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New Application of Vee Block Method in Measurements
of Out-of-Roundness for Cylindrical Work

(Received Nov. 5, 1952)
Sakae YONETSU*
Abstract )

In this paper, it is shown that, indicators placed vertically to
vee block do not show up' true form in some order of polygons,
but using inclined vee block, we can find various orders of: polygons
or out-of-roundness for a lobed' cylinder.

I. Introduction

A centreless grinder or lapping machine will often' produce work which is of
uniform diameter, but is.far from round, so called “Gleichdick” 1. By “diameter”
is meant a dimension as measured between parallel faces, such as those of mi-
crometer (two-point measurement). In actual metal, such a polygon may bejonly
a few thousandths of a millimeter or smaller in size, thus making the lobing in-
visible, ejther to the eye or'the snap gauge.

Generally lobing on centreless ground work can readily be detected by .rotation
in a vee block under a comparator (three-point measurement). However, as
certain angles of vee will mask the lobing on pentagonal or higher order poly-
gons, two'or three tests must be made in vee blocks with different angles,® for
example 90°, 120° and 150° vee block.

The present author has discovered that it is possible to detect various order
polygons or out-of-roundness for cylindrical work by using one vee block at one
inclination. -

II. Theoretical analysis
" In reference to Fig. 1'a, we may express a sectional profile of a cylinder by
Fourier’s series in tangential polar co-ordinate as follows:

7(0) = ay + é C; cos (10 + 1) @

In the above equation, a,, C: and @; may be determined by harmonic analysis.’
If there are no even values of 7, we cannot detect lobing by two-point measure-
ment, since 7(0) + r(64180°) = 2a,.
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(a) Fig. 1.

Now, in reference to Fig. 1(a) and (b) again, we get the following relations.

¥(0) + anm {1 + _S%?aB/ZS} = 7(0) + Zi§ ©) .
and dg'{ Cot(ﬁgf + B) + cot ( g— . B)} .
_ 7(6-180°—af2+8) _ r(0+a/2+p) 3
- sin{a/2—0) sin (a/2+1)

Eliminating dg from eq. (2) and eq. (3), and putting eq. (1) into this equation,
we obtain the solution y(f) for arbitrary rotating angle 6 of a cylinder in a vee
block.

$0) = (@p—an) { 1+ sxf:?a% b+ 3 Ci i 08 (10+p1—Busas) @
where, g = /(¥ e8P + f ha )
o = SRECS LA cosi(8-90°)
+cosBeint BN sin i (5-90°)
f;‘,ayﬂl= - sinBcS(;ii((xo/zg—f-QO") sin(8—90°) ° [ ®
Siyms = tan™? (T-J}‘-%i_,ﬁ )

It is interesting to note that reading y(f) of the indicator is whithout relation
to excentricity Ci=, of provisonaly selected origin. As only certain term for
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special Z-th order is mostly extraordinary larger usually as compared with other
terms, ¥(¢) may be considered as a record for a wave about the value (@y—an){1+
sinB/sin(¢/2)} with an amplitude =+=C,uias and a phase difference ;0,8 .
This magnification ui,es for various inclination B of a = 90° vee block is

shown in Table 1.

Table 1. pgwp and S,a,p for a,= 90°

0 | 75| 15 | 225| 30 | 375|45| 525 | 60 | 6v5 | 75 | 825 | 90

0 1 | 119 137 153171186 2 | 212 | 223 | 231 ' 237 | 240 | 241
0 0 0 0 0 0 0 0 0 0 0 0 0
9 | 173192 206 | 214 | 215210 | 2 | 1.84 | 1.63 | 144 | 1.23 | 1.06 1
54.74 | 44.82 | 35.10 | 25.69 |16.55 | 7.93 | 0 | ~7.17|-12.64/-1547 —-15 | —9.62 0
3 2 1193|173{141) 1 10520 052) 1 141 | 173 | 193 | 2
0 ~15| -30 | —45| -60 ) =75 —-90, 75 60 45 30 15 0
4 1 /08088 113|149 |180| 2| 205 1.93 | 1.65 | 1.20 | 0.73 | 0.41
0 6.20 | 21.19 | 27.91 | 29.34 | 13.85| 0 |-15.88/—33.34|—52.57| —73.99,—-106.99] —180
5 2 {1931 173141 | 1 (0520|052 1 141 ) 173 193 | 2

