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ABSTRACT

WEAR STUDIES OF ABRASIVE PARTICLES

br

Jogsenh William Distel

Submitted to the Department of Mechanical Engineering

on May 21, 1956, in partial fulfillment of the requirements
for the decree of Master of Scilence

} method is devised which enables single abrasive par-

-icles to be tested in a multiple fly cutting operation. A

nethod of determining the grinding ratio for individual crit

particles is formulated and experimental data are obtained

to enable grinding ratio values to be calculated for several

 if ferent work materials.
\J
”

Two different types of abrasive material are tested

and evaluated in grinding a variety of work materials. Build

ap of metal on the cutting elements, chin structure and for-

mation. and extent of sparking which occurred are observed,

Anpreciable rewelding of chins is observed in grindinc some

metals (notably titanium and zirconium) and its effect is

discussed.

Testa are conducted over a range of cutting speeds

1th one abrasive type and one work material. The effect of

rutting velocity on abrasive wear is observed and discussed.

Thesis Supervisor:
Mtle:

Nathan H, Cook

Aasistant Professor of

Mechanical Eneclneeringe
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[INTRODUCTICN

of

metal remov:.

investir:+°

“hi. a Vp]

18s contrant

Ce commonl- emploved industrial methods of

“aw

: "rg received the least study and

- ration. The reasons for

and practi~-~2" in grinding

wit® other methods of metal removal become

svident nerh~ns when we coneider the fundamental differences

cetween grinding overations and other metal cutting proce-

ures.

lost metal cnttine techniques such as turning, shaving,

milling, broaching, drilling, reaming, and tapping, employ

Fools which consist of one, or a relatively small number of

~uttines edoes, each with a fixed geonetry and orientation

71th resvect to the work material being cut. Grinding, in

contrast, is an oneration which employs a relatively large

aumber of cuttine elements havine a random geometry and

srientation. further Gifference between the srinding ovnera-

~ion and the other meta cuvti~~ + sohnianae ia that in the

latter tool wear °
su CC macy  -— a - comparison to

~eometry of cut-he aiz: Fa +hao wr ~ -

TIT ora he

Fine element  a2 Re
yr

+

JR ceometriee of

'ndividual at = REN ReaX
——  yr vy

rreatly and an»nreciabl-

Jeary of anrae- oy ta mm nerve

fundamental recsearciy i srinding in the past has, with

few excentione. larcelv been directed to the study of the



rrinding wheel itself,

The study presented here is concerned with an investi

zation of grinding characteristics from a consideration of

single abrasive particles, Singl~ abrasive particles are

sested in e flv cutting operation and significant quantities,

such as abrasive wear. metal removal and grinding ratio

‘volume of metal removed/volume of abrasive worn away) are

&gt;beserved and recorded.
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STATEMENT OF WORK

. method 1s to bre devised to enable measurements to be

made on individual abrasive particles to determine wear of

abrasive, volume of metal removed in cutting, and grinding

ratio.

"he Tr Ie.
on  oo

1g rac’ sofined as the

volume of met —m,amnY." “ wr? 3 Tr +1. volume of abrasive

JOTIl away are + rmin~ "'minun oxide gbrasive

syne usine *
£0il es eh

. -

-» mnt rials,

Sing] warticle wes: atudies using aluminum

oxide will bo ma. with titanium as the work material. Tests

vill be made a: Sifferent cutting velocities in an attemnt to

jetermine the optimum cutting sneed

Abrasive wear will be studied for various abrasive

naterials and various work materials.

Information of the nature obtained by these tests is

Pelt to be of immortance in the evaluation of abrasive mate=

rials, Data obtained by the methods outlined in this paper

la for abrasive material only. and un” =: grinding wheel

jata 1s not influenced by the nature of the bonding material

nr the wheel structure,



PREVIOUS WORK CON SINGLE ABRASIVE TESTING

Prelimina= wo» om thre studv of ind” “dual abrasive

rrits was bom hem

195, Reid!

holding inci

some photos™

-—p—

“vr Robert BR © ~~ Y during

-

ab mp
« wo A ~~ » method of

Foam
I -31 also

Tiles showing the nature

yf wear whi?

The ~o- oleNf

Ld Qr.uring 1

mounting th
1
:

0 evaluate the rer

‘arLiloYas was continued

imnroved Reid's method of

~arformed a series of tests

 $7 rq ¢f several different types of

1luminum oxide abrasives. For these tests a sincle abrasive

rain mounted in a 1/8" diameter rod was used as a fly cutter

col, (Figure 1). Wear of the abrasive was measured as the

hance in length of the grit as it passed across a 1-1/2"

sorkniece of 1020 steel. Bv this flv cutter method Cole was

able to statistically separate abrasive materials of different

Jessy characteristics.

In 284dition to the above wor! ttudv
2

cne behavior

~f varticles i: i. erindine wheel has been made utilizing a

notion nicture camera ard
je. hi 3

moi ~

3)e The light is gviclronized ”

me Th eht leference

ium? ate a small area of

y crindins wheel once during each revolution. Ey rhotceoranh-

ine this area. a record of the wear and breakdown of the crains

in the area is obtained.

Timbers In narenthecsis indicate entries in Bibliorranhr.





PRESENT WORK

For the present study it was desirable to devise a

nethod of testing individual grits which would enable data to

be obtained in greater quantity than previously possible with

the single tool flv cutter; and if possible, yield more infor-

mation about the behavior of the cutting grifs.

