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Introduction

During the production process devclopment for the
manufacture of an experimental supersonic aircraft , an unusual
and difficult grinding problem was encountercd.

Arising from the xperimental work carried out to solve
this problem, 2 method of numerically evaluating the efficiency
of grinding wheels and coolants, was developed. This evaluation
is based on the fact that under constant and limited grit load
conditlons which can bc set up in a surface grinding eperation,
the edge of the grinding wheel which makes initial contact with
the workpiece breaks down and forms an approach angle as shown

in Pige. 1. Once this angle is established, its dimensions
remain almost constant, and with continued use of the wheel the
angle recedes across the face of the wheel, It is the

recognition of the variables which control the dimensions of this
approach angle (alpha) together with the ratec at which it recedes
across the wheel face, and thc amount of work done at each
inerement of recession, on which the numerical evaluation of the
efficiency of the grinding wheel and the causes of the limitations
are based.

A description of the methods used for determining the
characteristics of grinding wheels and coolants are included
together with the calculations which are necessary when the
data obtained from tests carried out on the surface grinding
machine are¢ to be interpreted and applied to the cylinder
grinding internal grinding er form grinding precesses.

e Numerilcal evaluation of the grinding process

The method of evaluation is centred upon the recognition
of the variables which control the proportiens of the triangle
containing alpha, thc leading «dge approach angle (Fig 1). The
surface grinding process is considered.

(a) The two methods of measuring the approach angle on the
leading cdge of the wheel

The measurement of the approach angle is achieved in
two ways.

15 By smearing a thin layer of engineers marking Blue on the
surface of the workplece and bringing the grinding wheel
down Just te rcmove this aleng the path the wheel makes
when the table 1s longitudinally traversed with no cross
feced. Fig 2 shows this method. From Fig 2 it is scen
that, using a pair of sharp dividers, the width of the
wheel path can be measured to less than 0.010 ins.,
which 1s less than one grit width in a 60 grit wheel,



This initial measurcment is made before the test commences
and gives thce width of the rcdressed wheel face, Tt has
been found that, due to the cutting forces becing applicd

to the hypotenusc of the approach 2ngle alpha, the wheel

is deflected in a way which lifts the dresscd wheel facec and

trailing edgc of the whecl from contact with the workpiece. Only

the grits on alpha and those at the apex are responsible for
metal removal,

The above observations suggest that the grinding whecl
suffers no loss in diamectcr, and that if the cutting forces
are removed, the wheel face will return to the no load
position in which it was first redressed. After work

has been done, any loss from the leading edge of the wheel
can be measured by repeating the merking blue technique
described above.

The wheel face loss is found by subtracting the second
measurement from that taoken before the wheel was used.

This difference (given the symbol B in Fig 1) is the length
of the base of the approach angle slpha, a further side
being D, the applied depth of cut. As the angle B.D. is

a right angled triangle, the remaining values may be
calculated.

Noteg:- When the leading edge of the grinding wheel cross
traverses over the side of the workplece, the cutting

forces arc removed, allowing the dressed wheel face to return
to normal no load position, Close observation of the surface
of a workpicce which has bocen surface ground will show evidence
of this wheel return. A very light plunge cut mark will be
left down the edge of the workpilece surface, ecqual to the
unworn width of the whecl faces. This can be used to check
the bluc method of measurement.

The sccond method of measurcment of alpha is to stop the
machine table during a cutting pass, and make a trace of the
form left by the grinding wheel face on the surface of the
workpicee. The Taylor, Taylor Hobson machine (supplied
by Alfrcd Herbert Coventry) is ideal for this purposec.

Fig 3 is a photocopy of a Talisurf trace. This shows alpha
proportions and enables the chip size calculations to be
checked as shown on the tracing using the symbols as given
in Fig 1.

The basic calculations for the chip shown on the trace
(Fig 3) would be as follows.



(b)

leulations of E the effective depth of cut per grit,

L the chip length, ¢ the approach angle

$ e P B i e . lg.001
E=T tan alpha = F x 5 1.e. E= 0.042 % 0.140 ins.
E = 0.0003 ins.

This is the self adjusted meximum depth of cut per grit.

e

!

L (chip length) = ,/E x Uheel dlameter = /0.0003 x 7 ins = 0.046 ins.

L = length of chip =L = 0,046 ins.

Tan Alpha =D =10,001 = 0
B 0.042

M the maximum depth of grit penetration is not calculated

as it is influenced by the radial distance the active grits

are apart. This varies, E and L are simple values to

calculate a~d are adeguate to interpret the significance of

alpha proportions and on which to express grinding wheel efficiency.

2. Intepretation of grinding wheel wear

() The significance of the rroportions of alpha.By variaztion

of the variables which control the proportions of alpha, one is

able

L To differentiate between the grit failure due to its
inability to penetrate the workpiece, and grit loss du«
to lack of porosity in the wheel.

20 To compare coolants in terms of grinding wheel efficiency.

B To compare the machinability characteristics of various
materials in terms of grinding wheel efficiency.

&y To predict the 1life of a grinding wheel when used at
metal removal rates other than that at which the wheel
was tested.

B To predict the performance of a wheel which is up to

100% larger or 25% of the diameter of the tested wheel.



Examples of the above are presented.

