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SUMMARY

The material is presenting phenomena which though met and
recognised previoudgy the significance to the grinding process was
on these previous occasions not critical, With this material,
instead of a wheel life variation of 0,5% maximum there can be 30%
to 40% reduction in expected wheel life. A detailed explanation
of this element of wheel face life will be included in the finz.
report when repeatable test results to substantiate the « garley will
be available, The test on soluble type coolants have not as yet
been as successful as one would have hoped and it is intended to
ask the supplier if an improvement can be mede from the knowledge
gained by the test here reported. The workplece in all cases where
soluble coolants were used remained cool, but with the very limited
number of oil coolants some temperature rise iIn the workpiece is
experienced.,

This temperature rise is not very critical if the workplece is
of sufficient surface area to allow cooling to take place more
rapidly. The test piece used in the laboratory is 2.5 ins x 6 ins,
long, and is now 0,5 ins, thick (originally 1.0 ins).

The caleculation is made and included for wheel specification

Carborundum 5A 46/54 G.8 V.50 using FletchervMiller Product
M7/63

This is the first result which has given a performance life
long enough to make these calculations and is included to enable any
firm who must use results immediately to make use of our work. While
not wishing to depreciate this product or to appear over enthusiastic
I shall be surprised if improved life is not achleved but this fuller
calculation will allow further appreciation of the numerical methods
we are using.




Introduction

The material EPK.31 is an advanced Nickel Chromium Alloy designed
to work at high temperatures and is very resistant to corrosion,

The chemical composition as supplied by Henry Wiggins Litd., is
as follows.

20%  Cr. 14% Co, 2.5 Ti 0.5 Al.
5% Nb 4.5 Mo. BAL Ni.

The numerical method which is used to evaluate the efficiency
of grinding wheels and coolants has been developed and proved at
The College of Aeronautics and in a wide range of industries. The
results of an evaluation enables the maximum chip size to be stated
and the rate of wear on the grits when working at the maximum or any
load less than maximum,

The cause of chip size limitation may be diagnosed and
adjustments to wheel specification made on the basis of the measured
efficiency., This also applies to coolants, These can be varied,
while the wheel specification remains constant and wheel face 1life will
then reflect the efficiency of the coolant.



Calculations for Test 46

Length of base of alpha = 0,180 ins.
Depth of cut (applied) = 0.001 ins.
Tan alpha = ,O0L = 005 = 0° 17

.180

Effective maximum depth of cut as seen by any grit
(E = F crossfeed x tan alpha!=

042 in, x 005 = 0,00021 ins.
L = underformed chip length
= /E x wheel dlameter =/ 000281x 7 T /o017
L = ,03833 ins.

Average wear on A per vol removed
= 0,053 in, for 0,016 cubic in. removed
No. of breakdowns on A = 7.0

Area ground to stabilise B = 15.6 sq. in.
Area ground for failure of A =7 x .016 cu. in.
or 7 x 16 sq. ib. ~ 112 sg,. in,.

Area which is actually ground by B length to A failure = 560 sq.in.
Area ground by .160 B length = .80 sq. in.

Area which can be ground at 00,0002 E for 1 inch wheel face width

= 1’000 - eel = 1—!-00 Sq. in.
.180

Reduce this by 20% to allow for the wheel edge weakness then you can
expect a 1" wide wheel to grind 320 sq. ins. of surface area of work at
0.0002", Plunge cut before wheel face failure.




RESULTS SHEET NO.

COOLANT SELECTION TEST

COOLANT:
Surface area ' ‘ e
ground sq. ins. © 15.6 | 26.3 43.9 | 56.0 63.1 83.2
Width of wheel
losgt in ins. 0 0,180 0.060 0.030 0.060 0.040 0.180
Width of wheel - T ‘ ;
l(&fy ?ﬂ *ﬂc} {}w ﬁ?o Om56{) Oa500 0.2}70 Gaié-lo 00:}:?0 5‘332‘:‘}@
Surface finish

. 7 o5 .5 -
micro ing. CLA fod 75 T5 {2

15 C kS = work done to stabilise approach angle &he. and wear in Zone B
5 sq. ine® the surface area at constant depth of 0. 001 in. taken as one unit volume

sfi?
of stock removed.

o

Summary of resulis

Loss on B to point = 0.180 1in.