For this purpose a multiple tool fly cutter was devised,

(Figure 2), The multiple tool fly cutter 1s essentlally a

fixture which holds ten mounted abrasive grits in alignment

for cutting. As in previous work, each grit is mounted in a

1/8" diameter rod. The grit holder is made by drilling a

small (3/64") hole in the end of a 1/2" length of rod. The

snd of the rod ig then turned to a point with a formine tool.

figure 3 is a photocraph of the grit holders and abrasive

rarticles »nrior to mounting,

ndividual abrasive grits are mounted in the grit

holder with a morcelain cement known commercially as "Insa-

[ute" and manufactured by Sauereisen Cements Company of Pitts-

burgh. Pennsylvania. This cement has glven a satisfactory

bond between tool socket and abrasive and outlasts the life

&gt;f the abrasive. The cement resists all acids (except hydro-

flouric), oil, electricity, most solvents and temperatures to

2000 degrees Fahrenheit. The cement may be treated with a

dilute acid such as acetic acid to yield a water resistant sur-

face, This last is an important consideration when water base





ABRASIVE GRITS AND HOLDERS PRIOR TO MOUNTING

TTGURE 3
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cutting fluids are used with the cemented grits,

The multiple grit holder of Figure 2 enables ten

nounted abrasive particles to be held in alignment and rigidly

secured to the holder by means of four adjusting screws.

The grit holder was mounted on a five~inch diameter

wheel to form a flv cutter, and the holder and wheel, as shown

in FigurelL,were mounted on a Milwaukee Horizontal Milling

Machine. The flv cutter and milling machine are shown in the

photograph Figure ©

The workpieces used in this study were prepared as shown

in Ficure li, Dach workpiece was ground to give a true surface,

A taper section of angle 29521 was then ground at each edge of

the workpiece thus giving a slope at each edge of the work of

L200.

Tvnical test procedure was as follows: The workniece

Jas accurately aligned in the vise of the milling machine

rarallel with the direction of travel, This alignment was

Jone by tracing the surface of the workpiece with a dial indi-

cator, The slone of the initial and final taper sections was

~hecked with the dial indicator also. After the work had been

aligned, the tool holder with ten mounted abrasive grits was

brought over the center of the workniece and the ten rods were

lowered by releasing the end set screw until they contacted

the finished surface of the workpiece. The photograph Figure

7 shows the grits being lowered to the work surface, A rub-

ber gasket fitted into the tool holder behind the mounting

rods helmed to insure good contact between abrasive grit and
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MILLING MACHINE AND FLY CUTTER

PTGURR 5



ALIGNMENT CF WORK WITH INDICATOR

ATGURE 1
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ARRASTIVE GRITS ADJUSTED TO WORK SURFACE

PTCURR —]
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the surface of the work material, With the ten abrasive grits

thus in contact with the surface, the mounting rods were

rigidly clamped in position-

The table was fed down

clear the crite

brought ur °

sives firat

evident from th.

niece, This position was designated as zero and set on an

indicator attached to measure the vertical motion of the

milling table. The worl was then fed off to the side of the

fly cutter and the table was raised to give a depth of cut of

thirty ten-thousandths of an inch (.0030"). The table feed

was encased and the work material traversed the rotating fly

~utter, the abrasive particles cutting varallel grooves

 Figure 8) across the work. The varallel grooves began and

onded in the taper sections at the side of the workpiece.

The directions of motion of the fly cutter and workpiece were

such as to simulate conventlonal or up-m:

above procedure was then repeated, the same abrasive particles

beine test second time, With a workpiece length of six

inches anrreximately one hundred wear tracts can be obtained,

Toure © shows a tyonical worknliece and the grinding tracts

line. The entire

~btained

The purnose of the beginning and ending taper sections

now becomes evident. The length of the track in the initial

and final taner sections indicates the depth of cut of the
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PARALLEL TRACTS BEING CUT ON 1020 STHEL

FIGURE O
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 nt and

Tagepite

—

Fim,
rr I.* ydA

ed

~~

-—

I'YPICAL WORKPIECE SHOWING

(Initial taper at top of

FIGURE 9A

GRINDING TRACKS

photograph)

SNLARGED VIEW OF TAPER SECTION OF WORKPIECE

FIGITRT OR
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TITANIUM

w, .

020 STEEL

TITANIUM AND STERIL WORKPIECES AFTER GRINDING

'Tnitial tarver at top of specimens)

FTGURE 10
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abrasive particle at the beginning and end of the traverse.

I'hese dimensions are seen magnified by twenty by virtue of

the incorporated slope and are readlly measured by means of

a Brinell microscope or similar instrument. The difference

between the initial and final lengths is an indication of the

Fear which occurred as the grit traversed the width of the

JOTI.

7: 2ition te the changer ? dimensgion of the abrasive

orit 1 tanner section yields further information. The face

orofil

work and c

This infer:

* 1 recorded aa it enters and leaves the

“xy ~  and measured {rom the worknlece.

- nacegsary in the determination of the

value of the Grinding Ratio which is discussed later in this

paper, The tracks made by the grits yield a permanent history

of the abrasive as it traversed the work. Wear, change of

shape of the crit, abrasive fracture, abrasive embedment in

the work material, together with various decrees of surface

rouchness of the metal cut are evident from examination of

the cround workniece, Sparking and formation of grinding

~hins for various materials mav also be observed.

The Grinding Ratio

Tn the study of grinding overations using a conventional

srinding wheel. a frequently recorded quantity 1s the grinding

Factor or grinding ratio, G. Ag previously defined, the grind-

ing ratio is the quotient volume of work material removed in

rrindine over volume of grinding wheel worn away. The grinding

ratio provides a method of comparing performance of different
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wheels when grinding similar work materials or quantitatively

lifferentiating the relative difficulty of grinding various

Jork materials. Values of the grinding ratio have also been

 cutting fluide used in grind-18ed to evaluate the action

ing. (Heference I), The measurement of the volume of the

srinding wheel removed indicates in addition to the actual

abrasive mat

voids, Renre:rntitive values for the grinding wheel G=ratio

for steels m~~ =ange from 50 to 100,

nore dif’i."
-

grind, notably titanium, give values of G

as low a+ 1

In the press i work the grinding ratio 1 studied for

individual abrasive varticles. Irom examination of the front

orofiles of the abrasive grits, as shown on the taper sections

of ground worknieces, the change of shape of the prit in one

raverse can be measured, and a mean area of wear can be

obtained. To determine the volume of abrasive worn away, it

13a necessary to multinlv the wear area bv a mean lencth at

right angles to the area. From examination of photogcranhs

of single abrasive grits after grinding and the examination

ff the actual grits, it is felt that a good approximation to

this mean length is one half the initial width of the cutting

rortion of the abrasive srit as measured from the workpiece

crack. Symmetry of grit in front and side profiles would ssem

Eto indicate that this length is a good anproximation to the

Tet11al valine

The volume of metal removed 1a calenulated 2a the mean
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cross-sectional area of the grinding track multirlied by the

width of the workpiece, The areas of the cut material can

be obtained from the depth and width of the grinding track as

svidenced from the grit profile shown in the taper section.