(v) To diagnose the cause of grinding wheel face failure or
limitation This can be caused by three things

(1) The inability of the grit to withstand penetration
pressure,

(2) The lack of adequate chip space (porosity)

(3) The weakness of the bonding material

Test result Sheets No, 1, 1A

These test sheets show the results of a standard wheel
selection test for a grinding wheel to specification UNL, W.A.
60 1V

The calculations made are:

B (measured) = 0.070 ins, D (applied) = 0,001 ins.

F applied = 0,042 ins, L (calculated) - = 0,0646 ins.

E calculated = 0.0006 ins. , : = 0° y9!
Symbols ars as in Fig 1,

A (measured) = 0,015 inches per 0.05 cubic inches of metal removed.

Similar tests for grinding wheel specification UN1, W,A. 60 JV were
madce with the following results.

Test Results Sheet No, 2 and 2A

B = 0,070 ins, D = 0.001 ins

F = 0,042 ins. E = 0.0006 ins

L = 0.0646 ins.

A = 0.0116 ins per 0,05 cubic ins. of metal removed.

It will be noted that the chip sections in the above two
cases are identical. Only A, the amemunt of wear on the wheel
(progression of alpha across the wheel face), kas changed.

Test results sheets No. 2. 3, 3A and 2A, 4, 4A show similar

change in A for two other test shcets to a different specification.
The change is shown to be 0,016 ins. and 0.012 ins. for similar
metal removal (0.05 cu. ins).



Note that E is changed with specification change in the case of
UNl. WA, 60 I AlD J V, when E = 0,0006 ins, while CARBORUNDUM
7.4 ,60,.15,VF8 and the J grade in this specification produced

E = 00,0004 inches. This is a comparison Eg_their relative
efficiencies, as only the wheel specification was the subject of
test variation

If the bond strength of a wheel 1s too strong, excesslve
wear will be allowed to occur oh the grits causing greater grit
face/work surface contact. This will result in clevated
temperatures and wheel londing. A weak wheel bond will allow
excessive grit loss before any work is done. This is recognised
by loss of wheal form and a very clean unuscd appearance of the
whecl face,

(c) To compar: coalant cfficiency. Tests results shcet No. 5,
58, 6 and 6A, Thesc results are records of tests carried out with
all conditions belng similar to those reported on previous results
sheets except that the grinding wheel specifilcation is changed to
CARBORUNDUM A ,54. J5. V30. This wheel is first used with oil
coolant as in all previous tests and then, after de-greasing, the
wheel was filled with sulphur and used dry The valucs of [

are lower than for previous wheels which, shows that this 54 Grit
wheel is less cfficient, The precise reasen is not apparent

from this singlc test and should we found by varying bond strength
and porosity.

The valucs for E for the two ceolants are equal at 0.0003 ins
It is A which reflcets coolant/lubricant efficiency. A coolant does
not change the porosity, nor is the time during which the alpha
angle is developing, long enough to show any change in the rate of
wear on the grits, Wher alpha is formed the grits situated upon
the hypotenuss stay in situ and contimue to cut chips at each
revolution of the grinding wheel until sufficient wear has occurred
on the cutting points to increase the forces to a value exceeding that
which the bond of the grit can withstand. The bonds then break and
the worn grits are displaccd from the wheel, thus exposing another
grit row to continue the task, Test result sheet No., 7 recerds
the results of wear measuremonts made for wheel specification UN1, W.A,
60 I.V. (Sece also calculations made on test results sheet No. 1.)
From Shect No., 7 the cyeclic readjustment of alpha across the whecl
is evident and it is thce volume of metal which 1s removed between
each readjustment that is influcnced by the efficiency of the coolant,

A in the Test on cutting oil is equal to 0,010 ins. for cach
0.05 cubic ins. of metal removed. The improvement when using the
sulphurised wheel, where A = 0,007 ins. per 0.05 cu. ins, of
metal removed, is a direct measure of the efficiency of thesc two
methods of cooling/lubricating.



(d) To comparc workpicce machinability. The comparative machinability
of matecrials. (Fig 4) shows schematically the chip size when the workpiece
material is changed, oth.r conditias rcmaining constant, The workpiece
materials are:-

(1) S,107 Case hardencd gear steel

This gave a chip section E = 0,000236 and L = 0.0268 ins.

(2) A through hardened bearing stcel E = 0,A00373 and L = 0.03136 ins

() Hardened gauge plate E = 0,00066 and L = 0.0681 ins,
(straight carbon steel) -

All are eaual in hardness 700 V.P.N.

It is secn that as the secverity of machinability was reduced
the chip section became larger and it can be assumed that if the porosity
of the wheel could accommodate a gauge plate chip of A.0006 ins., it
could equally well have accommodated such a chip from the 8,107 steel,
Hence 1t must be that the limitation in the case of S.187 is duc to the
grit not being capable of cutting such a chip and that wheel porosity
is more than adequate, M is the limiting factor, this is the
maximum penetratien during the formation of the chips.

This method of differentiating between lack of pesrosity and
grit limitation supplements wheecl grade changes and is to be preferred
to changing wheel spceiflecation,. The chip sizes can be used &s a
machinability index, with referance to grinding.

(e) To predict the life por redress of a wheelface when used under
other than thce testcd cenditiens.