Loss on A per unit volume of stock removed = 0.054 in.

Total volume of stock removed for tests = 0,1246 cub. ix
Loss of wheel in Zone B = 0.00198 "

Stock removed for loss in Zone B = 0.0156 " H
Loss of wheel in Zone A - 0.12y5 " i
Stock removed for loss in Zone A = 0,1088 * i
Ratio of work loss to wheel loss Zone B = 7.9 to 1

Ratio of work loss to wheel loss Zone A = 8.6 to 1
Number of unit volume lengths on A = 7.2

Estimated life of wheel face in Zone B = 0.0156 cub. in.
Fatimated life of wheel face in Zone A = 0,1088 " o
Total estimated life = Zone A + Zone B = 0,0156 + 0.1088 cub.in.

= 0,124 cub, in.

H

Surface finish micro ins.

7.5

Wheel Width l
E = 00021 in. e R

L= 00,0383 in. ‘ 0.740 Dewth
alpha = 0° 17° "
0.001 in

- i meme -

LVA‘L— B — T

A = 0,053 in. B = 0,180 in.
actual 1life of wheel as found by actual test = 0.1250 cub. in.



SUMMARY OF RESULTS

Standard rrinding conditions arc:-

Depth of cut = _,001 in.

Cross feed = 042 in. /pass

Table speed 62.5 ft/min

Wheel dia. = 7 in, Vheel width = .750 in.

i

Material isc-
PX.31 (Henry Wigpin)
Heat treatment:-

Solution treated and age hardened

*Pigures rarked thus refer to wheels 1 inch wide others are
3 s . L N
T 1Ns. wliae.




Introduction

The material E.P.XK. 31 is an advanced nickel based alloy
produced by Henry Wiggin Ltd. The material is designed to work
at high temmeratures and has very marked resistance to corrosion.
The chemical composition of this material is

20 Cr. 14 Co. 2,5 Ti. 0.5 AL
5 N6 4.5 Mo, Bal. Ni,

(This information is supplied by Henry Wiggin Ltd.)

The numerical method which is used to evaluate the efficiency
of grinding wheels and coolants has been devsloped and proved at the
College of Aeronautics during a period of five years. The results
of an ecvaluation enables the maximum chin size per active grit in
the grinding wheel face to be found and the rate of wear on the grits
at maximum chip or less to be stated. The effect of any coolant
on maximum chip size and grit wear may also be determired.

Method

The efficiency of the available grinding wheel specification
will be evaluated and any which prove to be capable of a repeatable
and reasonable peorformance will be fully tested and its maximum metal
removal rate and rate of wear caleulated.

Any coolant which will give a reasonable wheel 1life may be
used for the initial grinding wheel specification tests. Other
coolants will then be compared to this initial coolant when the
wheels have been evaluated.

Results of tests carried out

The coolant used initially was Shell Mex B.P, Dromuc E a
soluble oil. 1 vol in 40 Vols of water, this being the enly coolant
immediately available. The results of tests carried out using this
coolant are included in the summery sheet as tests No. 1 to 3
inclusive. No calculations are¢ made for these tests as the life
was unsatisfactory and the coolant was changed. The replacement
coolant was Manchester 0il Refinery Dolphin No. 1 a grinding oil This
was chosen as it had been used on Stainless Stecl (REX 448) and
proved excellent. Tests No. 4 to No. 12 inclusive on the summary
shests show that this coolant geve improved results and surface finishes
of 8 to 10 micro inches CIA (measured at full metal removal rate and
no spark out). The workpicce temperature increased to approximately
60°C Quring some of the tests. This led to a further coolant change
Meteor 0il Companys Metol 77 soluble o0il 1 vol in 10 vols water.
Manchester 0il Refinery have been informed of the results of these
initial tests on Dolphin No. 1. Tests Nos. 13 to 24 inclusive
produced the data as included on the summary sheet. The total
volume of metal removed was not significantly increased and it is not
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Wheel Type

Universil WA 60 IV277608

(No. 2 White)

Universal COC1V277612
(No. 1 Green)

Carborundun JDAGOIS
VEF BLU (Blue)

Carborundun 7TDAGOJS VI
BIU (Blue)

Universal WAGB0IV277608
(Jo. 2 White)

