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Consideration of Centerless Grinding 

Characteristics Through Harmonic 

Analysis of Out-of-Roundness Curves 

Sakae YONETSU* 

Abstract 

A centerless grinder will often produce work of a uniformly constant, but is 
far from round, so called "Gleichdicke". There are many troubles, such as con­
centr~ted stress in an interference fit and seizure in a clearance fit, but it is 
seemed that there is no general research as to rounding up action in centerless 
grinding. Then, in this paper, the author inspected experimentally on the relat­
ions of the out-of-roundness curve for cylindrical work before and after centerless 
grinding by means of harmonic analysis, that is, on amplitude and phase of the 
out-of-roundness. 

I. Introduction 

It has long been known that centerless grinding has the disadvantage of often 
producing cylindrical products which are uniform in diameter but far from round, 
i, e., of a shape called "Gleichdicke" or other characteristec shapes in centerless 
grinding. w <2> cs> Use of products of such shapes causes such problems as concen­
trated stress in an interference fit and seizure in a clearance fit. co <s> It appears, 
nevertheless, that there have been no theoretical studies providing general analysis 
of reasons for the appearance of such shapes. Past studies on the shape of the 
cross section of the centerless grinding work, lacking proper analytical considera­

tion of the measuring method and measuring results, hardly make possible an over­
all examination of individual higher harmonic waves in the out-of-roundness curve, 

nor indicate clearly the relationship between the out-of-roundness curves of the 

work before and after it is subjected to centerless grinding. <s> Through harmonic 

analysis of the out-of-roundness curves of such work, this writer examined the 

characteristics of centerless grinding on the basis of his experiment results. 

II. Experimenal method & conditions 

The machine used for the experiments is NF16-type centerless grinder (Fig. 1 ), 

* Doctor of Engineering, Keio Gijuku Univ. professor. 
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Consideration of Centerless Grinding Characteristics Through Harmonic Analysis 185 

with the bearing adjusted with particular care to minimize vibrations. The grinding 

wheel was 400mm x 150mm-WA-60-M-V and the regulating wheel 230mm x 150 

mm-A-120-P-R. The top angle of the blade was 9=60° as a rule, and the blade 

was made of quenched ste~l ( R c =57 ), finished by lappying after grinding. 

Fig,. ~-

shows the performance cycle nf in -feed gr inding. 

The work specimens were 

of hard steel ( 0. 97 % C), 

quenched and tempered 

(R c= 68), and 30mm¢ x 100 

mm in size. 

Of the various methods 

of centerless grinding, the 

"in -feed method ", consid­

ered the most basic, was 

adopted. T he cut-in time 

was w ithin 0. 5sec, and the 

tot al of t his time and the 

du ra t ion of grinding was 

25 seconds as a rule. Fig. 2 

Of the various work conditions, attention was given not merely to grinding con­

ditions but also to work supporting conditions, in which centerless grinding is con­

siderably different from ordinary center grinding. Worksupporting conditions are 

generally expressed in t erms of a and (3 as shown in Fig. 3. However, as the 

9-iameters of the grinding wheel, the regulating wheel and the work were con­

stant in the present cases, they were indicated by the work supporting height H 

and the top angle of the blade ¢. 

017 

lime 

fig. 2. Fig. 3. 

Some of the exptr in:ent s '.Yen. 11 a de under the following constant conditions : 

( 9 ) 



186 Sakae YONETSU 

circumferential velocity of the grinding wheel vg = 33. 5 m/s, circumferential 
velocity of the regulating wheel Vc=28. 9 m/min., depth of cut in terms of the work's 

diameter=20,u, and ¢=60°, with H alone varied from-3.5 to 0, 3.5, 7.5 and 15mm; 

in other experiments, H was kept constant at 7. 5 mm, with ¢ alone variously 

set at four stages, 40°, 60°, 75° ; and 90° ; in still other experiments conducted 

under constant work supporting conditions ( ¢ =60° or 70° with H =7. 5mm), the stock 

removal in terms of the work diameter reduction alone was varied among three 

stages, 10, 20 and 40 ,u, and then with the circumferential velocity of the regulating 

wheel alone varied among 12. 3, 21, 28. 9 39. 8 and 56. 4 mm/min. 

In some of the exp~riments, emulsified oil, a Standard Vacuum Oil Co. Product, 

was used as coolant, but in the majority of the experiments the material was the 

Showa Oil-made Fuji-brand coolant (emulsified oil). One part of this was mixed 

with 10 parts of water, and the mixture was poured over the work from above 

at the rate of 240 1/min. 