From test results sheet No, 7 it wlll be scen that the
leading edge of the wheel suffers a loss of 9.070 inches by the time
29 sq. ins, of surface area has been ;reund. This area is at 0,001
depth of cut, hence 0.0%9 cubic inches ef metal have been removed,
This is the point where alpha is stable and the wear 1is now arrested
until 150 sq, ins, have bcen ground. Here, 0,085 ins. is lost from
the wheel width., 310 sg. ins. sees the next adjustment when 0.020 ins
is lost. Further adjustments occur at 436 seq. ins., 562 sq. ins,
684 sq. ins., 720 sq. ins and 836 sq. ins. The loss on the wheel
averages out at €,.,020 inches per rcadjustment and for cach of these
losses, approximately 130 se, inches of surface is greund, or 0,130
cubic inches at ©.391 depth of cut. From these figures the expected
life of the wheel face can %e calculated thus.

Wheel face width before test (tcst result sheet No, 7) =
0.780 ins. loss on wheel face to stabilise alpha = 8,070 ins, = B
length average loss per readjustment = 8.020 inches metal removed
per above loss = 0,130 cubie inches, Vhen the alpha angle nears
the trailing edge of the wheel there is a lack of support for the
grits, and failure occurs, It 1s necessary to allow twice B



(b) To calculate the performance of a grinding wheel which is
larger than the tested wheel

It is possible to predict the performance of a grinding
wheel made to a similar speeification as the test wheel but larger
or smaller in diameter.

The size of the approach angle controlling the chip size
is the criterion and the chip size must remain sensibly unchanged.
Thercfore, if the wheel diameter changes (increascs) alpha must
change to reducc chip length and M back to the original maximum
and this is a direet gcometrical relationship.

Y e

L= ;EE x Wheel diamecter

therefore I? = E x wheel diamcter
and L = wheel dlameter
B

or L = K

wheel dia.

In the test condition results sheet No., 2

0.0646
0.0116

=
iwon
oo
Q .
g3
ol )
non

Wheel diameter was 7 inches
Applying these values to the above equations

L= 'E x Wheel dia.
b

. 0006 x 7 = 0,0656 ins.

and L 0.0006 x 7

0.,0006

angd w—a Y i i
0.0006 ;4



length for this. Therefore,

Wheel width - 3 B (alpha lengths) T s —

Average Loss of Wheel Face per Adj. on Alpha
per adjustment on each readjustment + Vol. removed to form B.

= 0.029 +(0.780 - 3 (0.07)) x 0.130 = 1ife in cubic inches of
.02 metal removed.

TOTAT, LIFE = 3.7 cubic inches per redress
+ (0.029 being the metal removed to form alpha initially)

The angle alpha controls the grit task or chip size to a
near maximm,and 1if any of the conditions change, then alpha
changes to reproduce the former chip size.

Fig 5. shows that alpha does not change if the depth of
cut is varied, the additional grits being brought into use in
radial depth. The propertion of the approach angle sides change,
the angle alpha remaining constant. A change in the cross feed
rate will change alpha (Fig 6). This 1s due to the additional
grits being presented on the hypotenuse length of the approach
angle. After the readjustment of alpha, E is similar to that
prevailing before the change, hence the chip is idential. When
the surface speed of the table is changed, alpha must change to
present the grit task uneffected M is the criterion. Fig 7
shows that E changes when alpha is changed. If F (the cross
feed remains constant) M is controlled by E, the depth of cut
per grit and V.T,. the table spced) sce Fig 1 far Symbols) and
at the decreased depth of cut E, Fig 7 (b),in the time T for
a grit to rotate the reduced erc of contact length, the table
travelling at increased speed V will produce a depth of pecnetration
M equal to that prcevious to the table speed change and L the
chip length will also be approximately constant.

The amount of wheel face lost to form the approach angle
alpha will influence wheel face life,

BUT WHEN ALPHA IS STABLE, THE LOSS ON THE REMAINING
WHEEL FACE WILL BE CONSTANT AND NOT INFLUENCED BY THE METAL
REMOVAL RATE,

This statement is proved by the fact that when alpha is
stable the grit task is constant. Therefore rate of wear will
be constant.



thercefore if we increasc the wheel diameter to 1§ inches we must

reduce E to maintain chip siz.. Thus
2 LQ o
-,1?:,‘-- =E-,.f-x-%— = New E L~ = New E
+ T4
= 0.0646° = 0,0002981
1y

The new E must be 0.0003 inches and this will be produced
by B length increasing. The opposite action occurs when the
diameter of the grinding whecel is reduced in size.

It must be remembered that the 1life of the grit, when
alpha is stable, will be proportional to the diameter raties.
An example is the change from 7 ins. to 14 inches diameter, -
the grit life would be doubled, that is A, readjustment volume
removed ratio would be twice the original.

The application of the basic test results to cylindrical
internal and form grinding is being proved by practical tests,

Fig 8 shows this basic application schematically.



Test Results Sheet No. 7.

Grinding wheel selection and wear test

Conditions:~ The machine, Jones and Shipman 540 surface grinder
Coolant Manchester 01l Refinery Dolphin No. 1

Delivered at 5 pints per minute

Grinding Wheel Specification U.N.l, W.A, 60 I.V.

Size of wheel 7" dia. 1" thick, 13" bore

VWorkpiece material

S5.107 Case Carbonised. Heat treated .700 V,P.N.