1t 1

1" 1t

Universal WABOHV277609
(Yo, 3 UWhitse)
1)

L

it 1t

Uaivarsal VAL6IV277610
(Wo. 1 White)
1 1"
HPE

Universal 1 AGOHV712100
(NOJ 1 Brown)
i

Universal MAGOIVEQ93y2
(% . 1 Blue)

1t L

Coolants

Shell Dromus &

it "{1:40)

Manchester
Dolphin No. 1
(Neat)

Grinding Surface Surface
Conditions Areca Finish
Ground C.L.A.
in min,
Standard -
1t
1t - ¥
! 52 for
.500in
wheel lost
" w7
1 50
i 42
i 69 10
" 54
11 65
" 60
1 44
14 61 8
11 i“.8
" 61
Table speed = 73 9.5

42,5t /min

TY gy
Remarks

Poor performance. Wheel face
soon became washed

Very poor performance

Reasorable performance but
tast not taken far because
it was obvious that the
coolant was not good enough

Good performance bub test
not omplsted beoecause it is
no longer possible to
obtain these wheels in this
country. Commaras Test 3.

Reasorable perforrance.
Compare Test 1.

A\ 1t

1 1
Cood nerformance

1" i

1 it

Terdin» to cut warm

1 i

Reasonable performance

Tendin~ to cut warm



Test

o,

10A

11

12

15

A

Wheal Tyie

Unive »sal MABOIVE99342
(Wo. 1 Blun)

Carborundur 5AV50
i (rade
(fted)

1 "

Sulpkorised
Carborundur 7DAG0TS
VE ITU (1. 3 Blue)

Uaiversal CO0IV277612
(o, 1 Green)

Universal WAGQHV2T7609
(Jo, 3 White)

1 1
u 1t
t 1"
u it

Coolants

Marchester Dnlvhin
o, 1 (Neat)

n

Metol 77

" (1:10)

i

Grinding
Conditions

Table speed =
42,56t/ nin

Wheel dia.=6.5"

Table speed =
42 .58t /min
Wheel dia. =
6.5 in,

Standard

Table speed =
42 .58t/ min

1

Surface Surface
Area Finish
Ground C.L.A,
i@ win,
73

66 or* 8
126 170%

48 for

270 in.

wheel list¥

18 for
260 in.
wheel list

52

61
56 7

4y

36

RGN - S Y

Remarks

Produced heat carl on
Did not cut very well
L100" left on wheel

face wher test stonped

Terding to cut hot

Terding to cut really
hot. Did not oug very
well after 60 in
Workpiece was slowing
down wheel.

Check on Talysurf
showed wheel was not
cutting properly,
Test discontinued.

Not cutting properly.
Test discontinued.
Compare Test 2.

Reasonable performance

143 1

" n

but not as pgood as
with Manchester
Dolphin Ho.l.
Test 6.

See

Not cutting very well



Test
Ho.

14A

154

16A

7R

18A

194

20 A

Whael Tyne

Ca ~boru dun BAVS0
Probably I Grade
(Red)

" 1"

Universel WAGOTIVR277608
(Yo, 2 VWhite)

it 1"

Universel MAGOTIV
699342 (Ho.l Blue)

" "

HPE
U 1versal MAGOHV
712100 (Zo.1 Brown)

it . 1t

Extra porosity
Carborurdum TAG0J16
VFBP (Wo, 1 Vhite)

1" it

Extra porosity
Carboru-dum TAG0IL6
VvEBP (ilo.1 White)

n "

" 1
Extra porosity
Yorton 38AL6H12VBEP
(White)

1t

1"

1

1"

Coolants

Metol 77

(1:10)

Grinding Surface
Conditions Area
Ground
in2

Wheel dia.= 6.5" 66 85*

Table speed = 66 97*
42 58t /min
Wheel dia. =
6.5 in.
Standard 48
1 248
Standard 61
i 61
" T3
1" 97
1 ”8 97*
" 48 97"
" 1}8 114*
1 42 75")(‘
" 54 T3*
1 « 36

Surface

finish

C.LQA L]
min.

]
U1
\Jl

5.5

15

Remarks

Good performance. Cubbtine
cool. Compare Test 10

Cuttins a little warm,
Workpiece was slowing
down wheel.

