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ABSTRACT

In order to improve hardness uniformity of standard-hardness blocks, exprimental

procedure was designed using Taguchi Method. For this purpose the following factors were
studied :

treatment,

austenitizing temperature, tempering condition, grinding condition, subzero

lapping time, 15um polishing time, final polishing time. These factors were
processed and then ten hardness values were measured on each specimen, SN (signal to
noise) ratio for each condition was calculated with standard variations of these values.
Finally, from the calculated value of ANOVA on SN ratios, the lapping time was found to
be the main factor. Better uniformity with longer lapping time implies that residual stress
that was formed after quenching is a dominent parameter that affects on the unformity of
hardness. Therfore, step-quenching method was adapted to minimize the residual stress. By
this modification of quenching procedure, the hardness uniformity was improved remarkably

and the yield ratio was increased from 55% to 88%.
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Table 1. Factors and levels,

Factor Level
A Austenitizing g?g:g: gg $:2 ((113
B | Tempering e, N
C Grinding g/%(l)(i?,mmm ((Si
D Subzero é ((I%
E Lapping ﬁg 2:2 ((g
F Polishing 15 um iég xﬁ ((II\?%
G | Final Polishing ig ::2 ((IB

Grinding% A4 A2 E 78 olf+ grinding® A ¥
wol uvehded o] HE9 AFLAHUEE o4
slzelaelez WHEAd we a5E ¥ AT Aol
o}, =3 lapping4]7t % polishing#| 7te} &35 ¥7]
st 7 =9 Alzkg Hel g eol@d 4¥E=z
Ae AavjdF Lo wixsw Table 29 2o} o
714 229 dE dA gn =i Aol #¢E A
Lo chrAubgeld £33 Yo oz vUFed 2

Table 2. L 8 Orthgonal array with the selected factor levels.

A B c D E Polighing Fi(yial
Austenitizing| Tempering | Grinding Subzero Lapping 15 um Polishing

1 f?o2 fn(I:n 2?201;(: 0.5/100 X 180 min 120 min 80 min
2 goza?n e 0.5/100 0 1M0min | 150min | 40min
3 68(;2 rsn(l:n 2}40;1(: 2/100 X 180 min 150 min 40 min
4 :02 rsn?n Z}jol’.lc 2/100 0 110 min 120 min 80 min
) golgfn 230}? 2/100 X 110 min 120 min 40 min
6 f?()1 ?n(l:n 232'01;(: 2/100 0 180 min 150 min 80 min
7 6801 ?rl?n zio;lc 0.5/100 X 110 min 150 min 80 min
3 t‘?()l ?n?n 210;? 0.5/100 0 180 min 120 min 40 min
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Table 3. Hardness data for 8 combination.
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Table 4. Standard deviation of the data SN ratio.

Standard Deviation X 100, 000 SN (db)

10929 | 17321 | 17159 | 15000 | 11180 | 16.7208

19221 | 20616 | 10000 | 17159 | 15092 | 15.4770

15635 | 19437 | 10000 | 15000 | 19365 | 15.7766

18028 | 18333 | 13642 | 16159 | 15092 | 15.7313

23452 | 23154 | 22608 | 13944 | 20000 | 13.5820

15000 | 15000 | 17321 | 16667 | 17401 | 15.7492

13229 | 16667 | 25981 | 19003 | 16915 | 14.4976

O (| D[ wW DO

12247 | 14240 | 11180 | 16415 | 15635 | 17.0261
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Table 5, ANOVA of the SN ratio.
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Fig 1. Cooling curve on TTT diagram.
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POSITION OF THE BLOCK

Fig.2. As quenched hardness along the position of
the block,
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Fig 3. Distribution of the hardness frequency over
the deviation of hardness.
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