Metal removal rate:=-

Depth of cut D = 0,001 ins. Cross feed F = 0.042 ins/table

stroke
Table speed = 62,5 £ per minute = V,
Surface arca whaeel face wheel face V.P.N, Surface finish
ground sq. ins. width ins. loss ins. C.L.A, micro
ins,

Start 0.780 - 759 -

19 0.745 0,035 - =
29 Q.7T15 0,030 - 10

79 ¥ none - 5
lli{» i L T?O 5
150 0.690 0.025 - -
238 " none - -
256 Li] " - =
292 1] " 7 15 5
510 0.670 0.020 - -
336 ¢ none s 5
400 n it e 5
436 0.650 0.020 730 -
490 " none = 2
526 L " - -
562 0.640 C.010 - 5
616 " nong - -
657 ] ] - -
684 0.625 0.015 - -
720 0.605 0.020 720 5
765 " r.one - -
800 " i - -
836 0.590 ®8,015 725 5

End of test



S v ory

The purpose of the new grinding method is to enable a
nmumerical appreciation of the grinding process to be made.
Irom date gathered during vractical tests, the characteristics
of grinding wheel wear and the effect of changes in process
conditions can be interpr.ted and the causes of failure and
limitation in performance spccified,

The comparative efficiency of different wheel and ccolants
may be mumerically assessed and suggestions made for their
improvement, Time standards may be set for the grinding process
the comparstive machinability of materials evaluated, and the
effectiveness of different designs of the machine tool evaluated
in terms of metal removal rate.

The work inveolved in a complete appreciation of the new
mcthod of grinding is at an academic and technical level which
can be undertaken by the tool room machinist.



SCHEME OF THE LEADING EDGE SEIF ADJUSTMENT
OF A SURFACE GRINDING WHEEL
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THE COMPARATIVE MACHINABILITY 3 ALLOY STEELS AND
GRINDING WHEEL POROSITY TEST

¢
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SCHEME. OF CHANGE IN PROPORTIONS OF THE APPROACH ANGLE
ALPHA WHEN THE DEPTH OF CUT (D) IS CHANGED
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SCHEME OF THE CHANGE IN THE PROPORTIONS OF ALPHA ANGLE
AND TIE VALUE OF ALPHA FOR A CHANGE IN CROSS FEED = *F

OF
WHEEL

v GRINDING WHEEL

WORKPIECE ak—8 —l 8DC
¢
s OF
S T e ey WHEEL
GRINDING WHEEL —{aF
) . * ! VT=z
B I_h_ —_— )
!‘/ ______ M= T
. SR Mg s
- |
7 e s i i Lﬂ_____.__J;.
WORKPIECE @‘ 8 : BDC

ALPHA ANGLE CHANGES TO PROVIDE ADDITIONAL GRITS ALONG 'THE
HYPOTENUSE
E.L.Ji.A, ARE ALL CONSTANT AND EQUAL

FIG 6.



T

T GRINDING WHEEL -

SCHEME OF THE CHANGE IN THE PROPCRTIONS OF ALPHA AND THE
VALUE OF ALPHA FOR A CHANGE IN TABLE SPEED *v

-~

WORKPIECE

-

e

~

" GRINDING WHEEL

WORKPIECE

&

OF
WHEEL
Fle— : _n]\;T__
M:j o T_
________ D=
, ¥ l

WHEEL

ALPHA ANGLE CHANGES TO PROVILE 1HE ADDITTIONAL GRI'TE ALONG THE

HYPOTINUSE .
V T PRODUCE A.L.M, CONRTANT .

FIG 7.

F CHANCES TO REDUCE ' AND MAKE THE PRODUCT OF

)



e
R,
e

VERTICAL SPINDLE

| SURFACE GRINDI
|WHEEL

e

|
|
|
i
|
|
L

. & P —
Qe s L 7
& i
& & oF / ¢
N \:pc’\" SURFACE 2 \\ OF
S, Smowa ety
- WHEEL
CE == WHEE L
| INTERNAL!
——+—GRINDING!

[}
[

WHEEL

SURFACE GRINDING

=i
X INTERNAL
GRINDING

WORKPIECE ; D = APFLIED DEPTH F C(
! F = CROSS FEED/TABLE STROKE
b CYLINDER GRINDING V = TABLE SPEED
J : A WORKPIECE - "% I = CHIP LENGTH
"'[E’[" / (GRIT ARC OF CONTACT LENGTH)
/ : T = TIME FOR A GRIT TO ROTATE L
E OF VERTICAL / M = MAXIMUM GRIT PENETRATION
\ SPINDLE SURFACE * E = EFFECTIVE DEPTH F CUT PER GRIT
GRiy WHEEL FORMULA
H\. %, E=F TAN =
g '\ L = y EX WHEEL DIAMETER
Sy \ THE VALUE OF M IS NOT CALCULATED AS
. A T? DEPENDS ON THE DISTANCE APART
L. RADIALLY OF THE CUTTING GRITS E AND L

R

142

ARE THE IMPORTAITT VALUES

LOAD END THE

A THNTERWAL AND FORM ORINDING



RESULTS SHEET NO. 3,
GRINDING WHEEL SELECTION TEST
WHEEL SPECIFICATION: UN1. WAGQ. IV

|
Surface area !

ground 8q.ins. 60 101 137 260
Width of wheel
lost in ins. 0.070 0.020 0.010 0.030

Width of wheel
left in ins.