The specimens were all 

measured as to their out­

of-roundness before and 

after their grinding by the 

so-called temporary center 

method, and the results 

were subjected to harmo. 

nic analysis. Namely, as 

shown in Fig. 4, each work 

specimen was held by the 

two center holes. Its pe­

riphery was divided into 24 

equal parts, in each of 

which the radius variation 
Fig. 4 

was measured with a micro-indicator, and the eccentricity error of the work's 

center of rotation due to the center supporting was eliminated by calculation. 

Also, to study the relationship between the pre-grinding and post-grinding values 

of the various elements involved in the harmonic analysis of the out-of-roundness 

curves, the end surfaces of each work specimen were marked with diamond cuts 

radially dividing the circumference of each surface into 24 equal parts. These cuts 

were taken as marks of a system of coordinates fixed on the surface. 

III. Elements determining out-of-roundness curve 

To begin with, let us see the method employed by this writer to analyze the 

results of his experiments. 
Generally, ·the profile curve of the cross section of a cylindrical object is 

(10) 
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expressed by its polar tangential coordinates in the form of a Fourier series, as 
·follows: 

r(O) = ao + a1 cos fJ + a2 cos 2 fJ + a 3 cos 38 + ··· ··· ··· ··· ··· ··· ··· ··· ······ 
+b1 sine+ b2 sin 28 + b3 sin 38 + ............ ......... ............ (I) 

or 

co 

r (8) = ao 2:: ci cos (ifJ + ~i) (2) 
i=l 

with 

} (3) 

where a0 is the average radius; C1 , deviation of the origin from the average circle 

center; cp 1 , angular deviation of the average circle center from the original line. 

These have nothing to do with the out-of roundness itself, whereas the following 

do have something to do with the out-of-roundness: 

u(fJ) = :ECi cos (ifJ+cp;) (4) 
i=2 

and 

u'(fJ) = :E Ct' cos (ifJ+cp/) 
i=2 

(5) 

The curves determined by these are here defined as the pre-grinding and post­

grinding out-of-roundness curves, respectively. In each case, harmonic analysis of 

the outline curve of the cross section of the work will determine Ci, and cp; (or C/ ~ 

and cp/) from (3). 
In this paper, the following terms in alternating current theories and acoustics 

are tentatively adopted for the convenience of examining as a whole the wave 

shape of the out-of-roundness curve. 

( i) Ci cos (ifJ+cpi) (i = 2, 3, ······ ···): Higher harmonic of the out-of-roundness 

curve, with i called the number of order 
for the higher harmonic, 

( ii) Ci (i = 2, 3, ······ .................. ) : Amplitude of the higher harmonic, 

(iii) cpi (i = 2, 3, · · · ··· · · · · · · ·· · · · · · · · ·· · ) : Phase of the higher harmonic, 
(iv) Illustration of the 

values of Ci expressed 
by horizontal parallel 
bars arranged at equal 

intervals in the order 

(11) 
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of i = 2, 3, ············ ············ Out-of-roundness spectrum, with post-grind· 
ing quantities marked with ( ') to be distin­
guished from their pre-grinding counterparts. 

IV. C'; . C; curves and work supporting conditions 

IV. 1 Expeimrent results 

First, in order to see the relationship between the pre-grinding and post-grinding 
higher harmonic amplitudes, specimens with out-of-roundness within the range of 
0. 4-7 ,u were used in a number of tests with the work supporting height-- the 
distance between the work center and the line between the centers of the wheels 
-- varying from -3.5 through 0, 3. 5 and 7. 5 to 15mm. The relationship be· 
tween C/ and Ci for each i value is illustrated in Fig. 5, where it is seen that 
the cylindrical work specimens show much larger higher harmonic amplitudes for 
odd-munber values of i than for other i values, showing Gleichdicke or nearly 
Gleichdicke shapes. The Fig. 5 graphs are for higher harmonic amplitudes for odd· 

number values of i. 

c; 
z.sr------t---+--+--+--+--+---+--___,f-_-+---+---l 

Z.Of------+---+---+ 

(/)=60. 