It is to be noted that the only quanti’ i~+ necessary for the

determination of the ¢rinding ratio GG. are the width of the

Jorkriece and the initial and final depth and width of the

individual tracks, all of which are readily measured from the

Jorkniece.

In equation form the erinding ratio is:

vol, metal removed

vol, abrasive expended

LY L/2 (A + Ap)

o (Aa Ao) b (Ay = AD)

kwd, where k is constant "shape factor™

1/2 in the case of a triansular cross-

saction.

x

ge

_

—— aly /2

EB [WaGy = Wolo or Jwydy Wolds) Wy (wydy W5a5)

Jhe re *

initial width of track

-

initial depth of track

final width of track

final denth of track

mean length of cutting portion of
abrasive crit
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= width of workpiece

It is seen from the above analysis that the shape of

she grit profile does not enter into the final expression for

+, the "shape factor", k, appearing in both numerator and

denominator of the expression,

In the case of some materials which are Jifficult to

srind thr abrasive particle may wear out before one traverse

vf the work, In these cases the grinding ratio simplifies as

Follows:

~

x
vol, of metal removed
vol, of abrasive expended

L/2 (4)

&gt;

Jnerc

the initial cross-sectional area of

the track

the actual length of the track

Fhe initial width of the track
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lest I. The Grinding Ratio

Jsing the fly cutter technique, the values of the grind-

ing ratio were determined for several different work materials,

flor this series of tests the following operating conditions

Jere malntained:

JTheel speed

Wheel diameter

Sutting velocity

Workplece width

Table fead

Number of cuts per pass

Initial depth of cut

Grain depth of cut

Nork material

Abrasive material

Cutting fluid

1088 rpm

7e7% in,

2060 fom

] aprox,

1. ipm

16°0 approx.

,0030 inch

37.5 micro inches

As noted

Ke

None

The crain depth of cut in rrindings is defined (5) as

the averare depth of cut taken by each individual abrasive

rrain of the ~rrinding wheel. This quantity 1s found to be

an imoortant variable in the determination of grinding wheel

characteristics, and is of much greater significance than the

nominal or wheel denth of cut, this latter being determined

only by the wheel down feed in respect to the workniece. The

rain denth of cut may be determined for the flv cutter used



”
—-—

in these tests from the equation developed for micromilling,

There

2 Vv /-a
NK D

tT

4

3

A

ya
walls- dep th ceed inches

need In pm

utter speed, rmm

number of teeth in wheel (one)

wheel depth of cut, inches

wheel diameter, inches

The work materials used in this series in the determina-

tion of the grinding ratio were:

Brinell Hardness

1

L &amp;

D

3

doa

Al=ST Aluminum

1020 Steel

Titanium (71 1504)

18-3 Stainleaa Steel

i &gt; 7

167

1°83

,

7
x

Phe data obtained from these tests together with a dige-

cussion off the values are included under the Results section

cf this paper,
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Test II. Wear Studles of Abrasives on Various Work Materials

[n this series of tests two abrasive types were tested

onn a variety of work materials. The abrasives tested were

aluminum oxide Lot 212 and silicon carbide. The work materials

included: 24-ST aluminum, 1020 steel, 1095 steel, zirconium,

titanium (Ti 150A), and 18-8 stainless steel, The test proce-

lure was similar in all respects tn that outlined previously

in regard to the grinding ratio. with the exception that in

these tests on various work materials more data were obtained

for each abrasive type, The operating conditions for this

series of tests were-

‘ 1Whee! gneed

Wheel diameter

cutting velocity

dorkplece width

Fable feed

Number of cuts per pass

Initial depth of cut

rain depth of cut

dork material

Abrasive material

Cutting fluld

1C88 rpm

Teh

2060 fom

1 =F approx.

1.0

1630 approx.

, 0030 inch

37.5 micro inches

As noted

As noted

None

Data obtained from these teaste are recorded under Results

section of this paver. A discussion of the results obtained

is also presented.
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Test III. Single Abrasive Grinding at Various Speeds

[In this series of tests single abrasive grinding was

conducted at different speed and feed conditions. The work

naterial used was titanium (Ti 150A). The abrasive was alu-

ninum oxide T

In tea* this nature using the fly cutter technique

on the m’1ling vy ‘ine. it
-
-

~os~ible fo vary, in increments,

either the ane. EY &gt; the rotating TT? cutter or the table feed

cuantities in combina-

a““ar would be done, l.e. both

separately. or» + -a=»v both

tion. It war ¢« "2 that t™

the rotating sveed ¢® £1v cutter and the table feed would be

ad fisted. The variable which was held as close as possible

constant value. was the grain depth of cut, t. Table 1

shows the flv cutter speeds, the cutting velocities and the

rain denth of cut used, A discussion of these tests and the

results obtained 1s presented in the Results sectlon of this

vaper

SPEED

RPM

11,00

10838

351

566

529

FEED (v)

[Tf

1. 3/8

3/L

5/8

1/2

VELOCITY (v)

FPM

2660

2060

1620

12460

1000

PART.RE 1

GRAIN DIIPTH

OF CUT (t) in.

10.0 x 10~0

37.5 x 10-0

35.9 x 107°

38.3 x 107°

38.5 x 10-0
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RESULTS

Fable 2 shows the values of the grinding ratio (G) which

vere obtained using K-8 Aluminum Oxide as the abrasive with

the work materials shown. The measured quantities from which

these G values were computed are listed in the Appendix

mnder Test I.