Surface finish
micro ins CLA

0.930 0.910 0.900 0.870

6osp «n. - work done to stabilise approach angle ©¢ and wear in Zone B
50 sa +n. the surface area at constant depth of 0.001 in. taken as one unit
volume of stock removed.

Surnmary of regults

Loas on B to point 2= E 0.070 ins.
Loss on A per unit volume of gtock removed # 0.015 ins.
Total volume of stock removed lur tests = 0.260 cubic ins.
Loss of wheel in Zone B @ 0.,000TT " "
Stock removed for loss in Zone B = o.060 " "
l.oas of wheel in Zone A = 0.00132 " o
Stock removed for loss in Zone A = 0.2 " o
Ratio of work losa to wheel loss Zoue B = 78 te ¥
Ratio of work loss to wheel loss Zone A = 151 to 1
Number of unit volume lengihs on A 2 57
Estumnated 'ife of wheel face in Zone B = 0,060 cubie ins,
Estimated life of whee! face in Zone A = 2.8 " #
Tolal estimated life © Zone A + Zone B = 2.85 + 0,060 = 2,91
cubic ins.
Surface finish 10 Mmicro ins. =
Wheel Width
w o= 0% 49 lin
E = 0,0006 Depth
L = 0.06460 0.001 in
T
. 0.015 B =+ 0.070 ins.
(Per 0,06 cub. Ins. removed)
[AS L0 ELEMENTS OF GRINDING WHEEL SELF ADJUSIMENT AND WEAR
No. L.A. B = BASE OF APPROACH ANGLE 0,070 113 "
of = APPHONCE! ANGLE =" 59° M = MAXIMUM GRIT PENETRATION
o= FFRECTIVE DEPTI OF OFF pER O Gi1T = 0.002'5'3_}5_331:_ o V = TABLE SPEED INS. SEC = 2.5 INS
[ APPLIED DEFTH OF CUT = 0.00) 1ins. T = TIME FOR GRIT' TO ROTATE
L= CHIP LENGLT = 0.0656 ins, . ¢_
A = CONSTANT WEAR FACK = $.015 PEH 0,05 CUB INS. L.FMOUED OF
£
THE GRINDING WHEEL
UN.1 W.A. 60 T,V ¢ /| 2
7 I 7
S l v
7 . . ST
£
P b
VAl A |
l i 7
'l - AT
7 \/ ]
PN 7
SN
L 7 |
s s S AT e e e, sl

THE WORKPIECE $.100 OO0 VPN




RESULTS SHEET NO. 1A
GRINDING WHEEL SELECTION TEST

WHEEL SPECIFICATION: CAKBORUNDUM 5-A«60=I=V50

Surface area 43 175 290 408 567 700 825
ground sq.ins.

Width of wheel

lost in ins. .055 .025 .015 .015 .020 .018 022
Width of wheel

Jeft in ins. .945 .G20 .905 .890 870 .852 .830
Surface finish

micro ins CLA | b 4 b b h L b

s 4% < work done to stabilise approach angle & and wear in Zone B
+ 1%0 = the surface area at constant depth of 0.001 in taken as one unit
volume of stock removed.

Summary of results

.055 ins.

.020 ins.

1.611 cubic ins.
.0006 cubic ins.
.043 cubic ins.
.00594 cubic ins.
1.568 cubic ins.

1

Loss en B to point ¢

L.08s on A per unit volume of stock removed
Total volume of stock removed for tesis
l.oss of wheel in Zone B

Steck removed for loss in Zone B

Lioss of wheel in Zone A

Stock removed for loss in Zone A

it

#oa o noaou

R-tio of work loss to wheel loss Zone B = 7T0 to 1
Rs.tic of work loss to wheel loss Zone A = 262 to 1
Number of unit volume lengths on A = bk
Eetimsted life of wheel face in Zone B =  0.04% cubiec ins.
Estimeated life of wheel face in Zone A = 5.78 cubic ins.
Toizal estimsted life = Zone A + Zone B = 5.823 cubic ins.
Surface finish micro ins. = L
Wheel Width
- T 4
- .. 27771 . Depth
a : 0.001 in.
- |




!-"“" SO 1
| S

Ho, 2A
of a
E =
n =
A =

THE CRINDING

Ul W,

RESULTS SHEET NO 2,

GRINDING WHEEL SELECTION TEST

WHEEL SPECIFICATION: UNIVEHSAL W.A. 60. J.V,

|
Surface area
ground sg ins

24 122 262 507

Width of wheel

2,050
lost 11 ins. o

0,070 0.030 0.030 0,020

Width of wheel

left in ins. ©.820

0.930 0.900 0.870 0.840

Surface finish
micro insa LA

A% 3pams work done to stabilige approach angle ©¢ nnd wear in Zone B

505y .1,
volume of atock removed.

