng were 
aga~n represented by "Talysur::''' record~ngs made of the 
plunge ground surface of a -cest piece (plast~c str~p) after 
wheel dressing. A select~on of these traces from tests 

5. 6 and 7 are shown ~n f~gs. 7.47 to 7.57 respect~vely. 
At the lower drag angle sett~ng of +5 degrees a 

greater wear area of the d~amond dress~ng tool was 
presented to each gr~nd~ng wheel, w~th the result that 
fa~rly smooth surface f~n~sh traces were obta~ned at the 
lowest cross-feed rate (.1 mm/rev) for any in-feed value, 
particularly ~n test 5 (f~g. 7.47) ~n wh~ch the f~ner 60 
gr~t wheel was used. S~m~lar cond~t~ons for tests 6 and 7 
(f~gs. 7.50 and 7.53) caused rougher surface f~n~shes 
due to the coarser 46 gr~t wheels be~ng used. At the 
same drag angle sett~ng and the h~ghest cross-feed rate 

(.5 mm/rev), the d~arnond shape was aga~n d~scernable in 
the surface roughness prof~les ~n a mod~f~ed form 
(f~g. 7.57). These traces also show that the coarser 
46 gr~t wheels susta~ned deeper prof~les (peak to valley 
he~ght) than the f~ner 60 grit wheel under s~m~lar 

dress~ng cond~t~ons. 

As the drag angle was increased in value, the 
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dl.aiOond shape was seen T.lOre clearly in the surface 

rouGhness profiles, even at the lowest value of cross

feed (fl.G. 7.54). This was due to the diamond tool 
presentl.nG a smaller wear area to the grindl.ng wheel at 

this setting. It can be seen from fig. 7.54 that 
l.ncreases l.n depth of cut prouuced ll.ttle effect on the 
peak to valley heiGht values of the wheel profiles (and 

correspondl.ng values of average arithmetic roughness). 
even for the "sharper actl.ng" diamond condl.tion. This 
again high ll.ghts the ll.TJi ting effect of low cross-feed 
rates on grl.ndl.ng wheel surface roughness, irrespective 
of depth of cut. As the tests progressed, the l.nl.tial 

"sharp acting" condl.tl.on of the diamond at the higher 
drag angle settings was cancelled out by the increasing 
diamond wear, and the "modl.fied' dl.amond shape seen in the 
"Talysurf" traces became more obtuse, wl.th increases in 
profl.le apex angle from 165 degrees (fig. 7.54) to 174 
degrees (fl.g. 7.55). (N.B. The apex angles as depl.cted 
in the surface roughness profiles can be ml.sleading, since 

the ratio of th~ vertical to the horl.zontal magnl.fication 

is 40:1). 
It can be seen agal.n by reference to the surface 

roughness profl.les, that' throughout the tests, the in-feed 
had ll.mited effect on surface roughness, even at the 

hl.ghest cross-feed rate of .5 mm/rev. (hgs. 7.49, 7.52, 
7.56 and 7.57) Wl.th a maxl.mum depth of profile of 15 pm 
being recorded for a depth of cut of 25 pm (fig. 7.52) 

when using the A46KV grinding wheel. Thl.s was due l.n 
part to the obtuse geometry of the diamond tool, caused 
by wear; and was probably affected by the way in which 
the grl.t fractured when dressed, this bel.ng a natural 

characterl.stl.c of the grl.t itself. 
In order to see the overall effects of in-feed, cross

feed and drag angle on grl.ndl.ng wheel surface roughness 

for tests 5, 6 and 7, values of average arithmetl.c 
roughness have been presented in a similar manner to that 
l.n test 4, l.n both graphical and tabular form in figs. 

7.58 to 7.69 l.nclusl.ve. 
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In the tables of results (fl.go. 7.5[), 7.62 and 7.66), 

experimontally obt;a~ned values of r,r~nd~ng wheel average 

ar~tlunet~e rOUGhness have been preoented in three tables 
per f~gure aeeord~ng to the drag anGle setting, and are 

aecompan~ed by sets of "equivalent" theoretical values. 
These were calculated on the basis that the surface 

rOUGhness prof~les were composed of a series of triangular 
forras (mod~fied diamond shape), whose base length was 

equal in value to the cross-feed rate considered, and 
height equal to the average peal~ to valley height of the 
particular prof~le. Also tabulated ~a the prof~le apex 
angle (3, wh~ch was an approx~mate theoret~cal value of 
the included angle of each triangular form 

From the tables of resu~ts ~t can be seen that the 
theoretical and experimental values of average arithmetic 
roughness compare favourably with each other for all 

three sets of results, showing that the theoret~cal 
analys~s of wheel surface roughness der~ved from test 4 
and applied here ~s a good approximat~on to the real 

situation. The trend shown by the changes in the calculated 
values of/3 ~s s~m~lar for each test and compares well 
w~th that seen in test 4 for the stable dress~ng conditions. 
Th~s ~s that increases in cross-feed in the range .1 to 
.5 mm/rev (~n-feed constant) caused ~ncreases ~n the 
value ofj3 in the range 163 degrees to 178 degrees, with, 
the greatest ~ncrease occur~ng at the lower values of 
cross-feed. Th~s range of values quoted forj3 is a 
collective range for tests 5, 6 and 7. The above trend 
is seen to a lesser degree for test 5 (60 gr~t wheel) at 
the lower drag angle sett~ngs, than for tests 6 and 7 

(46 grit wheels). The ~ncrease ~nf3, as seen for all 
tests, g~ves credence to the earlier postulat~on that 
~ncreases in cross-feed (in-feed constant) caused greater 
s~deways gri t!bond clea.vage by the dressing diamond. 

Var~at~ons in ~n-feed had less influence on/3 than cross
feed, w~th increases of between 1 to 4 degrees being 
recorded ~n the above ment~oned range for reductions in 

~n-feed from 25 pm to 5 pm. 
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In general ~t can be secn that the sharp condition 
of the d~n.mond ex~sted for a relat~vely short period of 

time (telJt 4), .:l.l1d that the valueG of (3 evaluated when the 
d~3mond was sharp, and operat~ng under stable dressing 
conditionlJ, varied very little with those evaluated when 
the diamond was blunt (tests 5, 6 and 7). 

F~gG. 7.59 to 7.61, 7.63 to 7.65 and 7.67 to 7.69 
show 1n a three dimensional form, the var~at~on of grinding 
wheel surface roughness vn th in-feed, cross-feed and drag 
angle, and supplement the tabulated results. Thene figures 
g1ve a much better ind~cat~on of the effects of the above 
dress1ng var1ables on wheel surface roughness than those 
plotted for test 4. This ~s most probably due to the 
change from semi-stable cond~tions encountered 1n test 4, 
for the init~ally sharp d1amond, to the fully stable 
condit~ons of the latter three tests, when the dressing 
d~amond had become worn. 

The above f~gures show clearly the tendency of the 
lower cross-feed rates (.1 and .2 mm/rev) to lim1t the 
values of wheel surface roughness 1rrespect1ve of 1n-feed, 
drag angle, diamond cond1t~on or wheel type (grit size), 
as seen by the low plateau~ dep~cted for each test. A 
s~m~lar trend 1S shown to a lesser degree, for changes 
in the cross-feed rate at the lowest in-feed value (5 ~), 
where again, lower values of surface roughness were 
recorded than for other cond1t~ons. In general, ~ncreasing 
the valueG of in-feed and cross-feed above 5 ~ and 
.2 mm/rev respect~vely, caused increases 1n wheel surface 
roughness. The exception ~s seen in test 5 (60 grit wheel) 
at the lowest drag angle setling where increases in cross
feed and in-feed caused little change in values of surface 

roughness. 
The effect of changes ~n drag angle on wheel surface 

roughness 1S less evident than that of ~n-feed and cross
feed, as shoVln by the variations 1n trend from test to 
test. As stated previously, changes in drag angle haq 
little effect on surface roughness at the lower values 
of in-feed and cross-feed, but did appear to have some 
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effect at the higher values of thene two variables. The 
results of test 5 (60 gr~t wheel) showed an increase in 
average <tr~ thmotic roughness from 1.70 }till to 2.73 )-tIn 
for an ~ncrease ~n drag angle from +5 to +15 degrees, 
wlnlst test 6 ( 46 grit wheel) showed a deorease from 
3.82 )-tm to 2.18 MID when using the same range and sequence 
of drag angle values. The conclus~on to be drawn is that 
once the dress~ng diamond had become worn, changes in 
drag angle influenced the wheel surface roughness ~n as 
much, as Gq~ater or lesser Vlorn areas of the diamond 
tool were presented to the gr~nding wheel. 

From the values of average ar~thmet~c roughness 
recorded for tests 5, 6 and 7 it ~s seen that at the lower 
end of the scale, ~.e •• 75 p.m to 1.1 )-tw, values varied very 
l~ ttle In thin each test, wh~lst at the higher end of the 
scale, l.e. 1.70 )-tm to 3.82 MID, values varied cons~derably 
for s~mllar dressing condit~ons. Overall, higher values of 
average ar~thmet~c roughness were recorded for the coarser 
grit wheels (46 grit) than fo~ the flner grit wheel (60,grit). 

7.2.3 Test 8. 
TIns test was des~gned to investlgate the effects of 

In-feed and cross-feed on dressing force and gr~ndlng wheel 
surface roughness, when dressing the four grind~ng wheels 
wi th a blunt d~amond, at a fixed value of drag angle., The 
test procedure followed the same pattern as that for tests 
4 to 7 incluslve, and the results are presented in a 
sim~lar manner. 

The diamond dress~ng tool used, had a large wear 
flat at lts tlP, which covered an ln~tlal area of approx
~mately 1.2 mm2 before the start of the test. Thls was 
cons~dered as belng the l~mlt of useful life for a 
dressing dlamond before ~t was either reset or d~scarded. 
Views of the d~amond showing ~ts cond~t~on before and 
after dressing are depicted ~n figs. 7.70 and 7.71. The 
or~ginal worn face Vias presented parallel to the gr~nd~ng 
wheel face for a drag angle setting of +5 degrees, and 
was soen to remain in a "polished" condition throughout 
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the tect, IH th vor.Y li ttle s~gn of wear occurr~ng on it. 
'rhe maJor~ty of wear wh~ch did occur, took plaoe on the 
d~arnol1d ralce face and at the tra~l~n,~ edges relat~ ve to 
the cross-feed mot~on. This was seen ~11 the form of 
diamond flalang and was probably caused by a comb~nation 
of attrit~o)J.s wear and v~brat~on. It was found necessary 
to play coolant onto the t~p of the dress~ng tool 
throughout the test, s~nce the d~arnond was seen to glow 
"white" hot wl).en dressing without coolant. Th~s suggests 
that the fr~ct~on generated between the gr~nd~ng wheel 
face and the dress~ng tool was quite cons~derable. 

The var~at~on of dress~ng force (Fr and Ft components) 
with in-feed and cross-feed for the four gr~nding wheels 
used, ~s presented ~n a three-dimens~onal form in f~gs. 
7.72 to 7.75 ~nclusive. The 'l'rends shown for each 
grinding wheel are similar and w~ll be discussed collect
ively. 

It ~s seen that var~at~ons ~n the depth of cut had 
a greater influence on the magn~tude of the dress~ng 
force generated, than var~at~ons ~n the cross-feed rate, 
and was due in part to the obtuse nature of the dressing 
d~aJ:lond. At· each depth of cut, the dress~ng force 
~ncreased marg~nally ~n value as the cross-feed was 
increased from .1 to .5 mm/rev. Th~s suggests that a 
constant area of contact existed between the grinding 
wheel and d~amond, produc~ng a constant pressure for 
each in-feed 'value wh~ch was not affected by changes in 
cross-feed. Increases ~n depth of cut from 5 ~ to 25 ~m 
(cross-feed constant) caused substant~al ~ncreases ~n 
dressing force, with final values of between 17 to 20 
Newtons (3.8 to 4.5 lbf) be~ng recorded for the four 
gr~nd~ng wheels used. The max~murn d~amond w~dth ~n 
contact with each gr~nd~ng'wheel was of the order of 
1. 6 mm, wh~ch corresponds to an average linear grit 
contact of between 4 to 5 for the 60 grit wheels, and 
between 3 to 4 for the 46 gr~t wheels, and expla~ns to. 
some extent why little overall var~ation in force was 
not~ced from wheel to wheel. 
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'.rhe curves dep~cting the ~ncreaGC in dreGcing force 
for increases ~n depth of cut are similar to those first 
shown U1 test 4 (hg. 7.24), where the Greatest increase 
~n force was seen for changes ~n delJth of cut at the 
lower end of the scale used. S~m~larly, the rate of 
increase of force at the h~gher depths of cut was again 
S8en to dUlinish as before. These trends uphold the 
earl~er speculat~on that, firstly the gr~t density was 
greater Just ~ns~de the wheel surface compared va th that 
at the wheel periphery; and secondly that as the depth of 
cut was increased, the force requ~red for rupturing the 
grit and bond at the wheel face tended towards a plateau 
value. 

Values of the force ratio FrlFt are tabu~ated ~n 
Append~x lV, pages277t0280~nclus~ve for the four gr~nding 
wheels used, and show that as the in-feed was increased 
from 5 )1m to a max~mum value of 25 )lID, the force ratio 
~ncreased in value from 4 to 6. The d~rection in which 
the resultant force acted, as derived from these tat~os, 
was at an angle of between 76 and 81 degrees to the plane 
of dressing, wh~ch suggests that the mode of gr~t/bond 
removal was predom~nately one of crush~ng as the in-feed 
was ~ncreased. The force ratio derived for each depth of 
cut changed l~ttle in value as the cross-feed was 
~ncreased from .1 mm/rev up to .5 mm/rev, and was to be 
expected for the preva~ling cond~tion of a constant 
contact area between the grind~ng wheel and dress~ng 
d~amond. 

The "as-dressed" cond~t~on of the four grinding 
wheels has been presented in two ways to show the effects 
of diamond shape (degree of bluntness), and ~n-feed and 
cross-feed on wheel surface roughness. F~gs. 7.76 to 
7.79 inclusive show a select~on of "Talysurf" traces 
of wheel surface roughness wh;ch were obta~ned in the 
same manner as those for the prev~ous tests. All the 
traces show that the prof~les produced were of a random. 
form in which the d~alllond shape was not discernable, and 
was caused by several grits be~ng dressed at once by the 

-167-



blunt dl.amond. lI.lthoUi)l vibratl.on was present throughout 

the dreosl.ng cycles, the surface roughness Vias not so 
pronounced as that obtained for the sharp dl.8J1lond in test 4 
(fl.gs. 7.26 and 7.27 at the hl.gher in-feed values), and 
sugGests that the large wear face of the blunt diamond 
was responsible for this. 

The varl.ation of average arl.thmetic roughness for 
changes l.n cross-feed and in-feed are depicted in three
dl.mensl.onal form for all four grinding wheels in figs. 
7.80 and 7.~1. It l.S seen that the in-feed and cross-feed 
had ll.ml. ted effect on surface roue;hness when dressing vd th 
the blunt diamond, particularly for the A46KV and A60KV 
grl.ndl.ng wheels, where values of average arithmetl.c 
roughness varl.ed in the ranges 1.10 MID to 1.28 ~m and 
.70 ~m to .98 MID respectively. At the lower in-feed and 
cross-feed settl.ngs there was a tendency for lower surface 
roughness values to be recorded for the 38A46-K5VBE and 
32A60-K8VBE gnndl.ng wheels than at the higher settings, 
Wl.th values ranging from .78 ~ to 1.43 pm and .35 MID to 
1.25 ~n respectively. In general, the 60 grit wheels 
dl.splayed lower surface roughness than the 46 grl.t wheels, 
for similar dressing condl.tl.ons, as would be expected. 

7.2.4 Test 9. 
This test was designed to investigate the effects 

of the contl.uual dressl.ng of a grinding wheel over a long 
perl.od of tl.me on dressing force, diamond wear, volume of 
grindl.ng wheel dressed away and wheel surface roughness 
when the dl.&aond was initially set to dress in the 
crl.tical regl.on at a fl.xed depth of cut and traverse rate. 

The dreSsl.ng dl.amond, whl.ch was sharp at the start 
of the test, was classed as an octahedron dl.amond and 
was presented to the grl.ndl.ng wheel in the manner depicted 
in fl.g. 2.6, such that its rruce face was set at a rake 
angle of -69 degrees, thl.s corresponding to a drag angle 
of +15 degrees for this particular diamond. Frofl.le and 
plan Vl.ews of the diamond are shown in fig. 7.82. A 
46 grit grindl.ng wheel was chosen l.n preference to a 
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60 r;rl.t wheel as l.t was felt that the coaroer erit would 

show vurl.ationo in wheel ~1Urface rouGhness better than the 
finer grl.t, thl.S bel.ng based on the results of the prevl.ous 

experiments. The cross-feed was maintained constant at 

.1 noo/rov thus ensurine that diamond overlap would occur 
durl.nr.; the l.J:11 tl.al staees when the diamond Vias sharp. This 

was to prevent l.n-feed build up on succeSSl.ve cuts, which 
ml.ght have led to dressl.ng instabl.lity. An average depth 
of cut was chosen of 12.5 }1Iil (.0005 in.), whl.ch remained 
constant for each dressing cycle. 

The resolution of dressing force is shown in Fig. 7.83, 
where the lnl.tl.al and fl.nal force readl.ngs are depicted ln 
vector form relatl.ve to the dl.amond and the plane of 
dress.ing. Thl.s analysl.s shows that stable dressing 
conditl.ons preval.led throughout the test, with the diamond 
tending to be pushed away from the wheel face. The 

directl.ons of the force components (Fp and Fn) as depicted 
for the fl.nal stage of the test l.S ratl.onall.zed in fig. 7.82, 
l.n whlch the wear face generated at the diamond tl.P is 
shown to lie at an angle of approxl.mately 3 degrees to the 
plane of dressing, gl.Vl.ng a radl.al penetration l.nto the 

wheel face equal to the depth of cut. This suggests that 
at thl.s stage of the test, grit/bond fracture took place 
along thl.S face and was totally independent of the original 

rake face. The force ratio FrlFt (tabulated ln Appendix Vl 
page 2.81), was seen to l.ncrease steadl.ly from a value of 
2 for the l.nl.tial sharp dl.amond condl.tion to a value of 
4.8 after the completion of 300 passes when the dl.amond 
had attained a wear area of .348 mm2 , and suggests a 
possl.ble change from grl.t/bond removal by splintering to 
that of crushing as dl.amond wear increased • 

. 
The effect of the cross-feed rate on diamond wear 

is Sien in the plan Vl.ew of fl.g. 7.82 l.n the form of a 
step generated l.n the rl.ghtward sl.de of the wear face. 
Thl.s phenomenon, however, dl.d not occur at the leftward 

sl.de, even though dressl.ng was conducted. in both cross~ 
feed directl.ons, and the wear face , considered overall, 
was seen to run parallel wl.th the cross-feed motion. This 
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otep did not appear to affect the relationship betw,een the 
radial component of force and the ~enerated wear area as 
se on ~n f~G. 7.84, in which the dreooing force is shown aa 
increas~ng ~n d~rect proportion to the d~runond wear. The 

result~ng pressure between the dressing diamond and the 
gr~~d~ng wheel ~s tabulated ~n fig. 7.85, and rema~ned . 
approx~mately constant throughout the test, with a mean 

value of 21.2 MPa (1.35 Tons/in2). This was to be expected 
since the gr~nd~ng wheel had a h~gh grit density (low' 

structure number) and was dressed at a low traverse rate 

(.1 mm/rev). 
The changes in wheel surface roughness for increasing 

d~alllond wear ~s g~ven in both qualitative and quantat~ve 
form ~n f~gs. 7.86 and 7.87 respect~vely. In fig. 7.86 
the as-dressed surface roughness of the grinding wheel 
~s represented for all dress~ng cond~tions by the equivalent 
surface roughness of a plunge ground test piece. After 
the 1st pass of the init~ally sharp d~amond, its shape 
was eas~ly detected in the "Talysurf" trace, and gave an 

equivalent tr~angular form hav~ng an apex angle of 171 
degrees, as compared w~th the diamond ~ncluded angle of 
110 degrees,.th~s result comparing favourably with those 
obta~ned for s~milar conditions in tests 4 to 7 inclus~ve. 
After the 10th pass, the diamond shape was hardly 

d~scernable ~n the "Talysurf" trace, and from the 25th 
pass onwards, the surface roughness prof~les were of 
random forr.J, .and were ~ndependent of the diamond shape. 
(N.B. At the 25th pass, the wear area generated was 

approx~roately 36% of that at the 300th pass). It is 
seen in fig. 7.87 where values of average ar~thmetic 
rougnness are plotted aga~nst the nUr.Jber of diamond passes, 
that the maximum var~at~on in surface roughness was of 
the order of .27 p.m, vn th an average value of 1.26 p.m. 
The greatest changes were seen in the ~nitial stages of 
the test, e.g. up to the 50th pass, and suggest as stated 
earl~er, that grit/bond fracture caused by the relatively 
sharp d~amond was probably brought about by- splintering as 
opposed to crushing. After the 50th pass when the 
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dl.amond had a Bubstantl.al wear face, the values of average 

arl.thnetl.c.rou&hness were scen to vary very little, which 
suggests that grl.t/bond fracture l.n thl.s case was the 
result of, crushl.ng. See figs. 7.82 and 7.83. 

An .important parameter in any dressl.ng operatl.on is 
the rate of dl.amond wear for the partl.cular dressl.ng 

condl.tions, since thl.s dl.rectly affects the amount of 

useful wheel dressing that can be accomplished before the 
dl.amond tool becomes unusable. In fl.g. 7.88 the volume 
of dl.amond wear has been plotted agal.nst the number of 
dl.amond passes, along vll.th th!,! ratio of the volume of 

wheel dresGed away to the volume of dirunond worn away in 
the same tl.me. It is seen that as the number of diamond 
paSGes l.ncreased, the l.nitl.al rapl.d rate of diamond wear 
decreased as would be expected for reasons stated by 
pahll.tzsch5 , these bel.ng related to the diamond's geometry 
and physl.cal propertl.es. The more practl.cal dressl.ng ratio 
sllows that after an l.nitl.al perl.od of rapl.d l.ncrease l.n 

value, lastl.ng for the first 25 passes, a linear relatl.on
shl.p eXl.sted for the remal.nl.ng 275 passes durl.ng which 
tl.me the volume of dl.amond wear reduced relatl.ve to the 

volume of grl.ndl.ng wheel dressed away. At the end of the 
test, the dre'ssin& ratl.o approached a value of 2.8 x 106 

for a dl.amond wear area of .35 mm2 , this bel.ng equal to a 
thl.rd of the dl.amond's estl.mated useful life (maxl.mum 

2 ' 
value of 1 mm ), and hl.ghll.ghts the dl.amond's resl.stance 

to abrasion when set relatl.ve to the grl.ndl.ng wheel for 
dressing in the stable regl.on. It l.S expected that the 
dressing ratl.O would vary l.n value according to the 

preval.ll.ng dressl.ng condl.tl.on. 

7.3 SUIiIJdARY OF THE DRESSING 'rEST RESULTS 

The results of the experl.mental work have shown the 
l.mportance of dressing force measurement both aS,a tool 
l.n assessl.ng the variables assocl.ated wl.th the dressl.ng , 
process, and as a means of analysl.ng the dressl.ng proce,ss 
itself. Prl.or to thl.s research, little eVl.dence could be 

found of any notable work in which dressing force had 
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been uGed to Qny great extent, and for the lirnited cases 
found, confl~cting v~ews were put forward. pahlitzsch62 

c~tes work conducted ~ndependently by Taher and Schwartz 
concern~ng the mQgn~tude of dressing force, ~n wh~ch 

Taller stated that the ratio between the radial and 
tangenhal force is between 2 and 4, whilst Schwartz found 
much greater ratio values. P~hlitzsch concluded that 
further work was necessary to elucidate the~r differences. 

The results of th~s work have shown that both Taher 
and Schwartz were correct, and that the fo~ce ratio is 
dependent ~n the first ~nstance on the diamond presentation 
to the gr~nd~ng wheel,and the d~amond cond~t~on, ~.e. sharp 
or blunt,as these factors affect the dressing force through 
both ~ncreas~d d~amond wear and dress~ng ~nstab~l~ty. 

The follow~ng cond~t~ons have been proven:-
1. For a sharp diamond presented to the grinding wheel 

such that dressing is conducted ~n the critical 
region, FrlFt ~ 2. 

2. For the' same d~amond presented ~n the stable region, 
and depend~ng on d~amond wear, FrlFt ~ 4. 

3. For the same d~amond presented in the unstable 
reg~on, and depend~ng on d~amond wear and degree of 
~nstab~lity, FrlFt ~ 7. 

4. For a very blunt d~amond (approx. wear area of 1 mm2) 

presented ~n the stable reg~on, FrlFt ~ 6. 

In terms of ~mportance, the rad~al component of 
force was predom~nant w~th a value of between 2 and 7 
t~mes that of the taDgent~al component, and the ax~al 
component of force was least s~gnif~cant w~th a value of 
between .025 and .1 t~mes that of the rad~al component. 

The values of force generated whilst dress~ng, 
depended very much upon the stab~lity of the process, the 
d~amond condit~on, and the cross-feed and in-feed values 
(and possibly the wheel propert~es, e.g. bond hardness etc., 
although no signif~cant d~fference was noticed between. 
the 46 gr~t and 60 gr~t wheels), w~th a max~mum individual 
value of 20 Newtons (4.5 lbf) being recorded for a blunt 
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diamond h::lvJ.nc; a wear area of 1 mm2• It is thouf,ht that 

DS the force ratJ.o increaoed due to dJ.amond Vlear, the 
dressJ.ng ::lction of thc diamond tocl chanc;ed from one of 

splJ.nterJ.ng the grJ.t and bond, to one of crushJ.ng. 

Due to a lack of J.nformation on the subJect, the 
overi'll for:ce range obtaJ.ned for tlns research cannot be 
compared dJ.rectly WJ. th sJ.m'l.lar worlc, but can be compared 

WJ.th results obtaJ.ned from work conducted J.n the fJ.eld of 

dynamJ.c and static hardness testing of grinding wheels. 
PeklenJ.k et al., 63,64 have measured the force requJ.red to 

shear grJ.t and bond materJ.al away from the body of a 
GrJ.ndJ.ng wheel uSJ.ng a vee-shaped tool which was traversed 
over the wheel face at a small depth of cut of approxJ.mately 
one grit dJ.ameter. From theJ.r research, they found that 
the force requJ.red to shear the grJ.t from a 46 or 60 grit 
wheel of K hardness, was of the order of 18 to 27 Newtons 
(4 to 6 Ibf) whJ.ch compares favourably wJ.th the above 
result for dressing force. Although theJ.r form of testing 

65 was done under quasJ.-static conditions, Colwell et al., 

who conducted sJ.liular work, found that crushJ.ng force 
varied very IJ.ttle with change in wheel perJ.pheral speed 

from an J.nJ.t1al statJ.c condition, hence Justifying the 

above comparJ.son. 

AnalysJ.s of the forces acting on the dJ.amond during 
dressJ.ng has shown the need for an unambJ.guous defJ.nJ.tion 
of the geometry whJ.ch at the present time is somewhat 
inadequately covered by the term "drag angle". ThJ.s is 

defJ.ned as the angle between the axJ.S of the dJ.amond 
holder and a radJ.al IJ.ne passJ.ng through the point of 
contact wJ.th the wheel face. What is J.mportant, J.S the 
angle between the upper surface of the dJ.amond (rake face) 
and a radJ.al lJ.ne passing through the pOJ.nt of contact with 

the wheel face. ThJ.s J.S defined as "rake angle". Thus it 

r:lay be saJ.d that "drag angle" takes no account of the 

variable geometry of the dressing diamond, which has b~en 
found to be an J.mportant factor influencing diamond wear 

and dressing stabilJ.ty •. 

-113-



It has been sllown tltat three dressing reglons eXlst 

wlnch may be classified according to the anc;le of 
presentation between the dlamond and the c;rindlng wheel, 

l.e. rake angle, and that thlS angle ltself is codlfied by 
the onset of dlamond wear. The most efflclent dresslng was 
conducted l~ the critlcal reglon with a sharp diamond at a 
rake angle of between -65 to -70 degrees, thlS givlng 
stable conditlons. For higher rake angles, l.e. more 
negatlve values, dressing was conducted in the stable 
reglon but wlth hlgher forces; and for lower rake angles, 
l.e. less negatlve values, dresslng becrune unstable with 
the dlamond dlgglng lnto the wheel face. It was seen that 
ln the critical reglon, the resultant force and the force 
normal to the rake face were cOlncidental with no sliding 
component along the rake face,. and that a force ratlo 

(FrlFt) of the order of 2 to 2.8 eXlsted. To explaln this, 
lt lS necessary to conslder the grit shape and ltS reluctance 
to cleavage. It has been suggested by many researchers 
33,43,45 that the grit in the wheel face presents rake 

angles of between -30 to -60 degrees or hlgher, ShOWlng 
that there lS a general agreement that the grits have 

hlgh negatlv~ values of rake angle. If the rake angles 
of the grlt and dresslng diamond were cOlncldental ln the 
crltical reglon, then grlt cleavage may have occured 
instantaneously on contacting the diamond rake face 

wlthout sllding taklng place. Another possible explanation 
can be drawn from work conducted by Graham and Rubenstein66 

ln WhlCh the grlnding grit has been llkened to a wedge, 
the base of which lS held in the wheel by the bondlng 
materlal. Although thlS work was on grlndlng, the conditions 
were analogous to the dressing situatlon. They suggest 
that for a low force ratio, it is hlghly probable that 
tenslle stress eXlsts on th'e c;rl t rake face causing 
fracture fallure to occur at a hlgh rate, even for a 
relatlvely small magnltude of tensile stress. For higher 

force ratios there is less likeljhood of tensile stress 
existing wlthln the grit, and hence a greater reluctance 

to of the grltAfracture. This condition may have existed 

-114-



l.n the unstable region where very lngh force ratios were 

eVl.uent, resultl.ng in grit/bond rupture to a depth 12 
tl.mes greater than thc origl.n'll depth of cut. 

These fl.ndl.ncs sllow the importance of correct 
presentation of the dressing tool to the grinding wheel, 

particularly where shaped sl.ngle pOl.nt diamonds are to be 
used, Sl.nce rapl.d wear through unstable conditions will 
occur for incorrect settl.ngs. 

Relatl.onshl.ps between in-feed, cross-feed and 

dressiDg force have been established from which inference 
has been made concernl.ng thel.r l.nfluence on the dressing 

process wl.thl.n the confl.nes of the conditl.ons tested. 
It has been shown that a linear relationslnp eXl.sted 

between the cross-traverse rate and the force generated 
when dressing grinding wheels of the same bond hardness 

and dl.fferent grit sl.ze; and that the constant of 
proportl.onall.ty was governed by the degree of bluntness 

of the dl.amond, and the volume of grl.t encountered at 

dl.fferent depths of cut. 
The relatl.onship between l.n-feed and dressl.ng force 

establl.shed for the above grindl.ng wheels has been shown 
to be non-linear, Wl.th a decaYl.ng increase of force for 
l.ncrease l.n depth of cut. Sl.ml.lar trends were observed 
for both sharp and blunt diamonds operating over the same 
range of cross-feed rates. 

The results of the work conducted into assessing 
the relatl.ve importance of cross-feed and in-feed in wheel 
dressl.ng have shown that cross-feed has a greater l.nfluence 
on wheel surface roughness than in-feed, and corroborates 
the earll.er fl.ndl.ngs of other researchers 2,3,4,8,19,20. 

At low traverse rates (.1 mm/rev) the roughness depth 
(peak to valley hei~ht) was ll.mited by diamond overlap 

with only margl.nal changes occurl.ng as the l.n-feed was 

l.ncreased; whl.lst at high traverse rates (.5 mm/rev) the 
roughness depth was liml.ted by the obtuse nature of the 
grits after dressing, with maximum measured values equal 
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to half the in-feed value being recorded. Similar trends 

were seen for both sharp and worn diamond conditloons. 
It has been shown that the act loon of a grlondlong wheel 

dressed Wloth a sharp or part worn dloWmond tool produced a 

saw-tooth profile on a plunge ground workpiece which 
could be likened to a serloes of triangular forms of base 
length equal to the cross-feed rate, and heloght equal to 

the mean peak to valley height of the proflole considered. 
Values of proflole apex angle based on the triangular 
forms, showed that varloatloons in drag angle within the 
stable regloon, and changes in diamond condition, had 
llomloted effect on surface roughness for the same in-feed 
and cross-feed settings. 

Informatloon derived from the above analysis coupled 
Wloth grlondlong data, has enabled equatloons to be formulated 
from whloch the surface roughness of a cyllondrlocally 
traverse ground workploece can be predlocted with reasonable 

accuracy, thlos belong verlofloed from grlondlong results. 

An overall review of the factors influencing diamond 
wear has revealed that most wear occurred for dloamonds 
presentlong rake angles of less than -69 degrees to the 
grindlong wheel, and that wear was reduced as the rake 
angle was loncreased above this value, lo.e. greater negative 

values. It was seen that wear at the dloamond tloP was 
raplod even f~r stable conditloons, and that the wear faces 
generated were elother parallel to the cross-feed motloon 
and dlorection of wheel rotation, or formed at some small 
angle to them, lo.e. ~ 3 degrees, with greater wear at 

the leadlong edges. 
It los thought that the nature of the diamond wear 

was basically one of attrlotion for the stable dressing 
conditloons, and attritloon coupled with dloamond chipping 
for the unstable conditloons caused by non-preferred 

dloamond settings, and large wear areas belong presented to 
the grlondlong wheel. 
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7.4 D1SCUS::iION 011 J'IlE CYLINJ)HICAL GRINDING 'rESTS AND 
HESULTS 

7.4.1 Tests 1 to 4 ~nclusive. 

TIns short serHS of grinding tests was designed to 

invest~gate the effects of cross-feed (traverse rate) in 

gr~nding, on the volume of wheel wear encountered for a 

set volwne of metal removed, and hence determine gr~nding 
ratio; and ~ts effects on wheel and workpiece surface 
roughness for constant dressing and gr~nding condit~ons. 

From the results of these four tests, the value of cross
feed in gr~nd~ng and test durat~on (volwne of metal removed) 
were dec~ded for the programme of "rough-grlnd~ng" exper~
ments. 

The diamond dress~ng tool chosen for this series of 
tests and for the "rough-gr~ndlng" exper~ments was a 
dodecahedron diamond of one carat we~ght, wh~ch was set 
relative to the grind~ng wheel as depicted ~n f~g. 2.6, 
at a drag angle of +15 degrees, g~v~ng a rake angle of 
approx~mately -69 degrees. A plan v~ew of the diamond is 

shown in the upper half of f~g. 7.89 where ~t can be seen 
that the diamond had a small nose radius of approxlmately 
10 pm glv~ng a stabilis~ng effect at the tlP, and hence 
reduc~ng the tendency for ~nitial rapid wear when dressing. 
A dressing cross-feed of .3 nw/rev was chosen, being ~n 

the mid-range of the values used in the dressing tests, 
w~th an in-feed of 25 pm. It was thought that the 
sever~ ty of th~s dresslng cond'~ t~on would h~ghlight 
changes in the measured parameters due to changes in 
grind~ng cross-feed. Its effect on the workp~ece surface 
roughness (and wheel surface roughness for l~ttle overlap, 

~.e. vt/nN = .75) ~s shown ~n the bottom half of f~g. 7.89. 
The grlnd~ng wheel used for tests 1 to 4, and through

out the gr~nd~ng programme, was of the type 32A60-K8VBE 
and was chosen because of ~ts ablllty to generate finer 

surface f~n~shes when grinding, than the coarser 46 gri~, 

wheels for slm~lar dressing conditions. This was of 
extreme ~mportance when cons~der~ng "f~ne-grinding" 
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(prcc~s~on Grinding), as was the caoe later in the 
prograllune of tests. 

The gr~nd~ng wheel and workp~ece rotat~onal speeds 
were ma~nta~ned constant for tests 1 to 4, and throughout 

the grinding programme, at 30 rev/sec (1800 rev/min) and 
1.5 rev/sec (90 rev/m~n) respechvely, giving per~pheral 
speeds of 29 m/sec for the gr~nd~ng wheel, and a max~mum 
value of .24 m/sec for the workp~ece. Th~s value of 
workspeed was cons~dered to be adequate ~n the absence of 
any hard and fast rules for determ~~ng this parameter, 
and was chosen to g~ve eas~ly ma~nta~nable cross-feed rates 
~n the range selected when grinding. 

Cross-feed values were chosen to g~ve a range of values 
of the rah.o vt/nW ;nth~n the band w~dth zero to unity, this 
being the parameter governing the amount of grinding wheel 
w~dth actlvely engaged in gr~nding. The following values 
were chosen on the bas~s of a wheel having a maximum 
grind~ng width available of 18 mm:-

20.5 13.5 6.5 2.5 
.75 .50 .25 .09 

These values were used in conJunct~on w~th a radial in-feed 
when gr~nd~ng, of 12.5 }le (.0005 in.), wh~ch was cons~dered 
as being an average depth of cut. 

The var~at~on of gr~nd~ng wheel wear w~th volume of 
metal removed for the var~ous grind~ng cross-feed rates is 
dep~cted ~n fig. 7.90, and follows the general pattern as 
shown ~n~tially ~n fig. 2.15. It can be seen that the 
~n~tial breakdown of the gr~nding wheel followed the same 
path ~rrespective of the value of v t (cross-feed rate), 
uat~l a po~n~ was reached after about 3.5 cm3 of metal had 
been relJl0ved, correspondlng to a value of .3 cm3 of wheel 
wear, beyond Vlh~ch the rate of wheel wear differed for 
each of the four test conditions. At the change over 
po~nt (25th pass), the lo,ss of wheel height was approximately 
equal to the dressing depth of cut, ~.e. 25 p.m, this being 
the same value for each test condition, and shows that the 
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~n~t~al rap~d rate of wear extended beyond the measured 

prof~le depth as shown in f~g. 7.89. 'rhis su£.;gests that 
the dreasing action of the diamond tool caused damage to 
the wheel surface to a depth greater than the initial in
feed value. 

After the ~n~tial rap~d"breakdown of the wheel surface, 
condit~ons stab~l~zed, and further wheel wear was governed 

by the part~cular value of vt employed. For the cond~tion 

vt/mv = .75, the un~form wear reg~on ex~sted for a relatively 
short per~od of t~me before v~brat~ons were observed 

between the wheel and workp~ece, and the gr~nd~ng process 
becrune unstable. This happened around the 40th pass 
(pos~t~on C ~n f~g. 7.90). After th~s po~nt wheel wear 
increased rapidly. For reduc~ng values of vt/nW, e.g • 
• 50, .25 and .09 (all other cond~tions being the same), 
the rate of wheel wear decreased for s~m~lar increases in 
metal removal, w~th stable gr~nd~ng cond~t~ons being 
observed throughout. 

Values of grind~ng ratio are tabulated in Appendix Vll 
pages 2.86 to 289 ~nclus~ ve, and show a range of peak values 

from 12.7 to 30.8 over the range of cond~tions used. For 

test 1 (vt = 20~5 mm/sec) the gr~nding ratio was seen to 
decl~ne after the 50th pass from a steady state value of 
around 12.7, and heralded the onset of catastrophic wheel 
wear. Values from the rema~ning three tests ind~eated 

that the grind~ng rat~o was st~ll ~n a state of ~ncrease 
after 100 passes of the workpiece, and that the effect 

of reduc~ng vt ' and hence vt/nW, was to delay the point at 
wh~cll the gr~nd~n.s rat~o atta~ned a steady state value. 
S~milar f~nal values of around 30 were recorded for the 
cases where vt = 6.3 mm/sec and 2.5 Ilun/sec. The overall results 
showed that for test 1, the wheel wear had progressed 
through all three wear stages (see f~g. 2.15), whilst for 
test 2 the wheel was part way into the second stage of 
wear, and that for tests 3 and 4, the wheel was on the 

verge of enter~ng the second stage of wear. 
The effect of grind~ng cross-traverse rate on wheel 

and workpieee surface roughness ~re shown in figs. 7.9~ 
~ 
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and 7.92 for tests 1 and 4 respeet~vely. '1'he "Tal:/surf" . 
trd.ces show the deter~orat~on of the a.s-clresGed Gurface 
rouGhness of the grind~nG wheel as the number of work 
passeG ~ncreased, and the correspond~ng effect on V/orkpiece 
surface roughneGs. In fig. 7.91 only traces of the work
IHece :'lUrf,'ce are shown, Dince these were inclicative of 
both wheel eJnd worlcp~ece surface roughness due to the 
l~Jfilted effect of grind~ng overlap for the case vt/mV = .75. 
After the f~rst pass of the workp~ece, the effect of the 
d~amond cross-feed was clearly seen in the work surface 
trace, wInch had a max~mum peak to valley height of 17.5 JlIlI. 
Th~s suggests that the ~n~tial depth of cut on the f~rst 
gr~nd~ng pass was [(reater than the set depth of 12.5 p.m. 
The traces show that as the number of passes increased, 
the pealcs on the wheel surface were broken down and became 
more obtuse, whilst st~ll retain~ng the dressing cross-feed 
effect. At the 20th pass, the peak to valley he~ght of the 
work surface trace had been reduced to 6 )lffi, and was 
approaching the change over point from a rapid to a 
un~form wheel wear rate. By the 50th pass, the- surface 
roughness had become more random ~n form, wh~lst retaining 
the same value of average arithmet~c rou~hness as that 
recordecl at the 20th pass, and at the 100th pass had 
atta~n8d a completely random form relative to that of the 
or~6ina1 cond~t~on. In fig. 7.92, traces are shown for 
both the wheel and workp~ece surfaces since grind~ng 
overlap caused by the condition vt/nw = .09, modified 
the workpiece surface roughness relat~ve to that of the 
grind~ng wheel. The trend shown for the grinding wheel 
breakdown up to the 20th pass, ~.e. approaching the change 
over po~nt, was s~rnilar to that shown for test 1, w~th 

slightly lower values of average ar~thmetic roughness 
being recorded. After the 20th pass, the value of average 
arithmet~c roughness for the grinding wheel surface 

rema~ned fairly constant up to the end of the test, at 
which po~nt the effect of the dressing cross-feed rate 
was still v~sible within the surface trace. The effect 
of the grinding wheel overlap due to the low value of 
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vt ~s shown clearly in the traces of the workpJ:cce surface, 
where valucl' of averaGe arithmet~c rouC;hneso ranGed from 

~ to ~ of the value of the wheel produc~n[( the particular 
cond~ t~on. 'rh~s shows that for the fa~rly coarse dressine 

cond~tion used, the reduction in workp~ece ourface roughness 
relat~ve to that of the [(rind~ng wheel, for a degree of 
grind~ng wheel overlap of 9,(i.e. nW -1 = 9), was at the v t best only 50%. 