Vc =Z8.9m//TIIA'I. 
!J,:; 1T!f r 

I. 0 r----i--Y-+-~~--+~,L-+--i--::,.L-~--~----1- redvl Lon 20 JJ. 

Gnndinf tow 2S .6 

H~~m~-~~-~--~-~ 
0 O..'i 1.0 1.5 2.0 

CJ 
1-1=3.5111111''-----'---~--..__---J 

0 0.5 1.0 /.J 2.0 

H= l5m"'o 0.5· /.0 1.5 2.0 2.5 3.0 J.S 
H·l5mm ::-----!-.~-~--...__-__.. 

0 0.5 /.0 15 l.O 

(Q) 

Fig. 5. (a) 
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jJ. 

c; l.o~--+---F-:.o~ 

0.5 

H=ommo Cs 
u.s 1.0 

H=J.smm 0 0.5 iO i5 
H= 7.smm

0 0.5 1..5 

P5 1.0 1.5 

Fig. 5. (b) 

H=J.smm 
1.0 1.5 

0.5 1.0 

H=Jsmm o 
0.5 1.0 

(c) 

Fig. 5. (c) 

H·omm 
0.5 1.0 

H-3.5mm 
0 0.5 1.0 1.5 zo 2.5 3.0 

H=Z511 O as 1.0 1.5 

0.5 1.0 l5 

Fig. 5. (d) 
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, "' ell 
2.0 1-----t-''----+---;--

H=omm 0 
as I. 0 

H=3.5f!lm 
0 f!.S 
H=7.smm 0 

H=Jsmm 

ceJ 

/.5 2.0 

/. 0 /.5 

O.J 1.0 

0.5 

Fig. 5. (e) 

Next, instead of specimens of spe­
cial shapes as mentioned above, a 
number of specimens prepared by 
center grinding with out-of-round­

ness within the range of 0. 3-3. 1 "' 
were subjected to centerless _grind­
ing, and the relationship between C/ 

03
11 

fl' 02 vz . 
01 

0 

and Ci was figured out for each i 0.1 
value. The results are shown in Fig. 0 
6 and 7. Fig. 6 (a)-( e) are for even-

0.1 

0 

.. 
oo 

0 
e 

l~'! ~. 

. 
...li!. 0 0 

-"" 

H • 0 
~0 

s e 
,_._ .. , .. 
d'! ~ Po., II• 

CH 

~' e 

Cu 

2.0 2.5 

I.S 2.0 2.5 

1.0 l5 2.0 

• Ground on ce 
0 Ground tw;re or IIDTP 

... • 
I 

H=-3.5m m 
I I 

eo I 
H=Omm . I L 

I I 
• • H:J_5m m 

. l l 
I 

e • H= 15m m 

number values of i (i=2, 4, 6, 8, 10) 
and Fig. 7 (a)-(e) are for its odd­
number values (i = 3, 5, 7, 9, 11 ). 
Each dot in the figures represents a 
specimen prepared by center grind­
ing and then subjected to centerless 
grinding, whereas a white dot 0 re­
presents a specimen thus ground once 
and then subjected to repeated center­
less grinding. 

~I 
0 
~ 8 
lo A1o .. • a 

., 
I 

01 0.2 03 04 05 OB 07 O.Bfi. 

C2 

Fig. 6. (a) 
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,03 

c~ o.? 
01 

0 

01 
0 

:J./ 

0 

01 

0 

I' 

I 

.lW8.!1•2 • H=-3.5 
•~-" • • I . mm 

C!l • l -· Ill H=Omm 
~11 .. I I 

Cl 

I I ""'~"' 
~~ ~ ., H= 75m m 
a.'~9 l;' •• I I 

~Cf ,Q 

H=75m m 
iio~ l:o 0• I I 

0? 02 0.3 04 05 OB 07 p 

C4 

j.l 

03 

I 0.2 J---t-~1-­
CO 

0.! HW::-rl----1-

0 I t'tt-~~+-~ 

0 t-"""---'-___ ..___..._---.JL..-..-

02 0.3 0.4 05p. 
---Co, 

rc 1 

Fig. 6. (b), (c) 

J.3 
/.1 

C' 02 8 0 

0) 

0 

01 

0 

(ll 

() 
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Ca 

Fig. 6. (d), (e) 
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0 0.2 
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0 0.2 IJ.4 
(H=Omm) 

0.4 

0 02 
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0 0.2 
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0.4 
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/ 
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..._____.__.. 
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~ 
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c" 
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In Fig. 5, 6 and 7, the dotted line from the origin represents C/=Ci, forming an 

angle of 45° with the Ci axis. It is drown as a means of seeing whether C/ is 

larger or smaller than Ci in each case represented by a dot. This can be seen 

from whether the dot is above or below the line. 