Reasonable performance.
Compare Test 5,

1t i
Hot cutting very well.,

Not breaking down.
Cutting warm

] it

Test 9.

Compare

Reasorable performance
but cutting a little
warm. See Test 8.

it 1

Reasonable performance

Reasonable performance

1 n

i it

Cut well but short life.



Test Whael Tyne Coolants Orinding Surface Surface Remarks

No. Conditions Area Finish
Ground C.L.A,
in2 min
Extra neorosity
20B Norton 38A1L6H12VEEP Metol 77 Standard 30 Cut well but short life
" " " " 36 " "
1 " it Table speed = 52 ! "
42,58t/ min
E n tt 4 it 36 10 1 1
21 A Universal FABOJVE99347 " Standard 40 ) Too hard or not suffic-
(No. 1 Blue) ) ient porosity. Whezl
B " # " " 28 ) loadinz but not break-
)} ing down.
22 A Universal M.BOIVOO93LY " " 48 ) " " but better than
(No. 1 Blue) ) Test 21
B 1 u u " 61 g
23 A Carborundun AA46/5) " " 3P Cutting harshly arnd not
H16 Vi3 very well,
B P01 (White) Extra vos " " 36 " "
porosity. Aloxita.
(Supplied by Matchless)
2 A Winterthur 461417637 " " %6 )} Started off cutting
Vitoneva )} well but deteriorated
B (Supplied by Matchless) " " 48 ) Began to cut harshly

and became a little
warm,




Test Wheel Type Coolants Grinding Surface Surface

No. Conditions Area Finish Remarlks
Ground CL.A,
1n? min,
25 A Carborundum 5AVS0 I Grade Metol 77 Wheel dia. = 85 Good performance. Cutting
(Red) 6.5 in, cool., Repeat of Test 1y
B " " " " " 61 Slight slowing down of
wheel by workpiece,
it 1t i ¢ A\ 11 Hi
¢ Extra porosity Sh b
26 Universal MAGO6V (Brown) " Standard 36 Two soft
27 A Universal AGOHV (Brown) " " " 56 )
B # " " n " 40 ) Slightly hard. Cutting
) hard near end of tests,
c 1 1t 14 11 i 40 )
28 A Norton 38A60J5VEE (White) " oo 36% )
B " n " " " 36% 3 Reasonable performance
C 1 1 f 54 1 36* 7 )
29 A I orton 38A60KSVEE (White) " " " Zo* )
B IH 1t 1] t ft 32* ) TOO haI“d
11 it it it 1" 3
c PR 36 9 )
30 A Universal MAGOHV712100 No,l Manchester Standard 32 )
(Brown) 0il Refinery )
Transparent ) .
Grinding Fluid. ) Cutting well while it
) lasted
B 1 " 11 " il 32 12 )
3L A Universal WAGOHV277609 No, 2 " " e 36 )
Vhite
( ¢ ) Cutting rather harshly
B b it \L 1] 1] 32 )



z Test
i No.

34 A

35

37
38

39

Wheel Type

Ixtra porosity
Unilversal AGOTFLV
(Grey)

1 1

Carboruncum 5A46/54
GBV50 (Red)

Carboruncum 5A60I8V50

(Red)
" 1

Carboruncum 5860I8V50

(Red)

Carborundum S5A60J8V50

(Red)

Carborundum BAG6CKS BLU

(Blue)

Coolants

Meteor 01l Co,.
Metol T7

1t

1

i

1"

i

it

1

Carborundum BAGOJBVF BLU "

(Blue)

Carborundum AAGOHSVES

(White)

i

Grinding
Conditions

Standard

1"

1t

it

1

4]

1

1"

Surface
Arca
Ground
in

61
61

56
76

61

61

>

>

32

(36)

76

48

Surface
Finish
CCLOA -
min.,

16

R R N " N L Ny S ot s N S S

N S S

Remarks

Grinding a little harsh
but in the main cool and
well

Cutting cool and well
despite scatter of
results, Producing Just

a 1ittle heat near the

cnd of the tests and whe:l
showing slight hesitancy
to break down when it
should have donc.

Good performance

Material -~ 582 Case hardened
to 750 - 800 V.P.N.