Summary of results

Loss on B to point »
Loss on & per unit volume of steck removed

Total volume of stock removed for teats -
L.oga of wheel in Zone B =
Stock removed for loss in Zone B #
L.osa of wheel in Zone A =
Stock removed for loss in Zone A =
Ratio of work losa to wheel loss Zone B =
Ratio of work losg to wheel loss Zone A 2
Number of unit volume lengihs on A =
Estimated life of wheel face in Zone B =
Estimated life of wheel face in Zone A =
Totzl estimated life - Zone A + Zone B =

SurTace finish micro ins, =

Wheel Width

1= 0,0006 o i
L= 0.0646 [ Fan; MR s
o = 00 gt L // ) Denth
- P 3 0 001 w
=i '
j S e Ll O i i
l—Ader B= T
A - 0,016 BE] G.070

(Ber 1,05 cub, ins. metsl removed)

PALLIC ELEMENDS OF

the surface arca at conslant depth of 1. 00! in taken as one unit

0.070 INS.
.06 G

0.507 Clis, Ths,
0.00077 CuB, IMS.
0.02y SUB. TiB.
0,00242 Cli, IM3,

0.4TT CUB. Tisd
2l to 1

192 1a

TO

0,02y CHE, TS,
3.5 CUB. LHS.
%52y OB, TIS,

GRYHDING WHeTL SELF ADSUSTMERT AND WAl

B = ABE O ARV
M= MARIWN GET
APPROACH &tGLE = 0% 4o Vo= URBLE SPEEL
EPFECYIVE DEPTH OF CUT PER GRIT = 0,0006 IS © T
APPLIED DEPBI CF CUT = 0,001 TG
CHIP LERGTH = 0,086 1 &
COMNSTANT WiAR %O * 00116 5. PER 6,05 THS. REMOVEL. R
WH'EEE.
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RESULTS SHEET NO, 2A
GRINDING WHEEL SELECTION TEST

WHEEL SPECIFICATION: CARBORUNDUM 5A-60-J-V50

Surface ar?a 63 151 ol 350 456 549 659
ground 8q.ins.

Width of wheel

Width of wheel
left in ins. 0.955 .938 .918 .903 .891 871 .851

Surface finish
micro ins.CLA

4 i 3 I I I 4

=% 63 = work done to stabilise approach angle o and wear in Zone B
+ 103 = the surface area at constant depth of 0.001 in. taken as one unit
volume of -stock removed.

Summary of resulis

0.055 ins.
0.017 ins.
1.682 cubie ins.
0.0006 cubic ins.
0.063 cubic ins.

0.00704 cubic ins.
1.619 cubic ins.

L.oss on B to point

Loss on A per unit volume of stock removed
Total volume of stock removed for tests
Loss of wheel in Zone B

Stock removed for loss in Zone B

L.oss of wheel in Zone A

Stock removed for loss in Zone A

Ratio of work loss to wheel loss Zone B 105 to 1
Rstio of work loss to wheel loss Zone A 230 to 1
Number of unit volume lengths on A 23

0.063 cubic ins.

5.457 cubic ins.
5.457 + 0.063
5.52 cubic ins.

Estimsated life of wheel face in Zone B
Estimszted life of wheel face in Zone A
Total -estimated life = Zone A + Zone B

L I S T R TN T T Y N TN = N B § A 1

Surface finish micro ins. = 4 CLA

Depth
0.001 in.

» ]
le Asle— B T

. Wheel Width -
.1.010 inches -

A = 017 inches B = 055 inches
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RESULTS SHEET NO. =,

GRINDING WHEEL SELECTION TEST

WHEEL SPECIFICATION: 7.A-60-15-VF8

Surfoce area |

ground sq.ins.

Start 105 140 175

210 255 280

Width of wheel

lost in ins. Hone 0.100 0.010

0,020

0.010 0.220 0.005

Width of wheel

left in ins. 0.900

0.880 0.870

0.850

0.840 0.820 0.815

Surface finish
micro ins. CLA

W

100 §¢ a4

5 = worls done to slabilise approach angle { and
50 5p 4

the surface area at constant depth of 0 001 in
volume of stock removed.

Summary of reaults

Loss on B to point %

Loss on A per unit volume of stock removed

Total volume of stock removed for tests -
Lossg of wheel in Zone B =
Stock removed for loss in Zone B :
Loss of wheel in Zone A =
Stock removed for loss in Zone A =

wear in Zone B
taken as one unit

0,100 in=.,
0,016 = 850 sg. ins.
0.35%0 cub, ins

0, 0011 cub. ins.
0.105 cub, 1ins.
0,00176 cub. Ins.
0.245 cub. i

Ratio of work loss to wheel loss Zone B = 95 to 1
Ratio of work logs lo wheel loss Zone A = 142 te 1
Number of unit volume lengths on A = = o
Estimatecd life of wheel face in Zone B = 0.105
Eatimaied life of wheel face in Zone A = 0.05 x 53 = 2,62
Total estimated life - Zone A + Zone B = 2.62 + 0,105 = 2,785
Surface finish a miecro ing =
Wheel Widih
Rf 000y . 1 in, ) _1 “l
<o 5L -
P ,/ : 0.001 in
ey A S -
Ie— E:] — B~ -T
A 6,016 ins. B 0,100 ins.
BASIC ELMENTS OF GRINDING WHEFL SELF ADJUSTMENT AND WEAL
B o= [BSE OF APPROAUH ANGLE = 0,100 1N
AFPROACH ANGLE = g” ' M= MAXIMIE (HLT .l’l'ill-i'l‘l:h'l"lnl‘l .
FFFECI'IVE DEFTH F CUT I‘i')t CHIT = O,0004 IHNS V= 'l‘hi'ﬁhi\:}l’[il‘:? 5. fiF'.CI .m=‘ 2.5 Ing
APPLIED DEPTH OF CUT = 0.001 INS. T = TTME PO GRIT 10 ROIATE