An overall view of the variation of workpiece surface 
roughness w~th the volume of metal removed at the var~ous 

gr~ndJ:ug cross-feed rates, ~s ,shown ~n fig. 7.93. It can 
be seen that there was an ~nitJ:al rapJ:d decrease in work
p~ece surface roughness for all cross-feed rates unt~l 3 
to 4 cm3 of metal had been removed, tlus pOJ:nt corresponding 
to the chan[;e over from rap~d to uniform wheel wear, after 
wh~ch the values of workpiece surface roughness remaJ:ned 
constant for further ~ncreases J:n metal removal. The four 
plots show tl1at the fJ:nal steady state values of worlcpJ:ece 
surface roughness decreased in the order of decreas~ng 
cross-feed rate, as would be expected, and suggest that 
the steady state condJ:t~ons 'were governed by the gr~nding 
process, and were independent of the orJ:ginal dressing 
operation. 

The results of tests 1 to 4 suggest that great care 
must be taken when selectJ:ng values for grindJ:ng cross

feed sJ:nce thJ:s parameter has been shown to be a powerful 
var~able wh~ch J:nfluences both the rate of grinding wheel 
wear (and [(rJ:nd~ng stabilJ:ty), and the workpJ:ece surface 

roughness, partJ:cularly after the ~nJ:tial period of 
rapid wheel wear has ended. When selectJ:ng an optimum 
value of vt to g~ve the best conditions under whJ:ch to 
test the ~nfluence of dressing varJ:ables on the grinding 
process, the follow~ng three crJ:teria needed to be 

satisfied. 
1. The rate of wheel wear must be ne~ther too rapid, 

caus~ng grinding instability to occur prematurely, 
nor too slow, thereby rendering the grinding 
process J:nsensible to changes ~n dressing condition. 
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2. Thc workp~ecc curface rouGhneos should, if poooible, 

be rcpreocntative of the wheel surface, w~th minimum 
gr~ndul('; overlap occurr~ng. 

3. 'fhe gr~nding wheel should wear un~formly across its 
face w~dth. 

Cons~derJ.ng the results of tects 1 to 4, the value 
of grindJ.ng cross-feed rate whJ.ch fulf~lled the three . 
crJ.teria adequately was 13.5 mm/sec, gJ.v~ng a value of 

vt/nW = .5 for a grinding wheel wJ.dth of 18 mH, and was 
therefore used throughout the "rough-grJ.ndJ.ng" experJ.ments. 

The test duratJ.on was J.ncreased by four t~mes, 
g~v~ng a f~nal volume of metal removed for each test of 
approxJ.mately 60 cm3 , J.n an attempt to determine at which 
po~nt the dressing condJ.t~ons ceased to J.nfluence the 
grJ.ndJ.ng process. 

7.4.2 Tests 5 to 16 ~nclusive. 

Th~s ser~es of tests was desiened to observe the 
effects of dress~ng ~n-feed and cross-feed on the cylindrical 

traverse gr~riding process, through the measurement of 
gr~nd~ng rat~o, gr~nd~ng force and workp~ece surface 
roughness for constant er~nd~ng cond~t~ons. In all,twelve 
separate tests were performed in wh~ch a comb~nation of 
three cross-feed rates and four ~n-feed values were used 
to cover a w~de range of drescang condi t~ons. The diamond 
tool and gr~nd~ng conditions employed were as described 
prev~ou81y. 

The exper~mental results were grouped in~t~ally to 
show the influence of the dressing in-feed for each of 
the three dress~ng cross-feed rates ~n the order .3, .1 and 
.5 Hua/rev. The values of wheel wear were then re grouped 
to show the influence of the cross-feed rate with the in
feed constant, and f~nally all the recorded parameters 

were plotted s~multaneously to show the overall trends 

for each set of dress~ng conditions. 
One of the ma~n criteria J.n any "rough-grinding" 

operation J.s the volume of metal which can be removed 
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from ~;lC workp~ece before the process becomes uno table , 

o~nce the f~rial s~ze and geometr~c form of the V10rkpiece 
depend very much upon the condit~on of the grinding wheel. 

F~Gs. 7.94 to 7.100inclusive, show the var~at~on of 
grind~ng wheel wear with volume of metal removed for the 
various wheel dressing cond~t~ons. In fie. 7.94 values 
have been plotted for the mid-range cross-feed rate of 
.3 Hllll/rev, and show a fam~ly of curves similar in form to 
th~t described ~n~tially ~n fig. 2.15. It is seen that 
the curves ~ncreased ~n order of ~ncreas~ng ~n-feed, showing 
that for th~s particular cross-feed rate, the gre~ter the 
depth of cut, the greater was the influence on the initial 
staee of wheel wear. The explanation for th~s order ~s 
found by observing the as-dressed cond~t~on of the grinding 
wheel :face, wh~ch ~s shown ~n :figs. 7.101and 7.102 for 
the max~mum and min~mum ~n-feed values respectively. For 
the max~~um depth of cut, the comb~nation of dress~ng 
variables were suffic~ent to generate a screw thread effect 
~n the gr~nd~ng wheel face with min~mum overlap occurring, 
thereby produc~ng relatively sharp cutting points with 
wh~ch to erind. The initial rap~d wear wh~ch ensued was 
l~IU ted to a wheel depth approx~mately equal to the dressing 
depth of cut, and was completed after about 130 grind~ng 
passes, ~.e. 15 cm3 of metal removed. After th~s po~nt, 
the dress~ng cond~t~ons were no longer v~sible ~n the 
workp~ece surface. For the m~nimum depth of cut cond~tion, 
the dress~ng cross-feed was aga~n seen in the as-dressed 
wheel face, but ~n this case, no~ all the wheel surface 
was effect~vely dressed, resulting ~n relatively blunt 
cuthng po~nts be~ng formed,. It ~s thought that the cutting 
edges of the gr~ts were partly formed from the or~ginal 
pre-dressed wheel surface, and were stronger, due to the 
l~ghter dress~ng cond~tions. The in~tial wheel wear was 
much less than that encountered at the h~ghest in-feed 
value for the same volume of metal removed, and the change 
over po~nt from the pr~mary to the secondary stage of wear 
was less def~nable. The effect of the dress~ng cross-feed 
Vias still discernable in the workp~ece surface at the 

-183-



end of the teat, [1nd GUI_,,:::;ests that under certain conditions, 
the dres:nng ·process can ~nfluence the wheel wear after 
the prulary wear stage has fin~shed. The other two dressing 
condit~onD caused wheel wear rates which l~e in between 
those obta~ned for the upper and lower ~n-feed values. At 
some po~nt dur~ng the secondary wear stage for each of the 
four wheel cond~t~ons, the wear rate was seen to increase, 
but not suff~c~ently to be termed catastroph~c wear, At 
th~s po~nt v~brat~ons were noted in the grinding process, 
wh~ch. started in the earl~est case (a = 25 )lm) after about, 
280 grind~ng passes, i.e. 30 cm3 of metal removed. 

F~g. 7.95 shows similar wheel wear trends for the 
lower dressing cross-feed rate of .1 mm/rev with the same 
range of dressing in-feed values, except that the curves 
plotted show a bunch~ng together of values, which lie in 
the m~d-range of those plotted for the above ment~oned 
tests. For an explanation, it ~s necessary to look agaim 
at the as-dressed cond~t~on of the gr~nd~ng wheel, which 
was reflected ~n the ground workp~ece surface, and is 
shown for the max~mum and m~nimum in-feed values ~n figs. 
7.103 and 7.104 respectively. The l~mit~ng effect of the 
low cross-feed rate ~s seen in both f~gures, wh~ch show 
s~Inlar as-dressed wheel surfaces for both the h~gh and 
low depths of cut, suggesting a high degree of d~amond 
overlap. In both cases, the effect of the dressing cross
feed disappeared from the workp~ece surface after about 
30 gr~nding passes (approx~matelY 3.5 cm3 of metal . 
removed), although the pr~mary wear stages cont~nued until 
at least 6 cm3 of metal had been ground away. The wheel 
wear rates aga~n increased for all cond~t~ons at some 
po~nt in the secondary stage of wear (f~g. 7.95), and were 
heralded by the onset of vibrations between the grinding 
wheel and workp~ece. This was part~cularly pronounced 
for the cases of lllax~lllum and minimum dressing depth of 

cut, but for d~fferent reasons. For the condition: a = 25~, 
v~brat~ons Were encountered after a relatively short 
period of secondary wheel wear, when about 18 cm3 of 
metal had been removed, and was probably due to damage 
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caused to the c;rJ.ndJ.nc; wheel well insJ.de its surface, by 
the dressJ.ng action of the diamond at that depth of cut. 
For thc condl. tl.on: a = 5 )J.m, the J.nJ. Ual whcel wear was 
low compared with the other three eondl.tJ.ons, and vibrations 
were not encountered in the grJ.nding process until tho 
grJ.ndl.ng wheei was restarted after stalling, when 
approxJ.mately 30 cm3 of metal had been removed. This 
sequence of events suggests that ll.ttle damage was caused 
to the c;rJ.ndl.ng wheel by the dressl.ng action of the dl.affiond 
for thl.s dressing condJ.tion, resulting l.n J.nsuffl.cJ.ent grit 
breal~down for 'effl.cient grindl.ng to take place. It is 
hl.gh.ly probable that the grl.nding wheel became unbalanced 
on stalling, thereby causing adverse grl.ndl.ng conditions 
to becoJ.1e operable when re-started, leadl.ng to the greatly 
increased wear rate. 

Fl.g. 7.96 depicts the varl.ation of grl.nding wheel 
wear for the coarsest dressl.ng cross-feed rate of .5 mm/rev 
used in conJunctl.on with the Game range of in-feed values 
mentl.oned previously. It is seen that catastrophl.c wheel 
wear (tertJ.ary wear stage) was encountered for all 
condl.tl.ons early on l.n the grinding tests (8 to 20 cm3 of 
metal removed), and was again heralded by vJ.brations 
between the grl.ndl.ng wheel and workpl.ece. The significant 
dl.fference between the wheel wear characteristl.cs for these 
dressl.ng condl.tl.ons and those dl.scussed earll.er, is that 
the primary and secondary wear stages occurred as one, and 
were of relatl.vely short duratl.on, terml.nating l.n extremely 
rapl.d wheel wear. An l.nterestl.ng point noted from the 
four curves is that at some pOl.nt after the start of the 
tertiary stage of wear, the wheel wear rate decayed, and 
suggests a recovery of the wheel surface. A possible 

, . 
explanatl.on is that the inl.tial damage caused to the 
actl.ve wheel surface by the adverse grinding condl.tl.ons, 
extended to a depth equal to one or two grl.t dl.runeters 
before sound grl.t and bond material were uncovered. 

The behavl.our of the grl.nding wheel can best be 
explained wJ.th reference to fl.gs. 7.105 and 7.106, which 
show traces of the workpl.ece surface after grinding, for the 
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hiGhest and lowest values of dresG~ng in-feed respectively. 

l30th these f~e,ures show that the wheel dresG~ng cond~tionB 
Vlere ~nGuf[~eient to cause the whole wheel face to be 
dressed adequately with the sharp d~arnond, resulting in 

part of the surface relfia~ning in the pre-dressed condition. 
The c~tt~ng edges so generated were few, and rendered the 
griahn~; wheel ~neffect~ve as an eff~c~ent cutt~ne; tool. 

'.rhe reluctance of the as-dresscd wheel face to breakdown, 
~s demonstrated by the minunal change ~n the measured 

peak to valley heie;ht of the surface profiles (and average 

ar~trunet~c roughness values), unt~l at least the 10th 
gr~nd~ng pass had been accompl~shed. Th~s ~mplies that 

the coarse dressing traverse rate (.5 mm/rev) caused 
l~m~ted local damage to the wheel face, even for the 
h~ghest depth of cut (25 pm), as shown by the subsequent 
tenac~ty of the gr~t when gr~nd~ng. The workp~ece surface 
roughness traces show that once the gr~nding wheel had 
entered the tert~ary stage of wear, the ensu~ng wheel 
surface bore no resemblance to the orig~nal as-dressed 
surface cond~t~on, and was of random form. 

In f~gs. 7.97 to 7.100respectively, the variation of 
gr~nd~ng wheel wear w~th volume of metal removed has been 
re-plotted to show to better advantage the ~nfluence of 
the dressing cross-feed rate for each of the dressing 
depths of cut, in reduc~ng order. The wheel wear curves 
~n f~g. 7.97. show clearly that for these part~cular dressing 

condit~ons, the h~e;her the initial wear rate ~n the 
primary wear stage, the longer the secondary wear stage 

became in wh~ch useful work was done, resulting ~n a 
10Vler wear rate on entry to the tert~ary wear stage. The 

most eff~c~ent dressing cond~t~ons occurred for the mid
range cross-feed rate of .3 mm/rev, ~n wh~ch the dressing 
parameters were Just suff~c~ent to effectively dress the 
whole wheel face (f~g. 7 .101); wh~lst the lower cross-feed 
rate created conditions that were too severe, and the 
higher cross-feed rate created cond~tions wh~ch were no~ 
severe enoue;h. Figs. 7.98 to 7.100 inclusive, highlight 
the inabil~ty of the h~ghest dressing cross-feed rate to 
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cre~te cff~c~ent cond~tions for grind~ng, whatever the in

feed value, and show that overall, the best cond~t~ono 

(lowest wheel wear) were created by the mid-range cross

feed rate of .3 mm/rev. 

'rhe ~nfluence of the dresoing condi t~ons on worlcpiece 

circular~ty when gr~nd~ng, are depicted ~n f~e;s. 7.107 to 

7.110 ~nclus~ve, for the h~ghest and lowest cross-feed 

rates, comb~ned w~th the highest and lowest in-feed values. 

The as-dressed screw thread effect on the gr~nding wheel 

was vis~ble around the circumference of the workp~ece 

for both in-feed values at the coarsest cross-feed rate 

(f~gs. 7.107 and 7.108), and persisted to about the 

140th gr~nd~ng pass for the case of the lOVler in-feed 

value. At the h~gher ~n-feed value (f~g. 107) the screw 

thread effect was short l~ved, due to vibrat~ons occuring 

between the gr~nd~ng wheel and workpiece, with their 

~nfluence on the workpiece circular~ty be~ng seen clearly 

at the 60th gr~nd~ng pass. By the 180th pass, this effect 

had dim~n~shed, ~nd~cating a recovery on the part of the 

gr~nding wheel. The traces of workpiece circularity 

dep~cted ~n f~gs. 7.109 and 7.110, show that at the 

lower cross-feed rate, no screw thread effect was v~s~ble 

around the workp~ece c~rcumference at e~ther depth of cut. 

These f~gures do show, however, the coarsen~ng effect of 

the gr~nd~ng wheel breakdown on workp~ece circularity up 

to the tertiary wear stage of the gr~nding wheel. At 

th~s po~nt, the effect of the gr~nd~ng v~brat~on was seen 

clearly in the worlcp~ece surface. Allow~ng for discrepencies 

~n the wheel and workp~ece rotat~onal speeds, the final 

traces in f~gs. 7.107 to 7.110, show the format~on of 

18 lobes around the workp~ece c~rcumference, which can 

be attr~buted to the out-of-balance of the gr~nding wheel. 

Arother important parameter ~n gr~nd~ng, ~s the 

result~ng surface fin~sh of the workpiece, since this may 

influence its useful l~fe in serv~ce. Figs. 7 •. 111 to 7.1l.3 
inclusive, show the variation of workpiece surface 

roughness, w~th the vo1wne of metal removed for the 

var~ous wheel dressing cond~tinns. The trend depicted 
c 
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for ::111 dress~l1[; conditions was the s~JJne, and shows that 

~rresjlect~ ve of the i)11 t~::11 as-dressed condition of the 

c;r~.ld~nc; wheel, ~he workp~ece surface tended towards the 
sr-lIne fin')l steady state value of averae;e ar~ thmetic roughness 

after the grind~ng wheel had entered its oecondary stage 
of we::1r, 'In th th~s value be~ng e;overned by the grind~ng 

conch t~ons. Th~s find~ng ver~f~es that otated earl~er 

for gr~nd~ng tests 1 to 4. Although it was seen that the 
f~nal value of workp~ece average ar~thmet~c roughness 
fell w1th~n the l~mits of 1 to 1.5 Mill (40 to 60 ~ in.), 
wh~ch could be classed as a reasonable rough-ground surface, 
the workp~ece c~rcular~ty traces have shown that for 
certa~n dress~ng cond~t~ons, the f1nal workp1ece roundness 

was not acceptable, due to ex~ess~ve lobe~ng. 
The force generated when gr~nd~ng has been used as 

a means of compar~ng the eff~c~ency of the gr~nding wheel 
after dressing under d~fferent condit~ons, through a macro 
analys1s of the cyl~ndr~cal traverse gr~nd~ng process, and 

was subsequently found to be useful ~n determining the 

po~nts ~n the grind~ng tests at which the wheel entered 
the various wear stages. The general range of force 

values recorded were from a max~mum value of 79 Newtons, 
~.e. 17.8 Ibf for FR, to a min~mum value of 11 Newtons, 
~.e. 2.5 Ibf for FT; with force rat~os of the order of 
1. 7 to 2.3. 

The variation of the radial and tangential components 
of grinding force with the volume of metal removed, have 
been shown in f~gs. 7.114 to 7.116 ~nclus~ve, for each 
dress~ng cross-feed rate over the range of dress~ng depths 
of cut. Several trends were apparent from all three 
f~gures, which were in agreement. Firstly, the general 

pattern of force variat~on was as follows:-
An in~t~al ~ncrease in force wh~lst the gr~nding 

wheel passed through ~ts pr~mary wear stage, terminating 

~n a pea!{ value; followed by a dwell per~od dur~ng the 

wheel's secondary Vlear stage ; with a final decrease in , 

force as the tert~ary wear stage was entered. It was 
noted that ~n all cases, the final grinding force tended 

-188-



towards the same value. If it J.S taken that the dwell 
pcrJ.od reprcGcnted the most effJ.cJ.ent removal of metal, 

then it J.G seen clearly that for the coarsest dressing 

cross-feed (fJ.g. 7.116), little useful work was done by 
the grindine wheel. 

A second trend to emerge from the forcc analysis 
was th<1.t by J.ncreasing the dressing depth of cut at any 

cross-feed rate, the resulting force, when grinding, was 
decreased. This supports the argument that the greater 

dreGsine depths of cut caused more damage to the wheel 
surface than the finer ones, and produced sharper cutting 
edges, thereby requirJ.ng less force to grJ.nd and to 
reI!lOVe dulled grits. Another effect of J.ncreasing the 
dressJ.ng depth of cut, whJ.ch was less obvious, was the 
increase J.n the inJ.tJ.al grJ.nding perJ.od before the peak 
force value was reached. This is shown clearly in fig. 

7.116. 
An overall view of the : grJ.l'xiJ.ng force analysis 

shows that the grJ.ndJ.ng wheel dresGed at the IJlJ.d-range 

cross-feed rate of .3 mm/rev, and the hJ.gher J.n-feed 

values (12.5 to 25 ~), needed less force to grind than' 
when dressed at eJ.ther the hJ.gher or lower cross-feed 

rate for sJ.milar depths of cut, and therefore gave the 
most effJ.cient wheel condJ.tions from a grinding force 

pOJ.nt of view. 
The usefulness of the two parameters, grindJ.ng ratio~ 

and force ratJ.o (FR/FT), in determJ.ning the boundaries 

of each wheel wear stage for the dJ.fferent dressJ.ng 
conditJ.ons are shown J.n fJ.gures 7.117 to 7.140 inclusive, 
and have been plotted agaJ.nst volume of metal removed 
along with grindJ.ng force, wheel wear and workpJ.ece 
surface roughness, to show the influence of the dressing 
process on these grJ.ndJ.ng parameters collectJ.vely. 

It was noted that at the end of the more clearly 

defined prJ.mary wheel wear stages, obtaJ.ned for certaJ.n 
of the dressing conditions, the force ratio value increased 
from one level to another, due to a falling off of the 

tangential component of grinding force relative to the 
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r,1.dial component. 'rluG chanGe J.n force rutJ.o, however, 
wus not J.nscancanoous, and ohowo that a relatively short 

transJ.tJ.on perJ.od cXJ.sced betw~en the prJ.mary and oecondary 

wcar stages. A l.\ood example J.S shovm in flog. 7.117 
for the lnJ.d-range dresoing croso-feed rate of .3 mm/rev 
at the lugheot dressJ.ng J.n-feed value of 25 J-UII. For 

condJ.tl.ons g1ving less definable change over pOJ.nts on the 

wheel wear curves, e.e;. flog. 7.123, the force ratJ.o was 
used to advantage. It was aloo noted that in certain 

• 
cases, a second J.ncrease J.n the force ratio was apparent, 
e.g. flogS. 7.123, 7.129 and 7.131, which corresponded to 
the end pOJ.nt of the secondary wear stage. ThJ.s trend, 
however, was not encountered for all wheel condJ.tJ.ons, and 
called for another method of determJ.nJ.ng this pOJ.nt J.n the 
grJ.ndJ.ng wheel lJ.fe cycle. ThJ.s was establJ.shed through 
the parameter, grJ.ndJ.ng ratJ.o. 

Normally, the grindJ.ng ratJ.o is determined for the 
secondary wheel wear stage only (assumJ.ng that thJ.s stage 

has been previously defJ.ned), where a constant value J.S 

obta1.ned, g1.v1.ng a wheel pe::,formance rating against which 
other gr1.nd1.ng cond1.tJ.ons can be compared. From the' 
results of this programme of research, the gr1.nding ratio 
has been plotted for all three wear stages, g1.v1.ng a 
continual wheel rat1.ng wh1.ch has proved to be useful 
when compar1.ng the influence of the var1.OUS dress1.ng 
cond1.tions on the gr1.nd1.ng process. By super1.mpos1.ng 

fig. 7.123 onto hg. 7.124,fig.7 •. 129 onto f1.g. 7.130 

and fig. 7.131 onto f1.g. 7.132, 1.t was seen that the 
second 1.ncrease 1.n force rat1.o corresponded to the 
maX1.mum turn1.ng point value of the grind1.ng rat1.o. It 
was found that th1.s second parameter could be use,d to 

determ1.ne the end p01.nt of the secondary stage of wheel 
wear for those cond1.tions g1.v1.ng less def1.nable change 

over p01.nts on the wheel wear curves, or 1.n, the absence 

of a second force rat1.o-change, e.g. figs. 7.126 and 

7.128. 
Using the two above mentioned grinding parameters 
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Geverrtl obGervat~onG were made. In the caGCO where the 
h~,-,hcGt dreGsi~ croGs-feed rate of .5 1:1l1l/rcv WO.O uGed, 
~ ~ II00S no Gcd that for all dreGs~l1;:: deptho of cut, an 
ilU tutl decrease J.n ~,r~nd~ne; ratio occurred (.riG';' 7.134, 
7.136. 'r .138 r'.il.d 7.140), which 01lcGeDts, us stuted 

• 
prev~ouGly, that for these conditiono, thc J.nitial rapid 
whecl lIear was Quch reduced or non-existent, leading to 
a reJ.al;~vely short secondary wear stage before the onset , 
of tert~ary Vlear. In general, a reduction in grinding 
rat~o heralded the start of adverse grinding conditions. 
The variation Df force ratJ.o w~th volume of netal removed, 
shoVled that the duratJ.on of the primary stage of wheel 
",ear was J.nfluenced by the dressing conditions, with a 
longe.!' period be~ng observed for the wheel dreGGed at the 
mid-range cross-feed rate, as compared wJ.th that for the 
combinat~ons of in-feed with the lower cross-feed rate. 

Overall, the best rough-griln~ng conditions were 
obta~ned for t 11e wheel dressed at the mid-rFmc;e cross
feed rate of .3 noo/rev, with gr~nding ratios of between 
49 and 157 beine; recorded in the order of decreasing 

J.l1-fecd. The second best condi tionG were obtaJ.ned for 
the wheel dressed at the lower cross-feed rate of 
.1 wn/rev for the srone in-feed values, giving grindirtg 
rat~os of between 49 and 90; and the worst conditions 
were obtained for the wheel dressed at the highest cross
feed rate of .5 mm/rev, with grJ.ndJ.ng ratios as low 
as 11 being recorded after only 20 cm3 of metal had been 
removed. 

7.4.3 Tests 17 and 18 (Vii th a compar~son of tests 7 and 11) 

To ascertain the ~ffect of varyJ.ng the c;r~nd~ng 
depth of cut (traverse rate constant) on wheel wear, 
~rJ.ndJ.ng ratio and workpiece surface roughness, for 
selected dressing condJ.tJ.ons, two further rough-grindJ.ng 
tests were conducted in which the gr~ndJ.ng in-feed (radial) 

was reduced to 5 p.m. The measured parameters were then 
compared WJ.th those obtained from similar prevJ.ous tests 
in which a c;rinding in-feed of 12.5 j.llll had been used. 
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The dresGinG eonditionG e110Gen had prevJ.ouGly 
rOGul tOll J.n L'elatJ. vely Gtable wheel breakdown occurring 
durJ.l1{j the grlmhng period, and were conoi dered to be 
ideal otal1,dardG [l.2,rnnGt which to teGt other grinding 
condJ. tiol1s. These wore dre::winG cross-feed rates of 

.3 and .1 mm/rev, used J.n conjunctiol1 vJJ.th a dreGsing 
J.n-feed value of 12.5 ~m. The dJ.~ol1d dreGsJ.ng tool 
uGed v/Us the same one as described previously. , 

In fJ.g. 7.141 the J.nfluence of the combined dressing 
and grinding condJ.tJ.ons on grinding wheel wear has beeIT 
shown when removing a volume of between 50 to 60 cm3 of 
metal from each workpJ.ece. 

It \'Ias seen from this fJ.gure that the J.nitial 
grJ.ndinC wheel breakdoHn in the primary stage of wheel 
wear was dependent In all cases upon the dressing condit~ns, 
wJ.th the Game initial rat!3s of wheel wear beJ.ng observed 
for sJ.lular dressed wheels, J.rrespective of the grinding 
depth of cut~ but varYJ.ng according to the dresslng cross
feed rate. It was noted, however, that as wheel wear 
progressed, the rate of wear was reduced for those 
conditJ.ons lnvolving the lower grJ.nding depth of cut, 
partJ.cularly for the wheel dressed at the finer cross-
feed rate. ThJ.s J.nfluenced the pOJ.nt at which the 
primary vlear stage ended, and "I;he depth to which the 
wheel had worn during this perJ.od of time. 

These effects can best be explained with reference 
to fJ.gs. 7.142 and 7.143, where tr1l,ces of the ground 
V/orkpJ.ece surface rou,:shness have been presented for 
surface conditions resultJ.ng from coarse and fine dressed 
wheels respectJ.vely, used at both grJ.ndJ.ng depths of 
cut. The traces have been paJ.red for sJ.milar amounts 
of metal removed, and reflect the surface condition of 
the grindJ.ne; wheel thrOUGhout the tests. 

The ground profJ.le resultJ.ng from the as-dressed 
wheel surface for the coarse dressing condition (1st pass, 
fJ.g. 7.142) had a measured peak to valley height equal 
to the dressing depth of cut (12.5 pm), showing that 
the dressing variables selected, gave efficient conditions 
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In I;hout dHu:lOnd overlap occurrl.nc;. 'rhl.G had been chovm 
• prevl.oucly 1;0 produce a stronr;ly cohe(31.ve wheel surface. 

In the c::we of the finely dressed wheel, an as-dresGed 
c;round profl.le was produced, whoGe peak to valley heic;ht 

was leoo than half the dressing depth of cut (1st pass, 
fie;. 7.143). This showed a high degree of diamond over
lap, which sUG~;es ted that Greater surface damaGe had 
been caused to the Brl.ndinB wheel, as compared with the 
previous condl.tion. By reducl.nB the value of the Grinding 
l.n-feed, the wheel surface was subjected to less stress 
when Brl.ndl.ng metal, resultl.nB in a substantial reduction 
in prl.mary wheel wear for the finely dressed wheel, and 
a margl.nal reduction for the coarsely dressed wheel. 
ThiG leGs-stressed condl.tion was seen when comparing 
traces produced for similar volumes of metal removed at 
both grl.ndl.l1g depths of cut, by the more uniform, and 
less rugged surface contours generated at the lower l.n
feed value. 

When using the coarsely dressed BrindinB wheel, 
the dressinc; cross-feed was seen in the workpiece profile 
up to the end of the primary wear stage for both grindl.ng 
depths of cut, at which point, the loss of wheel height 
was approxl.mately equal to the orl.gl.nal as-dressed 
profl.le depth. This occurred after the removal of about 
16 cm3 of metal, and showed the ll.mited effect of change 
of grl.nding l.n-feed for this dressing condition, i. e. 
360 passes for a.g = 5 jllll.. and 120 passes for a.g = 12.5 jllll. 

In the case of the finely dressed wheel, the dressl.nc; 
cross-feed disappeared from the profile contour towards 
the end of the l.nitial" wear periods; and a total loss 
of wheel hel.ght of between 2! to 3 times the orl.gl.nal 

as-dressed profl.le depth was recorded at the end of 
the prl.mary wear otage, for the lower and higher grinding 
l.n-feed condl.tl.ons respectl.vely. (End pOl.nt = 100 passes 

for a.g = 12.5 jllll, and 350 passes for a.g = 5 pm). This 
highll.ghts the severl.ty of the dressing condition for the 
fl.nely dressed wheel, and shows that Vlhilst a reduction 
l.n grl.nding l.n-feed of 250% caused a substantial 
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reduction In wheel l"Ie:J.r, the fin:J.l primar,Y wear depth was 
Gtill creater than the orlf,im,l as-dreGGed proflle depth. 

The grlndln.:; ratlo calculated for each Get of 
conditions In the secondary wear staGe (fig. 7.141) gave 

silllllar values of around 190, showing that once the 
prlffinry staGe of wheel wear had ended, the following rate 
Ol' nheel breakdown was a functlon of the grlndlng conditions 
coupled wlth the natural eharacterlstics of the grlnding 
wheel, and was independent of the orlgina+ dressing 
conditions. The reductlon in grlndlng depth of cut 
caused a longer perlod of secondary wheel \/ear for both 
wheel conditions, wlth the wheel remalmng In the secondary 
stage of wear untll 75 cm3 of metal had been removed for 
the finely dressed wheel; and to the end of the test for 
the coarsely dressed wheel, after the removal of 53 cm3 

of metal. 
The effect of the dressing and grindlng condltions 

on workplece circularlty are shown In flgs. 7.144 and 
7.145 for the coarse and flnely dressed wheel condltions 
respectlvely. In all cases the as-dressed wheel condition 
was seen around the workpiece clrcumferences in the early 
stages of the tests, but disappeared durlng the prlmary 
stage of wheel wear. The subsequent clrcular proflles 
portrayed random surfaces, untll the onset of grlnding 
vlbrations, when the lobing effect became pronounced. 
Thls occurred for all cases except the coarser dressed 
wheel , subJected to the lower grindlng depth of cut. 

In flg. 7.146, the varlation of workpiece surface 
roughness wlth V01Ull1e of metal removed is depicted for 
the comblnatlon of dresslng and grlndlng condltions. 

At the beglnnlng of each test, the lnfluence of the 
dreslnng condl tlons on workpiece surface roughness were 
seen clearly, wlth the coarser dressing cross-feed 
givlng rlse ~o hlgher lnltial v~lues of average arlthmetl~ 
roughness. As the prlrnary stage of wheel wear progressed, 

the surface finlshes created by the coarsely dressed 
grindlng wheel were reduced, and tended 10wards a steady 
value after the wheel had entered the secondary stage of 
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wcar. I ~ liLt:::; 8CCll ~llat the nteady 8tate value Vias 

d~ffcrcl1t for cach c;r~l1dinc; depth of cut, and wan lower 
for the rcduced in-feed value. In the ca.:::;e of the finely 
dreo::lCd gril1d~ng wheel, the loVl im. tial values of workpiece 
surface rOUGhness var~ed marginally as the wheel progressed 
through ~ ts prunary Vicar sta~e, w~ th the value of average 
ar~thl1let~c rOUGhness increas~ng slightly for the h~gher 
f,r~nd~ng depth of cut, and reduc~ng for the lower depth 
of cut. AE,a~n, as thc wheel entered 1tS secondary stage 
of wear, the surface f1nish values tended towards a steady 
state value which was the same as that reached previously 
for the same gr1nd1ng depth of cut. 

:Thcse events showed that the dress1ng conditions 
only influenced the wor!::p1ece surface roughntlss during 
the pr~mary stae;e of wheel wear, and that the final 
surface f1n1sh value was dependent on the gr1nding 
cond~t~ons. 

7.4.4 Tests 19 to 30 inclus~ve. 

This last ser1es of tests was desif,ned to observe 
the effects of the dress~ng ~n-feed and cross-feed rate, 
coupled ,nth the grind~ng cross-feed rate, on the cylindr
~cal traverse grind~ng process when fine gr~nding. The 
parameters measured were the worlcpiece surface finish 
and c~rcular~ty, and the gr1nd~ng force. The results 
of these exper~ments have been used to test the rel~ability 
of equation 3.44 (and the preceding theoretical work), 
wh~ch predicts the f1nal ground surface roughness (Ra) for 
known dreso1ng and grinding cond1tions. 

Dressing was conducted In th a blunt diamond tool 
wh1cn had a wear flat of aplJroxunately 1.09 mm vudth, 
and 1S shown 1n f1':;. 7.147. Th~s d1arnond was used 1n 
conJunct~on vu th the f~ne-c;rained grind1ng wheel mentioned 
in the previous gr1nd~ng experiments, to g1ve cond1tions 
sU1table for f1ne (precision) gr~nd1ng. In all, 60 
different situat10ns were covered through a combination 
of 12 dres31ng, and 5 grind1ng conditions, with the 
e;r~nding 1n-!eed remaining constant at 5 pm/pass (radial). 
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AG Gecn in fiG. 7.14'1, the as-dresDed surface 
rou.::;hness of the gr~ndll1g wheel was reflected in the 
traceG taken from the ground surface of the workp~eces. 
In each of the three cases shown, the dress~ng cross-feed 
was clearly v~s~ble in the traces, which highlighted its 
influence on'Gurface roughness when using a blunt diamond. 
Also, ~ts lila~t~ng effect on prof~le depth was noted for 
reduct~ons ~n value from .5 to .1 mm/rev when compared 
,u th the ~ni tial dressing in-feed, wh~ch was 25 p.m ~n 

each case. The profiles portrayed, were for the case of 
no gr~nding overlap, and showed that in the first instance, 
the surface roughness could be represented as a ser~es of 
triangular forms having a base length equal to the dressing 
cross-feed rate. This was the premise upon which equation 
3.44 was based. 

la Chapter 3, ~t has been shown through analys~s of 
the cylindr~cal traverse grind~ng process from a theoretical 
po~nt of v~ew, that the surface pattern produced by the 
gr~nd~ng process ~s dependent in the first instance upon 
the dressing condit~ons, and secondly, upon the grinding 
traverse rate. F~g. 7.148 shows as a precursor to tests 
19 to 30, the effect of these parruaeters on a typical 
cyl~ndrical traverse ground worlcp~ece. The "Talysurf" 
traces dep~ct the influence of both dress~ng and gr~nding 
conditions on surface roughness, wh~lst the photograph 
shows clearly the influence of the grinding traverse 
rate for cond~t~ons producing grind~ng overlap, ~.e. 

nW/vt > 1, and b::/= 0. 
Analys~s of the test results ~s made easier by 

f~rst observ~nG the table of calculated parameters for 

tests 19 to 30 inclus~v~ ~n f~g. 7.149. The inset at 
the top of the f~gure is a common table, ~n wh~ch the 
degree of wheel overlap is pred~cted for the part~cular 
values of grinding traverse rate and rotat~onal workspeed, 
~.e. the number of values of interference E to be expected. 

This nuraber ~s dependent upon the rat~o nW/vt , and is . 
givcn by the terms (A + b), where A is an integer, and 
b is a fl'achon. (Goe Chap ~or 3, page 75 ). ROWeD 
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Gl.veD the nw,\ber 

trail~nc; edGe of 
nUlnber of values 

of values of interference H at the 

the feed band, and Row 0 G~ves the 
at the leadine; edge, asswnng b ;i O. 

'.rh~s common table Dhows that for the grind~ng 

cond~t~ons chosen, each c;round workp~ece should have 
two f~nal surface cond~tions per feed w~dth, i.e. b ~ 0 
for any case, and that for gr~nd~ng traverse rates greater 

than 10 ram/sec., ~.e. nw/vt = 2.70, the surface roughness 

at the tra~l~ng edc;e of the feed band should be e~ual to 
• 

the as-dressed cond~tion of the gr~nd~ng wheel. 
The three tables below the common table show the 

values of ~nterference E to be expected for each dressing 
* cross-feed rate h, and profile depth ~ (average peak to 

valley he~Ght. for tne as-dressed surface roughness); and 
the correspond~ng values of average ar~ thmet~c roughness •. 
These tables all show that the greatest reductions in 
average aritlli~et~c roughness Ra are dependent pr~mar~ly 
on reductions ~n the dressing cross-feed rate h, and 
should occur for values of vt < 10 mrn/sec, ~.e. vt /rivV<.4. 
Ho great ~m1)rOVement can be expected for values of vt > 
10 II1m/sec, ~.e. vt /nW>.4. 

The test results lull now be d~scussed in the light, 
of th~s analysis. F~gs. 7.150 to 7.152 inclusive$ show 
~n trace forrl, the var~ation of the workp~ece surface 
roughness w~th the grind~ng traverse rate for dress~ng 
cond~t~ons taken in the order of h = .5, .3 and .1 mm/rev, 

when comb~ned with values of a, of 25 and 5 pm respectively. 
The f~rst two po~nts to be noted were, that as h 

was reduced, the as-dressed surface roughness depth 

changed to a lesser degree for changes in 0.; and that 
the gr~nding depth of cut of 5 pm d~d not limit the 
roughness he~ght (7.5 to 10 PJfr) for h max., as would have 
been expected. The first effect was due to the obtuse 
nature of the dress~l1g d~=ond, which had a greater 
influence when coupled with reduced values of h, and will 
be demonstrated later; and the second effect was due to, 
the passage of several gr~nd~ng passes w~th in-feed 
being appl~ed, before record~ngs of the workpiece surface 
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rouGhneGG were taken. This cauGed higher values of Ra 
than would be expected. 

ValucG of the parameter E/h, which were deduced 
from the t,lbleG in fl[,. 7.149 for the occurenca of Inng1e 
values of B, l.e. for vt~10 mm/sec, are verified 1n f1gS. 
'1.150 and 7.151, by the grlnd1ng overlap present. This 
lS ernphas1zed when compar1ng these traceo w1th the as

dressed cond1tion for each case 1n f1g. 7.147. For the 
caGes whcre s1ngle values of E eXlsted, Le. limlted 
overlap, the greatest reduct10ns 1n surface roughness 
should have occurred for values of B/h of around .5, 

- * resul t1nc; 1n values of Ra of approximately 0. /8 un1 ts. 
The exper1mental results showed that values of Ra of 

~~ * between 0./5 and a. /6 un1 ts were prevalent, with little 
difference be1ng noted over the range of values of E/h 
between .22 and .88. The discrepency between the experi
mental and theoret1cal values was 1n the triangular 
approx1mat10n approach. For values of vt < 10 mm/sec, 
the reduct10n 1n workp1eee surface roughness was clearly 
v1s1ble 1n the traces, part1cularly 1n f1gs. 7.150 and 
7.151 at the h1gher dress1l1g cross-feed rates, and was 
due to the lncreased grind1ng overlap, as depicted by 
the 1ncrease 1n the number of values of E. 

The overall effect of the dressing and grind1ng 
cond1tions on the Vlorkp1ece surface roughness for f1ne 
gr1nd1ng are shown in a three-dHllensional form in f1gs. 
7.153 to 7.155 1nclus1ve, for the three dress1l1g cross
feed rates 1n reducing order. The lOVler values of 
average arithDetic roughness obtained for each set of 
exper1mental and theoretical cond1t10ns have been plotted 
together. The d1screpenc19s between these values are 
due to several factors, 1.e. the inab1l1ty of equat10n 
3.44 to take account of the degree of randomness generated 
in the wheel face when dressing, and d1fferences between 

the actual and stated values 'of the dress1ng and grinding 

parameters. 
The 1nset table at the top of each diagram 

empha:Jlzco the limi t1n{;, effect on the workpiece roughness 
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* depth a. , of the dlaJllond c;eome try comblned vn th the cross-
feed rate h. rltese tables show that when the Grindlng 
wheel WJ.S drcosed for fine grlndlnG, the ensuinG as
dreDDed our facc rouGhness ,"I as prlmarily a functlon of 
the parallleterD ;a and It, and was inde9(llldent of the depth 
of cut a., except at the hlghest croDs-feed rate of .5 mm/rev. 
This trend was reflected ln the starting values of Ra. 

The general trends depicted bore out the previously 
Dtated predlctions of eQuation 3.44, \"11th the greatest 
reductlonD in surface roughness being recorded Vlhen 
vt<lO mm/sec, for the conditl0ns involvlng the higher 
values of h. For conditl0ns at the lowest value of h 

(fle. 7.155), little change was noted, \"11th predicted 
values of Ra belng 50% lOVler than the actual values by the 
time vt had reached 5 mn/sec. ThlS suggests that a point 
Wly have been reached after which the natural charD.cteristics 
of the Ilheel influenced the workplece surface roughness, 
e.g. the grlt Slze and spacine. 

Comparing the experimentally obtalned values of 
worlqnece surface rouGhness with those consldered as 
beln<:: acceptable for flne grinding59, e.g •• 25 to .64 J.UII (A.A), 
showed that a hlgh degree of grinding overlap was necessary 
for those condltions lncorporating the hlgher values of h, 
before favourable results were obtalned. This demonstrates 
the importance of using 10\7 values of dressing cross-
feed rate when dressing for, fine grlndlng. 