(=4

—-15]| -30 | -45| -60| —75|-90| 75 60 45 30 15 0
6 | 173|099 | 037 | 093|158 | 1.96| 2 | 172| 1.23 | 0.73 | 063 | 088 | 1
—b54.74|-89.51] —180 | 85.50 | 50.77 | 23.86 | 0 |—20.73|—-35.26/—31.71] 0 8.54 0

| o 11| 2 (w1 ol 1w 213 1|0
- 90 60 30 0 =30 | —601-90] 60 30 —30 | —-60 | —90
g| 1 | 110|088 | 047|089 161]2]| 184 113 121 | 209 | 2.41
—832]|-21.20] 0 |434427.53] 0 |—31.90—69.92 73.76 | 35.52 0
o 0 1|13 2w 10| 1 1w 173 1 | o
90 60 30 0 | -30) —60{—90 60 30 0 -30] —60 | —90
10| 173 238 ] 206 | 093 062 169 |2 | 148 | 053 | 0.78 | 123 | 118 | 1
54.74 | 8.76 |—35.10/—85.51] 95.65 | 40.03 | 0 |—34.22|-4236/31.79 | 15 | —232| 0

| 2|14 0 1a1) 2 1410 141] 2 |141] 0 | 141 2
0

2

o

N jo O |o

—45 0 45 0 —45 45 0 —45 0 45 0

102 | 1.37 | 1.13 | 0.29 | 1.32 150 | 023 165 | 234, 1.73 | 041
1046 | 0 [—2791] O [40.73] 0 |—48.29 0 | 5257 0 54.50 | —180

12

o o

Note: Undér numerals in each column is ;4,8 in degree.
Take, as applications of this theory, the usual measurement in a horizontal vee
block (90°—B=0), the external measurement by a riding gauge (90°—8=180°)
and the internal measurement by a cylinder gauge (90°—8=0 and a=180°—a’,

where a’ is angle between two rigid feet), we then have

(15)
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O) = @~ am) {1+ 57y } + 5 Crowon co8 (38 + 1) [ o

whe.re [A43,90° =1 4 Co8 i§i01l/(i;l2_)900) j
y(0) = (a— %){ 1- ”s}ﬁ‘(laﬁj} + 12; C: piya-900 €0s (20 + @1) 1 .

where  pya-00 =1 — % . J
and  y(0)=(@—an{1+ m b+ 2 Cuuvarr cos @0 + @) .

=1+ cos 7 (180° — a’/2)

where Mtra1490° cos (@ /2)

respectively.

JII. Experimental example

The author has measured the out-of-roundness of a dissipated somewhat piston
pin (19 mm. ¢ X 54 mm.), in which a = 90° vee block was used in various
‘inclination, namely R = 0°, 67.5°, 78.75°, 82.5° and 90°. In this test I made use
of Orthotest (Seiki), and Optimeter (Zeiss) only for 8 = 0°.

In Fig. 2 (a), (b), (c), (d), (e), (f) records of th.e out-bf-roundness divided by the
magnification of lobing, which is the largest of the orders judged from reading,
are shown with its diametrical difference and absolute out-of-roundness measured

between centres. Fig. 3 records spectrum C; (7 =

Also Fig. 4 shows out-of-roundness

for spring steel cylinder (30 mm. ¢ x

100 mm.) ground by centreless grinder.

This is considered to be “ Gleichdick” 2 3 4 5 6 7 i 9 10 11 12

.

obviously. ’ Fig. 3

From these figures, it is noted that the measurement by a‘vee block at 8 =
825° is superior to the usual measurement in a horizontal vee block, and it is

considered to approximately coincide with the absolute measurement. -
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