0.053 THS.
0.016 1HS

CHIP LENGIH =
COMSIANT WEAR FAUHK =

[T I T
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RESULTS SHEET NO. 4,
GRINDING WHEEL SELECTION TEST

WHEEL SPECIFICATION: Cacborundun TA 60 J5 Vr8

Surface area

No. BA
o =
E =
o=
L =
A =
THE
Chk1

: Start
ground 8q.ins i

B2

114

146

162

Width of wheel erie 0.100

0,005

lost in ins

0.015

0.010

0.005

Width of wheel |7~

left in 1ns. 1.000 0.845

0.830

0.870 0.865

Surface finish
micro ins CLA

* s0sy - work done to stabilise approach angle ¢ uand
the surface area at constant depth of 0.001 in

SO0 snd
volume of stock removed.

Summary of results

Loss on B to point s

lawas on A per unit volume of stock removed

Total volume of stock removed for Lests
Loss of wheel in Zone B

Stock removed for Llogs 1n Zone B

l.uss of wheel in Zone A

Stack removed for loss in Zone A

ftotio of work loss 1o wheel luoss Zone B
Ratic of work loss o wheel loss Zone A
Mumiber of unit volume lengths on A
Eatumated life of wheel face in Zone B
tstimated Life of wheel face in Zone A

i

weal in Zone B
taken as one unit

G100 ins
Q.12 I
0.162 cubic ins.
0.0011 " =

0.{:“50 n n

a.oo0r7 " s

0 ].!.E n n

£|0.6 to 1

145 to,1l

T = 5 far x = 72

U050 cable Ins.

72 x 3.6 = 3.6 cuble ins.

=
Total estimated life Zune A t+ Zone B = 0.050 + 3,6 = 5.65 cub.ins
Surface finish 10 miero ins. =
Wheel Width
i 11n - 5
o /),’ ﬁl‘j)lh
g ! 0.001 1n
& o i
T . PP i | i
- Adee B 1
A 0,012 ins, £ 0,100 1ns.

(C.04 cub, 1ns)

PALGTC KLEMUNYS OF i FRGE NG

WHERT SFLF AIJUSTMEHT AND WiEAR

APPROACH ANGIL = 0% 34t

B = DASE OF APPROACH ARGIE = 0,100 TIN5
Moo= MALLUM ST PRIBTHATION

V o= PABIL SPEED 165, Sic. = 2,5 INS

o= PTME Fot GRIT PO ROPATE

¢
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WHEEL

THE WORKPIECE

EFFECTIVE DEPTI OF CU'T P GRIT = 0,004 11 *
APPLIED DECIH ¢ CUT = D001 1S
CHIP LENGH < 0,050 1 ;
COMSTANT WEAL Iach = R0
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WHEEIL SPECIFICATION:

Surface area
ground 8q ins
Width of wheel
loat in ina.
Width of wheel
left in ins.
Surface [inish
micro ins CLA

RESULTS SHEET NO. 5

GRINDING WHEEL SELECTION TEST

Ady I35 - V30
83 18y 289 390 456
Fo.n,o 0.c20 | 0.010 | 0.010 | 0.010
_0:860 0.850 | 0.830 0.820 0.810
T4 725 | i1 725 713 3 !

r40 3¢ oo - work done to stabiligse approach angle © and wear in Zone B

a0 5¢ N

™ = APPROACH ANCLE

£ = INFECTIVE DEPTH Of

I = APPLIED DEPIH OF C
= CHIP 1EMOIH

A = CONSTANT WEAR FACE

volurme of stock removed.

Summary of resualts

Loss on B to point s
Loss on A per unit volume of stock removed
Totul voluine of atock removed for tests
Loss of wheel in Zoune B

Stoek removed for loss in Zone B
l.oss of wheel in Zone A

Stock remaoved for loss in Zone A
Ratio of work loss to whee! losa Zone B
Ratio of work loss w wheel loss Zone A
Number of unit volume lengths on A
Estimaied lfe of wheel face in Zone B
Estimated hife of wheel face in Zone A

Toial estimated hife

B o= 0,0005"
L - c.op56"
of = Q8 2yt

* A

{pur 0,05

BAS L 1

= " 2"

Surface finish

1 in

SIS Sl

Il B

04K Ins B

CUE PER GHRTY = 00005 1S
ur - Oy 1
= 43, 05h 1HS

* 2 007 TR

THE GRINDING WHEEL

Carb, M5, 5. V0

THE WORKPIECE

e, dnes)

Zone A 4 Zone B

0.1

the surface area at constant depth of 0001 in taken as one unit

Ko InS,

0.007 THS

- 0.456 CUBIC INS.
= 0.0015y " "

- o088 ¢ "

= 0,001 " "

= 0.568 ™ "

= 57 to 1

= 434 to 1

= 114

= 0,088 (uBIC TS,
- 5-? " n

= B8 2

10 microing =

Wheel Width

0.140 ins

Depth
0.001 in,

T
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S
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1y = [ABE O
M = MAKTMUM
Vo=

AVPPHOACH ANGLE = 0.140 TH3

GHTT PiticTRATION

TABEL SPEID 183, SEC. = 2.5 THY

o= TR FOR GRIT 10 HOTAYE

4
OF
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WROACH ANCLe

LENGTH
AT WEAK FAGE

é THE GRINGING
A By =15-V30

RESULTS SHEET NO.&

GRINDING WHELL SELECTION TEST

WHEEL SPECIFICATION: A Bi=I5-¥30

EERY] 1 27

Surface area
ground sq.ins.