BAN )

&amp;

5

"GRINDING[RATIO]

BO

IG

 yg ®]
wie

15)

FABLE 2

"rom the above it is seen that the prinding ratios

obtained for steel, titanium, and stalnless steel by the

single abrasive fly cutter method do not differ greatly from

sach other, and narticularly in the cage of titanium and stain-

less steel are considerably greater than the grinding ratio

7alues of the erinding wheel, G-ratios for titanium and, also

stainless steel, when around in alr are often unity or less.
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Several factors may contribute to the higher values of

the grinding ratio for single abrasive cutting as opposed to

conventional grinding wheel cutting, In the case of the

single abrasive particle the denominator of the grinding

factor equation represents &lt;1) abrasive material which was

sxpended in removing ‘mount of metal, the correspond-

ing denominator 1:  "heel equation represents, in

dvs used, the volumeaddition tc the -

secupied bv *

voids, T--

:

©,

apid * wheel and the included

- mav influence the grind-

inr rat”
1

~walding cf the chip to

at and stablllty of metalthe welt su Ce
~~ 1 t

shich may build un

tewelding of chiv to chin has be

‘Me erinding wheel.

nhserved when grinding

tltanium and zirconium with single abrasive particles, In

the case of single cutting elements, such as those used in

these experiments, rewelding of the chip to the work surface

is not observed to any extent. This perhaps is because there

is sufficient space for metal to flow away from the cutting

&gt;lement, and the cutting element is not closely followed by

sther cutting particles. In the rrindinge wheel case, however

sufficient area mav not exist for metal to flow away from the

~nttine elements and rewelding of chin to work material may

hecome a more determining factor in wheel wear, Thus due to

rewelding the game metal mav have to be zround from the sure

face several times. The formation of built up metal on the

surface of a grinding wheel has been observed in other work
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in the grinding of aluminum, and has been nhotographically

recorded using the stroboscopic technique (Reference 3). An

additional consideration is the effect of cutting velocity

on abrasive wear, The single abrasive cutting in this series

of tests was at a velocltv ¢” 2060 fpm, Tests conducted

&gt; wheel and titanium work materi-

2]

to be Tn

increaar

tional ¢

LJ.

ind?

gt

“he speed for minimum wheel wear

~ce L). and show .

~~
&lt; 2 inereaasad Convene=-

Tomales rreater than those

1sed ir

Tr

Ph=8T g?’umiam ith th
\ T?

siderabhl crents» than the

“v3 * “tained when rrinding

luminum cxide abrasive was CON

- waluea obtained from the other

three work materials, TIositive wear of the abrasive was

observed, however, unlike the results obtained when aluminum

vas ground with Lot 212 aluminum oxide and silicon carbide.

lilt up metal was not observed on the abrasive particles and

she nerative values of wear indicating the existance of an

anpreciable built-up-edre were not present. This difference

hetieen the K=8 abrasive and the Lot 212 abrasive ie discussed

"urther under the csurcestions for future work of this paner.

Peat TT

The results of this series of tests are given in Table

Jo Mean values of wear for each abrasive type are listed

ympogsite the work materials tested. lixverimental data from
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shich these values were computed are recorded in the Appen-

1ix and indicate the number of vasses which were made across

sach workpiece.

lable 3 lists the work materials in their order of

Jifficulty in grinding. It 1s seen that in most cases both

the aluminum oxide and the silicon carbide abrasive types

sxnhibit similar wear values, This is vnarticularly true with

zirconium, 102" steel and 5¢° lest steel, Vertical correla-

“avorable in that both abra-tion of the wear value

sive types exhibit

progress down th

oxide Lot 21° eb=r=~

exist with alumimwm

In these lat®™ -

superior. ex.

data on 102 «ft

type, This war done as a check on the reproducibility of the

“"y~ same order as they

information and to verify the position of the 1020 steel rela-

sive to the other work materials. The second test on the

steel with both abrasives gave results similar to those

~htatired Crom the first tect.

Te most significant difference to avpear in this series

sf tests is that which occurred when 2h=8ST aluminum was ground.

Jith Lot 212 aluminum oxide as the abrasive particle consi-

Jerable metal bulld up was observed on the abrasive. The

mMmilt-un=edee which formed was characteristic of almost all

rhe abrasive crits and caused an effective increase in length
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of the cutting narticles, This metal which adhered to the

~rits prevented the normal abrasive wear from occurring and

caused the negative values of wear shown in the Appendix and

the mean negative wear value shown in Table 3, The aluminum

vas observed to build up on the silicon carbide grit to a

much smaller extent than on the Lot 212 aluminum oxide,

fost wear c¢? the silicon carbide was positive, the grits not

being protected by the adherence of metal on the cutting sur-

faces, A mean value of positive wear was obtained with the

silicon carbide which is considerably greater than the alu-

ninum oxide wear,

Feet TIT

che abra £1

tw JY

* ap

‘

© wear tests with aluminum oxide Lot 212 as

16 titanium work material conducted at various

values of cuti” ~ velocity produced the results shown in

Table lL, As previously mentioned, both the wheel speed and

the table feed were adjusted, the grain denth of cut being

che variable which was maintained at nearly a constant value.

The minimum value of abrasive wear 1s seen to occur at

2 cubting velocity of about 1600 feet per min., and to be

fairly constant over a velocity range from 2000 fpm to 1200

fom, In this range, particularly at the lower speed value

the built up edre was observed to exist and the reduced

abrasive wear may be due to this factor, Wear of the abra-

rive crit was seen to increase at

he velocity rance stated above.d

speeds both above and below

21131t urn metal was not



observed at the high and low speeds.

1a mentioned in the discussion of the results of Test I,

conventional grinding wheel tests on titanium (in air) show

the optimum grindi- apeed to occur =" abouit 2200 fpm., Wear

values from thee ~indine whee" fet x

 Sy
.

-~mgase appreciably

as the cuttin — © xr
Saag] “nrmation regarding

Jear 1s not --
,

“Nl onC4 ~mreds lower than about 2000 fon

1s this was ch lower sneed valuc ™ the crrinding wheel tests,
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DETERMINATION OF STAWDARD ERROR

In the statistical analysis of the data from Test II,

the same evaluation method as used bv Cole (Reference 2) was

smployed to calculate the 3itandard error, Table 5 illus-

trates the methce’ 2712 Aluminum Oxide abra-

sive with *F cu "me work material.