Test to determine whethar
porosity is at fault in
this wheel

Test discontinued because
wheel too hard

Good performance

Reasonable performance



Test Wheel Tyne Coolants Grinding Surface Surface
No. Conditions -~ Area Finish Remarks
Grgund CaLlisA W
i min,
30 Carborundum AAGOTSVEE Mete¢r 01l Co. Standard 52 Reasonable performance
(White) Metol 77
4yl  Carborundum AAGOKSVFE " " (32) Test discontinued because
(White) wheel too hard.
2 Universal MAGOHV322607 No. 2 Manchester Oil " 32 11 Pocr performance
(Brown) Refinery Solumor NCL
(1:30)
Extra porosity
3 Universal ABOIP4V(CGrcey) " " 20 foor performance
i Carborundum 5A 46/54V50 " " 32 Poor performance
(Rod)
u5 Carborundum 5A 46/54G8 Manchester 01l Refinery " u3 Reasonable performancc
V50 (Red) Suprumor Special EP
46 Universal MAGOL V322607 No., 2 (1:30) " (36) Test discontinued becausec
(Brown) of poor performance
u7 Universal MAGOHV 322607 No. 2 Edgar Vaughan " 36 Poor life but cutting cool
(Brown) Hocut G and well
48 Carborundum 5A 46%54 6BV50
(Red) (1:60) v 32 Poor life
49 Carborundum 58 46/54 G8 Edgar Vaughan " (12) Test discontinued because
V50 (Red) Hocut 237 (1:25) of poor verformanca
50 Carborundum 5A 46/54 G Edgar Vaughan " 61 Good performance
V50 {Red) Hocut 3210 (1:10)
~Universal MAGO AV 322607 No, 2 " " 56 Good performnce
) Y (Brown)
i c "@
far i
e 5% Uﬁ;vgrsal MAGO 322607 No. 2 Meteor " 56 Good performnce

7 (Brown)

01l Co.
Metol 77 EP



Tent
MO .

52 B

54
55

56 A

57 A

58

59
60

61

62

63 A

Wheel Type

Universal MAGO 322607

{Brown)

Carborundum HA 46/54
G8v50(Red)

1xtra Porosity
Universal AGOTPLV(Grey)

Carborundum 54 46/54G8

v50 (Red)

Universal MAGOHV322607

(Browr.)

1t it

Universal MAGOHV 322607

(3rown)

11 it

Universal MAGOHV322607

(Brown)

Carborundum 5A 46/54
G3vs0 (Red)

Univorsal MAGOHV322607

(Browr.)

Universal MAGOHV322607

(Brown)

Universal AGOIPYV

(Grey) Extra porosity)

Carboruncum 58 46/5i4
GBVSC (Red)

Coolants

No. 2 Mcteor 01l Co.
Metol T7 EP
(1:10)

i

Fletcher Miller
Products M16/62

No.2 (1:50)
1t

No. 2 Fletcher
Miller Product
MLG/62

y1:10)

No, 2 "

Sternol
Sternopal(L:40)
No, 2 "

Fletcher Miller
No.2 Swift Cutting
0il No.j (Neat)

i

i

Grinding
Conditions

Standard

1t

Surface
Area
Ground
in

56

61
24

10

32

56

52

56

L1
40

52

uo

61

Surface
Finish
C. LA,
min,

Nemarks

Good performance

Jcod performance

Poor performance



Test
No «

63 B

o

65

66 A

67

63

69

Wheel Type

Carboruncum 5A 46/54
GB V5C (Red)

Carborundum 5A 46/54
GB V50(Red)

Universal MA 60 HV
322607 (Brown)

Carborundum 5A 46/51
GB V50 (Red)

13 ]

Carborundum 58 46/5)
GE V50 (ited)

Universal MAGOHV
352607 (Trown)

Universal MAGOHV
712100(Br own)

Coolants Grinding
Conditions

Pletcher Miller Standard
Swift Cutting O1il
No, 4 (Neat)

Fletcher Miller "
Product M.7/63(Neat)

No. 2 " "

Meteor 01l Co, "
Mctol 77 EP (A)

t 1"

Plus Ces "
Formula C (Neat)

No, 2 " "

No. 1 " "

Surface
Area
Ground
in

48

125

g2

64

56
64

36

L

Surface
Finish
CLiA e
min,.

Remarks

T+5

(10)