Traces showing the influence of the dresslne and 
grindl110 conditions on workplece circularity have been 
presented in figs. 7.156 to 7.158 incluDlve. The severity 
of the coo.rse dreDsing condi tl0ns for both the high and 
low dresslng depths of cut were seen clearly in the 
circular traces of fig. 7.156, nith the cross-feed rate 
being dlscernable 11'1 the worklliece circumference untl1 
the grlnding traverse rate had been reduced to 7.5 mm/sec. 
From thls pOlnt onwards, the circularlty of the workpiece 
l111proved, due to increased grinding overlap. The same 
effect was observed for the mid-range dressing condltions, 
to a lesser degree, but dlsappeared completely for the 

-199-



flnc drCGGll1[( cOIlC1i tionG , Wl ~h no ,10 ~lcablc change 
occurrlng In ·work[,ll?cc clrcularl. ty over thc r8n,:;e of 
c;rindlnc; traversc rute used. These observatioJ.1G Gtrengthen 
the prcvlous findlng that fine dressing cross-feed rates 
are necded to obtaln the best overall conditions for good 
surface flnlGh, and clrcularlty. 

To compare the efficiency of the different dressing 
conditions when fine grindinG over the range of traverse 
rates speclflcd, the grlndlng force was measured in the 
form of ltS radlal and tangentlal components. The 
variation of grinding force is portrayed in flgG. 7.159 
to 7.161 lnclusive, In the order of reduclnG dressing 
severlty. The main trend deplcted in each flGUre is the 
sarne, and shows that a linear relatlonGhlp existed 
between the grinding force and tTaverse rate (vt ) for 
each dresslng condltion used. This trend lmplies that, 
as vt was reduced, only part of the wheel wldth was 
engaged In grlndlng, l.e. an amount vt/n mm or greater, 
with the tralling edge having a smoothlng effect on the 
workplece surface, whllst removlng little metal. 

Extrapolatlng the mean llnes representlng the force 
varlatlon, glves implied condltions of zero force at 
some value of vt ' whlch is lmprobable. A possible 
explanatlon lS that the measured force values were lOW, 
due to a sldeVlays deflection of the wheel tendlng to 
lift the tralllng edge away from the workpiece, althoug~ 
this cannot be substantlated. 

The force trends showed that the influence of the 
dresGing in-feed on grlndlng efficlency was limited, and 
depended upon the partlcular dressing cross-feed rate 
chosen. For the cases when h = .5 mm/rev (flg. 7.159), 
dlamond overlap did not occur, which resulted In sharper 
wheel profiles belng formed at the greater depths of cut. 
The lmproved efficiency of the wheel for these conditlons 
was reflected in the subsequent reductlon in the grinding 
force. The lowest overall values of force were generated 
when using the wheel dressed at the mld-range cross-feed 
rate of .3 mm/rev, with a relatlvely narrow band of 
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values of FT being recorded (f~g. 7.160). This emphasized 
the lhl1 ted eIfee t of the dressine in-feed when d~a.mond 
overlap wJ.s encountered, and showed that an improvement 
~n grinding effic~ency was ~rought about by the reductio~ 
in h. An exception was noted for conditions embracing 
the lowest dressing in-feed, where a substantially 
higher value of force was recorded. It was possible 
that relat~vely blunt cutt~ng edges were formed at this 
dress~ng condit~on, thereby ~mpair~ag the grind~ng 
act~on of the wheel. Sim~lar trends were noted when 
us~ng the wheel dressed at the lowest cross-feed rate (f~g. 

7.161), except that the overall force values were higher, 
showinG a reduct~on in gr~nding eff~c~eney. 

The increase in the tangential component of force 
relat~ve to the radial component for f~ne grinding, ~s 

seen when compar~ng values of the force ratio obtained 
from the rough gr~nding tests, ~.e. 1.5 to 2.0 and 1.7 to 
2.} respect~vely. Th~s shows the reduction in grinding 
eff~ciency caused by the.dress~ng action of the relat~vely 
blunt d~amond tool. 

l:.1 SUI.1MARY OF THE GRINDING TEST RESUIiTS 
The results of th~s work have sllown the importance 

of the correct select~on of dress~ng variables when 
preparing the grinding wheel for both rough and f~nish 
cyl~ndr~cal traverse Grinding operations, s~nce they 
~nflueneed both the useful working l~fe of the wheel 
when rough grind~ng, and the result~ne workpiece surface 
f~n~sh when fine gr~nding. 

The dressing var~able hav~ng the greatest influence 
on both rough and fin~sh gr~nding conditions was the 
cross-feed rate, with the depth of cut being of secondary 
~mportance. Th~s f~nd~ng was ]11 accordance w~th that of 
many previous researchers,2,},4,8,19,20,45. whose work 

was ma~nly conducted in the field of surface grinding. 
The ~deal dress~ng conditions for rough grinding were 
found to be those g~ving minimum d~amond overlap, which 
h~ghl~ghted the importance of the diamond geometry, 
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through the anGle /3, whcn coupled wloth the croso-feed 
rate. Conditloono resultlol1g in excessive, diaoond 
overlap, caused reductions in grinding efficiency by 
lompalorl.l1g the grlondlong action of the wheel. Similar 

trends were observed when fine grindlont:\, after dressing 
wl.th the relatl.vely blunt diamond. These observations 
are in agreement with those made by others,50 after 
conduct long work lon the floeld of lonternal grlonding. 

The grind long parameters Force Ratloo,42,57 and 
Grindlong Ratloo,34,45 have been shown in this work to be 
useful lon assess long the influence of the dresslong 
variables on the grlondlong process, through thelor ability 
to pin-polont the varloous stages of wheel wear. 

For those dressing conditloons glovlong optimum, or 
near optlomum wheel performance, it has been shown that 
their influence was restrloced to the inlotloal perlood of 
raplod wheel wear, and that the followlong period of 
uniform wear, in which useful work was done, was 

governed solely by the prevaloling grl.ndl.ng conditions. 
Thlos trend follows a generally accepted pattern. It 
was seen that lon the cases of lonefficl.ent wheel dressing 
caused by too great a traverse rate, the useful working 
llofe of the wheel was severely affected by the onset of 
grlondlong vlobrations after a relatlovely short perlood of 
primary wear. Thlos highlighted the adverse conditions 
possible when uSlong cross-feed rates greater than the 
mean grit dloameter • 

The grinding force has been shown to be a more 
approprloate parameter than force ratloo when assessing 
the severloty of dresslong on wheel performance at the 
start of grindlong. It was noted that the grlondlong force 
resultlong from loncreased dressing depths of cut was 
reduced, and suggests that sharper cuttlong edges were 
produced for these condlotloons. The ensuing primary wheel 

wear was seen to extend to depths greater than the mean 
peak to valley heiGht of the as-dressed surface roughness, 
and supports the argument that the greater depths of cut 
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caused more damaGe to bhe wheel face than the finer 
ones. 

The ~nfluence of the dressing var~ables on the 
workp~ece surface roughness has been shown to depend 
upon the type of GrindJ.ng being cons~dered. 

In the case of rough-grinding, where a relatively 
high grind~ng traverse rate was employed, the trend 
dcp~cted for all dress~ng cond~ tions '1laS the same, with 

the~r influence on worl:piece surface rouGhness be~ng 
limited to the period of primary wheel wear only. It 
was seen that irres[lecti ve of the as-dressed condition, 
of the .::;rinding wheel, the workpiece surface rouc;hness 
tended towards the same final steady state value after 
the wheel had entered its secondary stage of wear, with 
this value be~n0 governed by the grind~ng conditions. 

In the case of f~ne-grind~ng, the dressing cross
feed rate has been shown to have a h~ghly significant 
effect on workpiece surface roughness. For those 
conditions employing high values of th~s variable, a high 
de.::;ree of grinding wheel overlap was requ~red to reduce 
the surface roughness to an acceptable level. The 
results of the fine grind~ng experiments corroborate 
the pred~ctions made from the theoretical analys~s of 
this process, and have shown the usefulness of such 
an approach. 
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4 
Test Ng 1 
Diamond N!! 6379411 

Dressing condition:-
Z a =12.5 Jlm 

3 
h = .5 mm/rev 

-Cl> Wheel type:- A 46 KV ~ 
0 

4-

Ol 
C .-
Ul 
Ul 

~2 
"0 
4-
0 force change 
~ 

C due to 
Cl> 

increasing c 
0 diamond 0.. 

~1 
wear 

u 
I - Critical 0 Stable region Unstable region 

"0 region 
0 

0::: 

OL----L----L--~--~L-__ ~ __ ~ __ _L __ ~ 

+15 +10 +5 0 -5 -10 -15 

Drag angle, degrees 

-75 -70 -55 -50 -55 -50 -45 
Rake angle, degrees 

Fig.7.1 Variation of the radial component 
of dressing force with di amond tool 
drag & rake angles, for increasing 
diamond wear. 



Test NQ 1 

Diamond NQ 63794/1 
sign 

convention 
8 +ve 9-ve 

Drag angle 9 = +15 
o 

Rake angle ex:~ _75 0 

In-feed a = 12.5jJm 

-ex: -ye 

Dressing force components( recorded) :-

Fr = 1·45 N Ft = .55 N 

Fn = force component normal to the 
rake face of the diamond tool. 

ex: +ve 

Grinding wheel 

DIAMOND 
t.C REACTION

FORCE 
SYSTEi.J 

Fp = force component acting along the 
rake face of the diamond tool. 

Fres.= resultant force. 

Fig.7.2 Resolution of Dressing Force 



Test NI:! 1 

Diamond N2 63794/1 

CC:!: _70 0 

a = 12.5 jJm 

Dressing force components (recorded):-

Fr=1.04 N Ft = .41 N 

Diamond tool 

Grinding wheel 

DIAMOND 
REACTION
FORCE 
SYSTEM 

Fig. 7.3 Resolution of Dressing Force 



Test N2 1 

Diamond N° 63794/1 

a = 12·5 jJm 

Dressing force components (recorded) 

Fr = ·90 N Ft = .34 N 

Grinding wheel 

DIAMOND 
REACTION
FORCE 
SYSTEM 

Fig.7.4 Resolution of Dressing Force 

~--------------------



Test NQ 1 

Diamond NI! 53794/1 

a:: ~- 50° 

a = 12.5jJm 

Ft 

Dressing force components (recorded) 

Ft= .59 N 

Diamond tool 

DIAMOND 
REACTION
FORCE 
SYSTEM 

Fi g. 7.5 Resolution of Dressing Force 



Test N2 1 

Diamond N2 63794/1 

a =12.5jJm 

Ft 

Dressing force components (recorded) 

Fr = 3.12 N Ft = ·76 N 

DIAMOND 
REACTION
FORCE 
SYSTEM 

Fig. 7.6 Resolution of Dressing Force 

. , 



Test NQ 1 

Diamond N° 63794/1 

" 

a =12.5jJm 

Dressing force components (recorded I 

Fr= 2·98 N 

DIAMOND 
REACTION
FORCE 
SYSTEM 

Fig. 7.7 Resolution of Dressing Force 



Test N2 1 

Diamond NQ. 53794/1 

9 = _15 0 

ex: = _45 0 

a = 12·5 J.lm 

Ft 

Dressing force components (recorded) 

Fr= 3·19 N Ft=1.04 N 

Lt 

Fi g. 7. 8 Resolution of Dressing Force 

DIAMOND 
REACTION
FORCE 
SYSTEM 



Test N2 2 
Diamond N2 63794/1 

Diamond condition at 
the start of the test 

,/ y/ B , V",, 
/ / 5Q8~ 711~m ~ , '""-,, 

. //X <-, ,-" A, wear due to .ve drag':;~s used 

/ ' " '" B = 11 11 ~e ~ 11 '" 11 

Diamond condition at ~ 
the end of the tes t 

Fig. 7.9 Pictorial representation of the effect of 
drag angle on diamond wear when dressing. 



If) 
c 

4~--~----~----~----~----~----~ 

Test N° 2 
Diamond N° 63794/1 

Dressing conditions 
a =12.5 j.lm 
h = .1 mm/rev 

23 Wheel type:- A 46 KV 

~ 
z 

O~--~----~----~-----L----~--~ 
+15 +10 +5 0 -5 -10 -15 

Drag angle, degrees 

Fig.7.10 Variation of the radial and tangential 

components of dressing force with diamond 

tool drag angle, showing the range of values 

obtained for a repeated test. 
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t.L -u=-

5·0-
o 

-+-' 
o 
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Ol 
c 
~4.0-
~ 
o 

I--

3·5-~ 

I I 
Test N2 2 
Diamond N° 63794/1 

Dressing conditions 
a =12.5 jJm 
h = ·1 mm/rev 

Wheel type :- A 46 KV 

~ 

~ 
! 

J. ,~ 

4 -ir 
.4~ 'i' '7 

~ 

'Q 

;~ drag 
~. Ft angle 

"'l~~-,;,~, 8 -, 
Fr 1:r1' -- , t ,.~~ 

n.,'}.I 
force ra tio = FYFt .. ' 

'.N 
-j' 
I: -

~ 
3.0~15 +10 +5 0 -5 -10 -15 

Drag angle. degrees 

Fig.7.11 Variation of dressing force ratio. Fr 1Ft 
with diamond tool drag angle. showing 
the range of values obtained for a 
repeated test. 



3 I I I I I 

Test N2 3 
o , 

Inc. angle = 143 35 

Diamond N!! 70795/2 
o 0' 

When 8 = 0, cc = - 69 30 

I I I 
z Key I I I 

Dressing condition:- a =12·5 J-lm l h=·1 ~e~ 
Wheel type :-

f- 1-32A60·KSYBE 3-A 60 KY r, 
2-3SAL.6·K5YBE 4-A46 KY / >< ~ ~1", ~ / y~ 

/ 
~, ~"::::::::, 'Y' 'Y 't/ • /""" ---) 2 - - ..... 

1 • ~ 
--: 

------V ~ 
-o 
"0 . 

& 
Critical 

Stable region Unstable region region 

°l __ +~15 ___ +1~O ___ +5~~O ___ -~5 __ -_10~_-~15 __ __ . Drag angle, degrees 
I I i i i I i 

-84 -79 -74 -69 -64 -59 -54 
Rake angle. degrees 

Fig. 7.12 Variation of the radial componentof 
dressing force with the drag angle & rake 
angle of the diamond dressing tool for four 
different grinding wheels. 
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'+-o 
....... 
C 
ill 

3 

51 
0-
E 
o 
u 

o 

I 

I I 

Test N!l 3 

Diamond N!l 71784/2 / \ I I 4 
T I 0 

~. 
.____1. ~-\ Inc. angle = 95 ~ 

o 0 3 
When 9 = 0, oc/~ -- 1-"'" ~/ 

/; j ~!-- ~ ~ 2 

r 1 

~ ~ 
Key 

Dressing condition;-

a = 12.5j.lm l h = .1 mm Irev 

~ 
Wheel type;-

4- A46KV 
L 3- A60KV 

2 - 38A46·K5VBE 
1 - 32A60·K8VBE 

, 

Unstable region 

+15 +10 +5 0 -5 -10 -15 

Drag angle, degrees 
i i i I i i I 

-60 -55 -50 -45 -40 -35 -30 
Rake angle, degrees 

Fig. 7.13 Variation of the radial component of 
dressing force with the drag angle & rake 
angle of the diamond dressing tool for four 
different grinding wheels. 



Test NI< 3 
Diamond N!2 70795/2 

o ' 
Inc.angle. = 143 35 

Wheel type:-

38A 46- K 5 VBE 

Grinding 
wheel 

Fr= .88 
_:..:;i!~=I=±~-J,~8° Ft = .31 

Diamond 
to 01 

~} 

~} 

8 = Drag Angle 

oc = Rake Angle 

f1. =1·22 

Ft = .32 ~} 

oc=-59° 

L...Oo!-~,-:;:;~::::'::~:j8 =_100 

Fr =1·63 N} oc=-54° 

Ft = .33 N Ft L.._~2--__ -=:::~~-L 1 
--1. ° 8=-15 

Scale: 10 mm represents .3 N 

Fi g. 7.14 Resolution of dressing force 



Test NQ 3 
Diamond NQ 71784/2 

Wheel type:- A 1,6 KV 

Fr =2.25 N} 

Ft= ·51 N Ft L----.::~--=----=::::::::~~=-=~ 

'1-=2.78 N} 
Ft Ft = .51, N 

'1- = 2·25 N} 
Ft = .33 N 

Scale: 10mm represents .3 N 

Fig. 7.15 Resolution of dressing force 

o 
a:=~ 0' 

8=-5 . 



Pre-test plan view of 
diamond N° 70 795 / 2 

Inc. angl e (vertical plane) 
° , 143 35 

Pre-te st plan view of 
diamond N° 71784/2 

Inc . an gle (ver tical plane) 

95° 

Pre -tes t front view of 
diamond N° 71 7841 2 

Post-test front view of 
diamond N° 71784/2 
showing the degree of 
diamond wear on the tip 

NB. Abrasion can be 
seen on the diamond--o 
rake face 

Fig.7.16 Plan views of two diamond tools before 

dressing , and front views of one of the 

diamonds before and after dressing. 



Test N° 3 Diamond N° 70795/2 

Inc, 
Angle 

,..... .. / '- = 143°35' 

~:// \,.~" /. \. '\ 

test end /~. ~ \ 

Diamond front view 

All views x 25 mag. 

° 0' When El = O. cc = -69 30 

test end 

Diamond profile views 

test end 

Diamond plan views 

Fig. 7.17 Views of wear on a diamond after 
dressing four grinding wheels at different 
values of drag angle: in-feed & cross-feed 
constant. 



Test N° 3 

-.~:.-.....~ 
-- I I I I 
-. I I I I , 

/ I I I /I 
test end 

Diamond front view 

All views x 25 mag. 

o 0 
When 9 = O. ex: = -45 

( 

Diamond N° 71784/2 

Inc. 
Angle 

= 95
0 

Diamond profile views 

test end 

Diamond plan views 

Angle 

= 108
0 

Fig. 7.18 Views of wear on' a diamond after 
dressin g four grinding wheels at different 
values of drag angle, in-feed & cross-feed 
cons tant. 



TestN° 3: Wheel type:- A 60 KV : Diamond N° 70795/2(sharp) 

--- ------~ ___ al.LirL--,-~_--:-r_--_--_r ____ + _____ I-__ --:--; 

~, ~~ ~:-~ =--~_-~--_~ ___ ~_~l~~= ~_ ~, -'--~- . ~~l~~~L~~_:~~;· =-2:_ ~~~~~-j 
° ° 9=-15 cc=-54 Ra=2.38J.1m 

cross-feed h ,constcnt at.1 mm/mv:: in-feed a, constant at 12.5JJm 

9 = Drag angle (degrees) :: cc = Rake angle ( degrees) 

Fig. 7.19 "Talysurf" traces showing the influence of diamond drag angle 

(& rake angle) on grinding wheel surface roughness Ra ,when dressing. 



Test N° 3 : Wheel type:- A 60 KV :Diamond N° 7178412(sharp) 

--I - -- - --i--, 
1_ --1 _ ; __ ' ~ _I - L_ I 

:- - -j--:- I 1 --1 I 
, I I , I I 

t.J -- - -- c - - air,,; -, . 
1--'- - ,--- --, --- -- - f-- - - ,-..:--. -< 1--+-

~l=!=L:r~:::j~-::E:t=: +=f~-=-}=-i=-E::L-~ __ Fci __ 1_ + E=-t--~tt~Fi---l: j -I 
cross -feed h ,constant at .1 mm/rev:: in -feed a, constant at 12.5}Jm 

9 = Drag angle (degrees) :: ex: = Rake angle (degrees) 

Fig. 7. 20"Talysurf" traces showing the influence of diamond drag angle 

(& rake angle) on grinding wheel surface roughness Ra, when dressing 



Test N2S 4t07inc. 
Diamond N° 63794/2 

/ 
/ 

1.12 I 

( * mm , 
" " 

cross-feed 
direction 

Diamond 
condition 

Diamond profile views x25mag. 

'\ 

( 

/ 
/ 

" '\ 
®~ 

I 
I 

/ 

< 
'\ 

'\ 
, 

Diamond plan views x25mag. 

* final wear area between .9mm
2 

to 1.2 mm
2 

comml2nt Axial wear Difference 
J.lm J.lm 

New diamond - no wear 0 
200 

Wear at the end of Test N° 4 200 
140 

11 11 11 11 11 11 11 5 340 
95 

11 11 11 11 11 It 11 6 435 
60 

11 11 11 11 I1 11 11 7 495 

Fig. 7.21 Profile and plan views of a diamond showing the 

extent of diamond wear after dressing four grinding wheels 

, at various values of in-feed. cross-feed and drag angle. 
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Test N2 4 
Diamond N° 63794/2 (sharp) 
Wheel type:- 32 A 60- K 8 VBE 

Key:-

Symbol 

-.-

Drag angle 

20 

15/ 
10 0. y.~ 
/ 

Fig. 7.22 Variation of dressing force (radial 

component) with dressing depth of cut 

and traverse rate for a range of values 

of drag angle. 

25 



5~--~----~----~----,-----~---. 

Test N2 4 Drag angle 15 
o 

Diamond N2 63794/2 (sharp) 

Key:-
4 Symbol In-feed 

1 represents 5 jJm 
2 10)Jm 
3 15 jJm Fr3 
4 20)Jm 

23 
5 25jJm 

. 
ID 
U 
l
Q 

'+-

Wheel type :-
32 A 60 - K 8 VBE 

~~--~--~~~~--+---~--~ 

c 
If} 
If} 
ID 
l-

D 

--- - - - Ji2 , Fr1 

·1 ·2 .3 .4 .5 ·6 
Traverse rate in dressing. mm/ rev 

Fig. 7.23 Variation of the radial & tangential 
components of dressing force, namely 

--fr. -& Ft respectively, with traverse 
rate in dressing. for different 
depths of cut. 



Test N2:' Drag angle 15 
o 

Diamond N2 6379412 (Sharp) 

Key:-
4 Symbol Cross-feed 

23 

ID 
u 
t
o 

4-

1 represents ·1 mm/rev 
2 .2 mm/rev 
3 .3 mm/rev 
4 .4 mm/rev 
5 .5 mm/rev 

Wheel type:-
32 A 60 - K 8 V8E 

Fr5 

Fr4 

Fr3 

~2~----+-----~~~-~~---+------~--~ 
c 
~ 
~ Ft 5 
o .- -
11--~~77~~1:~_~~_~_~-~F~t4~ - _ - Fr1 

_- - Ft3 - _-- - -Ft2 
-----Ft1 

. 
°OL----L----1LO----L----2LO----L---~30 

Depth of cut In dressin g, jJ m 

Fig. 7. 24 Variation of the radial & tangential 
components of dressing force, namely 
Fr & Ft t'espectively, with depth of 
cut in dressing for different 
traverse ra tes. 



Test N2 4: Wheel type:-32A 60-I<BVBE: Diamond N263794/2 (sharp) 

Vert ical mag.: 1 scale div. = 1.25 J-Im Horiz. mag.: 1 scale div. = 50 J-Im 

" 
., !-

, 

-:-::..---- -=i 
a = 25 J-Im Ra = 2.36J-1m 

b:-~_~:r_~-L C~-~T~,-~D=T---~-t--' 
, -----,------- -,-------------4--------------:------------ (, 

__ • _______ ~ __________ ) _____________ 1 ___ - ____ ~- _________ • ____ _ 

a=20J-lm Ra = 1.45J-1m 

f-~~-~~- ~-- -~- -~-~- ~-:~-~~~=--=~~ --:-:~-k~=-~~-=:~-~~=: -~-: --==- --~ ~~--~~- r-~-=~ ~~~-=~ -.~~-!- -. --~ -~ ~~--- .--~ 
-- ---_.--- - --------- ---- ---- ---,---- ---,,. - - - - .--

a =15 jJm Ra = .90jJm 

,------- - -. _.-, --_. 

--j~-}- - -~~_~_-'-~-~--~o-~ ~--'--" , -,-~ -_:~ --1-~>-~-,~:,--/:~!~~:- _-: ~:~:~-'--r_--~~~_--:~-. ~:! 
a=10J-lm Ra = .75jJm 

'~~= ::_-:=-~::~_~_--j :..~:-~:~--: ~~: --:J~:~~_:= ~-:-~-~1 =~~::-:'-~=~ ~-_ -~-=::~ ~~;~l j~:~~:~:---:-' ~~ 
_____ - - - i-- - - - - ' , __ - __ - - I' _ _ 

=f-!~p::_I-,-~---=--FL-:~i::E=~:1=~---C;~~-+~~-6i~~~~~-- -
~-=--- ----:. -: ~-: __ ~_n~ __ • -:-- ~- - ~--L-----~--·----,i- r- r-~~--!-=f--t=~~! 

a=5J-1m Ra= .50jJm 

h constant at .1 mm/rev 

9 constant at 5 
o 

Fig. 7.25 .. Talysurf" traces of grinding wheel surface 

roughness Ra when dressing with a fixed diamond drag 

angle 9 • constant cross-feed h and variable in-feed a. 



Test N° 4 : Wheel type :-32A60-1<8VBE : Diamond N° 63794/2 (sharp) 

Vertical mag.: 1 scale div.=1.25jJm Horiz.mag.: 1scale div. = 50 jJm 

1-----------
I -, -
1:"- -

a = 25j.lm Ra = 2·42 j.lm 

,---- ----- -1- ---- - -- --.- --- --- - - - -- -- ------ ------- - - ' 
, ---------1- ____ ._ : : 
*--- - - - ---- --' - ------- --- -- -~ --- -- ---- -- - - -- --- -- --, -

--- - - - -- - ---- -----------,' ---+ --- ----- - --

a = 20j.lm Ra =1·80 j.lm 

, , I 

t=-- -=-- -~---:--=~-->.~--:!--- --~ ~--:.-~ -- ~ ~f-~ - ~ -= .. --~-~ 
~---------------, , 

L _____________ I ________ 1_ 
l _____________ '- _____ .• ________ _ 

, ---,5----- ----
- - --------. -- ,- -- - - --- - --- -
'-- -

a =10j.lm Ra = .75 jJm 

a=5jJm Ra = ·70 jJm 

h constant at .2 mm/rev 

9 constant at SO 

Fig. 7.26 "Talysurf"traces of grinding wheel surface 

roughness Ra when dressing with a fixed diamond drag 

angle 8 • constant cross-feed h and variable in-feed a. 



Test N° 4: Wheel type:- 32 A60-KBVBE : Diamond N° 63791,/2 (sharp! 

Vertical mug.; 1 scale div.=1.25jJm Horiz.mc:g.: 1scale div.= 50 jJm 
. , 

1---

E'·- - . -
----- .. -. - -
.. -. -~--- --:-~ ; ~-=--~ 

- --- - --

a =25jJm Ra = 2·50 jJm 

, -
t------ ----- -_ ~ r~ _~ ___ ~ _____ -. 1 ._ = 

a = 20jJm Ra =2·30 jJm 

a =15 JJm Ra = 1 . 25 pm 

a =10JJm Ra = 1 . 05 pm 

a = 5 pm Ra = 1·00 jJm 

h constant at .3 mm/rev 
o 

8 constant at 5 

Fig. 7.27 "Talysurf"trace5 of grinding wheel surface 

roughness Ra when dressing with a fixed diamond drag 

angle 8 • constant cross-feed h and variable in-feed a. 

. -- , 



Test N° 4 : Whc<?1 type:- 32A50-1(8VBE : Diamond N° 63794/2 (sharp) 

Vertical mag. : 1 scale div.= 1·25 Jlm Horiz. mag.: 1 scale div. = 50 Jlm 

h I h I ~ - ~ h 

a = 25Jlm Ra = 2· 70 Jlm 

a = 20Jlm Ra = 2·40 Jlm 

, 
- r- -- -r ~- ~- ~ - ,~- -- -~ 

~ -'+~-~~-~ ~~-----~- --=-- -r-=-===-~~ --~~~-~_--~~~_~=~-~i:- ~~=::-=- ---~-=±:-----~=------

a =15 Jlm Ra= 1·53 Jlm 

-, 
1 __ -- ~ - -~ ~ _______ ~_ 1 ~ ~ f~--=--~~_~ : ~ ~ _:- ~ ___ ~_ 

~
'~~----- .. -'~ ~-- ~ -~~~~-~i--~-~ - ~~ I ~-- - -' ~ ~ - ~; --~~--~ 

------------------1----- --t----- ______ --- ----- ______ -
'----:---;--\-' -'-c' ~.I t ' 1 , L' - r---, --L T -------t-- - ! ---r-i---1-t- I - ~. I -~ _' _L-~~----~' __ L_'_.l.'~. __ ~ ~ ~ ~ ____ L L ~, l ~ _L_' __ 

a =10Jlm Ra = 1·38 Jlm 

- -~-. =~:=- ~~~t~~_:~~_~~~~_ -~- _~=~~~-~~~~~l-~~~:~ -~ : ~~-: ~ ! ~~=-~~ ~-.=-~' .:\~.~ -~-~ '~:-':-~ 
I _ _ ""' ,",,-.,J 

I=.=-~ -= _~'_~}:':J ~. :.~ ~:..-_~-_~~~-_-.-'--__ --'-_~.-~ ~_-~_~ _. -_"_-_I-'~~ =-=- - -~ .. ~ ,;~-- ~-.. 

a =5 pm 
h constant at ·4 mm/rev 

9 constant at 5° 

Ra=1.30 Jlm 

Fig. 7. 28 "Talysurf"traces of grinding wheel surface 

roughn<?ss Ra when dressing with a fix<?d diamond drag 

angle 9 • constant cross-feed h and variable in-feed a. 



Test N° 4 : Wheel type:- 32 A 60- K8VBE: Diamond N° 6379l./2 (sharp) 

Vertical mag. : 1 scale div.= 1·25 j.lm Horiz. mag.: 1 scale div. = 50 J.lm 

1------_ 
'-~ 

-~-- ----r--- - l 
-- ---;.. _ ....... ---- - -- - - - - - -- ~ 

a = 25 j.lm Ra = 2·98 j.lm 

==-~_-~~~~~ ~=r~=---~ :=~ ----j ~~_-= -_-_---~-?~ ;-- -=-=---=-~--=--=r- -==---~~- --i ~---- - --

(.-:- .- ·~-=~t~ ~~:-=-.:. -; __ 
t- -----~-

c-=~:_c~t ,c:~<:=~=L •... -. i._c c-·· .. 

a = 20j.lm Ra = 2.88 j.lm 

a =15)Jm Ra= 2.70 )Jm 

~.:_~~~.;-~.-~·-:~~--~~·he~f~-=:l~~:- --.-- -~:~=---.:.:~~~~~~t -:_~~-~= -=-~~~:r.:.-. '-:~~;. 
r- --
r~,,:,--~:,:·-- ~~~=-- -- --- -f- : 
t-=-_=-~_-==--:c..:.=.-=-~_ -_-=--=-.1:~_!_.= __ =~=_ ====-=_= __ ~~_ :±' __ ~Jz=-=_:-_ -:-. -=_':'. -tJ -:.=_.= __ -"'vi_ __ __ 

a=10j.lm Ra = 2 ·10 j.lm 

a = 5 j.lm Ra = 1 ·65 j.lm 

h constant at .5 mm/rev 

e constant at 5 
o 

Fig. 7. 29"Talysurf"traces of grinding wheel surface 

roughness Ra when dressing with a fixed diamond drag 

angle 9 • constant cross-feed h and variable in-feed a. 



Test N° 4: Wheel type :-32 A60-KBVBE: Diamond N° 63791./2 (sharp) 

Vertical mag. : 1 scale div.= 1·25 JJm Horiz. mag.: 1scale div. = 50 Jlm 

- ~ --- --.- --- -- -: ~-- - --- - --. ,- -- -- --- ----, .. - - ------ ---;---- -- ----1::i~ - - _ .. - --- -, 

~- -~-= =.- -- -! ~ - --- -- ~ -- - ! --- _. -- - .. _.. - -- - --
, , 

~- ~--

- 1 .. -- ! 

b
~ , 

+--i ~ - - '~ - -- --- ~ ~ 

i-i--!~+ r---r--'--+-__ ~ ___ ~ I ,L -' _ 1 t I.-.:~ -_~_,-.f_~:. _==n.<:_=-' -!~ 1-- -J~- -~ ~- _1 . Ml~_~ ~ ~_ ~-~ 

a =25Jlm 

-- ~ 

I_~~ ___ -~- __ : -- __ L--,--.... --- -- ------ -----,--- ---,---
~-+::-+..::~ __ ::l :.l-__ l--_-=::.~~----l--L_.~-_ _=_- -- _:J-. _ -:=-=_ . __ 1- 1=- - I_-_~_:__:--

a = 20Jlm Ra = 1·63 Jlm 

a =15Jlm Ra = 1· 25 pm 

------ - - -- T-,- ~ -;==-1 ~!.:.:... _=~_ ~-=-c:-=~ __ __ _ ___ ~~_, __ __ _ -+ _, ~ , 

1-' " I -
O==~-~-=--~-=-t ___ -[:_=L_ .. ___ ~ _:_=-_:_~-===~-=--=-I=-=-= ---~ ... -- _ .. -~l ' l .. '-

a =10jJm 

a =5 jJm 

-h 1:onstant at ·1 mm/rev 

e constant at 10° 

Ra=1·33 jJm 

Ra = 1·00 jJm 

Fig. 7.30 "Talysurf"tracC?s of grinding wheel surface 

roughness Ra when dressing with a fixed diamond drag 

angle e . constant cross-feed h and variable in-feed a. 



Test N° 4 : Wheel type:- 32A60- K8VBE: Diamol'\d N° 63791./2 (sharp! 

Vertical mag. : 1 scale div.= 1·25 J.lm Horiz. mag.: 1 scale div. = 50 J.lrn 

---~----

(-- - -1- -- --- ---

, , 
_ I 

I- - -- I I 
t--- _. - r-- -- -- - -- '- - - -

a = 20}Jm 

Ra = 1· 80 J.lm 

--r ..!--!-~-!--l----f--- _____ .!.v_ 
-=- --=-_~-::---_wheel---::-___ ~-u- _-_- _- -

-. _. __ -l _________________ _ 

Ra = 1· 75 }Jm 

-,------------t 
c.~ -____ ~- .-- =--=-=I-=-~~-_ , -___ ~ =--=- T -- ----- - -1- - - - - ------

i-
____ , _ _ _ _______ ~ -1__ _ _ -_ __ 

E:- ::~-- ----~ ~ 1- -~ -:-~~~==-t-- -- ~=--_~~--:2: ~~~~=:~~-~~~~g~---;~~:=~-~ J--:--- ----- =-::--=--
a =15 JJm Ra=1· 75 }Jm 

. -- -----
l~~:.~~~=_;....:: :_-~-.:-~: __ ~ -.--. -: ~-~~_=_=__=_=~--=_i --~_-~~:.:~: .:..:. ~:-~- ---. ~---- i---- =----~ - -

a =5}Jm 

h constant at ·2 mm/rev 

9 constant at 10° 

Ra = 1.55 }Jm 

Ra =1.25}Jm 

Fig. 7.31 "Talysurf"traces of grinding wheel surface 

roughness Ra when dressing with a fixed diamond drag 

anule 9 • constant cross-feed h and variable in-feed a. 



Test N° L. : Whec:1 type :-32A60-KBVBE : Diamond N° 63794/2 (sharp) 

Vertical mag. : 1 scale div.= 1·25 Jlm Horiz. mag.: 1scale div. = 50 Jlrn 
_ _ _ _ L 

--- - ---~-1-------1-:J~' ----
--- -- - - --, - -- --i - ~ r ,- :--- --:~~---~:~ - ~h~~-:-A-:~~ -~- ~ 

____ _ n~ ____ I-~_ ,~ ~~~----:- ~- -~-I~-------~~~~r:~~---\---! 
------'-c----- ---s-----_;I------_=_:__::__:_' --::------_ ' --2J_L ---

Ra = 2· 63 Jlm 

!----
_ .L-

a = 20Jlm Ra=2.38Jlm 

----~---- ,-- - -- --

a =15 Jlm Ra=2.13 Jlm 

=--= ~~'- -=.-=l=-----==~ .----..=- --~~--=-~~---:~ ~--- -=---=:-- ---- -- - -=~==~-== -= -~=--~- : 
__ --"4---- __ _ 

a =10Jlm Ra = 2.00Jlm 

- f • 

L _ ------~~l::c;- ~~ ---- - -: +?.;--~~ .=-:-- -~ J.~~_~~.~~c:~~~~=~:~~~- -: ~ :.-:.:-.:-- =-:--=-::. 

a =5 Jlm 
h constant at .3 mm/rev 

9 constant at 10° 

Ra = 1·55 Jlm 

Fig. 7.32 "Talysurf"traces of grinding wheel surface 

roughness Ra whc:n dressing with a fixc:d diamond drag 

angle 8 • constant cross-feed h and variable in-feed a. 



Test N° 4 : Wheeltype:-32A60-K8VBE :DiamondN°63794/2(sharp) 

Vertical mag. : 1scale div.= 1·25 j..Im Horiz. mag.: 1 scale div. = 50 J.lm 

, - I -.-
- t 

: --

, 
1-

-/ - - - - - ---
- 1 - ------

- - - ~ 

---------- 5! ------------~ ----- -' -------- -----

a = 25j..1m 

a = 20J.lm Ra = 1. 98 J.lm 

a =15 J.lm Ra = 2.05 J.lm 

- -------r--- -- --- ---- - -- ----- - - - -- - ,----- ---

=~=-=---=-=-~:~~~-:----.-} -- ---~ ~ --- --- ~- -- --~~~~~------ -==-=-~~~-=---=-~- =--=-= 

a =10j..lm Ra =1.70 pm 

;~~~-::-:--~~~~T~::- :::-~-.:-:~~~~~-=-=::~==-~_~-~~~~-:-=-~:_-:~~j:- -----------: -:::- ~ ::~- -
- -.- ~ -- - - -- I 

--I - -- - , - - - - -: ~4--~ ---, --
- h 1- -- 'h -----r:::-:--'-':-:-:~-

a =5 pm 

h constant at ·4 mm/rev 

8 constant at 10° 

- - ---'-- ~--....... -- _....... '- (- -.- ---

Ra = 1 .50 J.lm 

Fig. 7.33 "Talysurf"traces of grinding wheel surface 

roughness Ra when dressing with a fixed diamond drag 

angle 9 • constant cross-feed h and variable in-feed a. 



Test N° 4: Wheel type :-32A60-1<8VBE: Diamond N° 63794/2 (sharp) 

Vertical mag.: 1scale div.=1.25j.lm Horiz. mag.: 1 scale div. = 50 j1rll 
L~---~-----l~~-- --~-. 

- , , , 
I - ~ - 1.-_____ _ 

I 

-- ------t- -

, ~ , 
, 

. , I - - ,----- - -- ~ - -- --

"." -----..... ' 

,--t - - -- - - - - - - ~--- _________________ ., ______ ~ __ .~ I _. _.,--_ '. ______ _ 
=:--~--t ----.- --- ---r - ,__ - _______ - - I 

a = 25j1m Ra =2.70 j1m 

-~ ---i------,---- ----t--------- --
-+----- j- - ---- - - - -

~ I -

, 
, - - --. 

a = 20j1m Ra=2.08JJm 

--------,--- ----- ~\.r 

a =15 j.lm Ra=1.93pm 

- - ___ : -_ .=-=_ ~ _=--=--=-J "_- -_ _ _____ . _=L~_-=--=--__ -_______ ' , - - -- - - -.-
_________ , I : -----.---.:,'--------5-;---

--_- :--:-----: .~- ------- -1--'- -- ---- ---i- --- --- - ----r--- - .-

a =10j.lm Ra = 1· 88 pm 

f+~~~-~: ~ --~-- : :~~:-~~:~--~-~~~~.:~ --~=-~ ~-~-- j-~~=~) ~ .·::~~:e~~-~~-=::~ 
~lT~! f¥~~Ft~-~~ ~-=~- -~~!~ ~:~:~-~~~- _m ,--;-air ~~~-
----_. _ ,~_.~ ___ .L _________ '-' ~ ____ ~_ ___ _ __ I 

a = 5 pm Ra = 1· 50 pm 
h constant at .5 mm/rev 

8 constant at 1if 

Fig. 7.34 "Talysurf"traces of grinding wheel surface 

roughness Ra when dressing with a fixed diamond drag 

anglo 8 • constant cross-feed h and variable in-feed a. 



Test N° 4 : Wheel type:- 32A50-1<8VBE : Diamond 1'10 6379417 (sharp) 

Vertical mag. : 1 scale div.= 1·25 Jlm Horiz. mag.: 1 scale div. = 50 Jlm 

,- i ---

- I -
- - j -, 

a = 25 Jlm 

a = 20Jlm 

a =15 jJm 

a =10jJm 

a =5 jJm 

h constant at.1 mm/rev 

9 constant at 15° 

-- - I -- --- I 
- - -.---,--- - ----- -

Ra=1.63Jlm 

Ra =1·68 jJm 

Ra =1· 63 jJm 

Ra=1.30jJm 

Ra = 1· 63 pm 

Fig. 7.35 "Talysurf"traces of grinding whee?l surface 

roughness Ra when dressing with a fixed diamond drag 

angle 9 • constant cross-feed h and variable? in-feed a. 



Te?st N° 4 : Wheel tYPe? :-32A 60-KBVBE: Diamond N° 63794/2 (sharp) 

Vertical mag. : 1 scale div.= 1· 25 J.lm Horiz .mag.: 1 scale div. = 50 J.lm 

- 1--- I - - -I - ~--------- - - ----------- ,': - ---------_.' 

1--
~'--- --~-,---'-
~- - i ---.1-_ -r...:::-:-..-:=.:=-_ ~ 

a = 25J.lm Ra = 1.88 J.lm 

a:: 20J.lm Ra= 1.75 J.lm 

a=15J.lm Ra=1.55j.Jm 

Cl ::10 J.lm Ra = 1.83 J.lm 

a = 5 J.lm Ra:: 1· 00 J.lm 

h constant at ·2 mm/rev 

9 constant at 15° 

Fig. 7. 36 "Talysllrf"traces of grinding wheel surface 

roughness Ra when dressing with a fi~ed diamond drag 

angle 9. constant cross-feed h and variable in-feed a. 