Colum  the values of wear

~ *+ traversed thener mass «©
“

Jork mate». tl +a Tn ten-thousandths of

an incr and r- 14mm tv the maximum value

negsured. MT each wear value occurred was

placer onnc

forming Colum: stim of the numbers of Column 2 1s the

total number of passe- on the work material, A preliminary

“w+wearvalue of Column 1, thus

nean was established in Column 1. Counting from this mean

in both directions and multiplyine the numbers of Column 2

by their position from the mean value produced Column 3.

I'he numbers in Column 3 above and below the mean were added

separately and intervpolation of their sums as indicated In

Table 5 cave the exact mean value of wear. Column lL was pro-

Juced from Column 2 bv acain countine from the mean vosition

and multinlvine the numbers in Column 3 by their respective

yositions from the mean. This process of producing Column ly

is equivalent to multiplying the numbers of Column 2 by the

aauare of their nosgition from the mean value. Column lL was



added in its entirety, and the sum was divided by the total

aumber of vasses which occurred, This gave the mean square

value, The square root of the mean square was taken, and

recorded as the root mean square value. The standard error

for a 68% confidence limit was obtained bv 41. 3ding the root

275 hy the square root of the desrees of free-

” freedom being the total number of passes

—~inne one, The standard error for a 95%

~onfidenc~

spror fo

The m-

ralculated stard

tesults section

“eo “tained by doubling the standard

roa limit.

vf wear for Test 7 “mrather with their

+" error are recorded in Table 3 of the

~ this paper, The standard error was not

calculated for the cases where 2,~ST aluminum was the work

material, as the values obtained were in most cases not true

abrasive wear, but rather a result of bullt up metal on the

abrasive crit. A reference to these values in the Appendix

J111 11lustrate the reszsults which were obtained with two

abrasive materials (aluminum oxide Iot 212. and silicon car-

ride) erindine aluminum.
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1s

TABLE 5

Jork Material: 18-8 Stainless Steel

Column, x
Jear x 10 in.

10

11

10

3

17

.

20

1
op
23
ol;
&gt;5
6
3

J

30

31
32
27
!,

Internolation

dean Square:

Root Mean Square:

Decrees ' Freedom

Standard Error

vear per Pags

Abragive: Lot 22 lum, Oxide

Column 2 “Hlumn 3 Colun

' 3

225
169

22

10
~

2h2
100

81.

256
196

70

32
208
172

L6

Sion

2

15

5
116
7E;

&gt; 1h 383

18

30
11

12

Sum 135

162

300
121

1me +

Sum 56 Sum ce

1 by
+

22/56 = DD om

~~
-

p—

\v

5h
—

as J5E== 7 «38

68 confidence limit

5, confidence limit

6.53/7438
ed

= (21.6 + 1.8) x 10-4 inches

/

ll = 21.5

pe
1.8
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VISUAL OBSERVATIONS

During these investigatlons very interesting visual

observations were made concerning the amount of sparking which

sccurred and the size and characteristics of the chips which

were produced from d-.fferent work materials, Figures 11, 12,

13, and lL are photographs of the chips obtained from four

work matem® 7 ¢

Jit aluminum oxide Lot 212 as the abr~osive material,

he

J
a

 1 lowines we observed:

&gt;
2 =3T

or

num. No snarking occurred. buw yr very consider-

ab’ vy Are was observed to form on all abrasive

har! mation of the built-uv-edpge prevented

weas © The chips apneared as shown in

BY ore 17 . short, uniform in size and

clean surfaces and did not evidence

reweldling to anv great extent.

1u2( Steel. Little sparking occurred here. The chios

£

aopeared to be of a uniform size, some temner colors

beine evident. Rewelding of chip was not observed to

occur to any aporeclable extent.

1095 Steel. This work material produced considerable

sparking when ground, the svarks being similar in

sprearance to those obtained when grinding with a cone

ventional grinding wheel, The chips produced were as

shown in Pirsure 11B. Thev exhibited temmer colors and

Jere observed to melt and form spheres due to the heat

~anaerated.



1c

La

y

|

Fitanium (150A), Brilliant white sparking was observed

as the titanium was ground, The titanium chips were

very long and of a featherlike nature, Considerable

rewelding

continue

Figur

" chips occurred in some instances producing

and ficure 1 show the structure of

theeow i TPs

Zirconium  ~onium anne 1 -  y titanium,

Cong’=  ~~ 1lisnt sparki-~ vas nbserved and long

~hir " rroduced. Figure "“lustrates the zire-

soni
SE

Ty peneral the zirconium chips were not

ag 1. the titanium ones, but the structures were

3 pyr L

rer ai,
Ne

 cs ¥-

13-8 Stainless Steel, The stainless steel chins were

short and rouchly uniform in size and geometry, They

axhibited clean. surfaces and produced no sparkine.

The following observations were made with Silicon Car-

hide

- 1

 rane 4.
-

abrasive material?

&lt;Juminum, No snarking occurred when the aluminum

was cround. Bullt-upn-edpge was observed to form but to

3 much snaller extent than that on the sluminum oxide

abrasive. Positive wear of the abrasive was measured

in thie case, Chips were gimlilar to those produced bv

the aluminum oxide abrasive. and as shown in figure 11 A,

J
a 1020 Steel, To sparking was observed here. The chips

Jere again similar to those produced by the aluminum

&gt;xide varticles, beings uniform in size and exhibiting



H Bb

temper colors on the surfaces,

1095 Steel, Considerable sparking was observed when this

material was ground. Small chips similar to those of

Fieure 11 B were produced; temper colors and melting

»f chins were again observed with this material,

itanium (*50A)., Titanium again produced a long feathers

like chin. showing considerable rewelding of metal. No

sparking occurred here, unlike the tests with aluminum

Nxide.

