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ABSTRACT

Gundiug residual stress in the surfuce faver of WC=6 wi~"wCo hurd allor was measured by means of

X-ray dufraction. The ellects of various grinding parameters and treatnient processes on the stress were studied.

By mueuns ol electrolytic etching. the stress distribution alonyg the depths beneith the surfuce was measured. The

reiationship between the stress and the service life of the alloy 1s discussed.

khey words,  residual stress  hard alloy X—ray dilitaction

1 INTRODUCTIONM

Generully. some precision work is neces-
sary for paris of hard alloys. For example a di-
amond ubrasive wheel is used 1o arind the sur-
face of the cemented carbide parts. Tt was re-
ported that the residual stress produced by
grinding would obviously influence the streng-

" There-

th and service life of the hard alloy
fore. measuring the residual stress and explor-
Ing ways to control or eliminate the stress are
of greatly practical importance. In this project.
a method of measuring the residual stress was
introduced. The eftects of various grinding pa-
rameters. natural ageing. and annealing tempe-
rature and times on the stress were studied in
detaii. By means of clectrolvtic etching. the
stress distribution along the depths beneath
the surface was measured. The effect of this
stress on the service life of a hard alloy anvil
workpiece used to synthesize diamond was al-
5O measured.

1 Manuscrip! received April 6. 1992

2 METHOD OF MEASUREMENT FOR
THE RESIDUAL STRESS

Because of the large absorption coeftici-
ent for most metat elements. only the residual
stress existing in a very thin surface layer can
be detected by means of XRD. According to
the principle of measuring stress by XRD. if
the variation of the interplanar spacing of cer-
tain crystallographic planes of various grains
in the surface layer can be measured. the resi-

dual stress can be calculated as 1‘0110\\';[‘1;

E al28 )

g = ———— - clgh-

l
201 +7) (D

Q(Sillll'[/)

where 15 the deflection angle of the normal
line of the sumple surface: 28, is the diftrac-
tion angle tor a given angle . E is the elastic
modulus for the diffraction plane ot the meu-
sured phase: and - 1s Poisson’s ratio.

The measurement was carried out with a

common powder diffractometer with divergent
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incident beam and graphite monochromator
(Fig. 1). CuKa« radiation. a divergent slit of

1 * and a receiving slit of 0.3 mm were selected.

It is a guast-focusing method. The ditfraction

hine of a (212) crystal plane in the WC phase
was recorded under the following experimental
conditions: the 2¢ angle of the goniometer was
to 158
of 0.2 : the counting time per step was 10 s, the

scanned stepwise from 149 in a step
angle  was chosen to be .15 .30 and 45

respectively. The obtained data were processed
with a computer according to the following
procedures: smoothing the curve: corecting the
Lor- entz polarization factor: correcting the
absorp- tion coetficient; calculating the slope M
by means of leust square approximation M =
(20,)/ (siny): and lastly. calculating the stress
value ¢ from Eq. (1), and let £= 524 GPa and

=022,

3 THE EXPERIMENT METHOD AND
RESULT

3.1 Effect of Variows Grinding Feeds

The samples of YG6 hard alloy were gro-
und by a diamond abrasive wheel with various
grinding feeds and quaniities. Then the residu-
al stresses of these samples were measured. The
multi-measurement values were averaged. The
egrinding parameters and measured results are
shown in Table 1.

Table 1 shows that the residual stress in the
surface layer 1s 4 compressive stress which incr-
eases with the grinding feed. but the increase 1s
small. The dependency between the stress and
the total grinding quantity seems indistinet be-
cause of the following facts: the total grinding
quantity can not be realized by only one grind-
ing because of the great hardness of the WC—
Co alloy: especiallv, when the feed is large. mul-
tiple grindings are necessary for a feed. Then.
just the grinding quantity of the last grinding

determines the stress value. However it is diffi-

cult to assign the quantity precisely during con-
tinuous grinding. Moreover. because the WC—
Co hard alloy is a typical brittle material. as the
measured strength data are discrete. so are the
measured data of the residual stress. There-
fore, the averaged values of several measure-
ments of a number of sumples should be used.

Table 1 Stress values of samples worked at various
grinding feeds and quantities
) Grinding  Gringing Residual Average
Neot . )
feed quanlity stress Stress
sample
. nm mm MPa Mpa
0 as-sintered - —3 -3
1 1.50 ~1267.3
.2 0.01 1.00 —1041.0 —1103.0
3 0.40 —=10001.2
4 2.00 —[ 232§
0.02 —1 142.3
5 100 ~1 0317
4 0.00 —1 356.3
7 0.04 2.30 =103 6 —1ivys
8 070 —| Iv0.5
9 1.50 —1 1377
1] 03 (.80 =1 255 —1 2290
11 0.30 —1296.6

All of the stress data i this paper were the values meas-

ured at the gnnding divection on the grouned surluce.