Test N° 4 : Wheel type:- 32 A60-KBVBE: Diamond N° 6379t./2 (sharp) 

Vertical mag. : 1 scale div.= 1·25 JJm Horiz. mug.: 1 scale div. = 50}1ffi 

~ _ i - :-, ~ _ L - :: -__ :-_ - ! _ -_ -==_: __ _ -- 1_ --_ ::_= = = : _- : - ! __ --:- - _-- _ 
____ _____ ______ ____ L _________ ' 

a = 25j.Jm 

a = 20pm 

a =15}1m 

a =10jJm 

a=5j.Jm 

h constant at.3 mm/rev 

9 constant at 15
0 

Ra=2.13pm 

Ra =3·13 }1m 

Ra=2·88 pm 

Ra = 1. 75 jJm 

- - 1::-- -_I - 1-. - "",--~,=:;:, ==:=~ 

Ra =1.45 pm 

Fig. 7.37 "Talysurf"traces of grinding wheel surface 

roughness Ra when dressing with a fixed diamond drag 

angle 8 • constant cross-feed h and variable? in-feed a. 



Test N° 4 : Wheel type :-32A60-K8VBE : Diamond N° 63794/2 (sharp) 

Vertical mug. : 1 scale div.:: 1·25 J.lm Horiz. mag.: 1scale div.:: 50}Jm 

~::-~-~- -~- -- j-- -:-~-~- --:T~---- -~-I~F::-- --~~- ~ r~~-:--~~:-: :--::---~~----=-
I . 

. _-------, -- --- ---

a :: 25}Jm 

a :: 20}Jm 

a ::15}Jm 

- - - --; - ---- -
-----~ __ I_ ~ ____ + ____ • _________ L ___ _ 
___ --l,_ : _ _ ______ 1o-+L---

a=10}Jm 

a::5}Jm 

h constant at· 4 mm/rev 

8 constant at 15° 

Ra::3.00}Jm 

Ra::2.88}Jm 

Ra::2·25 }Jm 

Ra = 2.13 }Jm 

Fig. 7.38 "Talysurf"traces of grinding wheel surface 

roughness Ra when dressing with a fixed diamond drag 

angle 8 • constant cross-feed h and variable in-feed a. 



Test N° 4 : Wheel type:- 32A60-K8VBE : Diamond N° 63794/2 (sharp) 

Vertical mag. : 1 scale div.= 1·25 jlm Horiz. mag.: 1scale div. = 50 JlfTl 

, -, 
~ - -__ I -_=- - _ _ 

Ra = 2·13 Jlm 

-~ ---.1 --~-~-=~: ~--~-~= 
----~ ----------.! 

----=I-: -- ~- ::: --::: ~ 
------1- ----

a = 20jlm Ra = 1·88 Jlm 

t~ _______ -1-- , ____ '__ ___' __ 1. ~ - - I ----- ------. 

___________ ~ _ • ______ ~__ ____ _ 1 ---. --- --, -- -_. ~--- ,. ~-~-~-~--=-:r-----:-~-~- ----- _-~I ~- -~~_~~_~;~ 
- --

- - - -~- -

Ra =1· 70 Jlm 

-- 1 - -

---~~~_=_-~=_t- -_~_=l-~~:-=. - ~-~ =~_~~~~ ==--,------:::::-: __ :::!:_=_:-t:Lv--::::-~:-:-----'-

a=10jlm 

a =5 jlm 

h constant at .5 mm/rev 

e constant at 15° 

Ra =2 ·13 Jlm 

Ra = 1·30 Jlm 

Fig. 7.39 "Talysurf"traces of grinding wheel surface 

roughness Ra when dressing with a fixed diamond drag 

angle 8. constant cross-feed h and variable in-feed a. 

, 



, 

I 

Tes t N2 4 Key;-

Diamond 1'1163794/2 (sharp) Row1. Ra actual (jJm) 
Row2. Ra theoretical ( jJm) 

Wheel type 32A60-K8VBE Row 3. !3 theoretical (degrees) 

Drag angle 5° I Cross-feed h mm/rev 
row ·1 .2 .3 ·4 .5 

~2 .50 ·70 1· 0 0 1.30 1· 65 
5 - - 177 1 ·98 177 11.31 177 11.46 -l -I 

E 1 .75 ·75 1· 05 1.38 2.10 
:I.. 10 

3
2 - 177 1 .98 177 I 1·31 176 I 2·18 0 -1 -1 

~2 
.90 1.05 1· 25 1.63 2.70 -g 15 

1761 1.31 176 1 1·75 175 1 2.73 (]) -1 -1 
"-

I 1 1· 45 1· 80 2.30 2·40 2·88 .s 20 
3

2 - - 173 12 .29 174.51 2·40 174.51 3.00 -1 -I 

25 12 2.38 2.38 2·42 2.40 2·50 2·70 2.98 
1721 2.63 174 1 2·62 174.51 3.00 

3 158.51 1691 

Drag angle 10
0r Cross-feed h mm/rev 

ro'll ·1 ·2 .3 ·4 .5 

5 ;2 
1.00 1.25 1· 55 1· 50 1.48 1.50

1
.
46 .98 1.31 1.48 

171 I 174 I 174 1 176 1 176 I 
E 

1 2 1·33 1· 55 2·00 1· 70 1·88 
:I.. 10 1.32 1·53 1·97 1·75 1· 91 
0 3 1681 173 I 174 I 176 I 176.51 

1 1·25 1 7r::. 2 ·13 2.05 1.93 '2 15 2 1.32 I' oJ 1.75 2·13 1·96 1.91 
(]) 3 168 I 172 I 173.51 175.51 176.51 .... 
I 

12 1·63 1.75 2·38 1.98
1

.
96 

2.08 .s .20 1·65 1.75 2·29 2.18 
3 1651 172 I 1731 175.51 1176 I 

1 2 1.70 1.65 1· 80 1.75 2.63 2.63 1.98 1.96 2.70 
25 2.70 

3 165 1 172 1 1721 175.51 175 I 

Drag angle 15°1 Cross- feed h mm/rev 
row ·1 ·2 . 3 . [ . .5 

5 12 1·63 1.46 1.00 1.09 1·45 1.46 1.88
1
. 48 1.3 0 1·46 

3 1651 175 I 1751 176 I 177-51 
E 

1 2 1.30 1· 83 1·75 2 ·13 2.18 2·13 
;l., 10 1 1.32 1·86 174.51 1·80 2·18 0 3 168 171.51 1751 176 I 
u 15 1 2 1·63 1.65 1· 55 1.53 2 ·88 2.95 2·25 2.18 1· 70 1.64 
(]) 
(]) 3 165 I 173 I 171 I 175 I 177 I -I 12 1 .68 1.65 1· 75 1.75 3·13 3.12 2.88 2.84 1.88 1.91 c 20 .... 3 165 I 172 I 170.51 1173.51 1176.51 

25 12 1· 63 1.65 1·88 1.97 2·13 2.13 3.00
3

.
06 2·13 2.18 

3 1651 171 1 173.51 173 1 176 1 

Fig. 7.40 Table of actual and theoretical values of grinding wheel 

surfact" roughness Ra for different dressing conditions. 



Test N24 Wheel type:- 32 A 60 - K 8 V8E 

3 
Ra 

2 
j.Jm 

1 

·4 
·3 

- h mm/rev _ ·2 -
Fig. 7.42 

- .3 
- h mm/rev_ ---Fig. 7.43 

.1 5 

.1 5 

o 
Drag angle = 5 

25 

o 
Drag angle =10 

o 
Drag angle=15 

25 
20 

15/ 

/<> 

Figs. 7.41 to 7. 43 inc. Variation of grinding wheel 

surface roughness with depth of cut and traverse rate 

when dressing with a sharp diamond set at different 

values of drag angle. 



Test N!l. 5 
Diamond N° 6379412 (worn) 
Wheel type;- A 60 KV 

6 

2 

o 
·5 

Key;

Symbol Drag angle 

5° 
10° 
15° 

20 

15/ 
10 0. 'V~ 
/ 

Fig. 7.44 Variation of dressing force (radial 
component) with dressing depth of cut 

and traverse rate for a range of values 

of drag angle. 



14 

12 

6 

4 

Test N2 6 
Diamond N° 63794/2 (worn) 
Wheel type:- A 46 KV 

o 
.5 

·4 
~ .3 

h m ·2 5 mire ·1 v __ 

Key:

Symbol 

-----0-

Drag angle 
5° 

10° 
15° 

20 

15~/ 
10 0. 'Y 
/ 

Fig. 7.45 Variation of dressing force (radial 
component) with dressing depth of cut 

and traverse rate for a range of values 

of drag angle. 



Test N2 7 
Diamond N° 63794/2(worn) 
Wheel type:- 38 A 46 -I< 5 YBE 

Key:

Symbol Drag angle 

5° 

-.-

Fig.7.46 Variation of dressing force (radial 

component) with dressing depth of cut 

and traverse rate for a range of values 

of drag angle. 

10° 
15° 

25 



Test N° 5 : Wheel type:- A 60 I<V : Diamond N° 63794/2 (worn I 
Vertical mag. : 1 s::ale div.= 1·25 j.Jm Horiz.mag.: 1 scale div. = 50)J1I1 

, 
--- i 

_____ 1 ___ _ 
_ __ .J ___ _ 

r -- -- - - ,--, - - - I - _ - - - - 1 - -- -- -

,-
,..- --------

a =25jJm Ra = ·88 )Jm 

a = 20jJm Ra = .88 pm 

Ra = 1 . 13 pm 

a =10pm Ra = .88)Jm 

a = 5 pm Ra = .75 pm 

h constant at ·1 mm/rev 

8 constant at 5 
o 

Fig. 7.47 "Talysurf"traces of grinding wheel surface 

roughness Ra when dressing with a fixed diamond drag 

angle 8 • constant cross-feed h and variable in-feed a. 

IJ 



IcstN° 5: WheQltype:- A60KV :DiamondN°63'19l,/2(worn) 

Vertical mag. : 1 scale div.:: 1· 25 Jlm Horiz. mag.: 1scale di\~ = 50 pm 

------ t - - I 
- : - -- --

I _ _ _ _ _ 

b f ~-- :=-~~-- ~~¥~~-:~ -::4~-::~;:_- -;-~-=j~: --::~- -i -j.-~~--~-:-~--~~~ 
a =25pm Ra = 1.95Jlm 

a = 20Jlm Ra=1.75 Jlm 

a =15 J.lm Ra= 1· 60 J.lm 

____________ • ____________ L , , 
=- =-~ ---= -- _-} ~ __ -~~~-~ = ~- -~ -: -~-~--~~---: --~-- =-~r~~~ ---~ _~----~--t===:---~- =-----t=--~=-~~--

a =10JJm Ra=1.38Jlm 

r , , J I i , ---
,------ --~ --- -h -- -- f- --h- - , -- r- -h - I --- r------' -- ---- ---
~-~Wheel- --~::: 
, ----~-- ----- '----~ 
~ - - - - - - - -- -- - - - - - -1 --
1\ -- - - --- - -- - ---: - - - - --- -- 1 --- - - - ' • - - -
r- ,--;--- , -- - ; - --- ----,- - --- - -T --- -- alr-- - - --
=r=c~ -- - ----\------ -,-- - I - -
__ _ 7---1- .' I ,_~_ _ _ __ __;- ~r---.-"'~ _ ~ 

a = 5 J.lm Ra = 1 . 30 J.lm 

h constant at .3 mm/rev 

9 constant at 10 
o 

Fig. 7.48 "Talysurf"traces of grinding wh{'el surface 

roughness Ra when dressing with a fixed diamond drag 

angle-S • constant cross-feed h and variable in-feed a. 



Test N° 5 : Wheel type:- A 60 KV : Diamond N° 63794/2 (worn I 
Vertical mag. : 1 scale div.= 1·25 JJm Horiz. mug.: 1 scale div. = 50 J1m 

, 
- , • _ J _ ' 

=---=:t=:::::...=:=--C= -~------- ---' --' - ---
- ...-- --- -- - -- - '--- ---.-------

a = 25 J.lm Ra = 2.63J.1m 

, , ---- -- ----t-----------,----------- - -10 - -- ---- ------ '-- c 
- '--l-

-:.- -

- . 
, -' 

- , , , 
, __ ~ __ J_ ~.L..L~_ j ~ __ J_-_1--~: 

-- ----1---. __ --_ ..... =-+-___ 1-_ ;. -- --1 

a = 20J.lm Ra = 2·25 J.lm 

a =15 J.lm Ra= 2.38J.1m 

a =10J.lm Ra = 1· 50 J.lm 

1--_"';"---...!n~_::-:_-------;:..,,~ --ll = ~-=-_ -_~he'el 

E-=L~.-~_;~~--~- ,------ J~~~--~:~i~~r~~~~~=~:~4-~~-- -~~~~ -+~:~~:~--~~ 
a=5J.1m Ra = 1·30 J.lm 

h constant at .5 mm/rev 
o 

9 constant at 15 

Fig. 7.49 "Talysurf"traces of grinding wheel surface 

roughness Ra when dressing with a fixed diamond drag 

angle 9 • constant cross-feed h and variable in-feed a. 



Test N° 6 : Wheel type:- A 46 KV : Di amond N° 63791,/2 (worn ) 

Vertical mag. : 1 scale div.= 1·25 j.Jm Horiz. mug.: 1 scale div.: 50 J.lm 

-- ! --
-- - - - - -- - -- 10- --- ---

~, 
,- '-r I ; '-' 1- 1- '--j .t-e----

- - - - - - - I --.- - - - -ll!- - ._-

- - _ -I ' I _I ' ---1-~-
............l-~ _ _ -.0. __ I _ ___ I _. _ I ___ j ____ .1...._ I ________ 0 __ ' ___ ~ L. l. -1 _1 ' 

Ra: 1·30 pm 

-I -~,---

- -; -.! - -
__ • ___ --I. _ _ ___ _~ _ ; __ ~ 

a = 20J.lm Ra: 1·13 pm 

lS - -------- ----. 1- ----r--- 1-- -, -- - : 

- - ------ --- -- ---------- _<.-- ----- -,- --- --- -
- - - - -- --I 

- -,- , 

:-:-~ ;~-~- ~J ~- - ~ ~-f~~~<-~i ~ ;~ -~= F·-: -~~~-~-{~~ -=-= 

a =15 pm Ra= 1·08 pm 

----.!..--- --
-- 10 --- - - --- - ------- ---- -

-- - - ----r-;-----;--.,. -_-'.. --;---- --- --

a =10j.Jm Ra = 1·38 pm 

- - - - - --
,..-_1 .--- - - -- - --- ------ -- - ---- .------- -- -- - ... -----_-+ __ :._ -jt} i-[--r- '--- -- :- T---i-t--,--~-------~alr ---------:-=r..=i:--.--i---[hr---;n -
~I ___ '_~~ ~~+--_~--c ;~ __ , __ t-i=~T __ ~-~~_~-~_~-=-~~~-~--J===~L--=-~_' _ : -tr-:--

a =5 pm 

h constant at·1 mm/rev 

e constant at 50 

Ra = 1·25 pm 

Fig. 7.50 "Talysurf"traces of grinding wheel surface 

roughness Ra when dressing with a fixed diamond drag 

angle e . constant cross-feed h and variable in-feed a. 



TesH10 5 : Wheel type:- A 45 KV : Diamond N° 63794/2 (worn ) 

Vertical mag. : 1 scale div.= 1.25)Jm Horiz. mGg.: 1 scale div.:: 50 )Jm 

I --
- , - -, 

M
-

:------- - - -
- ~ - - --

, 
- -------- ----,------ ---

- - - - - - --- - - 1 - - -

a = 25)Jm Ra = 1.88)Jm 

, , ' - '--- ------:.- ____ A. --.-- -.--- -- --- ------------- -- -

a = 20)Jm Ra = 1· 80 )Jm 

-___ ~_, __ ..: ______ I __ _ ___ __ _ ___ ~_ .... _________ .l. __ _ _____ .. ____ , ____ _ 

~t_l~~;_L_~ __ , ~ ~-i ~-..J j _ j t-1 - __ ,--_-~ j J_ I __ ! I=~l-t ~~,~ 

a =15JJm Ra= 1·70 J,lm 

-. -- - --- t - I __ .... ___________________________ _ 

a=10)Jm 

a = 5 J,lm 

h constant at·3 mm/rev 

9 constant at 10° 

Ra = 1 . 65 J,lm 

Ra = .95 J,lm 

Fig. 7.51 "Talysurf"traces of grinding wheel surface 

roughness Ra when dressing with a fixed diamond drag 

angle 9 • constant cross-feed h and variable in-feed a. 



Test N° 6 : Wheel type:- A 46 KV : Diamond N° 63794/2 (worn ) 

Vertical mag. : 1 scale div.= 1·25 J.Jm Horiz. mGg.: 1 scale div. = 50 JJm 

~ --....----_. - " j 

Ra = 2. 20j.Jm - -

-::T:-=-~ ~:-:::~--::--=-r- :::~~:=2_'I~F- _--=-_~~::-:- -: -::~: -_::'.~-=~: ~.-: : -.. 
! --- - - -- --- --- -- - - -- ---, 

1-- - --- .. ,- ---

- __ 1 _ j 

a = 20j.Jm Ra = 2.15 j.Jm 

=-=-~ :~~~-:-:--=--=-~:=~:-~~ _~_~;_==':-_-l=~:=:~~[~-,:=~-=--~~~--=--I~~_ ~j~-t-~< --~ ~~~-- ===~ ~ -
____ , __ '---- ~_-_- _________ l ____ L __ ~__ _ _____ _ 

a =15 j1m Ra = 2 .13 j1m 

--- -~ ------.-- -- - --.... -- .. -. -__ .... ________ ...... _ j ______ .. __ • __ ~ ___ .. ____ '- .4 _. ___ •• __ 

- .------- --- '- -- -: __ -- ___________ ~ ________ ..!__.! __ ~ ----.:..1 _______ _ 

-::_-.~~~---_:: -- ------~-- --=. __ -_-~-_=_=~-_-_ --r--- -.:- ~-~_~:_~_~- -.---; -.:--.-.' ----~= __ l~ 
, , , 

- __ • __ -' __ J ----- - - -

a =10j.Jm Ra = 2·10 j.Jm 

a=5j1m 

h constant at .5 mm/rev 
o e. constant at 15 

Fig. 7.52 "Talysurf"traces of grinding wheel surface 

roughness Ra when dressing with a fixed diamond drag 

angl:? 8 • constant cross-feed h and variable in-feed a. 



TestN° 7: Wheel type:- 38A46-K5VBE: Diamond N° 6379/,/2 (worn) 

Vertical mag. : 1 scale div.= 1·25 J-lm Horiz. mcg.: 1 scale div. = 50 J-lm 

" 

,. __ J ___ .. 
a = 25,JJm Ra = 1·25 ,JJm 

-, ------ -- -f;; - --
: , 

a = 20,JJm Ra=1.25,JJm 

.. , 
, ;-

. r 1 - _._----- --- ----

a =15,JJm Ra=1.25J1m 

=~~-L ~:_-,:_ ~~==-~--=-~: ~~-~~=~.=~_- _-:~~ ~~ , =~=--=_~-:=-_ . _ .-"j----- ~~-- - - ~_J =-------~~-~-:...~ 
I :, I' ---- ---, -- - - - - - - - - - -- - - - - .- --- -- - -- - - - - - - ---- - . -- - - - -- --- ---- - --

~-- ------10-------- - -- .... - ~-~-,_.- -

. 

=-_j---,:--'- -~-5:-- L-~I ·-i __ ~ 
_ 1__ _ _ _ _ J. _.L. j.- __ ... '_' __ 

a=10,JJm Ra = 1 . 30 J.lm 

-I.,." .. , .. '. o. '1' '--+- •• 1_ , ,- •. -- Ir. 1'"-- 't - -. --' ~--l-.J -: -'--~~---.-
-- -.- I---------I--h--- - ----.L- -!----.- - ! 1- ~~-------~-~---. 

• - - j.. -- ,- -- - - --

a = 5 J.lm 
h constant at·1 mm/rev 

e constant at 5° 

, I ! I • I I I 

Ra =1·15 J.lm 

Fig. 7.53 "Talysurf"traces of grinding wheel surface 

roughness Ra when dressing with a fixed diamond drag 

angle 8 • constant cross-feed h and variable in-feed a. 



Test N°7 : Wheel type:-3BAI.5-K5VBE: Diamond N°63794/2 (worn) 

Vertical mag.: 1 scale div.=1.25J.lm Horiz.mag. 1 scale div.=50 J.lm 

I 

- -
- I , 

r r --

.. 
!~--f~ -:-~~~~l_~ ___ -~=- _~_ -L 

, ' 
,- -1 

-- ,- , -~-----., -- --- ,-
_~~ ___ ~ ___ L__ ___ _ __ _ :-_ 

a=25j.Jm Ra=1·88 j.Jm 

~R ____ 1 ___ _ 

a=20j.Jm Ra=1·73 j.Jm 

-
, ~=-=-1' -- -~- ~: 1 -
I~-l-- --' ------,-- , 
, -~. - -~ - <- -- - --- ----~ --

I ----l ~ 
-.~_.~. __ -~_ - I J r-- - ...... -~-

a=15j.Jm Ra = 1· 73 j.Jm 

--~----- ... ~-- ---- -, --~-- -
; 

~~~~~- - - ---- - -- ) -- --- -------

a=10j.Jm 

, , 

a=5j.Jm 

h constant at·1 mm/rev 
e constant at 10° 

Ra = 1· 58 J.lm 

I I ! 

Ra = 1· 53 j.Jm 

Fig. 7. 51. "Talysurf" traces of grinding wheel surface 

roughness Ra when dressing with a fixed diamond drag 

angle e . constant cross-feed h and variable in - feed a 



Test N° 7: Wheel type:- 38A46-K5VBE : Diamond N° 6379/./2 (worn I 
Vertical mag.: 1 scale dlv.:::1.25}Jm Horlz.mag.: 1scale div.= 50 jJm 

'~I __ '~h __ 41 __ ~h~~, . 

a = 25 jJm Ra =2.88 J.lm 

j 
- - -,- -- ------- - ,-- - - - ---

--, 11-
-;-- -. , , 

a ::: 20jJm Ra =3.08 jJm 

a =15 jJm Ra=1·95 pm 

.. , -- - ------ -- -- - -- r--- -__ r _.1___ _ • 

- -- - - -- -- ---~ .~-- -----.------
" . 

a =10jJm Ra::: 1· 53 jJm 

1-- -- -- --- - -1---- ------- - -~---

. I ! 
: I 
I 

- -10 -- -- ---.- -c-- - ----
! 

. T- --- ----

a =5 pm Ra = 1· 08 pm 

h constant at.3 mm/rev 

e constant at 10° 

Fig. 7.55 "Talysurf"traces of grinding wheel surface 

roughness Ra when dressing with a fixed diamond drag 

angle 9 • constant cross-feed h and variable in-feed a. 



Test N° 7 : Wheel type :-38A46 - K5VBE : Diamond N° 6379~/2 (worn ) 

Vertical mug. : 1 scala div.= 1·25 JJm Horiz. mug.: 1 scale div. = 50 J.lm 
, h ' ' h 

wheel 

, , 
- , , 
Ra = 2.65 J.lm 

, 
i ' I _____________ L. 

J~ -______ ~_-- -~- -~-j - -- ' -- --

a = 20J.lm Ra = 2.08 J.lm 

- - - __ - I , " • j 

I 

a =15 j.Jm Ra = 1· 95 j.Jm 

I I --- ----- --- ! 
.<- ( - - ----

I 

i -- - - -------- -- --- - ------- ----'- -- ---
L ________ • 

a =10 j.Jm Ra :: 1 . 38 J.lm 

I --- - ,--- ----r- --,- --~l..1i ---- ---- I - --- ---

j 
I 

I . 
I ! 

" I I 
! ' 

I -----'--l" - -' J ' ,----- _, __ ~_ - - _ I_..J , ___ 1_-' __ ~ __ , __ _ 

a = 5 j.Jm Ra = 1· 05 j.Jm 

h constant at .5 mm/rev 
o 

9 constant at 15 

Fig. 7.56" Talysurf" trac cs of grin cling wheel surface 

roughness Ra when dressing with a fixed diamond drag 

angle 9. constant cross-feed h and variable in-feed a. 



Test NQS 5.5 and 7 Diamond N° 53794/2(worn) 

Vertical mag.:1scale div.=1.2SJ.lm Horiz.mag.:1scale div.=SOjJm 

:--'-----1'--
~=-___ ~_ ___ _-=-t~~_ 

I , 
; !! : -L--_s _________ . __ _ 

__ ~_-....:..L_...: ----~ _l - .. .'- -I --r--

Wheel type:-38A 45-KSVBE Ra = 2·73 jJm 

- ! _. ;.-- -----~--- --+ --j-----t-.t- - -.----+- --- -- -- - - 1- - - - - ,- .-

.- - - of - - -- - - - - - - - •• ,-- - - -- - -

, -------==-__ t -_ ___ - --~-~:_ --
~~-~-~-:~~- ---- <::---- -- -~-:t~-~--=-:-~=--~: ----- --:-::.:.:- =:-:---- .~ --- ---~--~---

Test N° 5 

Test N° S 

I 

Wheel type:- A 45 KV 

Wheel type:- A 50 KV 

8 constant at SO 

a 
h 

11 

11 

11 25 jJm 

11 .5 mm/rev 

Ra = 3.75 jJm 

Ra = 1· 30 pm 

Fig. 7.57 "Talysurf traces of three grinding wheels dressed 

under the same conditions of in-feed. cross-feed 

and drag angle. 



--

Test N2 5 I(ey;-

Diamond N2 6379412 (worn) Row1. Ra actual ()Jm) 
Row2. Ra theoretical ()Jm) 

Wheel type A 60 KV Row 3. f3 thcordical (degrees) 

Drag angl~ Cross-feed hmm/rev 
.1 ·2 .3 ·4 .5 row 

5 1 2 .75 .77 1.00 1·30 1·55 1·00 
175 11.09 11.30 11.48 . 11.09 

3 173 I 176 176 178 
E 1 ·88 1·13 1·35 1·70 1·20 
:J. 10 

3
2 172 I .88 175 I 1.09 176 11.31 176 11.75 178 11. 09 

t:J 

-g 15 
1 1·13 1.20 1·20 1·63 1·55 

3
2 170 11.09 175 11.09 

176 11.
31 

176 11.
75 

177 11.64 
(!) -I 1 ·88 1.13 1·25 1· 55 1·30 ..s 20 

3
2 172 I ·88 175 11.09 176 I 1.31 176.5[1.53 177.51 1. 37 

25 12 .88 ·95 1· 50 1· 38 1.31 1· 38 
172 I ·88 175 1 1.09 

175.51
1.

47 
177.51

1.
37 

3 177 I 

I Drag angle 10°1 Cross-feed h mm/rev 
row ·1 ·2 .3 ·4 .5 

5 ~2 .88 1·00 1·30 1· 33 1· 55 
.88 1·09 1·30 1.48 

176 11.
46 

172 I 175 I 176 I 176 I 
E 1 1·20 1.33 1.38 1·50 1· 75 
:J. 10 2 1·20 1· 31 1·31 1.75 2·18 
t;J 3 1691 174 I 175 I 175 I 176 I 

1 1·05 1·25 1· 50 2 ..... 2·30 "C • 1.:1 
(!) 15 2 .99 

174 11.
31 

175 11.
64 

175 12.18 176 I 2·18 (!) 3 171 I '>-
I 

1 2 1·00 1.20 1.75 2.20 2.25 
t: 20 171 I ·99 174 I 1·31 175 11.64 175 12 .18 176 I 2·18 - 3 

1 2 1.20 1.38 1·95 2.13 1.75 
- 25 1·20 1·31 1·64 2·18 2·18 

3 169 I 174 I 175 I 175 I 176 I 

Drag angle '15°1 Cross-feed h mm/rev 
row ·1 ·2 .3 ·4 .5 

12 1.13 1.15 1·00 1·00 1.30 
5 1.09 1·09 .98 ·88 1· 46 

E 
3 170 I 175 I 177 I 178 I 177 I 

I 1 2 1.38 1.25 1·63 1.50 1·50 

I 
;:I.. 10 1·32 1·31 1· 64 1·75 1·54 t:J 3 158 I 1741 175 J 176 I 177 I 
u 15 1 2 1· 40 1· 63 2.08 2 ·18 2·38 
(!) 1·43 1·53 2·13 2.18 2·18 
(!) 3 167 I 173 I 173.51 175 I 176 I -I 

12 1 .55 1 .54 1·50 1.53 2·13 2·20 2·25 c 20 2·13 2·18 2·18 ..... 
3 166 I 173 I 173.51 175 I 176 I 
1 1· 55 1·63 2·00 2.13 2·13 2·53 

25, 2 1·54 1 53 2·18 2·73 
:.:I 166 I 173 I 173.5l 175 J 175 I 

Fig. 7.58 Table of octutll and theoreticClI values of grinding wheel 

surface rOllflhnpss Ra for different dressing conditions. 



Test N~ 5 

- ·3 
- h mmlrev _ ·2 

Fig. 7.59 

·4 - .3 
- h mm/rev _ .2 

Fig. 7.60 

·4 
--

Fig.7.61 

·3 
- h mmlrev_ ·2 

-

-

-

Wheel type:- A 60 KV 

.1 5 

Drag angle = 5 
o 

o 
Drag angle =10 

25 

10 ~ y.~ 
,/ 

---- 0 Drag angle=15 

25 

Figs. 7. 59 to 7.61 inc. Variation of grinding wheel 

surface roughness with depth of cut and traverse rate 

when dressing with a worn diamond set at different 

values of drag angle. 

----------------------------------------------------------~ 



· 
Test N2. 6 I<ey:-

Diamond NQ 63794/2(worn) Row1. Ra actual ()Jm) 
Row2. Ra theoretical ( )Jm) 

Wheel type A 46 KV Row 3. !3 theoretical (degrees) 

Drag angle 5°1 Cross-feed h mm/rev 
row .1 ·2 .3 ·4 ·5 

~2 
1.25 1·03 1·45 1· 45 1·00 

5 1681 1.32 175 11. 09 175 11. 46 175 11 ·46 1.09 
178 1 

E 1 1· 38 1· 05 1·68 1· 88 1·90 :x. 10 
3

2 168 11.32 175 11.09 175 11.64 175 12 .18 176.51 1.91 
t1 

~ 15 
1 1· 08 1· 55 1.65 2.38 3.20 

3
2 1·09 1·53 1.64 2.18 3.28 

Cl> 170 1 173 1 175 1 175 1 174 I -I 1 1·13 1· 45 1·55 2.00 2·95 .s 20 
3

2 1 ·09 1.31 175 1 1·64 2 ·18 3.28 
170 1 174 1 175 1 174 1 

25 12 1.30
1

.
32 1·33 1.31 

3 168 1 174 I 
1· 65 1.64 
175 1 

2.10 2.18 
175 1 

3.75 3.82 
173 1 

Drag angle 10°1 Cross-feed h mm/rev 
reV! .1 .2 ·3 ·4 .5 

5 ~2 1·05 1.15 ·95 1·00 1·20 
1·09 1.09 .98 1.03 1·09 

170 1 175 1 177 1 177.51 178 1 
E 1 1.05 1· 40 1.65 1.78

1
.
75 1.83 1.91 :l, 10 2 1·09 1 .31 1.64 

t1 3 170 1 174 1 175 1 176 1 176.51 
"0 1 1.00 1.45 1·70 2·38 2·25 

Cl> 15 2 1·09 1.53 1·64 2·18 2·18 
Cl> 3 170 I 173 1 175 1 175 1 176 1 .... 
I 

1 2 1.20 1· 58 1·80 2·78 2·73 c 20 169 1 1 .20 173 1 1·53 174 11.97 174 12 . 62 175 12 .73 ...... 
3 
1 2 1.50 

25 1·54 
1· 75 

1·75 
1·88 

1.97 
2· 50 

2·62 
2·78 

2·73 
3 166\ 172 I 174 1 174 1 175 1 

Drag angle 15°1 Cross - feed h mm/rev 
row ·1 ·2 .3 ·4 .5 

5 12 1·25 
1.32 

1.00 
1.09 

1·38 
1.30 

1·25 
1.31 

1.00
1

.
09 

E 
3 168 1 175 1 176 1 177 1 178 I 

12 1.30 1·30 1.60
1

.
64 1.90 1.97 2·10 2.18 ;J.. 10 1.32 1.31 

t1 3 1681 174 1 175 1 175.51 176 1 
"0 12 1.20 1·38 1· 83 2·13 2 ·13 

Cl> 15 1·32 1·31 1·64 2·18 2·18 
Cl> 3 168 1 174 1 175 1 1751 176 1 .... 
I 

~2 1·45 1.45 1.75 1.64 2.05 2·15 c 20 1·43 1·31 2·18 2.18 ...... 
1671 174 1 175 1 175 1 176 1 

12 1.45 1.35 1· 53 2.00 2.20 
25 1·43 1·31 1·64 2.18 2·18 

3 157 1 174 1 175 1 175 1 176 1 

Fig. 7.62 Table of actual and theoretical values of CJrinding wheel 

surface rou\1hness Ra for different dressing conditions. 
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O 
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"a\Ues oi drag ang\e. 



- - -

-
Tc;st N!!. 7 Key:-

Diamond N!!. 63794/2 (worn) Row1. Ra actual (,JJIn ) 
Row2. Ra thcoietical (,JJm) 

Wheel type 38 A 46 - K5 YBE Row 3. B theoretical (degrees) 

Drag angle 5° 1 Cross-feed h mm/rev 
row .1 .2 .3 ·4 .5 

5 ~2 1·15 
169 ,'.20 

1.05 
175 ,1.09 

1· 20 
176 ,1.30 

1.45 
176 11.48 

1.98 
177 1'·46 

E 1 1·30 1·25 1· 25 1· 50 2·25 
:l.. 10 

3
2 168 ,1.32 174 11.31 176 11 .31 176 11 .75 175 12 ·18 0 

~ 15 
1 1· 25 1.45 1·95 2.08 2·58 

3
2 1·32 1·31 1.97 2.18 2.73 

Cl> 168 1 174 1 174 I 175 1 175 J -1 1 1.25 1.50 2.05 2.23 2.63 .s 20 
3

2 168 I 1·32 173 I 1·53 173.51 2.13 175 I 2·18 175 12 .73 

25 12 1·25 1· 60 2.10 2·33 2.73 
158 ,1.32 173 , 1.53 173.5,2.13 174.51 2.40 175 12 .73 

3 

Drag angle 10°1 Cross-feed h mm/rev 
row .1 ·2 .3 ·4 .5 

~2 1· 53 1·25 1.08 1 ·10 1·20 
5 1·46 1·31 1·15 177-51 1.09 1·35 

165 I 174 I 176.51 177.51 
E 

12 1.58 1.48 1.53 1· 58 1· 58 
:l.. 10 1·55 1·53 1·64 175 I 1·75 1·54 
0 3 155 I 173 , 175 1 177 I 
"'0 1 1·73 1.55 1· 95 1· 95 2 ·13 

Cl> 15 2 
1541 1.

76 1.53 174 i 1·97 17551 1.
97 2.18 

Cl> 3 173 I 176 I -1 
12 1·73 1· 83 3·08 2·38 2·83 c 20 164,1.76 172 ,1.75 171 ,2.95 174.51 2 .40 175 ,2.73 ...... 
3 
12 1·88 2·08 2·88 3.38 3.70 

25 1.87 2.19 2.95 3.50 3·82 
3 153 , 170 I 171 I 172 I 173 I 

Drag angle 15°1 Cross - feed h mm/rev 
row ·1 ·2 .3 ·4 .5 

5 1 2 1.40 1.43 1·33 1.31 1· 00 .98 1.25 1.31 1· 05 1.09 
3 167 I 174 I 177 I 177 J 178 1 

E 
1 2 1·20 1.20 1.35 1.31 1·48 1.47 1·65 1·38 

;J, 10 176 I 1·75 177.51 1.37 
0 3 169 I 174 I 175.51 

"0 15 '2 1.53 1.54 1·70 1.53 1· 78 1.64 1.93 11·95 
Cl> 175.51 1.97 176.51 1.91 
Cl> 3 166 I 173 I 175 I -1 

'2 1 ·25 1.32 '.55 1.53 1 .85 1.80 2.08
2

.
19 2·08 2.18 c 20 ...... 3 1581 173 I 174.51 175 1 176 1 

1 1·30 1.32 1· 58 1.53 2·05 1.97 2.65 2.65 2.73 25 2 174 I 2.62 3 158 I 173 I 174 I 175 I 

Fig. 7.66 Table of actual and theoretlccl \/(llues of grinding wheel 

surface roughness Ra for different dressing conditions. 

- -
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o .S-~~=g~ .4 .'3 
h mm/rev __ ._2_~_ 

r\g.7. 67 
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Test N° 8 

Pre - test front view of the 

blunt dressing diamond 

Diamond wear after dressing 

wheel type 38 A 46 - K 5 VBE 

Diamond wear after dressing 

wheel t ype 32 A 60 - K 8 VBE 

Diamond wear after dressing 

wheel type A 45 KV 

Fig. 7. 70 Views of progressive wear of a blunt 

diamond used for dressing different grinding 

wheels. 



I PROFILE VIEWS 

1·5mm 

1·5L.mm 

PLAN VIEWS 

ISOMA 
Project ions 

x25 mag. 

Diamond wear after dressing wheel type A 50 KV 

( En d of t es t ) 

Fig. 7. 71 Views of a diamond after the limit of 

useful life for wheel dressing had been reached . 



Test N° 8 Wheel type:- 38 A 46 - K5VBE 
Diamond:- blunt- origin unknown Drag angle SO 

Key:-

- represents Fr 

- - - 11 Ft 

20 

-16 
(/) 

c 
e ..-
3: 
~12 -
ID 
U 
L-
e ...... 8 
tJ) 
c 
(/) 
(/) 
ID 

04 

·4 _____ .3 

hrnrnlrev·2 .1 5 ---

--

Fig. 7. 72 Variation of dressing force ( Fr & Ft 

components) with dressing depth of cut 

and traverse rate when dressing with 

a blunt diamond at a fixed drag angle 



Test N° 8 Wheel type:- 32A60-1<8VBE 
Diamond :- blunt- origin unknown Drag angle 5° 

Key:-

- represents Fr 

" Ft 

20 

-16 
If) 

c 
0 ...-:: 
Q) 

212 -
Q) 

~ 
0 
'+-8 
tJ) -c - -.- -

·4 --____ ·3 
h rn ·2 

-
20 

15~/ 
10 0. Y 
"/ 

rn/rev .1 5 ---
Fig. 7. 73 Variation of dressing force ( Fr & Ft 

components) with dressing depth of cut 

and traverse rate when dressing with 

a blunt diamond at a fixed drag angle 



Tes t N° 8 Wheel type;- A 46 KV 
Diamond:- blunt - origin unknown 

K~y;-

- represents Fr 

11 Ft 

20 

ID 
U 
t... 

.E 

Drag angle 5 ° 

-
-

--
;' 

;' 

o 
·5 

·4 
-- -

20 

15/ 
10 0. 'Y~ -
/ 

____ ·3 
--h rn ·2 

rn/rey ·1 5 ---
Fig. 7. 74 Variation of dressing force (Fr & Ft 

components) with dressing depth of cut 

and traverse rate when dressing with 

a blunt diamond at a fixed drag angle 



Test N° G Wheel type ;- A 60 KV 
Diamond;- blunt - origin unknown 

Key:-

- represents Fr 

-16 (/) 

C 
o ...... 
~ 

~12 -
ID 

~ 
o 
-8 
O'l 
c 

o 
·5 

11 Ft 

--
·4 ____ ·3 

hrn 2 rn/rev' .1 5 ---
--

Drag angle 5 
o 

---?-
./ -,/ 

Fig. 7. 75 Variation of dressing force ( Fr & Ft 

components) with dressing depth of cut 

and traverse rate when dressing with 

a blunt diamond at a fixed drag angle 



Test N° 8 : Wheel type:- 38A46- K5VBE : Diamond blunt (origin uf'l<f'owt) J 

Vertical mag. : 1 scale div.:: 1·25 j..lrn Horiz. mag.: 1 scale di\~:: 50 j..lm 

a :: 20j..lm h::·4mmlrl?v Ra::1.30j..lm 

a :: 15 pm h = ·3mm/rev Ra:: 1.30 pm 

L_ --r-, +--
, 

-- - --"'"T 

a=10pm h=·2 mm/rev Ra :: 1 ·15 pm 

a :: 5 pm h =·1 mm/rev Ra:: ·78 pm 

ex: constant at 5° 

Fig. 7.76 "Talysurf"traces of grinding wheel surface 

roughness Ra when dressing with a fixed diamond drag 

angle ex: ,variable cross-feed h and variable in-fec-d a. 



Test N° 8 : \Vhcc! typo:- 32A60-K8VBE: Diamond blunt (origin unknown) 

Vertical mag. : 1 scale div.= 1·25 jJm Horiz. mag.: 1 scale div. = 50 jll1l 

~~ --, --r}=-T-t--! -:~~FH--H ~l~ r --: ~ L !-~+-L-~ I--r~ l--l~ -..-:: 
t=J=---- - -- " 1\, - I 
~I--·- .- - . , 

- - t -

, .=c- '_-:-:-~'::~~~~:'::~-=f--'_ j-:-:-:-r=-I-:--t"::~; --~=~----;:--:--~1-' _l~ - :-~- ,-- ~ . ..:-; 
I--L.--'-----J--'--!..~'-!--'--J--I--' --I--1-I-.1.----! - -.--1- ,_. _____ ._,_~_, 
: I : I L...l......~_:_-t- __ --I-:--..l--l-.. _-~-.-L ==1--~- ; __ ~-~-J __ ~_ .'_ 

a ::-25jJm h = ·5mm/rev Ra = 1·25 J.lm 

a = 20jJm h :·4mm/rev Ra = 1·20 jJm 

-=r=,--t -~ I ' , f j--r-i-l-~- .~----I£---'--~'---~~-t- ~r-I -~--- --- -_. ---~--~--.---+- - - - - --1----'--- - - -;---.--

_+-_~1- - '--l--~t---- ----- - -- -- - - - -, _. __ L_ -I - - I - -~- 10 --- -, ' ,I I I , ----- - ------------ -----------.--, - ---------1 . _____ r__ , _, 

§ .-+--i--i-+-T= -=------- 1"::":-:1' ~--:~~;-=R::::j"::i--r!.-- - ---: 
-.j-;---0~r- ____ L _____ : ---- ! ----.,-~-, --;----51--- ----I 
- ,--r ~,-----r-~--- t I "', -, - >-----o! L t -., --.-_- --j--L--r--I--i--4- .I_v_--+---- ___ >_. 

--- l.' _..... ... _ --1__ _ ,~l. _ .---::.J =-_~___ __-1.. ---:.. __ -I_.....--_-..L' !! ~_. __ j 

a =15 )Jm h = ·3mm/rev Ra= .90 jJm 

a =10JJm h:·2 mm/rev Ra = .55 jJm 

a = 5 jJm h =.1 mm/rev Ra = ·35 jJm 

0: constant at 5° 

Fig. 7. 77 "Talysurf"traces of grinding wheel surface 

roughness Ra when dressing with a fixed diamond drag 

angle ex::. variable cross-feed h and variable in-feod a. 



Test N° 8 : Wheel type:- A 46 KV : Diamond blunt (origin unknown) 

Vertical mag. : 1 scale div.= 1·25 jlm Horiz. mag.: 1 scale div. = 50 Jlm 

a = 25jlm h = ·5mmlrev Ra= 1.25jlm 

a = 20jlm h =·4mm/rev Ra = 1.28 jlm 

a =15 Jlm h =·3 mm/rev Ra= 1.20 jlm 

r-----r--l --·t---t~-1-1~1--r-r----t-·1--1-I----------l-~ I -- ..... - •• ---r-----r--~--"- tl=r t ~: 
--t-~~~ -~t -1--t-~t--t !, - ~- __ "1 __ 1 __ , - ____________ .....---J __ ~_j. ---.-.-... __ 

, , 
... -.--- <--- --

,-' --, - - 10, 

3~~i -,-~~-l=l----=-: _;-_~l--:~_~-_-~~~=i ~I=--:~J~:-~-::=~;l~-~; ~- ~- .-- ---I ~j _~_-. --~---- __ -___ -L='-ool ____ ~~.-~-lo-_ --~~--_-_---.--' _'---__ 1 ___ -' 
a =10jlm h=·2mm/rev Ra::1·13 Jlm 

a = 5 jlm h = .1 mm/rev Ra = 1·18 Jlm 

ex: constant at 5° 

Fig. 7.78 "Talysurf"traces of grinding wheel surface 

roughness Ra when dressing with a fixed diamond drag 

angle ex: • variable cross-fe('d h and variable in-fQQd o. 



TestN° 8: Wh0eltype:- A60KV : Diamond bl unt (origin unl<nO\Vn I 
Vertical mag. : 1 scale div.= 1·25 Jlm Horiz. mag.: 1 scale div. = 50 JJI11 

a = 25jJm h = .5mmlrev Ra = .93 JJm 

a = 20jJm h =·4mmlrev Ra = .95 jJm 

-- -- - - , ~---- - ,- -- - -- -- . 
" I' ~- l-t-- - ... -! 71-- -r--i-' - - - --~ -'--1 - - ~ -- 1-, t- T- ----j--ct:=_-.--_ '-f--~- - - --1- __ ~l - - -~-i 
" , , I ' , , , tt' I " j 5 1 I - - -- --t-- -4 - -----'--- - ---I I I I : • I' 'I __ cL~, :: , __ , 1 __ ~_L± __ -= ___ T+--=T ___ j~ 

a =15 jJm h =.3 mm/rev Ra= .88J-lm 

a=10jJm h=·2 mmlrev Ra= .80jJm 

~_ h L____ ,'- _______ , __ ~_ 1 _______ I '-_ _ §tfJ-'-R-~-~ 13--r-r=r-rr :1~r-R=Cf- r--j-FJ =!=t1=-l=-r 
t-- - -- -!- - ! l I I '; 

R
' ;, ____ ._' __ ,m' ___ : ____ T ____ -1----1--1- 11

'
---' i--i- J - - - - 1 ++~--- 1lJ I I ,--*' I_'~ 'I' I 1- ., 
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Fig. 7.79 "Talysurf"traccs of grinding wheel surface 

roughn0ss Ra when dressing with a fixed diamond drag 

angle 0::. variable cross-feed hand variablo in-feed a. 
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Ra 
J-lm 
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Test N2 8 

Wheel type:- 32A60-K 8VBE 

.5-----~~ .4 
.3 

- - h mm/rev ·2 

20 15/, 
10 y~ 
/0. 

1 

Ra 
J-lm 

-- ·1 

Wheel type :-38A46-K5VBE 

o ~~U 20 .5 ~--~.:;;4~=?l(:::~i(:=± 15 / .3 10 0. y~ 
- - h m·2 5 / m/rev ·1 ----

Fig. 7. 80 Variation of wheel abrasive surface 
roughness Ra, with changes in dressing 
depth of cut a, & traverse rate h ,when 
dressing various grinding wheels with 
a blunt diamond. 

25 



Test NQ 8 

Wheel type;- A 60 KY 

20 
15/" 

10 y~ 
/0. 

Wheel type;- A 46 KY 

Fig. 7.81 Variation of wheel abrasive surface 
roughness Ra, with changes in dressing 
depth of cut a, & traverse rate h, when 
dressing various grinding wheels with 
a blunt diamond. 

25 



Test N2 9 
Diamond N2 7178414 

PROFILE VIEWS 

11· 7 J.lm 

.22mmL 300 th pass 1st pass 

x50Mag. 

PLAN VIEWS 

.5mm 300 th pass 1st pass 

Fig.7.82 Profile and plan views of a diamond 

tool showing the degree of wear on 

completion of a dressing test. 

J 



·Test NQ 9 

Diamond NQ 71784/4 

o 
8 = +15 

o ex: = -59 

a = 12.5J.1m 

1st PASS 

F't 

Scale: 160 mm =1 N 

Fr = ·17 N 
Ft = ·08 N 

300 th PASS 

Scale: 20mm = 1 N 

Fr = 7.09 N 
Ft = 1.47 N 

Gr.g 
" wheel 
I 
\' 

." 
r\ 

" ~ 

:';; I 
'" y'\' 

; , 
";!' Diamond 
~~~ blunt . , 
~J·1 
,'Y' 

'" " , I , 

DIAMOND REACTION- FORCE SYSTEM 

Fig. 7. 83 Resolution of Dressing Force 
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Test N!! 9 

Table of pressure on the diamond tip for progressive diamond wear. 

