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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" 0 . 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 be;only 
a few thousandths of a millimeter or smaller in size, thus making the lobing in
visible, either to the ey'e 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,2> 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: 

r(8) = ao + ~ Ct cos (i8·+ cpt) 
i=l 

(1) 

In the above equation, ao, Ct and cpi may be determined by harmonic analysis.· 

If there are· no even values of i, we cannot detect lobing by two-point measure· 
ment, since r(8) + r(8+180°) = 2a0 • 

* *¥$:* Assistant Professor at Keio University. 
1> E. Sachsenberg u. R. Kreher, Werkstattstech. u. Werksl., 33, 11, 280 (1939) 
2> T~ ~akata and A. Yamamoto, Journal of the J. S. of Mech. Engrs., 53, (775) 

159 (1949) 
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(a) Fig. 1. 

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

{ 
sin (3 } -v(B) + a 1 + -;-~-----·· --- = r(O) + dg 

- rn Sin (rx/2) 
(2) 

and - J a a } dg l cot(--2-+ /3) +cot ( -2 - /3) 

r(0-180° -a/2+/3) r<O+a/2+(3) 
= ---~s1n (a/2-/3)-- sin (a/2+(3) (3) 

Eliminating dg from eq. (2) and eq. (3), and putting eq. ( 1) into this equation, 

we obtain the solution y(O) for arbitrary rotating angle 8 of a cylinder in a vee 
block. 

where, 

e = sin(3cosi(a/2+~9_J_cosi((3-90o) 
t.a.,fl sin (a/2) 

+ cos(3sini(a/2+90°) sini((3-90o) 
cos (a/2) 

.r. = _ sin (3 cos i (a/2+90°) s'n i ((3-90o) 
1 i,a-,{3. sin ( a/2) 1 

+ cos (3 sin i (~/2+90°) cos i ((3-90()) 
· cos (a/2) 

~ t -1 ( /t,a.,fj ) ot,ctJ,fl = an -----
l+et,a-,(3 

(5) 

It is interesting to note that reading y(O) of the indicator is whithout relation 

to excentricity Ct=l of provisonaly selected origin. As only certain term for 

( 14 ) 
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special i-th order is mostly extraordinary larger usually as compared with other 

terms, y(O) may be considered as a record for a wave about the value (ao-am){l + 
sinfJ/sin(a/2)} with an amplitude ±Clfl-t,r»•{j and a .Phase difference Ot,r»,fj. 

This magnification /-Lt,r»,{j for various inclination fJ of a = 90° vee block i~ 

shown in Table 1. 

Table 1. pt,r»,f3 and ot,r»,f! for a,= 90° 

XI o 1 7.5 1 15 1 22.5 1 30 1 37.5 145 1 52.5 1 60 1 67.5 1 75 1 82.5 1 90 

1 11.1911.37"11.5311.71 I' 1.861212.1212.2312.31 I 2.371 2.40 12.41 
o o o o o o o o o oi o o o 

2 11.7311.921 2.061 2.1412.1512.10 II 211.8411.6311.4411.231 1.06 I 1 
54.74 44.82 35.10 25.69 16.55 7.93 1 0 -7.17 -12.54-15.47 -15 -9.62 0 

3 I 2 11.9311.7311:41 I 1 I 0.52 I 0 I 0.521 1 11.41 I 1.731 1.93 I 2 
o -15 -3o -45 -6o -75 !-9o 75 oo 45 I 3o 15 o 

4l 1 I 0.85
1 

0.88l· 1.13l1.49l1.80 
1

2
1

2.05
1

1.93
1

1.65
1

1.20 I 0.73
1 

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 I 2 11.9311.7311.41 I 1 I 0.521 0 I 0.521 1 11.41 11.73 I 1.93 I 2 
0 -15 -30 -45 -60 -75 -90 75 60 45 30 15 0 

6 11.731 0.991 0.371 0.9311.5811.96 i 211.7211.231 0.731 0.631 0.881 1 
-54.74-89.51 -180 85.50 50.77 23.86 0 -20.73 -35.26-31.71 0 8.54 0 

7
1·! I ~ I 1~3 

I ; I=~~ 1-~ 1-~1 ~ I 1~3 1 ! I =~~I -~ 1-
0
90 

8 I 1 11.10 I 0.88 I 0.471 0.89 11.61 I 2 11.8411.131 0 I 1.21 I 2.0912.41 
. 0 - 8.32 - 21.201 0 43.441 27.53 0 I - 31.90 - 69.92 0 I 73.76 35.52 0 

9 i 0 I 1 11.73 II 2 II. 731 1 f 0 I 1 11.73 I 2 11.731 1 I 0 
90 60 30 . o - 30 - 60 1- 9ol 60 30 I o - 30 - 60 -90 

10 I 1.73
1

2.38
1

2.06
1 

0.93
1 

0.62 • 1.69
1 

2 i 1.48 i 0.53
1 

0.78
1

1.23
1

1.18
1 

1 
54.74 8.76 -35.10-85.51 95.65 40.03 1 o -34.22 -42.36 31.79 15 -2.32 o 

11 I 2 11.41 I 0 li 1.41 I 2 11.41 ! 0 I 1.4i I 2 11.41 II 0 I 1.41 I 2 
0 -45 0 45 I 0 -45 I 0 I 45 ' 0 -45 0 45 0 

121 1 11.0211.371' 1.131 0.2911.321211.50 i 0.2311.6512.3411.731 0.41 
0 10.46 0 -27.91 0 40.73 0 -48.29 0 52.57 0 54.50 -180 

Note: Under numerals in each column is fit,Cf,B in degree. 

Take, as applications of this theory, the usual measurement in a horizontal vee 

block (90°-fJ=O), the external measurement by a riding gauge (90°-(3=180°) 

and the internal measurement by a cylinder gauge (90°-(3=0 and a=180°-a', 

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

( 15) 
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Fig. 2 
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where 

where 

and 

where 
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~ 1 + cosi(a/2 +goo) 
/1-t,fil,oo• - sin (a/2) 

{ 
1 } 00 • 

y(8) = (a0 - am) 1- . ( /2) + ~ Ct ~-tt,a,,-oo· cos (z8 + tpt) sin a t=2 

. _ 1 _ cos i (a/2+g0°) 
11-t•fil•-90 - sin (a/2) 

y(8) = (ao _am){ 1 + (l '/2) } + .£ Ct ~-tt,a,',oo· cos (£8 + f!Jt) l cos a t=2 

cos z· (180° - a'/2) 
1-ttta,l,oo• = 1 + cos (a' /2) 

respectively. 

.111. Experimental example 

17 

(6) 

(7) 

(8) 

The author has measured the out-of-roundness of a dissipated somewhat piston 

pin (1g mm. ¢ x 54 .tJ?ID.), in which a = 90° vee block was used in various 

inclination, namely (3 = 0°, 67.5°, 78.75°, 82.5° and goo. In this test I made use 

of Orthotest (Seiki), and Optimeter (Zeiss) only for (3 = 0°. 

In Fig. 2 (a), (b), (c), (d), (e), (f) records of the out-of-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 Ct U = 2, 3, ...... : .. , 12). 

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" 

obviously. Fig. 3 

From these figures, it is noted that the measurement by a vee block at (3 = 

82.5° is superior to the usual measurement in a horizontal vee block, and it is 

considered to approximately coincide with the absolute measurement. 

( 17 ) 
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