Fig. 1 Difractional geometry of stress measurrement
I—normal Iine of sample surluace: 2—inadent beums
I—pormal hine of crystal surlace: 3—dilTracnon hne:

3 crvstal surface for dilfraction. 6— crastal grain:

T—sample surliee
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3.2 Effect of Nutwral Acing on the Grinding
Stress

A small sumple of YG6 hard alloy was gro-
und with a large feed and the residual stress in
the ground surface was measured. Then. the
sample was shelved at room temperature. and
remeasured at certain later times. The incident
X-ray beam radiate on the same region of the
sample surface tor all the measurements. This
ensured that the measured data could be com-
pared with each other. A large anvil workpiece
was made in the same way as the small sumple.
All the experimental results are tisted m Table
2. The residual stress could not be obviously re-
laxed by natural ageing.

Table 2 Relation between the grinding residual stress

and the ageing at room tempcerature

Shelved e Ruovidaal stress NPy

il Sundlcuting sample Ladrge anvibwack e

n “11291 RN
1t) S22

63 —luvr

2 . =1 tiuAa

22 Rt R -
A -] 06" 3
My - —1133 s

Bl -1 240 d

BEEEE

3.3 Reducing the Residiwal Stress by Means of

Annealing ar Lower Temperature

A ground sample was annealed in a tube
furnace in H. 1o reduce the stress. The anneal-
ing temperatures were 200. 300. 350. 400 and
450 T respectively. At euch temperature. the
following holding times were chosen: 0 (grind-
ing state). 1. 2. 4. 8 und 16 h. At 200 C . the
holding time was prolonged up to 48 h. At each
state of temperature and time. the sumple was
taken out of the furnace for measuring stress.
Two sets of measurement data were averaged.
After the measurement. the sample was returned
to the furnace to go on annealing. The experi-
ment was carried out on one sample. As abo-

ve. the incident X-ray beam radiated on the
same region of the sample surface for euch mea-
surement. After finishing the treatiments and
measurements for a certain temperature. the
same sample was ground again and similar ex-
periments al another temperature were carried
out. All the results are shown in Table 3. In or-
der to compuare the data of various tempera-
tures with each other. the stress values ol the
ground state at each temperature are normali-
zedin Fig. 2.
Table 3 Measuring results of the residual stress

(¢% ") at various annealing temperatures and time

Tume Tempaatuee ¢
h N KTy R Bl 430
1 —1 341 x NIRRT -1 s d =1 13%0 =1 1ln s
| - —R6T S =40 —tild 4 EhE M
2 -1 24 ERAN —NIAD -6 T EEEE A
4 —L v 4 -2y RT4D -4 4 —2uN 4
N 12264 ERRRE =36 3 -3 T
g [ 127 hh —hinn -4 2 4T e
32 SUTIN
40 —uyT g
48 BUARNI]

Normalized data expressed as percentage lor comparisan

ol results of vanious emperalures

100 T T=200C

7=300 C T=3507¢C

Fig. 2 Relationship between the residual stress (o)

and annealing times (1) and temperature (7))

From Fig. 2 it is known that annealing at
low temperatures can efficiently reduce the
residual stress existing in the ground surface of
a hard allov. The higher the temperature 1s, the
fuster the reducing raie 1s. With prolonged an-
nealing time. the rate of the stress reduction de-
creases. At last. the stress remains at a certain

value.
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3.4 Stress Distribution Along the Depths Be-
neath the Surfuce

According (o the experimental conditions
shown in Table 4. the sample was ¢lectrolyzed
to etch its surface layer step by step. The thick-
ness of the etched layer was calculated by
weight loss which was meusured by a balance
with a sensitivity of 0.1 mg. After each etching
the X—ray stress measurement was made. The

results are shown in Table 5.