Zirconium, Tye zirconium chins again appeared simllar to

the one~ ohtrined from titanium, the long, rewelded

5.

structure

nresent

18-8 Stain

Whviel

vs A “Mat shown in Figure 12 B belng

Arir~ was obaserved.

Sma” uniform chips were nroduced

 wi tes resembled those produced by the

2luminum oxide abrasive. No sparking occurred.
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FIGURE 11 A, 2 = ST ALUMINUM CHIPS

FTGURE 11 B. 1095 STREL, CHIPS



1H

FIGURE 12 A. TITANIUM CHIPS

RTGURE 12 B, ZIRCONIUM CHIPS



Lo

TITANIUM CHIPS SHOWING RIEWELDING

(Upper chip is 1/4" in largest dimension)

ATGURES 13 A AND 12 B



TITANIUM CHIPS

ATGURE 1h
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FUTURE WORK

Single abrasive particle studies could be continued

using a varlety of abrasive types in grinding of work

materials, such as titanium. Abrasive materials which could

be studied include: Titanium Cxide. Titanium Carbide, Zire

sonium Oxide, Zirconium Carbide. Boron Carbide, and others,

4 study of the . PPart

junction with the - "=e

sith titanium ae SAR FETT

ns barium hvdro=..3 \Sand cvSeth

wry ds fe Loypp sluids used in con-

“*niing could be made

=r mat ~=ial. Fluids, such

Parence l) which have

proven to be useful in rrindince vwitanium. could be tested.

Comparisons cculd be made between the results obtained from

~rinding wheel tests and those obtained by the fly cutter

technique

lhe strobosconic techniaue discussed under Previous

dork. could perhaps be adapted to photograph the fly cutter

snd mounted abrasives. Using this technique, a photographic

record showing wear of a single crit could be obtained.

"ront and side profile views could be observed and more in-

formation showing the nature of the wear orocess and crit

failure would be thus made available. In addition to obser-

7ations made on the abrasive particles, the stroboscopic

study would possibly reveal the mechanism of metal removal

and chip formation. A photogsranhic record of the formation

Arf the long chin characteristic of titanium would be ~f



 3
£

particular value in establishing the extent to which reweld-

ing of the metal occurs in grinding. The existance of the

bullt-up~edse which has been observed when aluminum is used

as the work material could be further verified and its effect

In influencing abrasive wear could be studied, The presence

»f the buillteun-edre with Lot 212 aluminum oxide grinding

aluminum, and the absence of built un metal with X-8 alu-

ninum oxide could be examined,
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Symbols and abbreviations used in recording data in Appendix,

pass number

bo initial depth of cut, inches

final depth of cut, inches

initial width of cut, inches

final width of cut, inches

length of track on svnecimen,

total value of column

average value of column

crinding ratio

inches

Tot.

\v

wear of abrasive in ten=thousandths of an inch.

Necative values of jpTp.  rT cases in which-d, exceeds dq indicate

cregence of built-uv-edre,
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SUPPLEMENTARY INFORMATION ON ABRASIVES

[Lot K8

This 1s a pure White Alumina produced from calcined

Al,05 in an arc furnace at approximately 2050°C., It is a
standard wheel grain and the chemical specifications are as

follows:

A”

Na,0

FeO

$10,
9

P|

Lot 212

A high titania Aloxitei produced from bauxite in an
are furnace at approximately 2050°C. This grain 1s used in
rooted abrasives. The chemical snecifications are as follows:

A

1

T1005
S105
FeO

00
Zr0O,

\

Lot 103

A low titania Aloxite I also furnaced from bauxite in

the same manner as Lot 212, This is a standard wheel grain.

The chemical enecifications are as follows:

+

Tn

no

3

)

(ao

J

3lack SiC

A blocky wheel grain produced from pure 310, and coke
in a resistance furnace with the most active formation occurring

at 2200°C. The chemical specifications are listed below.

96S - O77



&gt;3

PEST T

crit Type: K=8 Alum. Oxide

Tork lMateriasl: Aluminum 2p - ST

nN ' »

1,

.016
,018
,01l
Olly
02h
.015
.018
+019
«O11

.015
025
028
01.
019

O17
032
+013
«017
017

03
5

»t 5

,OLl
0106
022
.021
.018
012
020

010 ]

1

O

1

1

]

&gt;
0

‘0

7

3
2
2

3
3
3
x

,00135
0015
.00L5
.00L0C
.00L3
.00l0
.C0138
.00h1
.003l
.0035
0003
«0039
0040
0043
.0035
.oolL2
.0015
.0037
0036
,0035
,0031
, 0029

.0028

.0027

.0027
2001.8
.0033
L00UG
,0036
00135

.0022

C
o

,020

,015
L016
017
,008
.012

»O17
«026

.013
017
,006
,018
009

L017
009
C09
017
.015
.02L
.010

,013
0

, 00

.017
,010
017

0

.0029
«0021
»0025
.0030
«0025
0020

.0017

00032
0027
»0037
«0007
0021

.0008

.0032

.0032

.0028

.0023

.0026

.0026
0027

.0027
0

.0007

.0033

.0029
0026

Lu

L1

12
11

i

1

|

L
K

5
1 5

1,55
l, 5
1.55

lo

L 7

los
y

)

cl

22

1

J

1

]

?
1

4

J

 nN

as
26

27
28
0

")

uf

)

Tot. .5l0
AV. 018

«366 115,00
L012 1.50

«1096 «0037
+0037 0021
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T 7)

LU
1

L2
i

y

r

J

21

50

Sp
2",
26
27
23

29
10

Grit Type:

Jork Material:

a}
PB

iN

021.
C18
G20

C13
"5
020

Olly
,015
,021
.028
,.020
, 021

.020

.0L3

.020
,021

»C"9
 000

yo 2

)