Looking over Fig. 5, 6 and 7, we find the following: 

( i ) Regardless of how many times a specimen is subjected to centerless 

grinding, its higher harmonic amplitudes vary independently for each number 
of order (Fig. 6, 7). 

( ii) Between C/ and Ci are relationships approximately represented by the solid­

line curves. When i =2n+ 1 (n= 1, 2, 3, 4, 5), C/ depends largely on the mag­

nitude of Ci, becoming smaller as C, decreases; but as C, increases, it may 

be considered that C/ is approximately in a linear relationship with Ci 

along a straight line passing the origin. 

(iii) When i = 2m (m = 1, 2, 3, 4, 5), C/ is generally independent of Ci. 

(iv) When i = 2n + 1 (n = 1, 2, 3, 4, 5), the C/- Ci relationship varies considerably 

according to the work supporting height H. 

IV. 2 Amplitude characterisitcs of higher harmonics vs work 
supporting height 

In Fig. 5, 6 and 7, again, the relationship berween the pre- and post-grinding 

higher harmonic amplitudes is generally characterized by the following: the 

amplitude characterisitc may be expressed by the post-grinding amplitude for the 

pregrinding higher harmonic amplitude of 0, or by the ratio of the post-grinding 

amplitude to the pre-grinding amplitude when pre-grinding amplitude is very 

large. Here, for simplicity's sake, let us call the former Cio and the latter C, , and 

determine them by means of empirical formulas. 

( i ) C;o vs. work supporting height. 

As for the magnitude of Cio, in the first place, it is practically difficult to pre­

pare specimens in which Ci is 0. Therefore from among the specimens used in 

the experiments mentioned in the last section, those with very small out-of-round­

ness were chosen and their Cio values were estimated by the exterpolation. When 

z· = 2m (m = 1, 2, 3, 4, 5), the C/- Ci curve is considered to run roughly along a 

horizontal straight line as in Fig. 6. When i = 2n + 1 (n = 1, 2, 3, 4, 5), the C/- C, 

curve is nonlinear while ci is small, but when ci = is very small, or ci ~ 0.1 p., 

it runs as shown in Fig. 8, and consequently may be represented approximately 

by -a horizontal straight line. Cto values thus obtained by the exterpolation from 

C/ = C;o (C, ~ 0.1 p.) are shown against the work supporting height in Fig. 9. 

(18) 



Consideration of Centerless Grinding Characteristics Througn Harmonic Analysis 195 
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0.14 
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As is seen from the figures, the magnitude of Cio depends on the number of 
order i. Moreover, within the range of H = -3. 5- 15 mm, Cio depends on H 

when i = 2n + z· (n = 1, 2, 3, 4, 5), but Cto is not much influenced by H when i=2m 

(19) 
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(m = 1, 2, 3, 4, 5), except when i = 2. And since Cio is the post-grinding amplitude 

for the original Ci value of 0, it is seen that even a perfectly round specimen, 
when subjected to centerless grlnding, is often finished with an out-of-roundness 
curve with larger amplitudes for odd numbers of order than for the others, and 
that with the work supporting height at 0 or in its neighborhood, it is liable to 

be finished in a "Gleichdicke" shape. 

( ii) ai vs. work supporting height: 
From the experiment results in Fig. 5, ai valves were figured out by means of the 

following: 

and the results are shown against the work 

supporting height H in Fig. 10, from which 
it is seen that, when the work supporting 

height is within the range of 0- 15mm, ai 

becomes smaller as the supporting height 

increases, and that, when the supporting 

height is - 3.5mm or smaller than 0, ai is 
smaller than when supporting height is 0, 

except when i = 3, 9. Moreover, ai gene­

rally depends on the number of order, but 
when the supporting height is 0, ai roughly 
equals 1 irrespective of the number of order 

(only when it is an odd number). 
Consequently, a work specimen which is 

originally "Gleichdicke" in shape is notre­

lieved of Gleichdicke errors after it is 
ground at the supporting height of 0, but 
when the supporting height is within 

the range of 0 ""' 15 mm, the greater the 
supporting height is, the easier it is to 

1 

0.1 

~(,=3 

x---x L = 5 
o---o i = '7 

A------0 i = 9 
D--o[= II 

o~' --~--~--~----
-5 0 5 10 i5 mm 

'tlorl< supportinJ het_jM, JJ 

Fig. 10. 

remove the Gleichdicke and when the supporting height is -3.5mm, or smaller than 
0, for numbers of order below 11, triangular and nonagonal shapes alone tend to 

have larger Gleichdicke errors than before the grinding. 