Wear area .033 .066 ·109 ·174 .277 .302 323 ·340 348 mm:! 

Force Fi- .75 1·45 2·39 3.73 
N 

5.73 6.26 6.59 7.03 7.09 

Pressure 
22.7 no 21·9 21·4 20·7 20·7 20·4 20·7 20·4 N/mm2 

Fig. 7.85 
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Fig.7.84 Variation of diamond wear (area) and radial component 

of dressing force with number of diamond passes. 



Test N° 9: Wheel type:- 38A46-K5VBE: Diamond N° 7178414(sharpl 

Vertical mag. :1scale div.=1·25 pm Horiz.mag.:1scale div.=50jJm 

Pass N° 100 Ra = 1.15jJm 

LL_'_':::-~-~:~~~ __ "--' -' x~ 'f ~-=-' '-:--=~?=- __ '? J_'-:-'--'ri/=-'-! --'---r] 
, f--'= =:--~ -=~~ - -- -~VVV-~~~~ 

--'~: t--+~ I ~~- ~ - ~ ~-- :-=--i--=-- ~~~~= : -~-+~~ ---:~, -~u ~-[- j 
- j I~ j LL1-:J LLI =L I J t i -,:-15 I i_ I T:: -_ 

Pass N° 10 Ra = 1.25pm 

5 r J:::r::f ni--r=nT,--~~r , I-TT, " =r' , , I ~ -, -l(r~1 -I I,fi-I '--~wheer-L'-h--' I ,=f--,-t-
__ _ ~___ _ , _. ___ __ _ _ _ _ _ ~_'_ _ _ _ _ I 

'- - - - - - - -4 
---- ---- ,=-- ___ L_ ,- ---- --~T --~- - - air --- -- - t------ -=- -~------: -~ - - ---"£ 
:-~ -___ r::cJ.U~LI_,J..._._L..:Lw:_.Ll_._..L...J.. :':::::-~_>L._L---, ,_I":" J:l:~..:t::i:,'::~:...l::J 

PassN°1 Ra=1.18jJm 
constant in-feed.a=12.5jJm: constant cross-feed.h=.1mm/rev 
constant drag angle. e =15° 

Fig. 7.86 "Talysurf"traces showing the variation of grinding wheel 

surface roughness Ra,with number of diamond passes when dressing. 



Test NQ 9 
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Fig. 7. 88 Variation of di amond wear and dressing ratio !WwlDwl* 
with number of diamond passes. 
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Fig. 7.87 Variation of grinding wheel surface roughness with number 

of diamond passes 
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Ww/Ow = Volume of wheel dressed away 

Volume of diamond worn away 

L-__________________________________________________ _ 

in 
same 
time 



Pre-test form of diamond N° 71784/2 
used for Grinding Tests 1 to18 Inclusive 

cross 
feed 
motion 

PLAN VIEW 
x50mag. 

° 13 actual = 95 

Fig. 7. 89 Plan view of the dressing diamond 

used for tes ts 1 to 18 inclusive, with a Talysurf 

trace of a ground surface from test 1 showing 

the influence of a, hand /3 . 
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TEST NOS 1.2. 3 & 4 
od =25J.lm: ,h =·3 mm/rev 

~- ~-I::. =20·5 mm/sec 
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Fig. 7.90 
wheel 

Variation of grinding 
wear with vol ume of metal 

removed for various traverse rates 
in grinding. 
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TEST N° 1 x =1·25 pm y = 50 jJm 

Fig. 7. 91 "Talysurf" traces showing the variation 

of workpiece and grinding wheel surface 

roughness for the condition Vt/nW = ·75 



Fig. 7.92 "Talysurf" traces showing the variation 

of workpiece and grinding wheel surface 
roughness for the condition Vt/nW=. 09 
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Fig. 7.93 Variatio n of wor kpiece 
surface roughness wi t h vol ume of 

metal removed for various traverse 
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Fig. 7.94 Variation of grinding 
wheel wear with volume of 
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· Fig. 7.101 "Talysurf" traces showing the variation of workpiece 

surface roughness for particular dressing and grinding conditions 



TESTN°8 . 
Dressing conditions:- ad = 5 }Jm I h =·3 mm/rev : x = 1.25 pm 
Grinding conditlons:- ag =12.5}Jml Vt =13.5 mm/sec ~y= 50 pm 

Pass N° 1 Ra=1·12 pm 

[
-'--r--j-I-- U-- - t - - - -

1 

- : I 
-- I 1 _ • _ -- ___ 1 __ , 

-~.: J _~J~WJJ~J--,----,--"---Lll:~. 
Ra: .95 J.lm 

Pass N° 350 Ra= 1·20 J.lm 

Ra=1·10 }Jm 

.Fig.7.102"Talysurf"traces showing the variation of workpiece 

surface roughness for particular dressing and grinding conditions 



• 

TEST N° 9 
Dressing conditions:- ad =25}Jm. h =.1 mm/rev :x=1.25}Jm 
Grinding conditlons:- ag =12.5 pm. Vt =13.5 mm/sec: y = 50 pm 

Pass N° 1 Ra =1·38 pm 

Ra= 1·38 pm 

Pass N°40 Ra=1·10 pm 

- - -- -
~ -- ~--

I i 
I I 

Pass N° 540 

. Fig. 7.103 "Talysurf" traces showing the variation of workpiece 

surface roughness for particular dressing and grinding conditions 



TEST N°12 
Dressing conditions:- ad = 5 pm. h =.1 mm/rev :x=1.25jJm 
Grinding conditlons:- ag =12.5jJm. Vt =13.5mm/sec:y= 50 jJm 

Ra = 1.43 jJm 

Ra=1. 00 jJm 

Ra= .95 jJm 

Pass N° 300 Ra=1.30 jJm 

. Fig. 7.104 "Talysurf" traces showing the variation of workpiece 

surface roughness for particular dressing and grinding conditions 



I . 

Pass N°420 Ra=1.50 jJm 

. Fig.7.105 "Talysurf" traces 'Showing the variation of workpiece 

surface roughness for particular dressing and grinding conditions 
~ 



TEST N°16 
Dressing conditions:- ad = 5 pm J h =.5 mm/rev : x = 1·25 jJm 
Grinding conditlons:- ag =12.5jJm, Vt =13.5mm/sec:y= 50 pm 

I 

k="L: 

Pass N°4 
rT=rT9=r~FT9F~=r~ffiW~r9~"~FT~~= 

Fig.7.106 "Talysurf" traces showing the variation of workpiece 

surface roughness for particular dressing and grinding conditions 
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TEST N°13 

TALYROND 

~ ........ /":. - ~:...::-"-'-.: ~ 

60 th PASS 

TALYROND 

~ -_/_-:.-==-.. ~ -~---~---

340 th PASS 

TALYROND 

ad = 25 pm I h = .5 mm/rev 
ag = 12.5 pm I Vt =13.5 mm/sec 

4th PASS 

TALYROND 

~ 
_~.L~_:' =_.,-" --~ -

160 th PASS 

TALYROND 

420 th PASS 

Fig. 7.107 "Tctlyrond" traces showing the variation of work piece . 

circularity with the number of grinding passes 



TEST N°16 

TEST.START 

TALYROND 

60 th PASS 

~ 
~-/ -~ . .'.:.--::."': ~ --

340 th PASS 

ad = 5 jJm I h = .5 mm/rev 
ag = 12.5 jJm ,Vt =13.5 mm/sec 

I I I I I I 10 th PASS 

TALYROND 

180 th PASS 

500 th PASS 

Fig.7.108 .. Talyrond" traces showing the variation of work piece 

circularity with the number of grinding passes 



TEST N°9 

TEST START 

TALYROND 

~ _ L __ =-=_'~_'~_"'': _____ ~_ .... 

60 th PASS 

340 th PASS 

TALYROND 

Od .. 25 J.lm I h.. .1 mm/rev 
Og .. 12.5 J.lm I Vt .. 13.5 mm /sec 

10 th PASS 
I I I I I I 

TALYROND 

160 th PAS~ 

500 th PASS I 

f-H-H -

\~ ~ N~--~ 

Fig. 7.109" Talyrond"troces showing the variation of work piece 

circularity with the number of grinding passes 
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TEST N°12 

I I I I I 
TEST START 

~ 
_L_':~='~'~~_~ 

60 th PASS 

TALYROND 

~ ,-- -------

340 th PASS 

TALYROND 

Od" 5 pm I h = .1 mm/rev 
Og" 12.5 J,lm I Vt =13.5 mm/sec 

I I I I I I 
10th PASS 

TALYROND 

220th PASS 

420th PASS 

TALYROND 

Fig. 7.110 "Tolyrond" traces showing the variation of workpiece 

circularity with the number of grinding passes 



'"0 
c 

4 

~2 
1-
Ol 

-o 
x 
Q) 

'"0 

':;1 

. 
.-J 

U 

o 
o 

~ 

~ 
-~ ..... 
\ 
Ti' 

1 

• .... -

TEST NOS 5,6,7 & 8 I 
ag=12.5 jJm Vt =13.5mm/sec 

6-6-6=25 jJm 
od:- x-x-><=18 jJm h =·3 mm/rev 

+- +-+ =12·5jJm 
.-0-0=5 jJm 
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Fig. 7.111 Variation of workpiece 
surface roughness with volume 
of metal removed for various 

wheel dressing conditions. 
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TEST NOS 9.10.11 & 12 I 
Qg=12.5jJm; vt =13·5mm/sec 

11-11-11 = 25 jJm 
x-x-x =18 jJm h=·1mm/rev 

Qd:-+-+-+ =12.5jJm 
• -.-. = 5 jJm 
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Fig. 7.112 Variation of work piece 

surface roughness with volume 
of metal removed for various 
wheel dressing conditions. 

• 
A 

60 



"'0 
c 

4 

~2 
'en 

'+o 
x 
Q) 

"'0 
':;1 

« . 
-I 

U 

TEST NOS 13.14.15 & 16 I 
09 =12·5 jJml Vt =13·5mm/sec 
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Fig. 7.113 Variation of workpiece 
surface roughness with volume 
of metal removed for various 
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TEST NOS 5.6.7 & 8 
ag=12.5jJm; Vt =13·5mm/sec 
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View of a cylindrically traverse ground surface showing the 
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Vt mm/sec 
14 I 12 I 10 I 7.5 I 5 

A+b=1.93 A+b=2.25 A+ b= 2.70 A+b=3.60 A+b=5.40 

CD - (1-blvt/n 11- b Ivt/n 11-blvt/n 11-bl\'t/n 
= 1 A-21 = IA-21 = IA-21 = IA-21 

CD bvt/n = 1 bvt/n =IA-11 bvtfn=IA-11 bvt/n=IA-11 bvt /n =(A-11 

COMMON TABLE 
h = .5mm/rev 

CD E = zero E= zero E = zero E= .1100 E= .3300 
.3876 .4433 

E 10 
:l, 

Ra=2.50jJm Ra=2.50jJm Ra=2.50}Jm Ra= 2.05}Jm Ra=1.18}Jm 

*n 4 Ra=1.00}Jm Ra=1.00}Jm Ra= 1· OO}Jtn Ra= .82}Jm Ra= • 47}Jm 

CD 
E = .4433 E= .1100 E = ·2767 E = ·1100 E= .2733 

.2200 .3300·3867 
.4433 

E 10 
:l, 

Ra=2.07}Jm Ra=2.04}Jm Ra=1.28jJm Ra=1.26jJm Ra= • 89}Jm 

*0 4 Ra= .83jJm Ra= .82}Jm Ra= .51pm Ra= • 51J.1m Ra= .36}Jm 

h = .3mm/rev 
CD E= zero E = zero E = zero E = .2660 E= .0993 

.1987 .2980 
E 5 Ra= 1.25}Jm Ra=1.25}Jm Ra=1.25}Jm Ra = 1.04J.1m Ra= . 48}Jm 
:l, 

*0 3·8 Ra: .95}Jm Ra= .95jJm Ra = • 95}Jm Ra= .79}Jm Ra=.36}Jm 

0 
E= .0993 E= .2660 E: .1327 E= .2320 E = .0973 

.2660 .0993.1987 
.2980 

E 5 Ra= .78}Jm Ra=1.04jJm Ra= • 64J.1m Ra = .95}Jm Ra= .48}Jm 
:l, 

*0 3·8 Ra= .59}Jm Ra= .79}Jm Ra= .49}Jm Ra= .72J.1m Ra= .36}Jm 

h =.1 mm/rev 

CD E = zero E = zero E = zero E = ·0220 E = .0107 
, ·0553.0660 

E 1.9 Ra= .48jJm Ra= .48jJm Ra = • 48jJm Ra= .39}Jm Ra = .20J.lm 
:l, 

*0 1.3 Ra= . 31jJm Ra= • 31}Jm Ra = • 31}Jm Ra= .28jJm Ra = • 14}Jm o E= ·0553 E= .0220 E= .0887 E= .0220 E= ·0107 
·0440 .0213 ·0553 

.0660 
E 1.9 Ra= .24jJm Ra = .39jJm Ra = .40jJm Ra= .25 J.lm Ra: • 13J.1m :l, 

*0 1.3 Ra= .17}Jm Ra= .27}Jm Ra = .27jJm Ra= .16jJm Ra= .09J.1m 

Fig.7.149 Table of calculated parameters for grinding tests 19 to 30 inc .. 



TEST N° 19 x =1.25pm : Y= SOpm 
* r --1- -1 I [- I I -I 1- I 1 I )-rTi-:: a = 25 j.Jm , a = 10 j.Jm, 1 w,orkpiec e, ' 

h= .5 mm/rev,vt= 14 mm/sec 'I' I I I I f I : 1 
, whee I 

Ra= 2.00j.Jm E/h = ·88 I 1 I 
.~-7~~~~~~~-7~~~~~ 

a = 25j.Jm , a*= 10 j.Jm ! 'I.~I ~I--!--'-!..!.....:-+-+-~-I 
h= .5 mm/rev,vt= 12 rrrn/sec 

Ra=2 .15 j.Jm E/h = .22 

* a= 25 j.Jm , a = 10 j.Jm 

h= .5 mm/rev, Vt= 10 mm/sec 
Ra=2.00j.Jm E/h ~ .55 

*' a=25j.Jm, a= 10j.Jm. 

h=·5 mm/rev,vt=7.5 mm/sec 

Ra= 1·38 j.Jm 

* a =25j.Jm , a= 10pm 

h = .5 mm/rev, Vt= 5 mm/sec 
Ra= 1· 03 j.Jm 

* a= 5 j.Jm , a= 4 pm 

h=·5 rrm/rev, vf 12 mm/sec 
Ra= 1.18jJm E/h = .22 

* a = 5 j.Jm: a = 4 pm 

h= .5 mm/rev, Vt= 10 mm/sec 
Ra= .70 jJm E/h = .55 

* a = 5 j.Jm I a= 4 j.Jm 

h= .5 mm/rev, Vt= 7.5 mm/sec 
Ra= .65 j.Jm 

* a= 5 j.Jm I a= 4 pm 
h=·5 mm/rev I Vt= 5 mm/sec 
Ra= .55pm 

Fig. 7.150 Variation of workplece surface roughness with 

grinding traverse rate for fine grinding 



TEST N° 23 

""" a = 25 pm I a = 5 pm 

h=·3 mm/revlvt= 14 mm/sec 

Ra= 1·13 pm E/h = .33 

* a=25pm I a: 5- pm 

h= .3 mmlrevlVt= 12 nm/sec 

Ra= .95 pm E/h = .88 

* a = 25 pm I a = 5 pm 

h= ·3 mmlrevlVt= 10 mm/sec 

Ra= .98 pm E/~ = .44 
.... 

a=25pm I a= 5 pm. 

h=.3 mm/reV;vt=7.5 mm/sec 

Ra= .75 pm 

* a=25pm: a= 5 pm 

h =.3 mm/rev I Vt= 5 mm/sec 

Ra= .53 pm 

TEST N° 26 
* a = 5 pm I a = 3·8 pm 

h= .3 nm/rev I Vt= 14 mm/sec 

Ra= .75 pm E/h = .33 

* a= 5 pm : a= 3.8 pm 

h=.3 nm/rev I vf 12 mm/sec 

Ra= ·78 pm E/h = ·88 

* a= 5 pm: a=3.8pm 

h =.3 mm/rev I Vt = 10 mm/sec 

Ra= .78 pm E/~ = .44 
* . 

a = 5 pm : a= 3·8 JJm 

h= .3 mm/rev I Vt: 7.5 mm/sec 

Ra= .63 pm 

* a= 5 pm I a= 3.8pm 

h=·3 mm/rev I Vt= 5 mm/sec 

Ra= .53 pm 

Fig. 7.151 Variation of workplece· surface roughness with 

grinding traverse rate for fine grinding 



TEST N° 27 

*' a = 25 J.lm l a= 1.9 J.lm . 

h=·1 mm/rev;vt= 7.5 mm/sec 
Ra= .33 J.lm 

*' a =25J.1m; a= 1.9 J.lm 

h= .1 mm/revlVt= 5 mm/sec 
Ra= .30 pm 

• 

TEST N° 30 

* a= 5 J.lm ; a= 1·3 pm 

h= ·1 rrmlrev l vf 12 mm/sec 
Ra= .30 J.lm E/h = ·22 

* a = 5 pm: a = 1· 3 pm 

h=.1 mm/revl vt=10 mm/sec 
Ra= .25pm E/h = ·88 

* a = 5 pm I a= 1·3 pm 
h=·1 mm/rev l vt=7.5 mm/sec 
Ra= .23 pm 

* a= 5 pm I a= 1.3 pm 
h= .1 mm/rev I Vt= 5 mm/sec 
Ra= .20jJm 
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Fig. 7.152 Variation of workplece surface roughness with 

grinding traverse rate for fine grinding 
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ClIAPTER 8 

GENERAL CONCLUSIONS 

The following conclusions have been drawn, with 
reference to the materials and test, conditions used in 
the investigation:-

WHEEL DRESSING 
~. Dressing force has been shown to be an extremely 

useful parameter for assessing ~e relative 
importance of the variables associated with dressing, 
and as a means of analysing the dressing process 
itself. Ref: Chapter 7, test 4 pp 152 to 156. 
See figs. 7.22 to 1.24 inc. 

2. The radial component of force was predominant, 
wi th a value of between 2 and 7, times that of the 
tangential component, and the axial component of 
force Vias least significant with a value of between 
.025 and .1 times that of the radial component. 
Ref: Chapter 7" statement 7.3 pp 17,1 to 173. 

3. The rake angle of the diamond tool had greater 
influence on the dressing process than the drag 
angle, and affected botru dressing force and rate of 
wear of the diamond tool. Ref: Chapter 7, tests 
1 to 3 inc., pp 145 to 152. See figs. 7.1 to 7.18. 

4. A sm~l range of values of rake angle existed iru 
which diamond wear and dressing force were a 
minimum for initially sharp diamonds of different 

00. 

geometry, i.e. -69 to -7,4. Ref: Chapter 7" 

tests 1 to 3 inc., pp 145 to 152. See figs.7,.l, 
7,.12 and 7,.13. 

5. A relationship existed between the radial component, 
of dressing force during dressing, and the amount 
of wear on the dressing diamond. Ref: Chapter 7, 
test 9 pp 169' to 170. See figs. 7,.84 and 71.85. 
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VllliEL DRESSING cont. 
Q. A linear relationship existed between the crOSB

feed and dressing force, whilst, a non-linear 
relationship existed between the in-feed and 
dressing force, the exact laws depending upon the 
prevailing dressing conditions. Ref: Chapter 7, 
tests 4 to 7 inc., pp 153 to 155. See figs. 7.22, 
1.23, 7.24, 7.44, 7.45 and 7.46. 

7(. The cross-feed in dressing had greater influence 
on grinding wheel surface roughness than the in
feed. Ref: Chapter 7, tests 4 to 7 inc., pp 155 
to 158 and 161 to 163. See figs. 7.35 and 7.54. 

ROUGH GRINDING 
1. Grinding wheel performance was influenced to a 

greater extent by the dressing cross-feed rate 
than, by the dressing depth of cut, with optimum 
conditions occurring fur values of h equal to the 
mean grit diameter, i.e., .3 mm. Ref: Chapt,er 7, 
tests 5 to 16 inc., pp 186 to 187 and p 191. 

2. The initial rate of wheel breakdown when grinding 
was directly influenced by the dressing conditions. 
Ref: Chapter 7, tests 5 to 16 inc., pp 182 to 187. 
See figs. 7.94 to 7.100. 

3. Adverse dressing conditions caused initial wheel 
breakdown to a depth greater than the as-dressed 
depth of cut. Ref~ Chapter 7, tests 17 and 18, 
pp 1.93 t,o 194. 

4. The workpiece surface finish was influenced by the 
dressing conditions during the primary stage o£ 
wheel wear only, with the final value being solely 
dependent on the variables associated with the 
grinding process. Ref: Chapter 7, tests 1 to 18 
inc., p 181, pp 187 to 188 and 194 to 195. 
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ROUGH GRINDING cont. 
5. As wheel wear progressed, the grinding forces 

tended towards the same values, irrespective of 
the wheel dressing conditions. This trend was 
similar to that observed in the case of the 
workpiece surface finish. Ref: Chapter 7, tests 
5 to 16 inc., see figs. 7;.114 to 7.139 inc. 

FINE GRINDING 

1. In the absence of spark-out, the workpiece surface 
finish has been shown to be a function of the 
dressing cross-feed rate, diamond shape and 
grinding wheel overlap. Ref: Chapter 7, tests 
19 to 30 inc., pp 195 to 199. See figs. 7.148 
to 7.150 inc. 

2. The above relationship can be represented by 
e~uations which predict the workpiece surface 
roughness for known dressing and grinding conditions 
with a fair degree of accuracy. Ref: Chapter 3, 
pp 60 to 88. See figs. 3.22 to 3.24 inc. Chapter 7, 
See figs. 7, .. 149 and 7,.153 to 7.155 inc. 

3. Improved surface finis!]) was obtained at the expense 
of higher grinding forces. Ref: Chapter 7, tests 
19 to 30 inc., pp 200 to 201. See figs .. 7.159 to 
7:.161 in'!) .. 
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CI!APTER 9 

SUGGESTIONS FOR FUHTHER WOHK 

Several further possible avenues of research, 
resultlng from the findlllgS of this work, are suggested:-

1. To inveotlgate further, the influence of the diamond 
ralee angle on dlamond wear and dressing stabllity, 
when using shaped dlamonds as opposed to those i~ 
their natural state. This parameter may serl0usly 
affect the efficiency of those processes using 
shaped dlamonds, where the dressed form of the 
wheel is crltlcal, partlcularly when uSlng wheels 
havlng large face widths. 

2. To investlgate the above parameter when uSlng a 
vf1de range of grindlng wheels havlng different 
combinatlons of grlt Slze and bond hardness, since 
they may modlfy the already established influence 
on the dresslng process. 

3. To establlsh more preclsely the relationship between 
the dresslng-dirunond shape (angle (3) , the dressing 
in-feed and cross-feed, and the grinding variables, 
for a wider range of conditions. 
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APPENDIX I 

SURFACE FINISH TERl:IINOLOGY 58 

Surfacc Texture. 

This describes the overall condit1on of the surface 
and can be broken down as follows:-

"Primary Texture" 
Primary texture or roug1L~ess J.S that part of surface 

texture which can best be defined as the marks left by the 
action of the production process used, e.g., grinding. The 
primary texture can be measured by var10US constants, see 
fig. Al. 

Ra. (CLA,AA). Average arithmetic roughness. Also 
known as Centre Line Average (British) and ArithmetJ.c 
Average (AmerJ.can). CLA and AA are usually quoted in 
micro-J.nches, and Ra in micro-metres. Ra J.S a mean value 
of the roughness. 

Rp. SmoothJ.ng depth (distance between the highest 
pOJ.nt and the mean line.) Rp generally results from the 
condJ.tion of the cutting tool, i.e., a grJ.nd1ng wheel. 

Rt. Maximum roughness wJ.th1n the tracJ.ng stroke 
(highest point to lowest point). An example of the 
cause of Rt and its magmtude woulll be the grJ.t and its 

sJ.ze as used in a grinding wheel. 

IDlS. Root-Mean-Square. Th1S 1S an average geometric 
roughness and was an AmerJ.can standard. RMS, which gJ.ves 
a numerical value approx1mately 11% higher than that of 
Ra, bec~~e obsolete in 1955. 
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"Secondary Texture" 
Secondary texture ~s that part of the surface 

texture wh~ch underlies the roughness. All types of 

mach~ne v~brat~ons, e.g., spindle deflect~on and ~mbalance 
can be the cause. It is generally descr~bed as wav~ness 
and des~gnated w. 

"Lay" 

The production process used will form patterns on 

the surface. The predom~nant pattern d~rection is known 
as the "lay" and this ~s the direct~on in which most 
surface roughness measurements are taken. 

Before a value of Ar~thmetical Average, Ra, can 
be calculated for a part~cular prof~le, it ~s necessary 

to aalculate the value of the centre-line, Rp, wh~ch 
passes through the dressed profile. Consider fig. Al. 
It can be seen that the centre-line is that line wh~ch 
divides the enveloped profile such that the sum of the 
areas above the centre line is equal to the sum of the 
areas below the centre line. 

By defin~tion:-

Rp 1 JL = - I y., dx 
L 0 I 

Ra = 1 JL - I hil dx 
L 0 

= 

= 

= 

Y1 +Y2+ ..... YN' 

N' 

'h1'+'~'+ .. ·'hNI 
, 

N 

A1 +A2+· .. AN' 

L 
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Nominal descriptIon 
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roughness 

Waviness 

Roughness 

Smoothong depth 

ArithmetIcal Average 

! 

Surface measurement parameters 

Profile description Symbol 

W 

Definition Unot 

Totdl profIle depth 
~m measured over Lw 

W + RI Le .. average 
Ilm 

roughness d"1pth 

Total roughness 
Ilm 

depth over L 

L t Jlv,ldX "'" Yl+Y2~ . YN 
Ilm 

0 

L 
IhNI + JlhlldX~ Ihll+lh~l+ Ilm 

0 
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I. Centre l,ne L .. / 

The various parameters Ra. Rp Rt and RMS ale Illustrated It may be sepn that the centre·lme IS that Ime w/lJch divides the 
Or(l8$ such lhat AI + Al + ... h" • A, ail At ... A. + _._ ... M" At 



APPENDIX IT 

1. DERIVATION OF Ra FOR WHEEL ABRASIVE SURFACE 
ROUGHNESS UNDER DIFFERENT DRESSING CONDITIONS 

Assumptions made:-

l. The ~r~nd~ng wheel is considered as a homogenous 
structure. 

2. The diamond dressing tool is considered to have 
a geometr~cally un~form profile. 

3. The dressed wheel takes on the 'same shape as 
the d~amond tool producing it. 

4. There ~s negligable waviness ~n the dressed 
profile. 

Dressing nararneters:-
h = dress~ng lead of the diamond mm/rev 
a = diamond depth of cut J.U!I 
8 = included angle of the diamond degrees 
W = width of ~he diamond wear flat mm 
X = diamond width at a depth of cut Ita" mm 

Dependency of the parameters. 

Parameters selected by the operator a and h 
Natural parameters Band W 
Dependent parameter X (fn of a. 8 

Calculation of Ra. 
Case 1. (hypothet~cal) 

andw) 

(w= O:h=x) 

h=x h (L1 

Fig. 3.1 
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Consider fig. 3.1 
9a1culation of Rp. 

Area A1 = R~ tan ~ 
Area A = (a- Rp?tan~ 

2 2 

Now 

• 

A1 = A2 

R~ tan ~ = (a-Rp)2 tan ~ 

R2p 2 2 R R2 =a-ap+p 

2aRp 

Rp = 

Ra = 

Ra = 

2 
= q 

a 2 a - = -
2a 2 

Calculation of Ra 

A1 + A2 
L 

(where L = h) 

t( 2R~ tan ~ ) 

2 
= 1.. ( ...£.. tan ~) 

h 4 2 

Ra = 
2 
~ tan B 
2h 2 

S~mp1ify~ng Ra in terms of a. 

Now h = 2 a tan ~ 

Substituting for h in e~uation (3.2). 

Ra = a 
4 
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Equation (3.3) g~ves the bas~c for'm of Ra in terms 

of a. This ~s a hypothet~cal case, where the d~a.mond 

dressing tool is considered to be "sharp" I w = 0 ), and the 

dressing lead h, ~s equal to the d~amond width, X , at a 
depth of cut, a. 

~he follow~ng cases can be checked against equation 
(3.3) for their truth. 

Case 2. I X < .h ) 

hill 

Fig. 3. 2 

Consider fig. 3.2 
Oalculation of Rp 

Area A = Rp tan & . BE = 
122 

Area A
2

= w Rp 

Area A3 = A1 = 
2 
~ tan /3 
2 2 

2 
.BE tan /3 
2 2 

2 = I a-Rp) tan ~ 
2 2 

Area A4 = la-Rp} tan ~ • la-;p} 

Area As=la-RP)(h-[2RPtan~ +w+2Ia-Rp) tan ~ J) 
2 

Area A6 = A4 = la-:p) tan ~ 

Now A1 + At A3 = \ +AS+A6 
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• • 
• R~ tan ~ + w Rp = (a-Rp)2 tan ~ 

+ (a-Rp)( h-[2Rptan fl.- +w+ 2( a-Rp) tanQ.]) 
2 2 

,Considering the right-hand side of the equation 

R.H.S = (i-2aRP+ Rp2)tan f2... +(a-RpHh-w-2atan/3) 
2 2 

2 /3 /3 2 /3 = atanT-2aRPtanT+RptanT +ah-aw 

-2a2tan /3 _ hRp + wRp + 2aRptan /3 
2 2 

2 /3 2 /3 = Rptany - a tanT + ah - aw - hRp + wRp 

:F;quating the R.H.S to the L.H •. S 

• 
• • 

· . 
• · . 

• 
• • 

• 
•• 

2 /3 2 /3 2 /3 
Rp tan- + wRp = Rp tan- - a tan- + ah - aw 

2 2 2 

- hRp + wRp 

a
2

tan 13 
+ aw- ah = -hRp 

2 

h Rp = a ( h - w - a tan ~ ) 

a /3) Rp = - ( h - w - a tan -
h 2 

Calculation of Ra. 

Ra = 

Ra = 

Ra = 

•.. .(3.4) 

(whereL=h) 

+ {~ (h - W - a tan ~ ) w} ) 
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• Ra = 2a ( a B ( B ) 2 - -tan- h-w-aton-
h2 h 2 2 

+ W(h-w-atan~)) •••• (3.5) 

•• 

CHECK. when w = 0 and h = 2 a tan ~ 

Ra = 2a ( a 

4a2 tan2 & 20 tan ~ 
2 

B B 2 B 
+ 0 ) x (2atan- - atan-) tan-

222 

= a3tan3 B 
2 

4a2 tan3.!2. 
2 

• Ra a .. = -4 

Case 3. ( X = h) 

w 

a 

X = h (Ll 

Fig. 3.3 

Consider fig. 3.3 

Area A = 
1 

Calculat~on of Rp 

(a - RP)2
t 

B 
an-

2 2 

Area A
2

= w( a - Rp) 
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• 
• • 

Area A : A : 
3 1 

2 (a -Rp) /3 tan-
2 2 

2 /3 
Area A4: Rp tanT 

Now A1 + A
2
+ A3 

(a-Rp)2 tan ~ 

: A4 

+ w( a - Rp) : Rp2 tan ~ 

Consider~ng the left-hand side of the equation 

2 /3 /3 2 /3 L.H.S : a tan- - 2aRptan- + Rp tan-
2 2 2 

+ wa - w Rp 

Equating the L.H.S to the H.H.S 

• 
• • 

a2 tan ~ + wa : Rp (w + 2 a tan ~ ) 

Rp : 
+ wa 

/3 w + 2 a tan-
2 

Calculat~on of Ha 

•••. (3.6) 

Ra: A1 +A2+A3+ A4 

L 

(where L: h) 

• 
• • 

• 
• • 

Ra: .1... ( Rp2 tan..&.) 
h 2 

Ra = 2 
h 

a2 tan A.. + wa 
2 

w + 2 a tan /3 
2 

2 

tan /3 
2 

Now h : w + 2 a tan ~ 

:. Ra: 23 (a2 tanfl... 
h 2 

2 /3 
+ wa) tan-

2 
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" 

CHECK. when w = 0 : h = 2 a tan ~ 

• 
• • 

• • 

Ra = 3 2 3 f3 (a4 tan2 ~ ) tan ~ 
8a tan 2 

a Ra =-
4 

Case 4. ( x> h) 

,,'\. '. __ I... (I~~ \ __ h~~!.!L:!.) --'-I'll 
,Fig.3.4 

a = apparent depth of cut 

a' = actual depth of cut 

Cons1der fig. 3.4 
Calculation of Rp 

Area A = (a' - Rp) ~an.!i.. 
1 2 2 

Area A2 = w( a'- Rp) 

Area A3 = A1 = (a'-2 Rp)2tan ~ 
2 f3 Area AI. = Rp tanT 

Now 

• 
• • 

A1 +A2+A3 = AI. 

(a'-Rp)2tan~ + w(a'-Rp) 
2 

Considering the left-hand s1de of the equat10n 
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L .H.S = lo')2tan ~ - 2 a'Rp tan~ + Rp2 tan ~ 

+ wo' - wRp 

Equating the L.H.S to the R.~S 

lo')2tan~ +wa': Rplw +2a'tan ~ ) 

· . Rp = 
la,)2 tan if + wa' 

w + 2a'tan ~ 
••.• (3.8 ) 

• · . 

• 

Calculation of Ra 

Ra = A1 +A2 +A 3 +A4 

L 

Ra = .£ 1 Rp2 ton..&.) 
h 2 

(where L=h) 

Ra: 

2 
2 (la,)2 tan ~ + wa') 13 

- tan-
h w + 2 a'tan ~ 2 

2 

Now h = w + 2 a'tan ~ and 
, 

a: Ih - w) cot 13 
2 2 

• 
• • 

• 
• • 

Ra: .1.... ({Ih-W) cot 13}2 tan 13 
h3 2 2 2 

+ w (h-w) cot 13 )\an 13 
222 

Ra: l (cot .fl..{ h2 

h3 2 4 

2 

_ hw + w
2 

+ hw _ w2})tanf3 
2' 4 2 2 2 
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• . . 

• 
•• 

Ra = cot lE. ( h2 _ w2 )2 
244 

CHECK when w = 0 

Ra = _1_ cot ..& (hI.) = ..b.. cot 13 
8h3 2 8 2 

Now h". 2 a'tan ~ (when w = 0) 

Ra". ..1... a'cot B tan .lE.... 
8 2 2 

= a' 
4 

..•. (3. 9 ) 

2. DERIVATION OF Ra FOR WORKPIECE SURFACE 
ROUGHNESS WHEN GROUND UNDER CYLINDRICAL 
TRAVERSE GRINDING CONDITIONS. 

Fig. 3.16 depicts a portion of the ground workpiece 
surface profile. with interference occuring. Let the term 
"value of interference': be denoted by the symbol E. and 
the peak to valley height of each triangular form be 
denoted by the symbol b.. 