319

LYY

Width of wheel

lost in ins. 000

0.14C Gl U25

0.025

Width of wheel

left in ins. 0.860 0,460 0,855

0./95

Surface finish
micro ins.CLA

#4034 - work done to stabilise approach angle =< and wear in Zone B

30 59 unyg
volume of stock removed.

Summary of results

L.oss on B lo point

Lioss on A per unit volume of stock removed
Total velume of stock removed for tests
Loss of wheel in Zone B

Stock removed for loss in Zone B

Loss of wheel 1n Zone A

Stock removed for loss in Zone A

Ratio of work loss to wheel loss Zone B
Ratio of work lesa to wheel loss Zone A
Number of unit volume lengths on A
Estimated life of wheel face in Zane B
Fatimated life of wheel face in Zone A
Total cstimated life - Zone A + Zone B

the surface area at constant depth of 0.001 in taken as one unit

0.140 ins.
0.C10 inas.

0.44H cub.ins,.
0,C0154 cub.ina,
0. 140 cubl.ins,
0.00L43 cub.ins.
0.458 cub.ins,
9yl to )

22% to 1

1}

0.J40 cubeins.
4,00 cubeiny.

Lo OORILO = 4o 140

culeinke

Depth

0 001 in

T

Surface finish micro ing. =
Wheel Width
it 1in
” L}
L] e T i
e e
A 0,010 ins. B+ 0,140 ins,

= Aper 0.05 cw .ins. )

BASIC KLel NTL UF GHIADING \He!l AuJULABIRT AMD AR

prECOIVE wePll Or UUT JER selT
K Geblh OF cUT oFH GEIT

WHEEL

= 0%2, Poom RS OF L PGAUH AlGLe
o 0 L:-(:C’ ins Moo= RAALRUN oidt LSS0 catIon
= G, 001 ins, vy = ThrlbE obEED Lao, SEC,

= 0,05 ins. T = I Ok Gul® TO ROTATL
= (.01 ins.

) THE WORKPIECE

R e e e i

5.107

140 ins,

= 2.5 ine.

¢

of
WHEEL

VA)
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RESULTS SHEET NO. 7
JRINDING WHEEL SELECTION TEST

WHERL SPECIFICATION: Carb, 7.D.A. 60 1.5. VF.BLU

Surface area Start 72 750 1500 2250 3000 3750
ground sq ins.
Width of wheel )
lost in ins. Hone G070 0,030 0,050 0,030 0.030 0.040
Width of wheel {77 77~
left in ins. 1.000 0.930 0.900 |0.870 0.840 0.810 0.770
Surface finish 2 —
micro ins CLA | - 10 to 8 T 7 7 7 2

yoep s - work done to stabilise approach angle ® and wear in Zone B

yi@ spns the surface area at constaat depth of 0.001 in taken as one unit

volume of stock removed.
Manchester 011 Refinery. Dolphin Mo. } 011 Cooclant

Summary ol resulis
Loss on B (o paint % 0.070 INS
Loss on A per unit volume of stock removed 0.032 115
Total volume of stock removed for lests 5.750 CUB. IHS
f.oas of wheel in Zone B = o, oooyT "t ™
Slock removed for loss in Zone B = o.op2 M
Loss oif wheel in Zone A = o,00352 " "
Stock removed for losa in Zone A = o8 M ®

Ratio of work loss to wheel loss Zone B
Raotio of work toss to wheel losg Zone A
Number of unu volume lengths on A
Estimmated lile of wheel face in Zone B
Estimated life of whee!l face in Zone A
Tolal estimated life - Zone A + Zone B

10 to 1 approx
1000 to 1 approx.
30

0.072 CUB. IS
(30 - 2} = .750
25.572 CUB, TNS,

Sueface finiah micro ins. = 7
Wheet Width
e 1in. s i
E = 0,00058 ezl 4
1, = 0,063 oz Al ]'Jr:pth.
of = 09 48 e / I 0.001 in,
i 15 '
—— e ]
j.- f\:! e K
A 0.032 tns. B+ G70 ins

(par 0,750 cul. ins)

BaSiC BLEMENES oF (3 INDING WHEEL SEIF ADJUSTMENT AND WEAR

o
O ' B =
= APPROACH ANGLE = O 48! X W=
K = FFECTIVE DEPTH OF CUF PR GHIT = 0,00088 115 v =
D = APFLIED DEPUC OF CUFF = 0,001 13 T o=
= CHIP LENGTH = 0,005, INS
&= CONSTANT WEARR FACE = 0,032 TG PFR 750 SGQ.IN GROUND

THE GRINDING WHEEL

RASE OF AFFHOACH ANULE 0,070 IS
MAXIMUM GRIT PEMETHATION

TABLE SPECD INS. SEC. 2.5 I8
TIME FOR GRIT TO RUINTE

&
OF
WHEEL

CARD. T.DWJA B0 T.5.VF 310
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0,070

C.015

THE WORKPIECE REX 448 H/T TO 75 10HS SQ. TS,