IV. 3 Top angle of the blade vs. amplitude characterisitics 
of higher harmonics 

Next, with the work supporting height held constant, another work supporting 
condition, the top angle of the blade, was varied in a series of experiments to see 
what characteristics centerless grinding has as to Cio and ai. The top angle </>of 

the blade was set at four stages 45°, 60°, 75° and 90°, When it i~ 45°, chatter· 

(20) 
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marks in apt to be caused if the depth of cut in terms of the work diameter 
reduction is as much as to 20p; therefore, in some experiments it was lOp with if> 

set variously at 45°, 60° and 75°, whereas in others the depth of cut was 20p 

with 1> set variously at 60°, 75° and 90°. The rasults are illustrated in Fig. 11 
and 12. 
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(p) 

Fig. 11. (a), (b) 
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/ 
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O.D2 

0 
I 

60' 75" 90° 

Tor angle ot bLade, 1 Top angLe o; blade, f 

( ().) (b) 

Fig. 12. (a), (b) 

Similarly, a number of experiments were conducted with the supporting height 
H = 7. 5mm and the top angle of the blade 1> = 90°. The a, values obtained in 
these experiments and the Ci values in the last section's experiments with 1> = 60° 
are shown for comparison in Table 1. 

(21) 
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From Fig. 11 and 12 and Table 1, it is 
seen that neither Cio nor Ci is affected much 
by the top angle of the blade but that they 
vary slightly according to the number of 
order. From the above experiment results 
and the findings in the last section, it 
seems that C;,o and a;, vary markedly 
accordings the work supporting height 
among the various work supporting con­
ditions, but that they are not much affected 
by the top angle of the blade. 

IV. 4 Phase dUJerencies of higher har­
monics due to centerless grinding 

---

a3 

as 

a7 

ag 

au 

Table 1. 

--------------------

1. 20 0.97 

0.88 0.95 
-------------

0. 93 0.96 

1. 20 0.98 

0.94 0.99 

In this section we will look into the phase of the higher harmonic wave, which, 
together with its amplitude, defines the out-of-roundness curve. 

Each end of the work specimen, as was stated in chapter 2, bears radial cuts 
which divide its circumference into 24 equal parts. Therefore, the difference be­
tween the pre- and post-grinding phases of the harmonic wave may be figured 
out in the light of these original lines fixed on the work. The harmonic phase 
l;'i (or lJ'';,) can be obtained by means of eq. (3). As to its sign and angle determina­
tion, we will have the following agreement: As shown in Fig. 13 (a, b), the sign 
and magnitude of lit are determined so that -180° ~ lp;, ~ 180°, and in order to 
clarify how much shift the post-grinding higher harmonic phase lp

1
;, shows from lJ';,, 

the sign and magnitude of lp
1

;, are determined so that -180° ~ ll'i -lp;, ~ 180°. Then 
the relationship between lJ''i and <p;, will be shown between the lt''i = l;'i + 180° line 
and the C/J'i =<pi -180° line as illustrated ir Fig. 13 (c), and the lt''•- cpi shift will be 

(Q) (b) cc) 

Fig. 13. (a), (b), (c) 

(22) 
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seen in comparison with the standard line of cp't = cpt. For instance, the relationship 
between cps' and cps for the experiment results in Fig. 5 is shown in Fig. 14. 

Comparison of Fig. 14 with the C's- Cs relationship in Fig. 5 shows that, when 
when the supporting height is larger than 0 or smaller than that, i, e., -3. 5mm, 
there seems to be no consistent relationship between cp's and cps. 
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V. Grinding conditions & higher harmonic amplitude characteristics 

V. 1 Stock removal and amplitude characteristics 

The reduction in the diameter of tne work, representing the depth of cut of the 
wheel, was set at 10, 20 and 40 fl. in a series of experiments, for which yielded 
the Cto values shown in Fig. 15. Other experiments, where the diameter reduction 
was set at 20 and 40 p, afforded ai values shown in Table 2. In both cases, the 
experiments were conducted under constant work supporting conditions, i, e., H = 7.5 
mm and rp = 60°, although for the diameter reduction of 20 f1 alone, the experi­
ment results mentioned in Section 4 were used. 