Consider fig. 3.16 :-
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Fig. 3.16 
h 

work piece 

Q 

Consi der fi g. 3.16 

.••. (3.421 
(for jthvaluel 

From eC:1.un. (3.421 

A1 = 
E1 Q 

h 

A2 = 
(E2- E1 IQ 

h 

A3 = (E3- E21 a 
h 

AI. = 
(El. - E31 Q 

h 

AS = 
(h - El.l Q 

h 
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Calculation of Areas 

Area A1 
y yh lh 

= _0- = 2 2a 4a 

A2 = I ~1 - y 1. I Ll1 ;:) h 
. 2 

Area hILl1-Y) 
= 

2a 

Area A3 = 2 A1 
ih 

= 2a 

A -Ill )ILl2- y)h 
2 

Area = 
h I 6.2- Y ) 

'4 - 2 - Y 0 2a 2a 

Area AS = 2A1 
fh 

= 2a 

A - (Ll _ ) ( Ll3 - y) h 
2 

Area 
h(Ll3-y) 

6- 3 Yo 2a = 2a 

Area A7 = 2A1 
·ih 

= 2a 

A - ( Ll ) (Ll4 - y) h 
2 

Area hl6.4-Y) 
8 - 4 -y 0 20 = 2a 

Area Ag = 2A1 
ih 

= 2a 

A - ( Ll ) (6.5 - y) h 
2 

Area = 
h (6.5 - Y ) 

10 - 5 - Y 0 2a 2a 

Area A11 = A1 
/h 

= 4a 

Calculation of Mean Line 

The mean line is positioned such that:-
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Hence 
2 

5( Y h) = 
2a 

Substi tuting for fl in terms of E 

:. R.H.S = ..b... { 5/- 2y (E1 a + (E2-E1) a + (E3- E2)a 
, 2a h h h 

+ + -...,....z.-
(E4 -E3)a (h- E4)a ) 

h h 

a
2

( 2 2 2 
+ tf E1+(ETE1)+(E3-E2) 

+(E4 -E3 )2+(h-E4)2) } 

:. R.H.S = ;a { 5/- 2~a (E1+ E2-E1 +E3-E2+E4-E3-E4+h) 

a
2 

(2 2 2 2 2 2 2 2 2) } + h2 E1+E2-2E2E1 + E1 +E3-2E3EtE2+E4-2E4E3+ ~+h -2h E4+ E4 
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:. R.HoS = 

Calculation of Ra 

Now Ra = Total area above and below mean line 

.. 

h 

Ra = 2)( Area above mean line 

2 5 2h = -)( ~ 
h 2a 

h 

= ~2 
a 

Substituting fory in equno(3.431 

(by definitionl 

.•• (30431 

From the above equation a general form of Ra can be 

written:-
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Let there be M values of interference E. 
I where M = number of non-repeated values'! 

Hence 2 

IM+1)a*{ J=M 2 j=M h2} 
Ra = "" lE·) _"V IE·E· 1)-hl= ..... -

h4 L J L.J J J- ""M 2 
j =1 j =2 

•••. (3.44) 

If <f.h and values of E are in mm.then Ra will be in mm. 

CHECK for Ra max put M and E = a 

•• 

2 

Ra = 1O-t1)a*{ a _ a _ ha -t h
2

} 
h4 2 

a* h4 
Ra = 

h4 • 4 

Ra = 
a* 
4 

Eq,uation 3.44 will under certain circumstances give 

over estimated values of work piece surface roughness Ra. 

Such values are caused by an incorrect positioning of the mean 

line when the ratio El h <.25, with maximum errors occurring 

when M = 1. For increased values of M. the error is reduced. 

In such cases allowances can be made for the 

over estimated vales of Ra. since the error is constant 

irrespective of the value of a*. 

An error table is shown overleaf. 
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I 
N 
W 
W 
I 

ERROR TABLE FOR EQN. 3.44 BASED ON VALUES OF a* = 1(ARBITRARY UNITS). AND M =1 . 

E/h ·05 ·10 ·15 ·20 .25 .30 .35 .40 ·45 .50 .55 .60 .65 ·70 .75 .80 ·85 

Ra 
(arbitrary units) 

True value 2·48 2·40 2.23 2·13 1·93 1·68 1.48 1·35 1.28 1·25 1·28 1·35 1.48 1·68 1·93 2·13 2·23 

Eqn.3.44 value 4.09 3J6 2·77 2·31 1·95 1·68 1·48 1·35 1·28 1·25 1·28 1J5 1·48 1·68 1·95 2·31 2·77 

-,--

Excess value 1·6 ·96 .54 ·18 ·02 0 0 0 0 0 0 0 0 0 ·02 .18 .54 

0/0 age error 65 40 24 9 1 0 0 0 0 0 0 0 0 0 1 9 24 
in excess 

%age reduction ~ ~ ~ ~ ~ ~ 
-

in Ra due to 1 4 11 15 23 33 41 46 49 50 49 46 41 33 23 15 11 
grinding overlap * NB. The conditions giving the greatest over estimates of 

- workpiece surface roughness also give the least 
actual reductions in Ra. and are therefore non- preferred. 

·90 ·95 

2·40 2·48 

3.36 4.09 

·96 1·6 

40 65 

~ ~ 

4 1 



APPENDIX m 

COMPUTATION OF VALUES OF GRINDING WHEEL SURFACE 
ROUGHNESS Ra, EMBRACING EQUATIONS 3.5, 3.7 AND 3.9. 
IN CHAPTER 3. 

Programme executed on a HEWLETT-PACKARD 9S10A Calculator. 
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I-i,-~ ~:t,- -I~TO 

u2::7- -LE:L 
n23::'-- C 
0.-:': ::';--L~,L 
~12 .. ~fl- - t'l 
1:',':'.11-- ~~ 

Cl?} :'---J~TO 
~J,>~·l---LE:L 
,., , , t- ,-
,II-Hr _1-- 1_ 

Cl.-~·l r~, - - L:-' L 

~324 7'-- C 
n ... :_-.te--c t~T 
".·.'f"'- ·-ct,r 
u.·";I:'--Ct~T 

O.~51--
(1 ,.".~ 2 - -- (1 

I):~ ~i M:: - ~- (1 

IJ,:~5"t"-- 1 
t1 25:1--D I 1,,1 
ll~: S~,-"- L:t~ 

'I:.~,~' --'1" tn 
~I:: 5 :'---PtiT 
C1 :'t::;':I-_"Tn ..... - . , , , -' 

~1,:'t,(1-- 1 
~I.~'=.,l-- (1 

il:~I""t-,- 1.lr' 
li"':i~ :'--.:- 5 
C1 ::. ~, ~~ - - : : = '(' 
l~1':~~ 7--GTO 
II.:,:,:::--LE:L 
'I.~,:,':'-·- tl 
l~27'Ci--( t~T 

(IL:::-O 1-~- t 
" ,-~", "-" I)", ._--,,- I 

LJ.:.;' ,'--CTO 
~]::'7·+--LEL 
!~i?:-'5- - E 
112;,,:,--ctn 

~3 2 7' :::: - -: '= 'I' 
u:~~" '~~- -Gi 1:1 

~j2::,~':'--L5L 

O'='C!-- F 
L-I': '::.~--c r~T 
! i.:""' :' _ -- :~ 

i\.~:_',,~ --,,= I 

~=12 :::: 5--- C;T Cl 
n2:::,: --LE::" 
11:' 'M: 1"'- - I':; 
~I ·~::;::-~-CfJT 

'.:-:: I~--LE'L 
l'I,-~qlJ-- t~ 

Ii.:'.! - --::FF' . 
I 1 ,,~, .-~ - - 5 
:1:~'~' :,--(;TO 

iJ::' ':4_+ --L8L 
'1,~'-~~5--- H 

I:i ..... '.-I~'- - E 
(l_::'~ ,:,--: ,FP 
~j .-~ '} ':1 _ _ I~, 

!t ::u~J-'"I~TO 
o :::~J l--LBL 
~J ::,02-- H 
c, :'0 :'--LE'L 
1.1 .' 1.1-1 .- _. F 
l.1::r,:;--::FP 
l:l:: I~'~: __ :"' 

~I "' ,I ;' - - G T 0 
I~I ""11:, - - L E: L 
l13t1'?-- H 
0310--LBL 
11:': 1-·- r:; 

'~1~' 14---GTO 
11" 1 '3--- LE:L 
::1'.: 1 t,-- H 
':: ,: 1;- --LE:L 
n":~:::-- H 
iJ:': l ':1 __ U~' 

Cl:: 2~J--: :FP 
L_1::,~1-- 1 
l:1 ::'2.-'-- ~j 

0:::24-- t 
~'_; ::2S--FflT 
~1 : :;' 1":, - - uP 
i"! .:':':~'" - - F t'1 T 
:,i :::2e-- Dt~ 
I~i': 2'~--Ft'1T 
,',-' ':1~1--' UP 
':1 :~:l--,:r~' 

tl::::'1"~- 5 
u:: _:~":I--' :='1' 
l~~:'3":--I~TI] 

I.,':: ~',~"'"- - t E: L 
, ' ,_-- fl 

":' ':':'-'-1: rn 
Cl >~Ct-- t, 

- 235-

o::·~ ~:-- -G TO 
,3 ',I -I' - L E,L 
O,:,~·~-- I 
l~': ·~':)--C fiT 
I-I ':,.1 t", - - 7' 

fi ::'-1 :~:--GTO 
'~13'1'~'--LBL 
~-I :'::I"il1-- J 
I) :.,':t 1--- 1: ~~T 

~~I ::52-- ::: 
(';'53--::='1' 
'J:'i,1--GTO 
lj ':'t_i:'---LE'~_ 

e :::':::it':,-- t 
,)3':,;'--( tn 
~i ~ L~:":: --LE:L 
L:i ".'["i'~-- i' 

L~' :'r:,Ci--Ft1T 
·':',l--FiH 
II 1,.-'""- E 
C~_I~,;:-- ~~ 

~J ~:t~,4--" TO 
n -:1-",:1-- E 
,1.'I:,t:,-- I) 

C, ? rH, 7' - -I: ~~ T 
Ci;'c,[:-- c' 
i'l :' ~:, '~4 - "- F t'1 T 
l:i: :'l:1 __ : Tf' 
'.' "I;' I--F'tn 
!.~:'~' .::--,: TO 
, I ", -, -, t:' 
,,_, I ,-- _I 

l];"(S--LBL 
~=1::-;-'1':'-- L 
,:' :';' "-'-Ll::L 
I) _,;':::-- I 
Q ":;' '0' - - F i1 T 
I) "::::O--Ff'lT 
~) .: C: 1- - [ 
'BG,> - tl 
~:'::~ ~\"--:~'TO 

I) :,:::1 .. " __ ,) 

"~1: ':.'~: --I: riT 
(":':';-- t:1 

'.1 " I:: :~' - - r: i'~ T 
~j :,=-:'?--':,Tl' 
~:I ': '"1(1 ___ 1" tl"i 
t~i :,':1 l--:~'TO 
~J?':~L::-- I: 
IJ ~:':I :,--I~TO 

o :'~·1---UjL 
~1'=:'~~5-- L 
Ij ::':'iO,--LE:L 
Cl ::"';'-- J 
1.I_:':~:::--Ft1T 