Table 4 Experimental conditions for clectrolytic

etching of cemented carbide

. Electric .
Etched Voltage - ume
Liectrolyte current .
phuse Y% ©min
s A
Aqueous solution
A WC 1.9 0.1
al 10 %y NaOH 10
Agueous solutio
AUCA R 0 Co 0.7 0.1 2

ol 10 Yy HCl

Table 5 Residual stress distribution beneath

the ground surface of YG6 hard alloy

Ne of weight toss  Etchied depth Stress
Mmedsiremnernt myg 2m MPy
1 0 (} —1230.0
2 0.0173 482 =370 6
3 0466 1298 —IN 5
4 ().003Y 20,02 —204.2
5 01270 3337 —177 6
[ N. 1740 48 46 —1749 0
7 0220t ol 5N —112.0
8 Nn.20l1 7272 -4

4 DISCUSSION

: : [ 4
Avccording to calculation’ h

the elticient
penetration depth of an X-ray is about 6 gm lor
WC—owt. =, Coalloy. That is. the residual stress
measured by means of XRID 1s an average vai-
ue of the stress distribution through this depth.
Table 5 reveuls that the stress value decreases
rapidly 1o hall as much as surface value at
about 4.82 yan depth. So. it is concervable that
the real stress in very thun layer of the surface is

far stronger than the measured data.

In the monogmph[ U, the grinding stress
produced by various diamond abrasive wheel
on the strength and service life of sintered car-
bide was studied in detail. It was pointed oul
that the compressive stress existing in the sam-
ple surface is beneath the surface and the str-
ength and the service life would be evidently
decreased. It is obvious that the compressive
str- ess existing in a workpiece surface is a good
quality when it is used as a cutting tool which
suffers tensile or cutting stress.

All external surfaces of the anvil workpiece
were ground. When the workpiece 1s mounted
in an apparatus used to synthesize diamond. it
is situated in a complex stress state. [ts top sur-
tace sufters very high pressure, but its side sur-
face bears tensile stress. In practice. it was ob-
served that the burst always took place on the
side surface for most anvil workpieces before
being damaged. It is conceivable that the sur-
tuce compressive stress produced by grinding
work can partlv counterbalance the external for-
ce, prolonging the service life of the workpiece.
On the other hand. because the thermal expzui-
sion coefficient of the Co phase is about three
times as high as that ot the WC phase. in the
sintered state alloy there 1s very strong thermal
stress [ormed during cooling. The characteris-
tics of the thermal stress in the two phases of
the allov are opposite. The WC phuse posses-
ses compressive stress. while the Co phase suf-
fers tensile stress. The lower the content of the
Co phase is. the stronger the tenstle thermal
stress 18! Tt is well known that the main cause
of destruction of the workpiece is the damage
to the binder phase Co. So. the strong tensile
thermal stress existing i the Co phase 1s a very
disadvantageous tactor. Theretare. it i~ neces-
sarv to find certain means ot eliminating the
tensile thermal stress existing in the Co phase
and to keep the compressive stress existing in
ground surtace as much as possible. This puses

(To be continned on page Ne 57)
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(2) The P enrichment just below the sur-
face oxide layer is supposed to facilitate the Cr
surface segregation. Concurrently, the surface
segregation of C is disturbed by the active for-
mation of the Cr oxide layer:

(3} The surface layer is rather inhomoge-
neous. Remarkable enrichment of O. Cr as well
as a slight enrichment of C occurs in the surface
layer. whereas Ni and P are correspondingly
depleted. Cr is a strong oxidation element. but
Niundergoes no oxidation.
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15 4 couple of contradictions. Now. the follow-
ing two experimental methods have be general-
Iy utilized in industry: a) shelving the assint-
ered and ground workpiece in a storehouse tor
more than three months before using it: b) an-
nealing the workpiece at a lower temperature
(about 250 C) for more than 48 h. According
to the experimental data obtained 1n this paper.
the former (natural ageing) cannot reduce the
grinding residual stress. But. shelving the work-
piece for o long time might be beneficial to re-
laxirg the opposite thermal siresses which are
sealed in the parts. The latter (annealing at
lower temperature) can not only eliminate the
thermal stress, but also recuce a portion of the
grinding stress. Therefore. both theory and ex-
perimental data have confirmed the effecti-

veness of the above two experimental meth-
ods.

5 CONCLUSION

(1) The residual stress existing in ground
surface of cemented carbide is a compressive

stress. its value is about 100 to 1. 300 MPu:

(2) The stress increases with grinding feed:

{3) Natural ageing at room temperature
can not obviously relax the grinding stress. but
annealing at an appropriate temper2ture is ef-
fective for eliminating the residual stress:

{4) For the anvil workpiece used at high pre-
ssure. natural ageing for a long time and annea-
ling at a lower temperature for a longer time may
be used to eliminate the sintering thermal stress
and to retain the grinding stress as much as possi-
ble for prolonging its service hife.
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