70 20 70 

D io. meter tedudion 
(Q) 

.D itJ meter teducfiln 
.(.b) 

Fig. 15. (a), (b) 

Fig. 15 shows that Cio is not much 
influenced by the diameter reduction 
except in some special cases, whereas 
Table 2 shows that, except in some 
special cases, ai tends to decrease, 
though slightly; as the diameter re· 
duction increases from 20 f1 to 40 fl. 

However, when the diameter re­
duction is within the range of 10 f1 

-40 p, it may be said that neither 
Cio nor ai shows so marked variations 

Diameter 
reduction 

as they do when the supporting height is varied. 

V. 2 Work speed and amplitude characteristics 

Table 2 

20 .u 

0.60 

0.63 

0.45 

0. 19 

0. 12 

40 J.L 

0.68 

0.54 

0,28 

0.11 

0.05 

Next, a number of experiments were conducted with the circumferential velocity 
V c of the work sit at five stages, 12. 3, 21, 28. 9, 39. 8 and 56. 4 m/min. 

Fig. 16 is based on these experiment. results showing Cio values for these Vc. 

(24) 
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Here, the grinding time was adjusted so that the total ground length would 
be the same for all the work specimens rotated at the various circumferential 
velocities, the standard being 128 rotations when Vc=28. 9m/min, and the grinding 
time= 25 sec. Namely, 

Vc (m/min) = 12. 3, 21, 28. 9, 39. 8, 57.4 
Grinding time (sec) = 58. 9, 34. 5, 25, 18, 18 

It is seen from the above experiments that as Vc increases from 12. 3m/min to 

56. 4m/min, C;o decreases for odd numbers of order except for C5,o for Vc = 12.3 

m;'min, whereas for even numbers of order C jo tends to increase through slightly 

except for C2,o for Vc = 12. 3m/min. The C5,o and C2,o values for Vc = 12. 3m/min 

were exceptional presumably because at this low cirumferential velocity the stock 

removal por rotation was large, i, e., the grinding amount for the given depth of 

cut was removed through through a few rotations after the begining of the grind­

ing, so that the work slipped a little as it turned, which fact was noted in eye­

observations, too. 

O.l6.il 

0.14 
~[=3 
x--x i= s 
o-~i.= rJ 
I:Jr-tl::.i=g 

Fig. 16. 

(25) 

Next, specimens with com­
paratively large out-of-roundness 
were used in a series of experi­
ments with the work speed set 
at three stages, 12.3, 21 and 28.9 
m/min, which yielded ai values 
as shown in Table 3 below: 

Table 3. 

Vc (m/min) 12. 3 21 28.9 

a a 0.55 0.57 0.6() 

as 0.57 9.59 0.63 

a7 0.69 0.46 0.45 

a9 0.14 0.20 o. 19 

au 0.26 0.11 0.12 

Table 3 shows that, as the 
work speed rises from 12. 3m/min 
to 28. 9 m/min, ai tends to in­
creass, though slightly, except in 
some special cases. 
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VI. Conclusion 

Through harmonic analysis of the pre-grinding and post-grinding outlines of the 
cross section of the centerless grinding work, relationships between the pre­
and post-grinding values of the higher harmonic amplitudes and phases of the 
out-of-roundness curves as defined in chapter 3 were examined in a number of 
experiments. Their results may be summarized as follows; 

(1) Betwen the pre- and post- grinding higher harmonic amplitudes, especially 
those of odd numbers of order close relationships were noted. They varied 
considerably according to the work supporting height. 

(2) As for higher harmonic phase shifts in centerless grinding, no differencies 
were noted under conditions where there hardly any noticeable variations 
in amplitudes of odd number of order i, e., when the supporting height was 
0 mm; but when the supporting height was larger or smaller than 0 mm, the 
interrelationship between the pre- and post-grinding phases was lost. 

{ 3) The grinding conditions do not exert so marked influence on the amplitude 

characteristics as the work supporting conditions. 

Thus, by systematically studying by experiments the characteristic of centerless 
grinding as to the higher harmonic amplitudes, it was found that the work 
supporting conditions considerably affect the higher harmonic amplituees. In the 
next report, this writer will analyze the forming mechanism of the centerless 
grinding work with special attention paid to the work supporting conditions, and 
thereby re-examine the above expriment results. 
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