(1 ~"~ '.' - - F i'1T 
~~~1,1 f.10-- E 
,-,.,1'11-- ti 
~i"f~.IL~--::TO 
(h: ~J:: -- E 
C1,.~n-~-- I) 

11<iu l ,--CllT 
U·ttJI:,-- H 
.:1.1 (I~' - - r rl T 
I:i .. ~ .. n:: --';-;P 
I:! -t (I'} - - :: T Cl 
CI'1; IJ-- 7' 
":1.} 11--r'~~T 
O·11.::---GTO 
1),[ l : -. - L E: L 
'H1-1-- L 
tJ.l i ~I--L.~:L 
~::''!.1 r -- ~ 

lJ.~ 1,'-~-r=-i'1"r 

~_I.+ 1 '~--F:!T 
.:f.} 1':'-- f: 
:-"I::C!-- tl 
I !,~ .:: l - -, , T Cl 
O·~2'::'-- E 
r-1 .. t:~ ~:-- I) 

"'f, '.~. _.( tiT 
'-",2'5-·- ItHI 
L'l·t ... ~ r:, - - F t'l T 
Cl.! :.:;' - - ':, TF' 
(I'f,: I;: - - F' I 1'1 
(1 ,~ ..: ':! - - , : T Cl 
~j.:\. :~O-- ::~ 

n·~ :: 1 --GTu 
~J,~ :.:..:::- -I,DL 
Li",::::-- L. 
~,I'~ :-'of--Er~l) 



Specimen calculations of Ra{wheel) for /3 = 90° 
NB. Values of alA), h (H) and w (W) are in mm. andRa in j.Jm. 

'* U~~':, i Hlrl ':.TOf'E 
tl.~JO(i+ 

UI :Tr .. [: 

r"JITEF' H 

EtITt:F' Fi 

I" tITEF' fl 

0.005-

(1. ~JC1~J"'" 
(1. 1-1 '18 

~1:015 .... 
o. C:ct7 

O.~J20+ 
1 . -+~' 5 

j I"'fl'.", rn I r: :' T 1:1 I,'l:" 
t..IJOO~ 

E:.tHCP H 

'30.000+ 

O.OOS+ 

0.500"" 

n" 2S(1-T< 
2.474 

0.'-110+ 

0.(115+ 

(1 • IJ ,-, 0-' 
'-I " I. I : ':~ 

o " 11, 'C'H~., 

1 I " !' 'H, I I 

,- ,_, I j ':, ' fI t jT ':, Hif.' [ 
6.00C1-1-

rtHlF' E: 

1""tEEF' H 

El 11 U-' lJ 

["IHEr." 11 

0.000-
O.I,:,j 

O.010~ 

O.6?3 

1].015+ 
1.354 

(1" fJ20+ 

[1. ~".1,·"~5+ 
~:,,'301 

I.U:I'.,l !:I!~T ':"TOf'E, 

EtHU' H 

[tl":TI~ Id 

Et17EF' A 
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t,. (1IJO .. 

C1.LJ05+ 

1~254 

0.010"," 

(I. ~I I 5+ 

-, 
" :1",11 

n" ~I,.'~~ .... 
": " I I I I 1 

i iJ!1~_"i" Hti r :.. [I~lr;'l: 

t..0(10~ 

["IIHP ~: 

FI!Trp 11 

O.100~ 

o. (1IJO+ 
(1. ~ ':d 

~1.01(1~ 

1 . 6,~O 

(1. ~ l t:.'j .. -

::: . 2 '51 

0.1J20~ 

5.]~::O 

, C'I i;, ll-il i i ':, Topr" 

[tEEF' H 

I tl"!TF' n 

t,.0(1(1·· 

L.:i • :~', n ... 
(1 " r1 ~-1 ~-1 

~j.~11("1·!

[1" (1U 1."1 

O~O"~1-
(1 " ~! I ill 

O=~J,~~I~r
I I 111~1 (I 



Specimen calculations of Ra (wheel) for /3 = 150
0 

NB. Values of alA!. h(H) and w(W) are inmm. and ~ in}Jm. 

1_I'H'_l Hr1f :,HWL, 

HlTEf,' 11 

[111 [: f" 1,1 

[tlTEF' FI 

EtHEF' A 

LlI i"!:o f" n 

t,. 00') > 

o . 01:,0-
o. -:::·1 t-=, 

0.010+ 

o. r-I.:'5+ 
t", 1 1.

, 

I loH Tf11~ r ':;.T'Jf't: 
t .. OC1(1+ 

0.005+ 

0.500-

O.tltO
'f" C'S ,>l 

O.uIS"' 

(1. ~:12~':;+ 
I-' I ' t"~ 1 

i_ ut~I': 1 f-it~T ':, r or't: 

UiiTF' n 

to_ (100'1-

o . f1 fJ '5"'" 

[1.C1(1~)+ 

O.t::;47" 

0.015+ 
3. -;-'C"'4 

[1. o.::~tj+ 
5 . I:, 1 t. 

i_l:t1'_,-;l:lj~T ':.I"OF'E 
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t .. t) CH)-+ 

0.005+ 

(i.300-fo 

0.25[1 ..... 

~j.~ll':i+ 

o ,", C:';: 

(i1~1?~j+ 
o ,:,:: :e: 

O.(1 ... ~S ..... 
o ,",": :=' 

i Uli':..Tiili r :. ror E 
b.OOO+ 

UITEF' B 

I 11 I [f.' Id 

l~ 11 'Er' ~i 

0.005r 

n.l00+ 

(1. liC;C1 + 

1~:_:::5 

[1,OlO~ 

2. '3:::'::' 

~, -! 1-' _, ~ ,c, -

IJI1'~ I :"'fi f :,":" ur;'~ 

't, " ,1 

6. Cl L) 10-+ 

O~2"5(1.,... 
O. CI.j ~-1 

[1.n'o~ 
I) • 11 (1 ~J 

~i.LI~5-+
r1 • } t ~j '~i 

(1 1:1.: l=: ..... 
~-1 n' 1 (1 

0.0,::";" 
o fl:"j,1 



APPENDIX TIZ: 

COMPUTATION OF VALUES OF SURFACE INTERFERENCE . 
AND WORKPIECE SURFACE ROUGHNESS Ra. EMBRACING 
EQUATIONS 3.13 TO 3.44 INC. IN CHI>PTER 3. 

Programme executed on a HEWLETT-PACKARD 9810A Calculator. 

~j U C I ~ i - - i=" t1 T 
'H)lli--FilT 
t1 (1 (1'- - - I 
1.1IiV '-"-" t1 
IllIO"I-"- " 
U(I~HI~'--l ~ :~ 

rJ r1 [1 t. - -:: T 0 
~-II-I c1 .... _-( f! T 
~:IIJ[I:.: -- 11 
~1~3l:I':I-- R 
I_HJ j l'-"-:~TO 
[I(lll--FI 
(In 12--( L? 
~Hjl ::--CI.P 
UIJH-- t1 
1.101':,--CtH 
0(,1 t:.--- I) 

O(,l7"---D I \,1 
tlj"1 j :: -- I'TO 
1-,11 1 '_~--I: L!:;:' 
UI3211--Ftn 
1.10:: 1 --':,Tf" 
01:',:::"' -F'tH 
j.~1!"i,:': ::--Pt1T 
L111:>t---; :TO 
~il_' .. _:i-- 1 
'-' C' :: t: - - F 1'1 T 
I"'CI::~'-- Ftn 
01.1:::,:- - 1'1 
Cli"'::'~- -( liT 
I-II-i-:~J-- (I 

,10" l--D I "/ 
'11, :','.--','1 0 
Ij 13 :: :: - - ( L F' 
un "-"I--Ftn 
(irl ::5---': TP 
1"1(1 ::t --ptn 
1111,,;---PtIT 
IJIJ _::-::--::"1 [I 

,1(1,11" ... -Ftn 
I'II"I'~ l -Fin 
"I""LL- I tn 
'"11 I, f ::" - I: tiT 

IJIj.f,!-- 1'1 
':'Ij4'j-- t'l 
(11) 4 ':' - - r: I'",' 
IJ(14~'-·- ','TO 
(10'f :_:"" -': L F' 
,)O,~ ':'"" - F't'lT 
~:,~) I I rl - - ':;, T P 
~_'IIr.:: 1..- -F'r~T 

U[I:';'::--F'tn 
~J05 "::--: :TO 

I I (I :; :, "- - F t'l T 
LII it"t6- -Ft'1T 
"I~I:~ ' ___ I rID 
1.1IJ5:: --': tn 
t:l (1:i ,.:, - - t'l 
IIllt~,(I-- t'l 
111.1,_,1--( LP 
~II:: ,", >" - F tn 
1.11"1 ~_'~: - - S T P 
"i"'h't--Pr1T 
'"lIh.,':;--F tiT 
~~l[ir: I --; :-1 I] 

I:J Cl I.: -'-- .t 
OClt,:"--FIH 
:.11 1,_, ,:", - - F t'l T 
n 11 ~~ ~j -- - H 
.11-i~~ 1- -Ct~T 
IJ 13 ;-' ,'. -" .- t'l 
1.11J:" :1-- t1 
~I n:"' L1 _. - D I I,,.. 

nu~'l:I __ - (I 
III"I~' t - E 
IJII~'~- - I tiT 
III.'~' I,: "- C U' 
1111;'S"" - Fin 
I I U ::a)- - ':, TF' 
'll:'::,I--"F'tn 
'_"JI::::- ""FtIT 

r'1~'1::':'1-'- ~, 

>.11.1 ,", '-, _. -" f'll T 
~J11 :_:1 ---I:' I'IT 
i Ill:"': --- Cl 

11>.1 Uc:- - C r1 T 
, 11.1 :,: '~ - - t'l 
'11]':,['-- t'l 
'.1(1'=' l-"-Ftn 
fl (I ':, 2 -" - '" T F' 
n 1"1 ':' ,: - - P tn 
UI)'}4 --ptn 
!JCI:~:--:~TO 

C1U :~~.:'-- f 
I-,C' ~7_"_( tiT 
I H-' ':' :: -" - 1 
LI~-I'~~'~I __ 1 
IJ j CII":--::TCI 
11 1(11-- :c: 
1."111.12--: :FF' 
01(1;:-- 1 
~11 (1,1- - UP 
1:1 1 ,-' 5 - - : : F F' 
1_1 i'-1t:,-- :' 
1"1 ] (17" -- - D I I.,.' 

1111.11"-- Dt1 
1-, J ~.1':I-- :~TO 
rlllO-- q 
~~I 1 J 1 - - ' : T Cl 
111"L::-- 1 

':' I 1,:-- II 
1"11 1,1-- U~' 

~·11r:;--::FP 

(111'" - - ':: 
~~ill~'-- :, 
'.I ~ 1 I:: - - D t 1 
1_111 '~I--::TI) 
'"11 ,~i"'-"- 1 
~1l n -- 1 
,'! ::":--(In 

III ,:~LI __ 5 
iJl,-~t)-·"-::TO 

~.I!":::I:,---- 1 

(, j ,:':' - -" ( In 
Ilj ,:".,-- :: 

"1 :11 __ I:, 

11 i ! :: f 11 
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~11 :-:,..:'--- 1 
fit 3 :: - - 7" 
(11 :::·1--: :TO 
~J 1 "I_~I-- 1 
~Jj :t~,--- :;: 
01 ::7"--, :TCI 
r1i ::::::-- 1 
1:11 ::,",.- - ,-:, 
1J1,to--Ctn 
(11 ·11 - - 2 
(1 1 L.~ .:~ - - 0 
C11 '"l :' - -: : T I] 
1.11 ,1 ' ! -- - ..: 
1.11 ,~':!"- 1:1 
'-1; ,I t ---: :1':1 
Ij l"~7-- :' 
1"11 "f::I-- 1 
"1 '~"'-"-( rn 
1-1 j d~I-""-rI1T 
~1 l S 1- "- r r1 T 
111 C;,~ __ E 
(1!:'i:'-- f1 
Li 1 Cj·1 ~--: :TO 
~ilc-;r-"-E 

~:111:~ I:, - - i) 

0157--"(ln 
01:~:;:-- 1 

t: 1 t",(i-- F 
Ol61-- :] 
1"11 t .. ::-- (t 

(11 ~, :'--1: riT 
111 t"I-- H 
1"11 t,:,--c tn 
IJ 1 ~oI)--- I tiT 
Ilj t,~-'--(t1T 
1-11 ~_,: -"-'I'TO 
11 1 I: '"1- - r1 

111 ~ll-- t'1 
'11 -, 1 -- E 
I' 1 ~' ,:' - -,~ tn 
111 -~:: __ 'I' ri-I 

" 1 , ,I - - to 
~, I 't:_"_ ti 

(.1 1 :'1_ --'I'TO 
1.1l ~'"'"-- E 
':.J ~"")--':tn 
111 ~,,~-- 1-' 
~JJ:-:fi-- (I 

(ll:::I--CIH 
rtj C:,~"-- 2 
[11 C:, - CH T 
I) 1 :":·t-- F 
11 j : ,[::;-- (I 

~Il':(--- ,) 
~11'"":~'-·-C fiT 
Cl I t:u --- 11 
I) 1 :::'""-"-C tiT 
:31 '",,)"-- I tH 
1-1 I ':Il--(~~T 

I1 1 ,-~ .' - - of\ 

I' 1 '-I'~ - '1 
,11 I I I_ - tl 

111'1,:--"'1'"11:1 

~Jl'_~;"-- 1 

f.1 j :"",-- E 
~ I:' 1-, 1--1- - 'I' T 1:1 

~1 ,:' U ! -" - E 
ll~:'C1,~- -- tl 
IJ,"~:) :'--- '1'[ n 
1.1,:(1'1-- C 
1),~I.irj-_ Fr'IT 
u, ~ 11 I., - - '~, T I' 
11, U-;-'-- ~'I~T 

11,~IY -"-,- t1T 
11,-:0':'-- UF' 
'i, __ J')-- 2 
l1 ,_~ j l .- -:: \' 
~I,-: 1 :' - -GTO 
l12 J >"- LE:L 
1.121'+-"- f'1 
[12 1 c, - et I T 
o,~ j 1:.--:';::- 'I' 
Cl ! 7'--"-I~T I-I 

tj:' J :_ - L ~:: L 
I I l' I - - B 



II:',-'n- --CtIT 
CI,~:,: j - --U,:L 
(~ :' :": c~ - - f1 
'.1.':: _: --- r: 11 T 
02,>I--nlT 
0,,'::5-- H 
L) 2:': " --( IH 
.322;-'--ItH 
11~' ,,' :,: - - ( tH 
~-J 2::: 9 - - 'I' T 0 
0230-- A 
11~':H - - t'l 
02 ;:2-- E 
~1233--(tH 
~J:~ ::4--'I'TO 
02;::5-- E 
O,:'?:t-- t~ 
rl2 ::~~--'I'l I] 

o.~ ~::,:-- E 
o,~ ::,~,-- nn 
02,-HJ--( tH 
'J2 ct 1--GTO 
0.:'~2--LBL 
U2~~ 3-- C 
o ~~-H --L BL 
~}2~~5-- C 
et 246--: :FP 
02-\ ;-'-- 1 
f~.~ ... ~C-- b 
':124'?-- UP 
~-I.::5C1-- 1 
~J::'~il-- + 
l:1,?S.::-- Dt~ 

~-1':~ r_~:: --:: T 0 
~J"::~4-- 1 
Ci2S5-- 6 
(I 2:'~ (, - -:: F P 
G.::5~-- 1 
(1.::Sf:'--- "( 
~12'j'?-- UP 
(J::,:,O-- 1 
C12t",1-- + 
~J':~IH,2-- Dt~ 

Cl.-H~H,·1-- 1 
O?t:,L~_- ~ 

C1':'t:,t: --: :F~' 
~-1':'tl~"'_- 9 
~J::"tl:::-- UP 
02t,'}-- I tiT 
O,:·~~~::. -- -
0.:,'1-- 1 
C1.~~' .?--: :E'I' 
0,_'7' .::-- -
U'::;'·1-- Dtl 
~1 ? ~' :: - - : : T Cl 
11:' ,'t,-- i tlD 
(1~'7H~'_ - 1 

~Hl?~':H:"-HH to 
L=127'1~_-::FF' 
(1.:::.:0--- 3 

L12'=:.~--: :FF' 
~1,?'::::, -- 2 

02:::c)--, :FF' 
1-1 .H: ::: t:, - - t~, 

(1':: C:,~ - -: : F F' 
CI~:::(;---ItlD 

(12,_"j-- 1 
~I'::"-~ 1-- ::' 
~:12'~~c.'- MH -

02'~ ,:-- Dtl 
O~:9 ... l-- UF' 
~lo:,,:·".jt5-- I t~T 
~12':~(,-- -
CI~:(./-;-'-- Ilt~ 

~HI2':IG-_:: ro 
':-':: ':~ '? -- I tL[1 
':' ? 1-1 I] - -- 1 
(13111-- ;' 
03(12--::FF' 
'-1 ::~1 ::-.- '? 
i):'ri,1 __ UP 

~:! ~:O:I--: :F;:;:' 
(':(1,,-- 1 
CI~'U~"I-- C1 
~-1 ~'C~::::-- + 
I) _:1.1'_'-- Dtl 
cr~:lC1--::TO 
LI:'::'l-- '~ 

~':' 1 ~'-- UF' 

i"i -, 1 -\- - 1 
LI:.'15-- 1 
~Ht M:: 1 t,--:: 'I' 
I-I -: l ;-'---GTO 
0::: 1 ::':--LE:L 
0:,1';:-'-- C 
('_, __ U--CtlT 
L~' :.:' ,-~ 1--:: = 'I' 

1-1-:,-:.:'--(;TO 
11: ~~ :'--LLH:L 
~-1':,::4-- C 
IJ ::::5--( tH 

0~1 :'c-~~'--GTO 
(I HH' CH, n-- L [: L 
l:1 :.'2'3-- It 
(1 ,: ~:C'--C tH 
LI:: : l--LE:L 
CHi':: ~:2-- E: 
(1 _: -_: -:---i-tH 

• >J _: :,1 --1=11 r 
lJ-:: _:r, __ H 

11 :: -: ,:.-- - ': 11 T 
U:: ::~'-- I tH 
C" - '::--CtH 
er~: H,,~HI __ 0 
LJ 340-- ~ 
I) 3,-11 - - fi 

1I ::"~c:-- . 
,:13-) >-( tH 
1.1 -:'1 '1--','10 
U _,-1 :'-- E 
1-' >~6-- tl 
~'>~;-'--','1o 
u ,:-~:::-- E 
[1 :: -\ ,-,- - nn 
1.1,: '_, ,) --L [:L 
u:;,':d -- E 
n ::'t:.i2--; :FF~ 
IJ Ht r -, 

H' H' _,-- 1 
n :':::i4-- t, 
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Specimen calculations of interference E. showing the repetition 

of values of E for each band of width Vt In. 

(where M=n. V=v. H=h. W=w and L=l ) 
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Specimen calculations of interference E, showing how the 

workpiece can have two values of surface roughness Ra 

for each band of width vt/n. 
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Ra, under the following 

I. When repeated values of interference are used 
more than once. 
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value of M to be entered ~nto the equat~on. 

-244-



Specimen calculations of workpiece surface roughness Ra. ~t == 
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Specimen calculations of workpiece surface roughness Ra. 
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Specimen calculations of workpiece surface roughness Ra. Vt-;;
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Specimen calculations of workpiece surface roughness Ra, ~t'::: 
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APPENDIX Y 

DETERr.iINA'l'ION OF SYSTE!'.I PARAMETERS FOR THE 
THREE COMPONENT DRESSiNG l!'ORCE DYNAMOI.IETER, 

1. CALCULATION OF THE FORCE-SENSING RING DIMENSIONS. 
These calculat~ons are based on the follovnng value 

of stiffness k:-

Fr AXIS (init~ally) 

F a AXIS k = 880 N/mm 

Ft AXIS 

For a th~n ring subjected to d~ameteral loading, the 
deflection measured ~n the direction of the appl~ed load ~s 
given by67 

where 

also 

6 = 
.149 P R3 

E I 
mm 

6 = deflection of the r~ng along the 
line of act~on of the applied load 

P = appl~ed load 

R = mean radius of the r~ng 
(rad~us to the neutral axis) 

E = Young's Modulus of Elashcity 
(210,000 N/~~2 for steel) 

I = Second Moment of Area of the ring 

R = 
01 + 02 mm 

4 
3 

I = 
b(01 - 02 ) 

mm4 
96 
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where 

01 = outs~de diameter of the ring mm 

02= ~nside d~ameter of the ring mm 

_b = width of the r~ng mm 

Substitut~ng in the deflect~on equat~on above for 
P • R and I ~n terms of °1 , 02 and b . 

s = 
. 2235 P 

Eb 
mm 

Re-arrang~ng the above equat~on to give an expression 
for st~ffness k. 

P 
r; = k = N/mm 

The strain-ring dimens~ons were calculated us~ng the 
above expression. 

Fr axis 
One r1ng of stiffness 880 N/mm (see fig. 5.7) 

b 10 mm 

Fa and Ft axes 

Two r1ngs per ax1S of stiffness 440 N/mm (see fig. 5.8) 

b 8·9 mm 
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where 

2. CALCULA'l'ION OF THE SYSTEM NATURAL FREQUENCIES 

f = 11* 271 M Hz 

f = Natural frequency Hz 

k = system stiffness N/m 

M = system mass kg 

M = .638 kg 

k = 3.336 MN/m (actual) stiffness increased 
from 880 kIf/m 

f = 364 Hz 

Fa axis 

M = .638 kg 

k = 853.1 !eN/m. .(actual) 

f = 184 Hz 

Ft axis 

M = .638 kg 

k = 1.079 MN/m· (actual) 

f = 207 Hz 
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3. CALCULATION OF THE STRAIN DEVELOPED IN 

THE FORCE MEASURnlG SYSTE!.l, AND THE 

CORRESPOrmING ELECTRICAL SIGNAL. 

Specimen calculations for the Fr Axis. 

Considering a force of 1 Newton applied to the 
system. 

strain ring diaphragm 

k/4 3k/4 

k= k/4 + 3k/4 

Hence the force acting on the strain ring = .25 N. 

For a thin ring subjected to diaroeteral loading, 
the bending stress acting at the inner and outer fibres 
is given by68 

where 

= 
6M 

b t2 

t = wall thickness of the ring 

2 
N/mm 

M = bend~ng moment considered at any point 
around the ring 

mm 

N.mm 

At the strain gauge fixing points ( see fig. 5.12 ), 
the bending moment is given by 

M = :!: ·1817 PR N.mm 

Hence the strain at the inner and outer fibres of 
the ring where the strain gauges are mounted is g~ven 
by 

e = 1· 09 PR 

b t
2 

E 
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a 

10 V 

zo 
..... 0 
4:0 
(!)U1 

1 K..o.. 

For the above Wheatstone Bridge Circuit the voltage 

across d - b is g~ ven by 

Vdb = e U G Volts 

where 

U = br~dge voltage (constant at 10 V.) 

and G = gauge factor (,2.095 for the gauges used.) 

Hence the voltage across d - b is 

1·09 PRUG 

Vdb = bt2 E 
Volts 

35..0.. 

Galvo 

For a force of 1 Newton applied to the system, Vdb is 

1·09x·25x14.68 x10 x2·095 

10 x1·15 x 1·15 x 210.000 
Volts 

= 30 jJV 

With a gain of 5,000: 

Vdb = 150 mV 

-253-



Hence the current through the galvonometer circu~t 
is 

-3 150x10 A 
1.035 

= 145}J A 

and the voltage drop across the galvonometer 
is 

For the galvonometer used, the sens~t~v~ty is 

1.75mV/mm. ginng a trace width of 

5 
1·75 

mm = 2·85 mm 

Hence the theoretical trace sensitivity of the 
Fr ax~s is 

2·85 mm/N 

From the calibration chart (see fig. 5.17) the actual 
trace sensitivity is 

2·5 mm/N 

Similar calculations for the Fa and Ft axes were 
calculated. 
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APPENDIX YI 

DRESSING TEST RESULTS 

(TABULATED FORM) 
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W 
t 

__ o'-i h1 
h2 Io---'n 

Volume of wheel worn away 

= . i\OW(h1-h 2 } cubic units 

Calculation of the volume of grinding wheel 

dressed away or worn away by grinding 
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8 = 
a = 
h = 

Fr = 

~ = 

8 = 
a = 
h = 

F,. = 

Ft = 

+15
0 

25 pm 

.5 mm/rev 

7.8 N 

2.8 N 

+15 

5 pm 

.5 mm/rev 

.5 N 

·2 N 

Fr- . 
i-=/;a-N-: 

~(t"t"IIII" 

1cm=2.25N 

---- - -~-

-. --- -

Ft -=; 2·8N: 

~ ..... J~~J. ". --. -

F. ~ r -- . - - 5 N - . 
- •..• ' 
TU F 

-- -~- -
L 

r 

. --
• 

- j 1cm=2.25N 
i 

l - - . --==--

_ __ ~ _____ ._ J 

Specimen dressing force readings 
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TEST NQ:- 1 

DIAMOND NO :- 63794/1 1·00K wt. 

IN-FEED:- 12·5 Jlm (. 0005 in.) 

CROSS-FEED :- .5 mm/rev (.020in/rev) 

WHEEL TYPE:-A 46 KV 
0:- 305 mm DRESSING PASS N~ . -

SPEED:-1800rev/min 1 2 3 4 

Fr 1·45 1· 52 1·59 1· 59 
~ 

+ 15° I/) 
Ft . .55 .55 ·63 .66 c 

0 .... 
Fr/Ft 2·63 2·76 2·52 2 ·40 ~ 

Cl) 

z 
Fr 1 ·04 1·18 1 ·32 1· 45 -

III 
I- + 10° Ft ·41 ·48 ·55 .62 z 
llJ 

Fr/Ft 2·53 2·45 2·40 2·33 z 
0 
0... 

Fr ·90 1 ·32 1 ·45 1 ·94 ::E 
0 

+ 5° u Ft ·34 .41 ·48 .62 
llJ 
u Fj. 1Ft 2·64 3·21 3·02 3 ·12 0:: 
0 
lJ... Fr 2·22 2·16 2·57 2 ·91 
e> 

0° z Ft ·69 ·69 ·76 .77 
In 
III 

Fr/Ft 3·21 3·13 3·38 3.77 llJ 
0:: 
Cl Fr 3 ·12 2·86 3.47 2·98 
.. _ 5° 

Ft ·76 ·83 ·90 ·83 ~ 

I/) 
Cl) 

4 ·10 ~ Fr/ Ft 3·44 3·85 3·59 
Ol 
Cl) 

Fr 2 ·98 3·47 3 ·82 3 ·12 Cl - _ 10° llJ Ft .69 ·90 ·94 ·83 
-l 
e> 

Fr/Ft 4·31 3·85 4·06 3·75 z « 
e> Fr 3 ·19 2·98 3·82 3·83 
« ° 1 . 04 .69 ·83 .83 0:: - 15 Ft Cl 

Fj. 1Ft 3.06 4.31 4·60 4 .61 
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TEST NQ:- 2 

DIAMOND N° :- 63794/1 1·00K wt. 

IN-FEED :- 12·5 j.Jm (.0005 in.! 

CROSS-FEED :- .1 mm/rev (.004 in/rev) 

WHEEL TYPE:-A 45 KV 

<1>:- 305 mm DRESSING PASS N~ . -. 
SPEED:-1800rcv/min 1 2 3 4 

Fr 1 ·11 1.55 1.56 1·14 
~ 

+ 15
0 en Ft .33 ·44 .44 .36 c 

0 ..... 
Fr/Ft 3.33 3.50 3.53 3.15 ::: 

(l) 

z 
Fr 1 .43 1.61 1·57 1.45 -

VI 
I- + 100 

Ft .41 .44 .44 . 41 z 
llJ 

Fr/Ft 3.48 3·61 3.53 3·50 z 
0 
0.. 

Fr 1·47 1 ·45 1 .51 1 .45 ~ 
0 u + 50 Ft .39 .39 .41 .39 
llJ 
u Fr 1Ft 3.80 3.70 3.91 3.65 
0::: 

~ Fr 1· 81 1·83 1· 78 2·00 
(!) 

0
0 z Ft .42 ·43 .42 .46 

tn 
VI 

Fr/Ft 4·33 4.30 4.25 4.31 llJ 
0::: 
Cl Fr 1·88 2 ·11 2.22 2.22 
.. _ 50 

Ft ·37 .41 .42 .44 ~ 

en 
(l) 

4 ·90 5 ·10 5.33 5.00 (l) Fr/Ft '-
0'1 
(l) 

Fr 2.43 2.53 2.39 2.43 Cl - _ 100 
llJ Ft .44 .48 .45 .44 
...J 
(!) 

Fr/Ft 5.46 5.30 5.33 5.45 z « 
(!) Fr 2·64 2.71 2·67 2.59 
« 0 

.50 . 50 .49 .46 0::: - 15 Ft Cl 

Fr 1Ft 5.27 5.41 5.40 5·53 
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TEST NQ:- 2 cont. 

DIAMOND NO :- 63794/1 1·00Kwt. 

IN-FEED:- 12·5 J.Im (.0005 in.! 

CROSS-FEED :- ·1 mmlrev (.004 inlrev) 

WHEEL TYPE:-A 46 KV 

<1>:- 305 mm DRESSING PASS N£ . -. 
SPEED:-1800 rev/min 5 6 7 8 

Fr 1 ·11 1.58 1.58 1.57 
~ 

+ 15
0 VI 

Ft .35 ·46 .46 .47 c: 
0 .... 

Fr/Ft 3.07 3·40 3·41 3.35 :: 
Cl z 

Fr 1 .49 1 .46 1·50 1 ·46 -
f./) 

+ 100 I- Ft .43 .41 .41 .41 z 
llJ 

Fr/Ft 3.50 3.55 3·69 3.55 z 
0 
0. 

Fr 1 ·46 1 ·70 1·81 1 .53 ~ 
0 

+ 50 u Ft ·39 ·44 ·45 .39 
llJ 
u Fr 1Ft 3.70 3.81 4·00 3.92 0::: 

~ Fr 1 ·89 1·95 1.95 1·74 
C!> 

0
0 z Ft .44 .45 .45 .39 

til 
f./) 

Fr/li 4·32 4.35 4.33 4·45 llJ 
0::: 
Cl Fr 2·36 2·22 2·09 2.71 
.. _ 50 

Ft .45 .44 .41 .52 ~ 

VI 
Cl 
Cl Fr/Ft 5·21 5.00 5 ·10 5.21 L. 
0'1 
Cl 

Fr 2.56 2·57 2·78 3.34 Cl - _ 100 
llJ Ft ·46 .46 .49 .58 
--l 
C!> 

Fr/Ft 5.57 5.53 5.62 5.70 z 
~ 
(!) Fr 2·39 2·31 3.22 3.34 
~ 0 
0::: - 15 Ft .42 .44 .56 .57 
Cl 

Fr 1Ft 5·73 5·24 5·76 5.83 
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TEST NQ:- 2 cont. 

DIAMOND NO :- 63794/1 1:00K wt. 
IN-FEED :- 12·5 jJm (.0005 in.! 

CROSS-FEED :- ·1 mm/rev (.004 in/rev) 

WHEEL TYPE:-A 46 KV 

(/J:- 305 mm DRESSING PASS N~ . -. 
SPEED:-1800rev/min 9 10 1 1 12 

Fr 1 .61 1.56 1· 60 1.47 
~ 

+ 15
0 -

III Ft ·48 .47 .47 .44 c: 
0 - Fr/Ft 3.36 3.33 3·39 3.31 ~ 
(]) 

z 
Fr 1· 56 1·58 1·56 1.64 -

V'l 
I- + 100 

Ft .44 .44 .44 .47 z 
w 

1)-1 Ft 3.49 3.59 3.50 3.49 z 
0 
0.. 

Fr 1 .74 1· 70 1·67 1·81 L 
0 

+ 50 u 
Ft .44 .43 ·44 ·48 

w 
u I)-/Ft 3.95 3.89 3 ·75 3.77 0:: 

f1: 
, 

Fr 2·11 2·06 2·09 2.04 
Cl 

0
0 z Ft .48 .47 .48 .47 

tn 
V'l 

FrIll 4.39 4.35 4·34 4.31 w 
0:: 
D Fr 2.72 2.64 2·72 2·50 
-. _ 50 

Ft ~ 

III 
. 51 .49 .50 .47 

(]) 

5.30 (]) Fr/Ft 5.32 5·40 5·29 L. 
0'1 
(]) 

Fr 3.39 3.00 3.06 3.06 D - _ 100 
w Ft .59 .54 .54 .53 
-l 
Cl 

Fr/Ft 5.70 5.59 5.64 5.70 z « 
Cl Fr 3.81 3.73 3.61 3.68 
« 0 
0:: - 15 Ft D 

.64 . 63 . 62 . 62 

Fr 1Ft 5·95 5·94 5.78 5·90 

-261-



TEST NQ:- 2 cont. 

DIAMOND NO :- 63794/1 1·00K wt. 

IN-FEED :- 12·5 j.lm (.0005 in.) 

CROSS-FEED :- .1 mm/rev (.004 in/rev) 

WHEEL TYPE:-A 46 KY 
rt>:- 305 mm DRESSING PASS N2 . -

SPEED:-1800rev/m!n 13 14 15 

Fr 1.42 1. 45 1·53 -
+ 15° III Ft ·44 . 44 .45 c 

0 ..... 
Fr/Ft 3·19 3·25 3.36 ~ 

(!) 

z 
Fr 1.64 1 .58 1 .70 -

If) 

+ 10° ..... Ft .47 .46 . 47 z 
w 

Fr/Ft 3.51 3.41 3.62 z 
0 
0... 

Fr 1·72 1·88 2.00 :::E: 
0 
u + 5° Ft .43 .49 .52 
w 
u Fr 1Ft 3·98 3·85 3.86 0:: 
0 
LL Fr 2.02 2·11 2 ·10 
(!) 

0° z Ft .48 .49 ·49 .... 
If) 
If) 

Fr/Ft 4 ·15 4·34 4.25 w 
0:: 
D Fr 2 ·22 2·29 2·78 
.. _ 5° 

Ft .44 .45 .52 -III 
(!) 
(!) Fr/ Ft 5.00 5.06 5.30 .... 
Cl 
(!) 

Fr 2 ·99 3·06 3.61 D - _ 10° w Ft ·53 .54 .62 
-I 
(!) 

Fr/Ft 5·60 5.60 5·80 z « 
(!) Fr 3·68 3.61 3·48 
« ° .61 . 61 .58 0:: - 15 Ft D 

Fr 1Ft 6·00 5.88 5.95 
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TEST NQ 3 

DIAMOND NQ:- 71784/2 

IN-FEED:- 12.5jJm (.0005 in) 

CROSS-FEED:- ·1 mm/rev (·004 in/rev) 

. 
WHEEL<t> 305 mm GRINDING WHEEL TYPE :-

SPEED 1800 rev/min A60KV A45KV 38A45K5V- 32A601<8V-

~ Fr ·70 ·90 ·50 ·50 
III 
c 

+ 15° .30 ·15 .15 0 Ft ·22 -:: 
<ll Fr/Ft 3 ·18 3·00 3·33 3·33 z -
~ Fr 1·39 1 ·93 1 ·51 1 .58 
z 

+ 10° w Ft ·27 ·41 ·33 ·33 z 
0 
0. 
:::E: 

Fr/Ft 5·14 4·70 4·87 4.78 
0 

Fr 2·08 2·25 1· 76 1 ·75 u 
w + 5° Ft ·38 ·51 .34 ·30 u 
0:: 
0 Fr/Ft 5·4.7 4·41 5·17 5·83 
LL 
(!) Fr 2·34 2·52 2 ·18 1·83 z 
t-t 0° Ft ·48 .55 .37 ·31 Vl 
Vl 
w 

Fr/Ft 4-87 4·58 5·78 590 0:: 
0 

Fr 2-36 2·78 2·25 1·97 .. 
~ _ 5° 

Ft -41 ·54 ·38 ·32 III 
<ll 
<ll 
r... Fr/Ft 5 ·75 5·14 5·80 6·00 01 
<ll 

0 Fr 2·44 2·79 2·25 1 ·97 -w _ 10° ·40 ·40 ·27 .J Ft ·32 
(!) 

z Fr/Ft 6 ·10 6·97 7·00 7 ·10 <t: 
(!) Fr 2·48 2·25 1·83 1·62 
<t: 

_ 15° 0:: Ft ·38 ·33 ·28 .23 
0 

Fr/Ft 5·52 6·81 6·51 6·88 
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TEST NQ 3 cant. 

DIAMOND NQ:- 70795/2 

IN-FEED :- 12.5j..lm (.0005 in) 

CROSS-FEED:- ·1 mm/rev (·004in/rev) 

WHEELftI 305 mm GRINDING WHEEL TYPE :-

SPEED 1800 rev/min A60KV A46KV· 38A46K5V- 32A60K3V-

- Fr . 1.54 1·68 1 .11 ·95 
In c 

+ 15° ·42 ·35 .31 0 Ft ·39 -::= 
Q) Fr/Ft 3·96 4.00 3.20 3.09 z 
~ 

~ .Fr 1 .33 1·36 1.04 ·82 
z 

+ 10° w Ft .37 .37 .35 .29 z 
0 

3.68 2.81 0- Fr/Ft 3.56 3.00 
::::£ 
0 

Fr 1 .25 1.22 .96 .68 u 
w + 5° Ft .38 .35 .33 .26 u 
0:: 
0 
I.L. Fr/Ft 3.33 3.49 2.88 2.58 

C) Fr 1 .25 1· 37 .88 .67 z ..... 
0° Ft . 36 .36 ·31 ·25 tIl 

tIl 
W 

Fr/Ft 3.50 3.80 2·86 2·67 0:: 
0 

Fr 1 .47 1·74 1 .22 1 .33 .. - _0 

Ft .37 ·41 .32 .38 In - !) Q) 
Q) 

3.83 3.56 '- Fr/Ft 3.93 4.22 Cl 
Q) 

0 Fr 1.68 2·52 1 .33 2·04 ~ 

w _ 10° 
Ft .38 .45 .32 .3.9 -l 

C) 

z Fr/Ft 4·48 5.56 4·17 5.25 
<{ 

C) Fr 1.97 2·52 1 .63 1.77 
<{ 

_ 15° 0:: Ft .39 ·43 ·33 ·33 
0 

Fr/Ft 5.00 5.84 4.88 5.29 
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TEST NQ:- 4 

DIAMOND NQ:- 63794/2 

WHEEL TYPE:-32A60- cf>:-305mm SPEED 1800 rev/min 

DRAG ANGLE:- 5° 
K8VBE 

CROSS-FEED (mm/rev & in/rev) 

E 
in/rev ·004 .008 ·012 ·016 ·020 

c: .- :l, mm/rev ·1 .2 .3 .4 .5 

Fa 
Fr .18 ·19 ·24 .26 .28 

N 
Ft .06 .06 .08 .08 .10 ~ 0 

L() 0 
E 0 Fr 1Ft 3.25 3·18 2·83 3 ·12 2·86 :l, - Ra .50 .70 1·00 1·30 1.65 
~ 

Fa <! 
...i 

Fr .68 .82 1·16 1· 47 1 . 67 • 
t.) 

~ - 0 Ft ·22 .25 .35 .46 .50 Cl 0 

cL 
0 ..... 
0 Fr 1Ft 3.06 3.28 3.33 3.22 3. 33 · 

Ra .75 .75 1·05 1.38 2· 10 
~ 

c: Fa .06 .06 .06 .07 .07 .-
o(l Fr 1·28 1 .71 2.00 2.54 I 2.86 
E U) 

~ 
0 L() Ft .38 .50 .59 .75 .83 
0 ..... - 0 

D · Fr I Ft 3·38 3.40 3.37 3.39 3.43 
w 

Ra .90 1· 05 1·25 1 .63 2.70 w 
lJ... 

.10 .11 .08 .10 .11 I Fa z ..... 
Fr 1.33 1 .85 2.45 2.84 3.34 

00 
~ 0 0 Ft .40 ·61 .72 .89 1·00 
III 0 N 
c: 0 Fr 1 Ft 3.31 3.02 3.38 3·19 3.30 
0 · .... 

Ra 1·45 1·80 2.30 2·40 2.88 3: 
Q) 

z Fa .11 .14 ·11 . 14 .14 -
LL Fr 1· 47 2.11 2.59 3.22 3.67 
o(l 0 ..... L() 

Ft ·47 .63 ·76 .97 1 .14 
lJ... ... 0 N 

0 

lJ...Cl · Fr/Ft 3·12 3·38 3·38 3.31 3.22 

Ra 2.38 2·42 2.50 2.70 2·98 
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TEST NQ:- 4 cont. 

DIAMOND NQ:- 53794/2 

WHEEL TYPE:-32A60- !b:-305mm SPEED 1800 rev/min 

DRAG ANGLE :_10° 
K8VSE 

CROSS-FEED (mm/rev & in/rev) 

E 
in /rev ·004 ·008 ·012 ·016 ·020 

c: .- :l, mm/rev ·1 .2 .3 .4 .5 

Fa 
Fr ·19 .24 .35 .53 .53 -N 
Ft .08 ·10 .13 .21 .20 

~ 0 
tn 0 

E 0 Fr 1Ft 2·33 2·43 2·78 2·53 2 ·68 :l, - Ra 1·00 1.25 1 .55 1.50 1 .50 
~ 

Fa <l: 
...i Fr .72 1·06 1· 25 1 .53 1 ·86 • u ~ 
~ 

0 Ft ·25 .37 .42 . 61 .64 
° 0 

0:: 
0 .-
0 Fr 1Ft 2.89 2.83 2· 96 2.80 2.90 · 

Ra 1·33 1·55 2.00 1· 70 1·88 
~ 

c: Fa ·04 .05 .04 .04 .06 .-
06 Fr 1·08 1 .56 2.03 2·56 3.00 
E ID 

0 tn Ft ·35 .61 .61 .75 .89 ~ 0 .-- 0 
Fr / Ft 0 · 3·10 3.14 3.31 3.41 3.39 

w Ra 1· 25 1.75 2 ·13 2.05 1 .93 w 
lL. 

Fa ·10 .10 .13 . 11 .11 I z .... Fr 1 .31 2·00 2.50 3 ·14 3.66 
co 

Ft .40 ·64 ·75 .95 1 . 08 ~ 0 0 
!/) 0 N 
c: 0 Fr 1Ft 3 ·25 3 ·13 3.32 3.30 3.40 
0 · - Ra ?: 1·63 1·75 2.38 1 .98 2.08 
ID 
Z Fa ·15 ·14 ·14 ·15 ·14 -
LL Fr 1 .54 2.28 2.86 3.56 4.04 
06 0 .- tn 

Ft ·49 .75 .84 1 .06 1 .18 
lL. .... 0 N 

0 

lL.0 · Fr 1Ft 3 ·17 3.04 3.41 3·35 3.42 

Ra 1 ·70 1 ·80 2·63 1 . 98 2·70 
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TEST NQ:- 4 cont. 

DIAMOND NQ:- 63794/2 

WHEEL TYPE:- 32 A 60- 1>:-305mm SPEED 1800 rev/min 

DRAG ANGLE :_15
0 K8VBE 

CROSS-FEED (mm/rev & inlrev) 

E 
in Irev ·004 .008 ·012 ·016 ·020 

c .- :x. mmlrev ·1 .2 .3 .4 .5 

Fa 
Fr ·14 .15 .22 .28 .42 

N 
Ft .06 .07 ·10 .13 ·19 - 0 

If) 0 
E 0 Fr 1Ft 2 ·10 2·20 2.22 2.22 2 ·15 :x. · - Ra 1 .63 1.00 1 .45 1 .88 1·30 
~ 

Fa « 
...i Fr ·64 .83 1· 08 1 .36 1 .68 • u -.t 
~ 

0 Ft .25 .33 ·41 ·49 . 53 a 0 

a: 0 ~ 

0 Fr 1Ft 2·56 2·50 2·65 2.80 3·16 · 
Ra 1·30 1 ·83 1·75 2.13 2.13 --c Fa ·08 .07 ·08 .06 .07 

'-

~ .- ·81 1 ·21 1 .95 2·54 3.11 rr 
E lO 

0 If) Ft ·26 .38 ·59 .76 .94 :J. 0 ..--- 0 
0 Fr 1Ft 3.06 3 ·15 3.26 3.35 3.30 
w Ra 1 .63 1· 55 2.88 2·25 1· 70 w 
l!.. 

·08 ·10 ·10 I Fa ·10 .10 z ..... 
Fr ·89 1·77 2·46 3.38 4.31 

ro - 0 0 Ft .30 .55 ·78 ·99 1 ·27 
rJl 0 N 
C 0 Fr 1Ft 3.00 3.22 3·17 3.43 3.39 
0 · ..-

Ra 2·25 ~ 
Cl 

1.75 3·13 2·88 1·88 
z Fa ·15 ·14 ·14 .14 .17 -
LL Fr ·97 1 .96 2.97 3.78 4.63 
<Xl 0 ..... If) 

Ft .31 .61 .88 1· 08 1· 29 l!.. ... 0 N 
0 

l!..0 · Ft 1Ft 3 ·15 3.21 3 ·19 3.51 3.58 

Ra 1·63 1·88 2·13 3·00 2 ·13 
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TEST NQ;- 5 

DIAMOND NQ:- 63794/2 

WHEEL TYPE;- A 60 KV ~:-305mm SPEED 1800 rev/min 

DRAG ANGLE:- 5° 

CROSS-FEED (mm/rev & in/rev) 

E 
inlrev ·004 ·008 ·012 ·015 ·020 

c: .- :J., mmlrev ·1 .2 .3 .4 .5 

Fa 
Fr 1.25 1.70 2 ·14 2·64 3.34 

N 
Ft .42 ·53 ·71 1.04 ~ 0 

l!l ·88 
0 

E 0 Fr 1Ft 3.00 3·21 3.02 3.02 3.20 :J., 
~ Ra .75 1.00 1·30 1 .55 1 .00 
~ « Fa 
-.i 

Fr 2·64 2 ·85 3.75 L. ·11 4.66 . 
0 ~ ~ 

0 Ft .78 .86 1.18 1 .22 1 .45 
° 0 

0 

a: ..-
0 Fr 1Ft 3 .41 3.33 3.19 3.38 3.22 · 

Ra ·88 1·13 1· 35 1 ·70 1 ·20 
~ 

c: Fa .25 .28 ·28 .33 .33 .-
Oil Fr 5.03 5.70 6.46 7.23 8·34 
E lD 

0 l!l Ft 1 .48 1·69 1 ·90 2·16 2.46 ~ 0 ..-
~ 0 
Cl · Fr 1Ft 3·39 3.37 3·41 3.35 3.39 
w 

Ra 1 ·13 1 .20 1·20 1 .63 1 . 55 w 
I.L 

.39 .47 .53 I Fa .53 .56 z ...... 
Fr 6.45 7·23 8 ·19 9.37 10.43 

ro 
~ 0 0 Ft 1 .87 2·08 2·35 2.66 3.01 
III 0 N 
c: 0 Fr 1Ft 3.46 3.47 3.49 3.52 3.47 0 · -?: Ra .88 1· 13 1·25 1 ·55 1·30 
Q.I 

Z Fa .56 ·61 .61 .70 .70 ~ 

t..L Fr 7·23 8.52 9.79 11· 12 12.70 
Oil 0 ..- l!l 

Ft 2.02 2.42 2.78 2.95 3.34 \.L'- 0 N 
0 

Fr 1Ft 3.57 3.52 3.52 3.77 3·81 \.L0 

Ra ·88 ·95 1 .50 1·38 1·38 
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TEST NQ:- 5 cant. 

DIAMOND NQ:- 63794/2 

WHEEL TYPE;- A 60 KV 4>:-305mm SPEED 1800 rev/min 

DRAG ANGLE;- 10° 

CROSS-FEED (mm/rev & in/rev) 

E 
in/rev ·004 ·008 ·Oi2 ·016 .020 . 

c '- ::I, mm/rev .1 .2 .3 .4 .5 

Fa 
Fr ·79 .83 1 .18 1·39 1 .86 

N 
Ft - 0 

t.n .25 .25 .35 . 40 . 55 
0 

E 0 Fr /Ft 3.20 3·16 3·27 3·48 3.35 ::I, - Ra ·88 1· 00 1.30 1 . 33 1.55 
~ 

<{ Fa 
-i 

Fr 2.59 3·27 3.50 4.17 4.73 . 
u ~ - 0 Ft ·75 .94 .99 1 ·19 1·32 ° 

0 

ex: 0 ...-
0 Fr 1Ft 3.44 3.47 3.55 3.50 3.57 · 

Ra 1·20 1 .33 1 .38 1· 50 1·75 -c Fa .19 ·22 .22 .24 .25 .-
o.!l Fr 4.56 5.37 6·12 7·23 8· 12 
E lD 

0 t.n Ft 1 .34 1 .55 1 .70 2.02 2·42 :J. 0 ...-- 0 
Cl · Fr /Ft 3.1.0 3.45 3·60 3.59 3. 51 
w 

Ra 1 .05 1 . 25 1·60 2.13 2. 30 w 
lL. 

I Fa .36 ·39 .39 .44 .46 z ..... 
Fr 6 .26 7. 12 8. 1 6 9.04 10.06 

<X) - 0 0 Ft 1 .74 2.00 2·25 2.44 2·73 
!/I 0 N 
C 0 Fr 1Ft 3.60 3.55 3.62 3·71 3.69 
0 · .... 

Ra 1 .00 1 . 20 1 .75 2·20 2·25 3: 
Cll z Fa .56 . 61 .61 .64 .65 -
t.L Fr 7.23 8· 28 9.31 10.29 11· 40 
o.!l 0 ..... t.n 

Ft 2·04 2.36 2.60 2·76 2.99 lL. .... 0 N 
0 

lL.0 · Fr/Ft 3.55 3. 51 3.58 3·73 3 ·81 
Ra 1 .20 1 . 38 1·95 2 ·13 1 .75 
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TEST NQ:- 5 cont. 

DIAMONDNQ:- 63794/2 

WHEEL TYPE:- A 50 KV IP:-305mm SPEED 1800 rev/min 

DRAG ANGLE:- 15° 

CROSS-FEED (mm/rev & in/rev) 

E 
in/rev ·004 ·008 ·012 ·016 ·020 

c .- :J., mmlrev ·1 .2 .3 .4 .5 

Fa 
Fr ·72 .78 ·89 .90 1· 22 

N 
Ft .24 ~ 0 

L1) .23 .28 .28 .39 
0 

E 0 Fr 1Ft 3·17 3.20 3 ·1 9 3.22 3. 15 :J., · - Ra 1 .13 1 .1 5 1 .00 1.00 1 . 30 
~ 

Fa <t 
-i 

Fr 2.34 2.39 2·68 2 ·84 3.23 . 
u ~ ~ 

0 Ft .71 .71 .79 .84 .96 
° 

0 

0:: 
0 ..--
0 Fr 1Ft 3.31 3.37 3.41 3.39 3.38 · 

Ra 1·38 1 ·25 1 .63 1 .50 1·50 
~ 

C Fa ·19 .21 .26 .25 .28 .-
c(j Fr 3 ·24 3.53 4·17 4.42 5.12 
E lD 

0 L1) Ft .94 1 .01 1·18 1· 25 1 .45 :J. 0 ..--- 0 
Fr 1Ft 3·45 3.51 3.55 3.54 3.52 0 · 

UJ 
Ra 1·40 1 .63 2·08 2 ·18 2·38 w 

I..!.. 
I Fa .36 z .36 .38 .42 .42 

...... 
Fr 5.00 5.52 6 ·14 6·71 7.28 

00 
~ 0 0 Ft 1 ·45 1 .57 1· 68 1 .86 2.03 
I/) 0 N 
C 0 Fr 1Ft 3.46 3.52 3·65 3.61 3.58 
0 · - Ra 1 .55 1 . 50 2·13 := 2·20 2·25 
Ql 

Z Fa .58 .50 ·49 . 53 .53 -
tL Fr 5 ·12 6 ·84 7.62 8.20 9·04 
c(j 0 ..-- L1) 

Ft 1 .70 1 .90 1· 99 2.27 2.54 
I..!.. ... 0 N 

0 

I..!..0 · Fr 1Ft 3.60 3.59 3·83 3·62 3.56 

Ra 1 .55 1 . 63 2.00 2 ·13 2·63 
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TEST NQ:- 6 

DIAMOND NQ:- 63794/2 

WHEEL TYPE:- A 46 KV t!>:-305mm SPEED 1800 rev/mln 

DRAG ANGLE:- 50 

CROSS-FEED (mmlrev & in/rev) 

E 
in/rev ·004 .008 ·012 ·016 ·020 

c .- :l, mm/rev ·1 .2 .3 .4 .5 

Fa 
Fr 1.25 1.60 1 .81 2 ·10 2.31 

N 
Ft ·43 .54 .67 .72 .78 ~ 0 

U"l 0 
E 0 Fr 1Ft 2.90 2·95 2·71 2.90 2.96 ::I. - Ra 1.25 1.03 1.45 1 .45 1 .00 
~ 

<! Fa ·15 ·18 ·14 ·14 ·15 
-i 

Fr 2.22 3·09 3.89 4.60 5.21 . 
(.) -.j" - 0 Ft .77 .98 1 .26 1·53 1 .64 
° 

0 

0:: 
0 ..... 
0 Fr 1Ft 2.90 3.15 3 ·10 3.00 3 ·17 · 

Ra 1 .38 1·05 1·68 1·88 1 .90 
~ 

c .- Fa ·17 .14 .19 ·14 ·15 
oc5 Fr 2.59 4·17 5.64 6.76 8.24 
E lD 

0 U"l Ft .83 1 . 30 1 . 73 2 ·14 2.74 :::J. 0 ..... - 0 
Cl · Fr 1Ft 3·10 3·20 3.27 3.15 3.01 
L1J 

Ra 1·08 1·55 1·65 2.38 3.20 L1J 
ll. 

I Fa ·19 .21 ·19 .22 . 19 z ..... 
Fr 3.06 5.09 6.78 9 ·12 10.99 

0) 
~ 0 0 Ft .94 1 .54 2.05 2.80 3·28 

cJ) 0 N 
C 0 Fr 1Ft 3 ·25 3.30 3.31 3.26 3.35 0 · .... 

Ra ?: 1 ·13 1 .45 1·55 2·00 2·95 
ID 

Z Fa ·22 .25 ·21 ·22 .23 -
t.L Fr 3.22 5.34 7.90 9.90 12·51 
oc5 0 ..... U"l 

Ft .91 1 . 56 2·28 2.91 3.67 ll. ... 0 N 
0 

Fr 1Ft 3.53 3.42 3·46 3.40 3.41 ll.0 · 
Ra 1·30 1·33 1· 65 2 ·10 3.75 
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TEST NQ ;- 6 cont. 

DIAMOND NQ;- 63794/2 

WHEEL TYPE:- A45 KV cP:-305mm SPEED 1800 rev/min 

DRAG ANGLE;- 10° 

CROSS-FEED (mm/rev & in/rev) 

E 
in Irev ·004 .008 ·012 ·016 .020 

c .- :J. mm/rev ·1 .2 .3 .4 .5 
Fa 
Fr .57 ·75 1· 2 6 1 . 47 1·65 

N 
Ft - 0 

U"l .26 .28 ·48 .54 .50 
E 

0 
0 Fr/Ft 2·53 2·70 2.65 2·70 2·77 :J. - Ra 1.05 1.15 .95 1 ·00 1.20 

~ 

·10 « Fa . 11 . 11 ·13 .11 
-i 

Fr 1 .53 2.28 2·42 3.27 3.56 . 
0 ~ 
~ 

0 Ft .56 .80 .86 1 . 11 1 ·24 0 0 

0: 
0 .... 
0 Fr 1Ft 2· 71 2·85 2.80 2.93 2·87 · 

Ra 1 . 05 1· 40 1·65 1 .78 1·83 
~ 

c Fa ·17 ·19 ·18 ·19 ·21 .-
i:l/l Fr 2.65 3·67 4.39 5.50 6·03 
E U) 

::1. 
0 U"l Ft .88 1 .16 1 .47 1 .72 2·02 0 .... - 0 

0 · Fr 1Ft 3.01 3 ·15 3.00 3·20 2·99 
UJ Ra 1 ·00 1·45 1 . 70 2·38 2·25 UJ 
1..1.. 

·24 I Fa .24 .25 ·25 .26 z ..... 
Fr 3.60 4·74 6 ·14 7.51 8·70 

<X) - 0 0 Ft 1 ·15 1 .50 1 ·98 2·33 2·69 
Vl 0 N 
C 0 Fr 1Ft 3 ·12 3 ·15 3 ·10 3 ·22 3.23 
0 · ..... 
;: Ra 1.20 1 .58 1 ·80 2·78 2.73 
Cl 
z Fa ·26 ·28 ·27 ·31 .33 -
tC Fr 4 .11 5·75 7 ·17 9·04 10·61 
o!j 0 .... U"l 

Ft 1 ·29 1·87 2·31 2·87 3.31 1..1.. ... 0 N 
0 

1..1..0 · Fr 1Ft 3.18 3·07 3·10 3·15 3.20 

Ra 1 .50 1·75 1 .88 2·50 2·78 
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TEST NQ:- 6 cont. 

DIAMOND NQ:- 63794/2 

WHEEL TYPE:- A 46 KV C/);-305mm SPEED 1800 rev/min 

DRAG ANGLE;- 15° 

CROSS-FEED (mm/rev& in/rev) 

E 
in/rev ·004 ·008 ·012 ·016 ·020 . 

c: .- ::t, mm/rev .1 .2 .3 .4 .5 

Fa 
Fr 1·04 1·25 1 ·61 1 .75 1.97 

N 
Ft ·39 ·46 - 0 

I.[') .51 .56 .64 
0 

E 0 Fr 1Ft 2 ·65 2·73 3·14 3·15 3.09 ::t, 
~ Ra 1· 25 1·00 1· 38 1 ·25 1 . 00 
~ 

<! Fa .04 .06 ·07 .08 .08 
-i 

Fr 2·32 3 ·17 3.84 4·34 4·93 . 
u ~ ~ 

0 Ft ·79 1 . 1 0 1·32 1 . 45 1 . 56 0 0 

er:: 0 ..... 
0 Fr 1Ft 2.95 2·87 2.91 2.98 3 ·16 · 

Ra 1·30 1·30 1· 60 1·90 2·10 -C .- Fa .09 ·08 ·10 . 11 ·12 
0lS Fr 2.86 3·84 4·45 5.49 6·07 
E \D 

0 I.[') Ft ·89 1 ·18 1·48 1 .66 1 ·98 =t 0 ..... 
~ 0 3·22 Cl · Fr I Ft 3·25 3.01 3.31 3.07 
LU Ra 1·20 1 ·38 1·83 2 ·13 2 ·13 LU 
ll.. 

·15 .17 ·17 I Fa ·18 ·19 z ..... 
Fr 3 ·85 4.99 6 ·13 7.51 8.48 

Cl) - 0 0 Ft 1 ·21 1 .53 1 .86 2.29 2·60 
C/l 0 N 
c: 0 Fr 1Ft 3·18 3.26 3.30 3·28 3.26 0 · .... 

1· 45 1·45 1·75 2·05 2 ·15 3: Ra 
(]) 

z Fa ·22 ·22 .25 ·25 ·28 ~ 

~ Fr 4·61 6 ·12 7·42 8·63 9·80 
0lS 0 ..... I.[') 

Ft 1·42 1 ·87 2·22 2·62 2·96 ll.. ... 0 N 
0 

Fr 1Ft 3·26 3 .28 3.35 3·29 3.31 ll..0 