,015
015
,020

0

,038
.CO8
. 005

011

.020
009

0

» 020

.025
»0L10
,010

.020

015
016
.010

.030
SO

 3
&gt; 9

» &gt;

sid
»- 20

yO
023
22
032

C

.005

.015
,018
015
Olly

nN

TEST 1

T~3 Alum, Oxide

1020 Steel

3

1

1 HO

1.00
1.60
L560
L.60
LeHO
L.b0
1.60
L.60
1,60
Oel2
1,60
1.60
1.60
1.60
1,60
1,60
1.60
L.60
1.60
1.60

0,60
0.20

1.60
1.60
1.60
1.60
1.60
1.60

.0032

.0027

.0032
003
.0028
.0033
.0023
.0033
,0032
.00L0
0043
0033
.0035
.0035
.0029
,0028
.0032
.0035
.0031
.0025
.0030
.0031
.00l2
.0030
.0025
0039
.0029

,0032
.0028
_00LLO

,0016
000
.0029

0

.0021

.0007

.0002

.0017

.0030

.001l
0

.0030

.0036
002
.0010
.0009

0019

.0036
001
.001L
.0018

0

0

.0002

.0017

.0033

.0012

.0027
0

Tot, .690 413 Lh.12 0966 .0L59
Av. .023 01h 1.L7 .0032 .0015
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[EST I

Grit Type: K=8 Alum, Oxide

Jork Material: Titanium

2 i » |

009
"10

5
2h

019

,01.0
, 012

,013
,016
009

020
, O11

017
. 009

031
,038
020

013
,015
017
,020
011

.031
Nejgill
020

yU19
,020

005
, 0:20

L022

0

»002
0

.012
0

»002
,00l
.003
009

0

,002
006

 mn

i &gt;

1 5
1 0

1 5

1.25
1.65
1.05
1.65
1,65
1.30
1.65
1.65
1.65
1.30
L.L5
1.65
1.65
1,65
1.65
1.65
1,10

1.6°
1,65
1,6"
1.65
L.65
1,65
1.65
1.65
L.0OO

.0021

.0026

. 0008

.003L

.0023

. 0020

.0025

. 0026

.0026

.0016

.0021

.0020

.0023

.0025

.0026

.0028
,0021
.0026
.0026
0031
.0028
.0030
.0028
.0033
.0032
.0033
,0026
.0019
.0029
_ 0030

LO

al

12

13
LL
15

16

L7
' 8

k:
0

21

22

2
2,

L007

,013
,002
.007

.01l
0

.005

.01l;
,006
,009

0

.011

,00l;
015

0

20

27
&gt;8
29
10

Tot, «533 L147 L645 0767
Av. L018 .005 1,55 .0026

. 0

.0007?
C

.001"
9

«0007
0007
» 0003

.001h
0

.0003

.0005

.0015

.0008

.0002

0011
.0022

0

. 0009

0011
.0015
.0006

0

.0008
«0007
0017

0

.0190
0006

-

-
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TEST IT

Grit Type: K-8 Alum, Oxide

Nork Material: 18-8 Stainless Steel

BD
eo

3

“Ty

’0

21

. 020

,020
,010
, 016

, C19

,021
028
016
017
,012
021

025
, 006

018
017
029
,008
018
024
,O15
0.9

.023
,028
.016
013
020
004

, 015

,015
.007

0

0

» 009

15
C

01

2
2

L ob

0.20

0.55
1.65
1.5%
0.15
1.65
1.65
1.60
L.A%
1,65
L.63
1.65
L.65
L.65
1.65
| 65

L.30
1.5

1.5%
Le 5
Ls
1 5

‘ I

1 7

,002L
. 0021.

0023
.0025
0021
.0021

20023
.0023
.0023
.0018
.0026
0021

.0018

. 0026

0021
.0026
.0025
.0027
0016
,0028
.0030
. 0020

.0016

.0018
0026
. 0020

,0017

L001;

i)

LL

12

13
1h,
2h

Lo

LY
15

,01u
(

»O0le
0

0

01h
0

,015
0

.015

.019

ool
, 00M

L017

0

51

20

“a

&gt;,
56

27
&gt;8

29
20

J

0

.002
nN

»

of

9

Av. .019 .007 1.43 .0022

.0027
-001L

0012
"002):

001

L

,000€&amp;
0

001

» 001¢

0

0017
GC

0018
.0020

«0007
.0006
001°

0

.0002
0

«0217
0007
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TEST IT

Grit Tiype: Lot 212 Alum. Oxide

Jork Material: 21=ST Aluminum

Jear values per pass in ten-thousandths of an inch, (4d)

29

32
t

li

Le

=)
{

-

-

_

TS
T

»

_

7

i
C

3

-t

 |
-—

3

Grit Type:

Jork Material:

-2

18

pL ’

25

iL
?

[

L

7
N

6
-
-A

Silicon Carbide

D1 «ST Aluminum

19

«

3

27

I2

P)
(od

10

22

21
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TEST IT

drit Tyve: Lot 212 Alum, Oxide

Worl MMaterial: 1095 Steel

Year values per pass in ten-thousandths of

2

5
&gt;
Zep

&gt;&lt;

-+

9

22

25
&gt;"

&gt;)21

pr
~

3
L.

2/45

Le
~ 1?

.

Lh
To,

-

-

-

-

2H

&gt;

23
29
2]

20

Df

'

“7

20)

hb} 2
&gt;

{
17
55

Le

26
26 |

20 10

~

Grit Tynes Silicon Carbide

Jork Material: 1095 Steel

&gt;6
12

oN

23
22

"5

21)

18
7

18
20

17
20

1.9
26

i
18

27
12

20

;1
8

25

12
]

16

10

18

1h
50
13

li
1R

21

10

7
8

11

19

TL

10
‘vo

7

5

12

1

3
15
10

19
29

J

1.0

15
11y

8

0

an inch, (4)

3,

35
16

25
 Ny

1

*Tndicates small negative value not included in calculation.