Ra 1 ·45 1 ·35 1·53 2·00 2.20 
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TEST NQ:-7 

DIAMOND NQ:- 63794/2 

WHEEL TYPE:- 38 A 45 - t!> :-30Smm SPEED 1800 rev/min 
KSVBE 

DRAG ANGLE:- 5° 

CROSS-FEED (mm/rev & in/rev) 

E 
in/rev ·004 .008 ·012 ·016 ·020 

c .- :I, mm/rev ·1 .2 .3 .4 .S 

Fa 
Fr ·57 ·83 1· 29 1·58 1 .78 

N 
Ft ·19 .28 .42 .S1 .57 - 0 

In 0 
E 0 Fr /Ft 3.00 2.95 3.0S 3 ·10 3.10 
:I, · - Ra 1 . 1S 1 .05 1 .20 1 .45 1.98 
~ « Fa 
--i Fr 1 .47 2.25 2.79 3.73 4.39 . 
u -..t 
~ 

0 Ft .48 . 71 .87 1 ·25 1·42 a 0 

a:: 0 ..... 
0 Fr 1Ft 3 ·10 3.15 3.20 2.98 3. 10 · 

Ra 1·30 1 ·25 1·25 1 . 50 2·25 - --
C Fa ·14 .11 . 11 ·10 . 11 .-

ell Fr 2.18 3·20 4 ·17 4.98 6·51 
E ID 

:J. 
0 In Ft .65 .97 1· 24 1 .51 1·94 0 ..... - 0 

Fr I Ft 3.37 Cl 3·29 3.37 3.30 3.35 
w Ra 1· 25 1·45 1.95 2·08 2·58 w 
LL 

I 
z Fa .22 .24 . 21 .22 .24 
..... 

Fr 3.00 4·23 5.64 6.89 7·94 
0) - 0 0 Ft ·88 1 . 28 1.66 2·06 2·32 

I/l 0 N 
C 0 Fr 1Ft 3.40 3. 31 3.40 3.35 3.42 
0 · ..... 

Ra 3: 1.25 1· 50 2·05 2·23 2.63 
Cl) 

z Fa .26 .26 ·28 .28 .29 -
LL Fr 3·42 5.21 6.23 7·98 9· 24 
od 0 ..... In 

Ft .97 1 .51 1 .81 2.37 2.68 
LL'- 0 N 

0 
Fr,/Ft 3.51 3.46 3.44 3.37 3.45 

LLO 

Ra 1 .25 1 . 60 2.10 2·33 2.73 
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TEST NQ:- 7 cont. 

DIAMOND NQ:- 63794/2 

WHEEL TYPE:- 38 A 46 - IP:-305mm SPEED 1800 rev/min 

DRAG ANGLE :_10° 
K5V8E 

CROSS-FEED (mm/rev & in/rev) 

E 
in Irev ·004 ·008 ·012 ·016 ·020 

c .- :J, mm/rev ·1 .2 .3 .4 .5 

Fa 
Fr ·22 ·33 .42 .65 .71 

N 
Ft .08 ·12 .15 .23 .25 - a 

tn a 
E a Fr/Ft 2 ·80 2·89 2·75 2.91 2.88 
:J, - Ra 1·53 1· 25 1·08 1 . 10 1·20 
~ 

Fa <! 
..J Fr 1 ·11 1 .25 1·53 1·83 1 ·95 . 
(j -.j" 
~ a Ft .36 .43 .50 .62 .62 
° 

a 
0:: 

a .-a Fr 1Ft 3·08 2·90 3·06 2 ·97 3·12 · 
Ra 1· 68 1·48 1· 53 1 .68 1· 58 -C Fa ·13 .13 . 15 . 14 . 1 5 .-

"" Fr 1·63 2.04 2.40 2·72 2.99 
E 1.O 

4 
a tn Ft .51 .65 .73 .85 .93 a .-- a 

Fr I Ft Cl · 3.21 3.16 3.28 3·22 3.20 
w' Ra 1.73 1·55 1·95 1.95 2.13 w u. 

·18 I Fa z ·18 .19 .18 . 21 
..... 

Fr 2 ·07 2·64 3·06 3.36 3.91 
(0 - a a Ft .62 .81 .92 1 .03 1 . 1 9 

IJ) a N 
c a Fr 1Ft 3.32 3.26 3.31 3.27 3.29 
0 · - Ra ;: 1·73 1.83 3.08 2.38 2·83 
(l) 

z Fa ·24 - .25 .25 .26 ·26 
t.L Fr 2·32 3.07 3.59 4.38 4.93 

"" a .- tn 
Ft .68 .95 1·06 1· 28 1 ·47 u.'- a N 

a 
u.0 · Fr 1Ft 3.41 3 .23 3.38 3.41 3.35 

Ra 1 .88 2.08 2.88 3.38 3·70 
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TEST NQ:- 7cont. 

DIAMOND NQ:- 63794/2 

WHEELTYPE~38A46- <t>:-305mm SPEED 1800 rev/min 

DRAG ANGLE:-15° 
K5VBE 

CROSS-FEED (mm/rev & in/rev) 

E 
in/rev ·004 ·008 ·012 ·016 ·020 · c. 

'- :l, mm/rev ·1 .2 .3 .4 .5 

Fa 
Fr ·17 .56 .79 1.24 1.39 

N 
Ft .06 .1 9 .26 .40 .46 - 0 

LO 0 
E 0 Fr/Ft 2·98 2.95 3·00 3.07 3.05 :l, · - Ra 1· 40 1 .33 1·00 1 .25 1 .05 
~ 

<! Fa 
-i Fr 1 .47 1 .67 2·20 2.46 2.75 . 
u ~ - 0 Ft .47 .55 .68 .79 .89 
° 

0 

a: 0 ..-
0 Fr 1Ft 3 ·13 3.01 3.24 3.11 3.08 · 

Ra 1·20 1 .35 1 .48 1· 65 1 .38 -C Fa ·08 .07 .08 ·10 .10 .-
~ ... 1.95 2.45 3.06 3.63 3.98 
E lD t"r 

0 LO Ft .59 .74 .94 1 ·08 1.20 :J. 0 ..-- 0 3·29 Cl · Fr 1Ft 3. 31 3.26 3.35 3.31 
l1J 

Ra 1.53 1· 70 1 .78 1 ·93 1·95 l1J 
lL. 

. 11 ·11 . 11 ·13 . 11 I Fa z ...... 
Fr 2·34 2·96 3.61 4.00 4.61 

CD - 0 0 Ft .68 .86 1·08 1 ·17 1 ·36 
III 0 N 
C. 0 Fr 1Ft 3·41 3.42 3.35 3.41 3·39 0 · ..-

Ra 1.25 1.85 3: 1·55 2·08 2·08 
Q) 

z Fa ·15 . 1 7 ·15 .14 . 15 -
LL Fr 2·59 3 ·11 3.93 4.45 5·14 
eX! 0 ..- LO 

Ft .74 ·90 1 ·12 1·25 1· 53 lL. .... 0 N 
0 

lL.0 · Fr/Ft 3.51 3·47 3.50 3.55 3.35 

Ra 1·30 1.58 2·05 2·65 2.65 
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TEST NQ:- 8 

DIAMOND NQ:- (Origin unknown) blunt: single-point 

WHEEL TYPE :-38A46·K5VBE C/l:-292mm SPEED 1800 rev/min 

DRAG ANGLE:- +5
0 

CROSS-FEED (mm/rev & in/rev) 

E 
in/rev ·004 .008 ·012 ·016 ·020 · c: .- :l, mm/rev .1 .2 .3 .4 .5 

Fa 
Fr 3.22 3.53 3.75 3.75 3.89 

N 
Ft .72 .78 .76 .87 .89 - 0 

Ln 0 
E 0 Fr/Ft 4.50 4·50 4 ·92 4.31 4.35 :l, 

- Ra ·78 .75 ·90 1·08 1.28 
~ 

Fa <i 
-.i 

Fr 10· 43 10.84 11.20 11· 40 11·51 • u ...: 
~ 

0 Ft 2 ·17 2· 27 2·33 2.46 2.44 
° 0 

a:: 0 ...-
0 Fr 1Ft 4 ·80 4·76 4.81 4.63 4.72 · 

Ra ·95 1·15 1·23 1·28 1 ·38 
~ 

C Fa .-
o.:s Fr 13.54 13.90 14 ·18 14.54 14.60 
E lD 

0 Ln Ft 2.71 2·62 2.84 2.91 3.01 =t 0 ...-- 0 
Cl · Fr I Ft 5.00 5.31 4·98 5.00 4.75 
LU 

Ra 1·13 1.30 1 ·30 1· 33 1· 43 LU 
Lt. 

I Fa z ..... 
Fr 17.51 17·79 18·01 18.07 18·54 

00 
~ 0 0 Ft 3.17 3.26 3.15 3.36 3.45 
Vl 0 N 
c: 0 Fr 1Ft 5·52 5.46 5.71 5.38 5.37 
0 · - Ra ~ 1.30 1·30 1·30 1·30 1·30 
(\.I 

z Fa -
LL Fr 19·46 19·74 20.07 20·29 20.43 
cXJ 0 ...- Ln 

Ft 3.27 3.32 3 ·18 3·39 3·35 Lt. .... 0 N 
0 

Fr 1Ft 5.96 5·94 6.31 5.98 6·10 
Lt.0 · 

Ra 1.30 1·33 1· 28 1·25 1·30 
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TEST NQ;- 8 cont. 

DIAMOND NQ;- (Ori gin unknown) blunt: single-point 

WHEEL TYPE;-32A50·K8V8E cf>;-287 mm SPEED 1800 rev/min 

DRAG ANGLE;- +5° 

CROSS-FEED (mm/rev& in/rev) 

E 
in/rev ·004 .008 ·012 ·016 ·020 

c .- :l, mmlrev ·1 .2 .3 .4 .5 

Fa 
Fr 2.59 2.61 2·92 2·92 3.06 -

N 
Ft .58 .60 .71 - 0 

to .68 .63 
0 

E 0 Fr 1Ft 4.50 4.36 4·32 4 .61 4·29 :l, · 
~ Ra .35 .45 .53 ·80 .88 
~ 

<! Fa 
-i 

Fr 8 ·62 8·81 9 ·15 9.50 9. 67 • u --t ~ 

0 Ft 1· 79 1 ·81 1· 93 2.00 2. 10 0 0 

0: 
0 ..-
0 Fr 1Ft 4.81 4.87 4.75 4.75 4. 61 · 

Ra ·48 ·55 ·68 ·83 ·93 -C Fa .-
ell ~ 12·23 12·51 12 ·84 13.07 13.01 
E lD r-r 
:J. 

0 to Ft 2.40 2.35 2.58 2·66 2.74 0 ..-
~ 0 
Cl · Fr 1Ft 5.09 5.30 4.98 4.91 4.75 
tu 

Ra ·48 ·63 .90 1·00 1·00 tu 
lL. 

I Fa z .... 
Fr 14.32 14.76 15.01 15.07 15·29 

co - 0 0 Ft 2.67 2.64 2.88 2·76 2.90 
lI) 0 N 
C 0 Fr 1Ft 5.36 5.59 5 ·21 5.47 5.28 
0 · ...... 

Ra ?; ·58 .85 1.03 1·20 1 ·25 
ID 
Z Fa ~ 

LL Fr 15.40 17.10 15.95 17.51 18.07 
ell 0 ..- to 

Ft 2.78 2·84 2·77 3.03 3.06 
lL. ... 0 N 

0 
Fr 1Ft 5·89 6.02 6 ·13 5·78 5.90 

lL.0 · 
Ra ·70 ·80 1.00 1 ·13 1·25 
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TEST NQ;- 8 cont. 

DIAMOND NQ;- (Origin unknown) blunt; single-point 

WHEEL TYPE;- A 46 KV 1/>:- 278 mm SPEED 1800 rev/min 

DRAG ANGLE;- +5° 

CROSS-FEED (mm/rev & in/rev) 

E 
inlrev ·004 .008 ·012 ·016 ·020 

c: .- :J. mm/rev ·1 .2 .3 .4 .5 

Fa 
Fr 2.78 3.00 3.34 3.42 3.60 

N 
Ft .55 ·58 .80 ·81 .84 ~ 0 

If) 0 
E 0 Fr 1Ft 4·30 4.42 4 ·15 4.20 4.28 
:J. - Ra 1.18 1. 23 1.18 1.23 1.18 
~ 

Fa « 
.,j 

Fr 9.17 9.73 10.04 10.29 10·17 • u -.j" - 0 Ft 2.00 2·11 2.21 2·34 2.30 
° 

0 

a: 0 ..... 
0 Fr 1Ft 4 ·60 4 ·51 4·55 4·40 4.43 . 

Ra 1. 25 1.13 1.15 1.23 1.08 
~ 

c: Fa '-

~ Fr 12·79 12.79 13.07 13.34 13.37 
E lD 

0 If) Ft 2.45 2·50 2·51 2·54 2.63 :J. 0 ..... - 0 
0 Fr 1Ft 5·20 5.12 5.21 5·25 5.08 
w 

Ra 1.13 1.03 1.20 1.10 1.10 w 
U. 

I Fa z ..... 
Fr 13.34 13.93 14.04 14.21 14.79 

<0 
~ 0 0 Ft 2·47 2·57 2·55 2·54 2.73 
tIl 0 N 
c: 0 Fr 1Ft 5.39 5.41 5.28 5.59 5.41 
0 . 
..-

Ra 1.20 1.25 1.20 1.28 1.25 ;: 
Cl) 

z Fa -
tL Fr 15.85 16.40 16.85 16.96 15.96 
~ 0 ..... If) 

Ft 2·70 2.69 2.84 2·84 2·77 u. .... 0 N 
0 

Fr 1Ft 5·87 6·09 5·94 5.97 5.12 u.0 

Ra 1.28 1.20 1.15 1.25 1.13 
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TEST NQ;- 8 cont. 

DIAMOND NQ;- (Origin unknQwn) blunt; single - point 

WHEEL TYPE;- A 60 KV 1/J;-295mm SPEED 1800 rev/min 

DRAG ANGLE;- + 5° 

CROSS-FEED (mm/rev & in/rev) 

E 
in/rev .004 .008 ·012 ·016 ·020 

c .- ::J, mm/rev ·1 .2 .3 .4 .5 

Fa 
Fr 3'·48 3.34 3.71 3 ·84 3.84 

N 
Ft ·81 .83 .87 .93 .95 ~ 0 

LO 0 
E 0 Fr 1Ft 4.30 4.02 4·26 4. 13 4.04 
::J, 

- Ra .80 .88 .85 .85 ·83 
~ 

<t: Fa 
.,.j 

Fr 9.73 10.43 10.56 10·45 11.06 . 
u - ~ 

Ft 2.03 2.05 2.30 2.27 2.30 0 
0 0 

(( 
0 ..--
0 Fr 1Ft 4.80 5·10 4.60 4·60 4.80 · 

Ra ·70 .80 .75 .73 .75 
~ 

C Fa .-
Cl/! Fr 13.90 14·18 13.96 14.26 14.60 
E ID 

:J. 
0 LO Ft 2·44 2·44 2.41 2.50 2·61 0 ..--- 0 

Fr 1Ft 5·70 5·80 5.80 5.70 5·60 Cl · w 
Ra .70 .75 ·88 ·83 .85 w 

I.J... 
I Fa z ...... 

Fr 16 ·12 16·65 16·74 16.96 17·10 
co 

~ 0 0 Ft 2·78 2.78 2·79 2·95 3.05 
C/I 0 N 
C 0 Fr 1Ft 5.80 6.00 6·00 5.75 5.60 
0 · .... 

Ra 3 .80 ·83 .88 ·95 ·98 
ID 

Z Fa -
LL Fr 18·68 19.18 19·52 19.46 19.74 
Cl/! 0 ..-- LO 

Ft 3.00 3.20 3.20 3.30 3·30 I.J...'- 0 N 
0 

Fr 1Ft 6·25 6.00 6·10 5.90 6.00 
l.J...o · 

Ra .78 .83 ·85 .90 ·93 
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0) 
-" 

DIAMOND NQ:-7178t./4 .90Kwt WHEEL TYPE :-38A46-K5VBE Grd. width :-20 mm TEST NQ:- 9 Step width :- 5 mm 
GRINDING WHEEL WEAR DIAMOND TOOL WEAR DRESSING 

Fr/Ft WwlDw WHEEL 
PASS depth Volume Ww depth area depth Volume Dw FORCE C.L.A. 

NQ worn accum worn 4 worn x area (Newtons) RATIO RATIO (jlm) 
inx10-4 inx10-4 . 3 3

10
3 . a 10-6 • 3 10-'0 in'x10-'o mrJx103 x106 In mmx inxlO- Inx In x Fr Ft 

1 -- - -- 2 11-5 23 23 - ·17 .08 2.0 1 ·18 

5 9 9 .03 .44 8 52 416 439 .72 .75 .27 2.8 ·62 1· 23 

10 20 29 .09 1·43 6 103 618 1057 1·73 1 ·45 ·56 2.8 .82 1·25 

15 22 51 .15 2·52 4 138 552 1609 2.64 1·95 . 61 3·2 .95 1·40 

20 23 74 .22 3.66 3 170 510 2119 3.47 2.39 .80 3.0 1.05 1 ·30 

25 19 93 ·28 4.59 2 190 380 2499 4.10 2·50 ·78 3.2 1·11 1·26 

30 22 115 ·35 5.68 3 203 609 3108 5·09 2.78 ·79 3.5 1 .11 1· 25 

35 23 138 ·42 6·82 2 226 452 3560 5.83 3.09 '.88 3.5 1 .16 1.23 

40 23 161 ·49 7·95 2 242 484 4044 6· 63 3.34 .93 3·6 1 .1 9 1· 23 

45 25 186 .56 9.19 3 252 756 4800 7.87 3.53 .93 3·8 1.16 1· 00 

50 21 207 ·62 10.23 1 270 270 5070 8·31 3.73 ·98 3.8 1·23 1·13 

70 97 304 92 15·02 4 330 1320 6390 10· 47 4.50 1 ·13 4.0 1·43 1 ·13 

100 145 449 1·35 22·18 5 430 2150 8540 13.99 5·73 1· 27 4·5 1.58 1·15 

150 254 703 2·12 34·73 7 469 3283 11823 19·37 6.26 1· 42 4.4 1 .79 1·13 

200 256 959 2·89 47·38 3 501 1503 13326 21·84 6.59 1·37 4.8 2·16 1·13 

250 244 1203 3·63 59.44 3 528 1584 14910 24·43 7·03 1· 50 4.7 2·43 1·13 

300 259 1462 4·41 72·23 3 540 1620 16530 27·09 7.09 1.47 4.8 2·66 1.13 
. 



APPENDIX W 

GRINDING TEST RESULTS 

(TABULATED FORM) 

-282-



80 

60 
z 
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.E 

Variation of grinding force with 

changes in workpiece diameter 

~mm 50·6 41·3 30.5 26.0 

FR N 65.0 58.0 45.0 40.0 
FT 37.5 29-0 20.0 20·0 
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R°(\fC® 

~ 0.0\0.\ 

~ 
V 

.J 

V 

~ 

~ ~\~ 
40 

Ol 
C 
"0 
C .-r... 

e!) 

20 ..... 
p-
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. 

30 35 40 45 50 
Workpiece diameter mm 

A series of gri~ding tests were conducted to observe 

55 

the effec~ of ~he change in workpiece diameter on grinding 
force. The results are shown above. Due ~o ~he observed 
reduction in force reading for a reduction in workpiece 
diameter, several of the main tests were repeated,using 
workpieces having a starting diameter of 50 mm. The 
variations in force readings were noted for similar volumes 
of metal removed, and were found to follow the same trend. 
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1cm = 20 N 
---~ I 

-

• ..• ,J .... ' 
-~ , --

J - "~.V',, t'\ - ,,"'r" - ,I' r 

-F,----- ,. 1 .' ,., 
~ ~/' ~R ~--

-
-~:-- J. ~I".~: ;I-------

:FT~~---
Ft; ~,,,,,""T' __ \-•. C----

- - - - -
-- --

- - - - - ---

1_ 56 mm 

Depth of cut ag = 12.5 jJm 

Cross-feed vt =13.5mm/sec 

Paper trace rate = 7·5 mm/sec 

Workpiece length = 75.5 mm 

Grinding wheel width = 25 mm 

- - ~-- -
57N 

- ---
-

---

- -
-

--40 N- -- -
~-- - ~-~------- - - - ~ 

------ --

• 7.5 ( 
.. Activetracelength= -x 75.5+25) mm 

13.5 

::= 56 mm 

From the trace FR = 57 N 

FT = 40 N 

Specimen grinding force readings 
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l 

Volume of metal removed 

= n (°1 + °2 ) x (°1 - °2 ) x l 

= 

= 

2 2 

(°1 + 02 )( 01 - 02 ) 
nl 

4 

(02 
_ 02 

) 
n l 1 2 cubic units 

4 

Calculation of the volume of metal removed 

by grinding 
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TEST NQ:- 1 

DIAMOND NQ:- 71784/2 
DRESSING CONDITION:- IN-FEED 25,um CROSS-FEED ·3 mm/rev 
GRINDING CONDITION:- IN-FEED 12.5J-lm CROSS FEED20·5mm/sec 
WHEEL TYPE:- 32A60-K6VBE (/>:-272 mm SPEED.-1800 rev/min 
WORKPIECE MAT. L EN 31 <Il:- 50·8 mm length:-77.3 mm 

PASS METAL cm3 WHEEL 
~ 

GRINDING WORKPIECE cm" 
NQ. REMOVED WEAR RATIO Ra J-lm 

5 .39 ·08 4·8 2·50 
. 

10 1·17 .15 7·3 2·03 

15 1·95 .21 9.3 1· 70 

20 2·73 .25 10·5 1.53 

25 3·43 ·29 11·8 1· 70 

30 3 ·97 .34 11· 7 1·63 

35 4.67 .39 12·0 1·55 

40 5·52 ·44 12.5 1·65 

45 6·44 .51 12·6 1· 63 

50 7·36 .58 12.7 1.63 

60 8·73 .71 12·3 1·65 

80 11·24 1·18 9·5 1.58 

100 14 ·09 1·65 8·5 1·65 
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TEST NQ:- 2 

DIAMOND NQ:- 71784/2 
DRESSING CONDITION:- IN-FEED 25jJm CROSS-FEED ·3 mm/rev 

GRINDING CO!,;DITION:- IN-FEED 12.5jJm CROSS FEED13·5mm/sec 
WHEEL TYPE:- 32A60-K8VBE ct>.-272 mm SPEED.-1800 rev/min 
WORKPIECE MAT. L EN 31 ct>:- 48· 4 mm length:- 77·3 mm 

PASS METAL cm3 WHEEL cm3 GRINDING WORKPIECE 
NQ. REMOVED WEAR RATIO Ra jJm 

1 .33 ·08 4.1 2.50 

5 ·74 ·12 6·2 2.13 

10 1·49 ·19 7·8 1· 75 

15 2·08 ·23 9 ·1 1·50 

20 2.82 ·28 10·1 1· 50 

25 3·55 ·30 11·9 1·55 

30 4.45 ·33 13·5 1·63 

35 5·03 J6 14·0 1·45 

40 5.77 ·39 14·8 1·55 

45 6·42 .41 15·7 1·50 

50 7 ·15 ·46 15·6 1· 50 

60 8·61 .52 16.6 1·53 

80 11·34 .55 17·2 1·50 

100 14 ·12 .77 18 ·3 1.50 
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TEST NQ:- 3 

DIAMOND NQ:- 71784/2 
DRESSING CONDITION:- IN-FEED 25,um CROSS-FEED ·3 mm/rev 
GRINDING CONDITION:- IN-FEED 12.5jJm CROSS FEED 6.5mm/sec 
WHEEL TYPE:- 32A60-K8V8E ct>:-272 mm SPEED;-1800 rev/min 
WORKPIECE MAT. L EN 31 q,:- 45·9 mm length;- 77.3 mm 

PASS METAL cm3 WHEEL cm3 GRINDING WORKPIECE 
NO. REMOVED WEAR RATIO Ra jJm 

1 ·07 .03 2·3 2·25 

5 ·78 .10 7·8 2·08 

10 1·48 ·16 9.3 1· 63 

15 2·18 .21 10·4 1·38 

20 2·88 ·25 11·5 1·25 

30 4.28 . 32 13·4 1·03 

40 5.74 .36 15·9 1·00 

50 7.12 • 39 18·3 1·00 

60 8·49 .41 20·7 1·03 

80 11· 21 .44 25·5 ·85 

100 13.84 .45 30·8 .85 
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TEST NQ;- 4 

DIAMOND NQ:-71784/2 
DRESSING CONDITION:- IN-FEED 25,um CROSS-FEED ·3 mm/rev 
GRINDING CONDITION:- IN-FEED 12.5 jJm CROSS FEED 2·5 mm/sec 
WHEEL TYPE:- 32A60-K8VBE ct>:-272 mm SPEED.-1800 rev/min 
WORKPIECE MAT. L EN31 </1;-43·3 mm length:- 77·3 mm 

PASS METAL cm3 WHEEL crn3 GRINDING WORKPIECE 
NQ. REMOVED WEAR RATIO Ra jJrn 

1 .13 .03 4·5 2·13 

5 ·60 .10 6·0 1.83 

10 1· 26 ·16 7·9 1· 58 

15 1·93 ·21 9·2 1·23 

20 2·46 ·25 9·8 ·98 

25 3 ·12 ·28 11·1 ·85 

30 3·77 .30 12·6 ·75 

40 5·08 .33 15·4 ·75 

60 7·68 .39 19·7 ·88 

80 10·25 .40 25·6 ·78 

100 12·78 ·43 29·7 .75 
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ROUGH GRINDING TEST NO:- 5 

DIAMOND NQ:- 71784/2 
DRESSING CONDITION:-IN-FEED 25 jJm CROSS-FEED .3 mm/rev 
GRINDING CONOITION:-IN FEED 12·5 jJm CROSS-FEED 13·5 mm/sec 
WHEEL TYPE:- 32A60-K8VBE <1:>:-305 mm nom. SPEED:-1800 rev/min 
WORKPIECE MAT.L EN31 f/J:- 39·5 mm length :-77.3 mm 

PASS ~<lETALcm3 WHEEL cm' GR.D WK.PCE. 
FR (N) FT (N) NQ. REMOVED WEAR RATIO Ra jJm 

4 ·04 3·50 

10 .60 ·15 4.0 2·20 41·2 21·5 

20 1 ·76 ·23 7.4 2·20 44.9 24·0 

40 4 ·16 .34 12 ·4 1·58 49·0 26·1 

60 6·41 . 43 14·8 1·25 52·8 27-5 

80 8·87 .47 18·7 1·30 53.3 28·0 

100 11·12 . 51 21·4 1·25 55·6 28.5 

120 13·40 .56 23.8 1·20 57·5 29·4 

140 15.64 ·56 27·8 1·20 58·8 30·4 

160 17· 27 .60 28·5 1 ·13 57·8 28·5 

200 22·04 . 62 35·1 1 ·13 55·9 26·0 

220 24·21 ·64 37· 3 1·13 54·6 25·8 

260 28·26 ·67 42·2 1·13 533 24.6 

300 32·29 ·71 45·2 1·05 53·5 23·5 

340 36·19 ·77 46·5 1·20 52·4 23·5 

360 38·00 .82 46.3 1.13 52·0 23.5 

380 39·82 .82 48·5 1·13 51·8 23·5 

400 41· 53 ·85 48·0 1·20 51 ·8 23.5 

440 45·26 ·90 49·9 1·13 51·5 23-8 

480 48·73 ·99 49·0 1·23 51·3 23.7 

520 52·08 1·06 49·1 1·05 51·2 23·5 

540 53.70 1·08 49·7 1.13 51·2 23·4 

560 55·22 1·12 49·1 1·25 51·2 23.4 
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ROUGH GRINDING TEST NO:- 6 

DIAMOND NQ:- 71784/2 
DRESSING CONDITION:-IN-FEED 18 JJm CROSS-FEED ·3 mm/rev 
GRINDING CrNf)lTION~-IN FEED 12·5 .um CROSS·FEED 13-5 mm/sec 
WHEEL TYPE:- 32A60-f<8VBE 1:>:-305 mil' nom. SPEED:-1800 rev/min 
WORKPIECE MAT.·-L EN31 1:>:- 50·8 mm length;- 76·6 mm , 

PASS METAL cm31wHEEL cm' GR.D WK.PCE. 
FR (NI FT (NI NQ. REf.10VED WEAR RATIO Ra .um -- . 

4 .38 ·01 29·0 3.00 48·0 24·0 

10 1·31 ·04 30.7 2·75 48.4 25.5 

20 2·86 ·08 32·9 2·28 49·7 26·5 

40 5·84 · 16 36·4 2·20 51·9 27·8 

60 8·80 · 21 40·7 1·65 54·5 28·3 

80 11·80 ·25 45.6 1·60 58·0 29.5 

100 14·70 · 29 50·7 1.30 60·0 30.4 

140 20·47 · 32 63·1 1· 43 61·0 28·4 

180 26 ·13 · 36 71·2 1·23 60·4 28.4· 

220 31·67 · 45 69·8 1 ·25 59·0 27.; 

260 37·15 · 56 66·1 1·23 58·5 26·0 

300 42·31 ·69 61·2 1 ·38 58·0 25·8 

340 47·4B · B 2 57·8 1·30 57·0 25·5 

380 52·40 ·95 55·0 1 ·35 57·0 25·3 

420 57·40 1·08 53·1 1 ·25 56·8 24.7 

460 62·11 1·20 51·4 1·33 56·6 24·6 
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ROUGH GRINDING TEST NO:- 7 

DIAMOND NQ:- 71784/2 
DRESSING CONDITION:-IN-FEED 12.5 ).Jm CROSS-FEED .3 mmfrev 
GRINDING CrNDITION:-IN FEED 125).Jm CROSS-FEED 13·5 mm/sec 
WHEEL TYPE:- 32A60-K'SVBE \6:-305 mm nom. SPEED:-1800 rev/min 
WORKPIECE MAT.L EN31 1/):- 48·5 mm length:- 75.5 mm 

PASS METAL cm' WHEEL cm' GR.D WK.PCE. FR (N) FT (N) NQ. REMOVED WEAR RATIO Ra ).Jm I 
4 ·14 2·85 45.0 24·0 

10 1·02 ·02 47·9 2·00 51·4 26.0 

20 2·47 . 04 58·0 1·98 51· 5 27· 0 

40 5·36 ·08 61·7 1·85 53·2 28·3 

60 8·21 . 15 54·5 1·75 56.5 29·0 

80 11· 03 ·17 63·5 1·70 60·0 30·8 

100 13·83 ·21 63·9 1·70 61·0 31.4 

120 16 ·51 · 23 69·5 1·38 63·2 31· 6 

160 21·88 ·25 84·5 1·25 64· 0 32· 0 

200 27·06 · 28 96·0 1·23 64.0 31.1 I 

240 32·25 .32 99·4 1·25 62·5 30.2 

280 37·25 .34 107· 7 1·23 61· 0 27·8 

320 42·21 .39 108·2 1·28 60·0 27·0 

360 46·92 · 43 108·5 1·3B 59·0 26·5 

400 51·62 ·49 103·6 1 ·25 59·0 26·2 

440 56·43 .54 104·4 1·20 59·0 26·0 

480 60·94 ·58 1 04·5 1 ·23 58·9 25·8 

, 520 65·22 · 64 100·5 1·20 58·9 25·8 

560 69·38 ·69 100·3 1·20 59·0 25·8 

. 

-
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ROUGH GRINDING TEST NO:- 8 

DIAMOND NQ:- 71781./2 
DRESSING CONDITION:-IN-FEED 5 ,urn CROSS-FEED ·3 rnrnlrev 
GRINDING CONDITION:-IN FEED 12·5 j.Jrn CROSS-FEED 13·5 mm/sec 
WHEEL TYPE:- 32A50-K8VBE ct>:-305 mm nom. SPEED:-1800 revlrnin 
WORKPIECE MAT.L EN31 ct>:- 34·1. mm length:- 75.5 mm 

PASS 1'1ET At- cm' 1W'r-lEEL cm' GR.D !WKPCE. FR IN} FT IN} NQ. REt~OVED IWEAR RATIO I Ra j.Jm 

4 ·26 ·95 62·0 31·0 

10 ·98 ·01 119·5 .75 62·5 31 ·2 

30 3.08 ·02 11.1.·6 ·80 64·5 31 ·9 

50 5 ·09 .01. 119·5 .83 66·0 31. ·3 

70 7 ·12 ·06 108·6 ·88 66·5 36·0 

90 9·07 ·08 110· 7 ·93 66·1. 35·0 

110 10·99 .10 110·0 ·95 68·0 37·0 

150 14·74 ;12 119·9 1 ·13 71·0 36·9 

190 18·32 ·15 121·5 1·00 70·5 37·0 

230 21·83 · 16 135·1. 1 ·18 69.5 35·8 

270 25·21 · 17 11.5 ·1 1 ·20 66·9 34·9 

310 28·48 · 19 149.8 1·25 65·3 32·8 

350 31·51 · 2D 151·9 1 ·20 63·9 30·0 

390 31.·1.9 ·22 153·6 1 ·13 62·8 28·0 

1.30 37·45 · 23 157·6 1 ·10 52·0 26.9 

1.70 40·15 · 26 149·4 1·10 61·3 26·1. 

510 42·81 · 28 151·9 1 ·10 608 26.2 

550 45·31 ·30 149·5 1· 05 60·6 26·2 

590 47·81. .32 11.7·1. 1 ·10 60·2 26·2 
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ROUGH GRI NDIN G TEST NO:- 9 

DIAMOND NQ:- 71784/2 
DRESSING CONDITION:-IN-FEED 25 )Jm CROSS-FEED .1 mmlrev 
GRINDING CONDITION:-IN FEED 12·5 )Jm CROSS-FEED 13.5 mm/sec . 
WHEEL TYPE:- 32A60-K8VBE (/):-305 mm nom. SPEED:-1800 rev!rnin 
WORI<PIECE MAT.l EN31 (/;:- 50·4 mm length :-75·5 mm 

PASS METALcm3 WHEEL cm' GR.D Wl<.PCE. 
FR (NI FT (NI I 

NQ. REMOVED WEAR RATIO Ra )Jm 

4 ·30 ·03 7.6 1·38 

10 1 ·21 .10 11· 2 1 ·05 37·5 20.3 

20 2·72 ·16 16 ·1 1· 13 45·6 24·2 

40 5·62 ·22 25·0 1·10 50·6 27·8 

60 8· 59 ·27 31·6 1·13 54.3 28·4 

80 11· 45 .30 37.8 1 ·15 56·5 28.5 

100 14·36 .33 43·2 1 ·15 57·3 28·7 

140 19·79 .41 48·1 1 . 13 59·0 28.0 

180 25·33 .51 49·2 1.38 57·0 26·5 

220 30·67 ·65 46·7 1·40 54·7 25.9 I 
260 35·90 . 81 43·9 1·50 53·2 25·9 I 
300 40·89 1 . 01 40·2 1·55 51·5 25·3 

340 46·02 1 . 18 38·7 1 ·45 50·0 24·8 

380 50·78 1·36 37·3 1·40 49·2 24·2 

420 55·67 1· 54 36·1 1·40 48·2 23·8 

460 60·43 1 ·73 34·9 1 ·35 47·8 23·5 

500 64·90 1 ·91 33·9 1 ·50 47·3 233 

540 69.32 2·07 33·4 1 ·38 47.0 23.2 

. 
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ROUGH GRI NDIN G TEST NO:- 10 

DIAMOND NQ:- 71784/2 
DRESSING CONDITION:-IN-FEED 18 J-lm CROSS-FEED ·1 mrn/rev 
GRINDING CONDITION:-IN FEED 12·5 J-lm CROSS-FEED i3-5 mm/sec 
WHEEL TYPE:- 32.f>,60-KBVBE $:-305 mm nom. SPEED:-1800 rev/rnin 
WORKPIECE MAT.L EN31 C/J:- 35·4 mm length:-75.7 mm 

PASS METALcm3 WHEEL cm' GR.D WK.PCE. FR FT (N) NQ. REMOVED WEAR RATIO Ra Jlm ( N) 

4 ·43 ·04 g·O 1·13 42·3 24.2 

10 1· 04 .09' 11 . 5 gO 46.0 25·0 

20 2 ·13 · 13 15·9 ·83 48·8 26.6 

40 4·23 ·18 23.3 ·80 52.5 28·7 

60 5.35 ·22 28·7 ·95 55·0 30.4 

80 8·40 ·24 35·0 ·85 58.4 3 0·4 

100 10·47 ·25 40.4 ·85 50·5 30·5 

140 14 ·41 ·28 50.5 1 ·00 51·9- 31·2 

180 18·33 · 31 58.0 1 ·00 62·0 31·0 

220 22·13 .33 55·6 1 ·03 62·1 30·8 

260 25·75 · 37 59·3 1 .03 52·5 30·9 

300 29·31 · 39 73·6 1 ·03 61.7 31.0 

340 32·78 ·43 75.8 1 ·05 60·9 31 ·0 

380 36.09 ·46 77·3 1 ·03 59·0 30 ·1 

420 39·15 · 50 78·1 1·03 57.4 29·5 

460 42·25 ·54 77·4 1·05 57·0 29·2 

500 45·48 · 58 78.4 1·13 56·3 28·8 

540 47·98 ·61 , 78·7 1 ·08 56·0 28·8 

580 50·65 ·65 77·7 1·13 55.9 29·0 

620 53·22 ·69 76·4 1 ·13 55·3 29·0 

-
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ROUGH GRINDING TEST NO:- 11 

DIAMOND NQ:- 71784/2 
DRESSING CONDITION:-IN-FEED 12·5 jJm CROSS-FEED .1 mm/rev 
GRINDING CONDITION:-IN FEED 12·5 jJm CROSS-FEED 13·5 mm/sec 
WHEEL TYPE:- 32A6O-I(8VBE r/J:-305 mm nom. SPEED:-1800 rev/min 
WORKPIECE MAT.L EN31 1/):- 37 mm length:- 75.5 mm 

PASS tl,ETALcm3 WrlEEL cm3 GR.D WK.PCE. 
FR (NI F 

NQ. REMOVED WEAR RATIO Ra jJm T (NI 

4 ·22 .02 10·3 1 ·08 

10 .88 ·06 13·4 ·98 48·0 27.0 

20 1·94 .11 16.7 1·00 51·0 30·0 

40 4·07 ·17 23·4 ·95 55·2 31·5 

60 6.35 .20 30.5 ·95 58·2 33·5 

80 8·35 ·23 35·7 ·95 62·0 33·0 

100 10.40 ·25 41·5 ·95 53·8 34·0 

140 14.45 ·28 51·3 1· 00 65·0 33·9 

180 18·44 ·30 60·8 ·95 65·0 33·7 

220 22·30 .32 68·7 ·95 65·0 33·6 

260 26·04 .34 75·3 1 ·03 65·0 33·0 

300 29·66 .36 81·5 1·05 63·8 33·4 

340 33 ·16 · 39 85·0 1 ·03 62·3 33·2 

380 35.53 · 41 88 ·8 1·03 60.0 32·2 

420 39·78 .44 90·2 1 ·05 59·2 30.5 

460 42·91 ·48 89·4 1·03 585' 29·5 

500 45·91 · 51 88·4 1·03 57.8 290 

540 48·80 ·55 88·1 1·03 57.3 288 
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ROUGH GRI NDIN G TEST NO:- 12 

DIAMOND NQ:- 71784/2 
DRESSING CONDITION:-IN-FEED 5 jJm CROSS-FEED ·1 mm/rev 
GRINDING CONDITION~-IN FEED 12·5 )Jm CROSS-FEED 13-5 mm/sec 
WHEEL TYPE:- 32A60-K8VBE et>:-305 mm nom. SPEED:-1800 rev/min 
WORKPIECE MAT.L EN31 et>:- 50·8 mm length:- 75·7 mm 

PASS METAL cm' VIHEELcm' GR.D WKPCE. 
FR {NI FT {NI NQ. REMOVED WEAR RATIO Ra J.lm 

4 ·38 ·02 17· 8 1 ·15 

10 1·29 ·05 24.6 1 ·00 61· 6 33·8 

20 2.80 ·08 32·2 1·00 61·6 33·7 

40 5·80 · 12 44.8 ·95 62·0 338 

60 8·70 · 17 50·1 ·90 65.3 35·0 

80 11 -64 ·20 55·9 ·95 66·6 35·1 

100 14.55 ·23 61·2 ·98 67·0 35.0 

140 20·28 .29 69·1 1·05 67·4 34·9 

180 25.75 · 34 74.5 1·05 67·0 34.5 

220 31· '16 · 39 78·3 1·15 63·5 32·1 

260 36·40 ·47 76·6 1· 25 60·2 30·1 

300 41· 51 ·60 68·5 1· 30 58·0 29·0 

340 46·64 ·74 62·7 1·28 56·9 27·8 

380 51·52 ·92 55·4 1 ·30 55·8 27·5 

420 56·28 1 ·12 50·1 1 .30 550 27·4 

460 60·93 1·34 45·2 1 ·30 54·5 27·1 
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ROUGH GRINDING TEST NO:- 13 

DIAMOND NQ:- 71784/2 
DRESSING CONDITION:-IN-FEED 25 ,urn CROSS-FEED .5 mmlrev 
GRINDING CO"mITION:-IN FEED 12·5 ,urn CROSS-FEED 13·5 mm/sec 
WHEEL TYPE:- 32.li,60-1(8VBE 11>:-205 mm nom. SPEED:-1800 rev/min 
WORKPIECE MAT.L EN31 f/):- 50·9 mm length :-76·2 mm 

PASS M!::TALcm' WHEEL cm' GR.D IWKPCE. 
FR (NI FT (NI NQ. REMOVED WEAR RATIO Ra jJm 

4 .31 3·00 

10 1 ·24 ·02 58·2 2·70 35.0 11· 0 

20 2·77 ·10 27·7 2·20 43.0 22·5 

40 5·75 ·20 27'4 2·00 49·8 25.0 

60 8·70 . 35 24·4 1·75 54·5 28·5 

80 11·54 ·62 18.3 1· 50 56.5 30·0 

100 14·21 ·97 14·6 1·52 57·3 30·0 

140 19·47 1· 78 10· 9 1 ·55 50·0 29·5 

180 25·06 2·05 12·2 1·52 60·6 28-2 

220 30·45 2· 37 12·8 1·47 59·0 28·0 

260 35'67 2·72 13·1 1 ·42 57·0 27-5 

300 40·S4 3 ·12 13·1 1· 50 54·8 26·9 

340 45·89 3·23 14·2 1· 62 53·8 26·5 

380 50·84 3·44 14·8 1·45 52·6 26·0 

420 55·61 3·84 14·5 1·50 52·0 258 
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ROUGH GRI NDIN G TEST NO:- 14 

DIAMOND NQ:- 71784/2 
DRESSING CONDITION:-IN-FEED 1B pm CROSS-FEED .5 mm/rev 
GRINDING CONDITION:-IN FEED 12·5 j.Jm CROSS-FEED 13.5 mm/sec 
WHEEL TYPE:- 32A60-KBVBE ct>:-305 mm nom. SPEED:-1800 rev/min 
WORKPIECE MAT.L EN31 ct>:-50· 7 mm length:- 76·3 mm 

PASS IviETALcm3 WrlEELcm' GR.D WKPCE. 
FR (Nl FT (Nl NQ. REMOVED WEAR RATIO Ra j.Jm 

4 ·38 3·00 46·0 20·0 

10 1·38 ·04 34.5 2.65 48·4 23·8 

20 2·99 ·08 35·8 2·37 51·5 27·S 

40 5·B8 . 16 35·2 2 ·17 55·0 30·9 

60 8 ·97 ·25 35·5 2·15 57·0 31·2 

80 11·88 . 29 40·5 2·12 61·0 31·2 

100 14 ·71 ·39 36·9 1· 70 61·0 31·0 

140 20·35 "·67 30-3 1· 70 60.5 30·0 

180 25·76 1·27 20·1 1 ·70 59·4 29·0 

220 31·13 1 .59 19·5 1· 62 56·8 27·8 

260 36·38 1 ·80 20·1 1·55 55.3 27·2 

300 41·56 1 .91 21·8 1· 52 54·1 26·0 

340 46 ·81 2·01 23·2 " 1·50 53·3 25.4 

380 51·83 2·09 24·7 1·50 52·5 25·4 

420 56·68 2·18 25·9 1 .50 51·5 25·0 
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ROUGH GRINDING TEST NO :-15 

DIAMOND NQ:- 71784/2 
DRESSING CONDITION:-IN-FEED 12·5 jJm CROSS-FEED ·5 mmlrev 
GRI NDING CONDITION;- IN FEED 125 Jlm CROSS-FEED 13-5 mm/sec I 
WHEEL TYPE:- 32A60-K8VBE <1>:-305 mm nom. SPEED:-1800 rev/min 
WORKPIECE MAT.L EN31 f.b:- 50·9 mm length:- 76·2 mm 

PASS METALcm3 \VHEELcm' GR.D WK.PCE. 
FR (Nl FT (Nl NQ. REMOVED WEAR RATIO Ra ).Jm I 

4 ·30 2'40 57·6 31· 0 

10 1·38 2·37 63.0 32.5 

20 2·92 ·02 146·0 2· 30 66.5 34.0 

40 6.12 ·05 122·5 2·07 67·5 33·0 

60 8·95 ·10 89.5 1·82 67·0 31.9 

80 11-91 .21 56·7 1 ·70 63·0 29·0 

100 14·71 .41 35.9 1· 50 59·0 27·2 

140 20·04 1· 15 17.4 1· 45 58·0 26·7 

180 25·47 1·49 17·1 1,45 56·2 25·7 

220 30·93 1·86 16·6 1·47 53·6 24·5 

260 36·07 2·33 15·5 1,42 52,4 24·0 

300 41·30 2.66 15·5 1·35 51·8 23 ·6 

340 46·15 3·10 14·9 1 .45 51·0 23·0 

380 51·09 3·42 14·9 1 ·47 50·8 23·0 

420 55·79 3·84 14·5 1·52 50·0 23·0 

, 

. 
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ROUGH GRINDIN G TEST NO:- 16 

DIAMOND NQ:- 71784/2 
DRESSING CONDITION:-IN-FEED 5 ,urn CROSS-FEED ·5 mm/rev 
GRINDING CONDITION:-n~ FEED 125 j.lm CROSS-FEED 13-5 mm/sec 
WHEEL TYPE:- 32A60-K8VBE <1>:-305 mm nom. SPEED:-1800 rev/min 
WORKPIECE MAT_L EN31 I/J:- 40·7 mm length:- 76·2 mm 

PASS METALcm3 VIHEELcm' GR.D WKPCE. 
FR (NI FT (NI NQ. REMOVED WEAR RATIO Ra j.lm 

4 ·43 ·80 78·8 40 ·9 

10 1 ·13 ·02 56·5 1·25 86 ·5 43 ·6 

20 2·36 ·02 118· 0 1· 25 92·6 45 ·0 

40 4·77 .04 119·3 1·25 88.6 42·0 

60 7 ·17 ·08 89·6 1· 22 86·0 41·2 

80 9.54 ·08 119·3 1· 25 82·8 40.0 

100 11·82 ·14 84·4 1 ·17 82·3 40·0 

140 16·35 ·19 86·1 1· 32 76·8 37·0 

180 20·80 ·25 83·2 1 . 47 73·7 34·2 

220 25·05· . 41 61·1 1·52 71·4 33·0 

260 29·15 ·68 42·9 1· 52 69·9 32·0 I 
300 33·27 . 77 43·2 1 .40 67·2 306 

340 37·15 ·92 40·4 1·50 64·9 3 0·3 

380 40·91 1· 08 37·9 1·47 62·5 30·0 

420 44·60 1·21 36·9 1·40 60·5 28·9 

460 48·12 1.30 37-0 1· 45 58·5 28·4 

500 51· 52 1· 46 353 1· 55 57·3 28·0 

540 54·86 1·62 33·9 1 .50 54·8 27.5 

580 58·09 1·72 33·8 1 .45 52·9 27·5 
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ROUGH GRI NDIN G TEST NO:- 17 

DIAMOND NQ:- 71784/2 
DRESSING CONDITION:-IN-FEED 12·5 jJm CROSS-FEED .3 mm/rev 
GRINDING CONDITION:-IN FEED 5 jJm CROSS-FEED 13·5 mm/sec 
WHEEL TYPE:- 32A60-!(8VBE <1>:-305 mm nom. SPEEO:-1800 rev/min 
WORKPIECE MAT.L EN31 <1>:- 39·3 mm length:- 76· 6 mm 

PASS METALcm3 WHEEL cm' GR.D Wl<.PCE. 
FR 1Nl FT (Nl NQ. REMOVED WEAR RATIO Ra jJm 

10 .36 2·65 

26 1·14 .01 114·0 2·28 

50 2·21 ·02 110· 5 2·00 

100 4.57 ·06 76·2 1 ·95 

150 6 ·90 ·10 69·0 1· 53 

200 9 ·14 · 13 70·3 1· 58 

250 11 ·41 · 15 74·0 1.28 

350 15·85 · 21 75·5 1 ·13 

450 20·17 ·23 87·7 ·88 

550 24·37 ·26 93·7 ·85 

650 28.44 · 28 101·6 ·78 

750 32·35 · 30 107·9 ·63 

850 36·14 · 32 112·9 ·70 

950 3981 .33 120·6 ·63 

1050 4338 .35 123·9 ·60 
I 

1150 46.83 ·37 125·5 ·60 

1250 50·24 .38 132·2 ·63 

1350 53·40 ·40 133·5 ·63 
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ROUGH GRINDING TEST NO:- 18 

DIAMOND NQ:- 71784/2 
DRESSING CONDITION:-IN-FEED 12.5)Jm CROSS-FEED ·1 mm/rev 
GRINDING CO~mITION:-IN FEED 5 )Jm CROSS-FEED 13.5 mm/sec 
WHEEL TYPE:- 32A60-l<8V8E ~:-305 mm nom. SPEED:-1800 rev/min 
WORKPIECE MAT. L EN31 <P:- 50·7 mm length:- 76·2 mm 

PASS METALcm3 WHEEL cm' GR.D Wl<.PCE. FR (NI FT (NI NQ. REMOVED WEAR RATIO Ra )Jm 

10 ·46 ·03 15 ·3 1· 05 

26 1·46 ·06 24·3 ·85 

50 2·92 ·12 24·3 ·75 

100 5.86 ·15 39·1 ·75 

150 8·81 .18 48·9 ·75 

200 11· 71 · 19 61·6 ·70 

250 14.66 .20 733 ·70 

350 20·32 · 21 96·7 ·68 

450 25·94 · 24 108·1 .70 

550 31·36 .27 116·1 . 70 

650 36·81 ·30 122·7 .73 

750 42·13 · 31 135·9 ·63 

850 47·32 ·35 135·2 .63 

950 52·32 · 36 1453 ·63 

1050 57·22 · 39 146·7 ·63 

1150 62·05 · 42 147·7 ·68 

1250 66.64 .45 148·1 .70 

1350 71·22 .48 148·4 ·68 

1450 75·64 .51 148·3 ·65 

1550 79·89 ·54 147·9 .80 

1650 84·08 ·58 145·0 .73 

1750 88·17 ·62 142·2 .75 

1850 92·14 67 137.5 ·78 
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ROUGH GRINDING TEST NO :-18 cent. 

DIAMOND NQ:- 71784/2 
DRESSING CONDITIDN:-IN-FEED12·5 jJm CROSS-FEED ., mm/rev 
GRINDING COllDITION:-IN FEED 5 jJm CROSS-FEED 13-5 mm/sec 
WHEEL TYPE:- 32A60-K8VBE C/l:-205 mm nom. SPEED:-1800 rev/min 
WORKPIECE MAT.l EN31 I/J:- 50·7 mm length :- 76·2 mm 

PASS METAL cm' IV/HEEL cm' GR.D IWKPCE. 
FR 1Nl FT (Nl NQ. REMOVED WEAR RATIO Ra jJm 

1950 95·90 ·73 131·4 ·70 

2050 99·52 ·77 129·4 .70 

2150 103·22 ·82 125·9 .75 

2250 106·78 ·86 124·2 ·83 

2350 10997 ·94 117·0 ·73 

2450 113 ·15 1·00 113·2 .70 
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FINE GRINDING TEST NOS 19 to 22 

DIAMOND NQ:- 63794/2 inclusive 

WHEEL TYPE:- 32A60-K8VBE rt> :-305 mm nom. SPEED:-

GRINDING IN-FEED:- 5 pm(radial) 1800 rev/min 

DRESSING WORK CROSS WORK 
FR FT 

WCONDITION PI!:::CE FEED PIECE 
rt> mm mm/sec Ra pm (N) (N) 

TESTNQ:-19 50 ·8 14 2·00 11·0 6·4 

11 12 2·15 10·0 5.5 
In-feed :- 10 2·00 6·0 3·8 

25pm 11 

7·5 1·38 5·9 3·5 Cross-feed :- 11 

.5 mm/rev 
" 5 1· 03 3·6 2·0 

TEST NQ :-20 50·6 14 2·05 17·8 9 ·1 

11 12 1·88 15·0 7·8 
In-feed:- 10 1·50 10·0 5·8 

17.5pm 11 

7.5 1·00 7·6 5·0 Cross-feed :- " 
I 

·5 mm/rev 5 
11 

·75 4·5 3·0 

TEST NO :-21 50·4 14 1·75 21·0 11·8 

" 
12 1·75 19·0 11·0 

In-feed :- 10 1·50 15·5 8·2 
12·5 pm 11 

7.5 -88 11·0 6·5 Cross-feed:- " ·5 mm/rev 5 
" 

·68 6·3 4·8 

TEST NQ ;-22 50·2 14 1·20 23·2 12·0 

11 
12 1·18 19·8 9·8 

In-feed :- 10 ·70 18·6 9·6 
5pm 11 

Cross-feed :- " 
7·5 ·65 12·5 6·5 

.5 mm/rev 5 
11 

.55 7.8 3·9 
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FINE GRINDING TEST NOS 23 to 26 

DIAMOND NQ:- 63794/2 inclusive 

WHEEL TYPE:- 32A60-K8VBE I/J :-305 mm nom. SPEED:-

GRINDING IN-FEED:- 5 pm!radial) 1800 rev/min -

DRESSING WORK CROSS WORK 
FR FT tCONDITION PIECE FEED PIECE 

f/> mm mm/sec Ra J.lm (N) IN) 

TEST NQ:- 23 50·0 14 1·13 12·4 6.8 

11 12 95 11 .5 6·8 
In-feed ;- 10 ·98 10·5 6.3 

25pm " 
7·5 ·75 7·2 5·2 Crass-feed ;- " 

·3 mm/rev 
11 

5 ·53 3·0 2·0 

TEST NQ ;-24 49·8 14 1·00 13·0 8·0 

" 
12 1·00 9·2 5·5 

In-feed ;- 10 ·90 8·5 5.2 
17.5pm 11 

7.5 .73 5·8 3·6 Cross-feed :- " .3 mmlrev 5 ·58 3·2 1 ·8 11 

TEST NO ;-25 49·6 14 -83 17·0 8·8 

11 
12 ·80 13·8 8·0 

In-feed :- 10 .73 9·8 5·5 
12·5 pm " 

7.5 .68 6·8 4·0 Cross-feed:- " 
·3 mm/rev 5 ·50 3·5 2·0 

" 

TEST NQ:-26 49·4 14 ·75 34.0 17·2 

11 12 ·78 24·4 13·0 
In-feed ;- 10 ·78 21·7 11·8 

5J.1m " 
7·5 ·63 16·3 9·8 Crass-feed ;- " 

.3 mm/rev 5 ·53 7·8 4·3 
" 
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FINE GRINDING TEST NOS 27to30 

DIAMOND NQ:-63794/2 inclusive 

WHEEL TYPE:- 32A60-K8VBE <P:-305mm nom. SPEED:-

GRINDING IN-FEED:- 5 pm(radiall 1800 rev/min 

DRESSING WORK CROSS WORK 
FR FT ~CONDITION PIECE FEED PIECe: 

<P mm mm/sec Ra pm (N) (N) 

TEST NQ :-27 49·2 14 ·38 21·2 11·8 

11 . 12 ·38 18 ·5 10·2 
In-feed :- 10 ·35 12·8 7·1 

25 pm 11 

7.5 ·33 10·0 5·2 Cross-feed :- 11 

·1 mm/rev 
11 5 ·30 5·3 3·2 

TEST NQ:- 28 49·0 14 ·38 22·8 12·8 

11 12 ·33 17·6 9·2 
In-feed:- 10 ·33 12·0 6·5 

17.5jJm 11 

7.5 ·30 10 ·0 5·5 Cross-feed:- 11 

·1 mm/rev 5 ·30 5·2 3·2 11 

TEST NO :-29 48·8 14 J3 22·0 11·8 

11 12 ·33 19· 0 11·4 
In-feed :- 10 .33 12·4 5·5 

12.5pm 11 

Cross- feed:- 11 
7.5 ·30 10·1 5·5 

·1mm/rev 
11 5 ·28 6·0 3·5 

TEST NQ:-30 48·6 14 .30 34·0 17·2 

11 12 ·30 28·2 14·8 
In-feed :- 10 ·25 21·0 10·8 

5jJm " 7·5 ·23 15·0 8·0 Cross-feed :- " ·1 mm/rev 
11 

5 ·20 6·3 3·5 
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