—-

Sy
&gt;

EST II

Grit Type:

Nork Materlal:

Lot 212 Alum, Oxide

Zirconium

fear values per pass in ten-thousandths ol an inch, (4d)

LO

30
20

10

26

13

pA

2

L

20)
“

)

D7

3
26

DA

ot
2

2
20

Grit Type:

Jarl Vaterial:e

O

22

30

21

21

22

-

ge
3

‘Nn

0
“3

12

25
&gt;

21

22

25
31
'Q

"4

18

25

U
17

=

Y 20
23

7

20

i.8
Bi

Z

0

21

TT 2

J
3

3

Silicon Carbide

Zirconium

16

0

7

i

2
rr’
5

2

Pp)

3
29
p2

“N

J

J

12

20

ae
1 5
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TEST IT

crit Type: Lot 212 Alum, Oxide

Jork Material: 150A Titanium

lear values per pass in ten-thousandths of an inch, (4d)

CL
L7

&gt;77

OV

0

7

2

37
20

28
20

5
9

Bl

25
16
20

7

3

)

MN

3
5
L

35
33
36
25
13

al

2 J

1°

25
23

2

th

19

WO)

Le

.

20)

2
5%
5

20

og
32
1h
23

*N

L
&gt;

on

L6

23
19

19
14

19
18

11

8

L5
20

20

12

J

11

2

Crit Tyne: Silicon Carbide

Jorlr Material: 150A Titanium

d
2h
20

21
3
he

2L
22

29
20

5&gt;
20

28
30

25

27
 ND

31
"2

&gt;
3

21

2)

2ly
29

1.8

30
20

27

5
22

20

6

17
28

~’

I" 27
164

e
50 }

19 22
20 2%

3% 5&gt;

26

1

&gt;=

&gt;
2%
25

8

21

18
11

22

25
16

27
LT
29
20

9

’2
28
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MEsT IT

Grit Type: Lot 212 Alum, Oxide

dork Material: 1020 Steel

tear Values per vass in ten-~thousandths of an inch, (4)

26

26
21

28
0

5%
y

YY

1

L

L

l

2

20

L-

3.
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Grit Type: Silicon Carbide

vork Material: 1020 Steel
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Grit Type: Lot 212 Alum, Oxide

Jork Material: 18-8 Stainless Steel

Near values ner pass

29

34
32
12

21
L5
LO

&gt; 6

26

19

31
25
23
22

ny

Grit Tyre:

Jork Materials

25
20

29
20
29

21

35
19

27
15
&gt;8

13

ls1
2

in ten-thousandths of an inch, (da)

29

23
x

"
s

2ly
11

 7

J

:
+

20

i”
3 A»

Li.

8
Rl

5
20

23
22

21

22

20

22

15
26

A

&gt;

-

LO

25

-T

@ilicon Carbide

18-8 Stainless Steel

20

"g
~

ty

18

17
15

2%
1°

\ 20

20

2S
5
“o

27
21;

;
22

20
h5
15
22

17

2
25

o
27
oN

2.
20

22

20

22

519



54

TEST ITT

rit Type:

Jork Material:

11

19
| 7

L’
2

&gt;t,
27
2,
18
20
20

16

19
22

20

rit Tyne:

Jork Material:

2,
17
27

27

IN

’2

27

20

28
20

&gt;
9
1

Lot 212 Alum, Oxide

150A Titanium

28

33
11

33
27
23

oly
29
2

24
31
2

5
2

3

29

31
&gt;

i
~

~~

3
35
20

22
3.
29

D4

20

21

21

:2
16

Lot 212 Alum. Oxide

1504 Titanium

2
¢

2

28
v

25

23

LI

20

&gt;

25

1

Lt ]

T
C~

20

Lt

23
19
19

16

20

19
18

11

L5
20

20

12
J

Speed: 1400 RPM

Feed: 1 3/8 ipm

30
13
 7

2

20

28
22

2li
23
28
21

10

20

&gt;

2

1.3
27

25
20

Sneed: 1088 RPM

Feed: inom

1h
3
7

0

26

333
2ly
21

23
27

222

8
21

18
11

5

2
}

3

1

LP



PBST TIT

Grit Type:

work Material:

3

1
27
L5
26

1°

2]

L
20

3
z

Grit Tyve:

Jarl ateriagl:

Zz

L7
-2

11

Lh

Lot 212 Alum, Oxide

150A Titanium

Li
19
1

7

20

19
18

29
17

29
11

19
20

vJ

19
 7

Oot

1C

2

&gt;)

Li
17

3

1

LO

29
16
28

Lu
22

15

Lot 212 Alum. Oxide

150A Titanium

iv
11

12

16
Q

27
25

&gt;A

»

Jad,

 OQ L7

ole

6

ot,
27
52
&gt;1

27

22

~

&gt;

L &gt;

2ly
22

22

19

1
27

2ly
32
20

Speed: 851

Feed: 3/4 ipm

22

8

Lo

29
-

27

33

#

J

co
=

-2

27

Speed: E56  RPH

Feed: 5/8 irm

9

3

33
3

35
79

1

2

2.4
12
,

26
19

7
26
22

7

Ll
27

26



~~

ND)

reEsT ITT

rit Tyne:

Jory Material:

L3
5

28
L7

10

25
11
5
1

2

A

7?

3
»

Wo

29

533
19

1 ~

Lv)

=)
-

Lot 212 Alum, Oxide

150A Titanium

od

9)

J

&gt;

6

*

2h
2

5
18

18
06

25
02

QO

;2
2

:
+

Speed: 529 RPM

1/2 inom

18
02

of

22

3%
17
30

7
20

21

26
~

Y

3

-

3

C

J


	Wear studies of abrasive particles /
	TitlePage
	Abstract
	Acknowledgment
	TableOfContents
	List of Figures and Tables
	Introduction
	Statement of work
	Previous work on single abrasive testing
	Figure 1

	Present work
	Figure 2
	Figure 3
	Figure 4
	Figure 5
	Figure 6
	Figure 7
	Figure 8
	Figure 9A
	Figure 9B
	Figure 10
	Table 1
	Table 2

	Results
	Table 3
	Table 4

	Determination of standard error
	Table 5

	Visual observations
	Figure 11A
	Figure 11B
	Figure 12A
	Figure 12B
	Figure 13A
	Figure 13B
	Figure 14

	Future work
	Bibliography
	Appendix


