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GRAPHICS DISCLAIMER
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TITLE: OPTICAL METHODS OF MEASURING THE ROUGHNESS OF THE
SURFACES OF HIGH PRECISION STEEL BALLS

Yan Shen, Zhang, E.
SUMMARY This article introduces a type of lens reflection

section which makes use of laser light in connection with rough
surface scattering to carry out methods for measuring the degre~ of
roughness of high pracision ball surfaces. The principles in this
type of method are reliable. The design of the instruments is simple.
Prodiuction costs are low. The environmental requirements are not
wigh. 2Al-ng with this, it ie possible, <u the presuposition

that light path adjustments ace not carried out, to carry out
measurements on steel balls with different radii. It is suitable for

checks at the production site.

I. A General Description of the Method

Fig.
(1)

On th2 basis of the theory of light scattering ;, When a one

beam unit strength straight laser beam is fired into a rough surface,
the scattered light scattecs into spac2 toward various individual
directicns {Fig.l). 1If changes in the height of the surface
correspond to a Gauss distribution, and, moreover, the autocorrelation
function of the surfaces are unitary Gaussian functions, for this type
of one-dimensional random or stochastic surface, the light scattering

Aistribution is:

1/ X F T (V,Rq)'_._' -':'l ‘= (1)
l(O,):.—e-(r_n)'(sich,L + zm! 2"y e )

In this, T is the surface coherent length. L is the area or length of

the surface being measured.

V.= 2; (siné, - 3ind,), V,= 2; (co0s8, + cosh,)

F=[1+cos(8,+0,)]/cos5,(cosh, + cosb,)




When considering high precision surfaces (weakly scattering

surfaces), formula (1) can be simplified to be:

Ay

1(0,)=e~ .2, i v A FT ?
(0,)=e [sch,L + oL (V.R')le—r.rllc ]

(2)

When speaking in terms of the direction of lens or mirror
reflection,

0,=0” V,=O,,V =

4=
7 cosfn F=1, 55, T/L i&ig/h¥F 1,

Besides this, T/L is much, much smaller than 1. In this way, it is

possible to obtain lens or mirror reflaction illumination:

L=108)=eCT ) (3)

Deriving from equation (3), the strength of the incoming light is
assumed to be a unit strength. If the strength of the incoming light

is Iq, in situations that do not consider absocption,

I.=l.exp[-(4: cos@, ).R:] (4)

For other scatterings of a flood of light:




I,=l,(1-'exp{-

(‘%’L R,cos8, )'D

It is possible to make use of the ratio , P, between the lens or

(5)

miccor reflected illumination I, and the scattered
illumination under a flood of light |, in order to precisely

measure the degree of roughness of a surface:

P=I/1,=1/(,-1) (6)

This type cf method is relatively easy to effect when one is
concerned with measuring the degree of roughness of flat surfaces.
If, in front of the receiving instrument, one adds a set of
transformation lenses, the center strength of the spectrum surface is,
then, |, The peripheral strength distribution is then the
scattering strength value (I4 for different scattering angles. 14
However , speaking in terms of ball or sphecrical surfaces, and, in
particular, this means measuring the degree of roughness of ball or
spherical surfaces which have small radii of curvature, one then faces
a relatively difficult situation. 1If one is using a general parallel
light input radiation, spherical surfaces that have different radii of
curvature have different scattering distributions. Fromn Fig.2 it is
possible to see the situation concerning lens or mirror reflected
light distributions when a beam of parallel light is radiated into two
spherical surfaces that have different radii of curvature. Due to
the limitations of optical systems and receiving instrument apertures;
requirement for a complete receiving surface light scattering
distribution is a difficult one. It requires special photoelectric
instruments and optical systems. However, it only requires an
appropriate selection of light path and the carcying out of complete
measurements of I, . is possible. We designed an experimental
apparatus and carried out measuceuents of I, I, As a result
of this, we obtained information on the degree of roughness of

surfaces.
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3phere Being Illuminated (unclear) (2) Operations Platform (3)
Signal Processing (4) ULaser (5) Display




Fig.4

As can e seen from Fig-3, after the collimnaticn and beam
spreading of the beam radii of lasers Ly and L,, and, after a
portion of the lignt radii goes through the semi-transmittiy,
semi-reflacting plate BS, it again goes through Ll and forms beans
that are collected into a gathered light beam, The forward ar
anterior focus point and the center of the sphere being measured are
coincident. T¥n this way, as is shown in Fig.4, the light rays which
are radiated onto the surface of ihe sphece are all perpendicular to
Ene surface of the sphere. The light rays reflected by lens or
mirrors retrace their original routes. After goiag through Ll' they
are, again, reflected through BS and will be gathered at the posterior
focus of Lye AL the center voint of the posterior focus surface of
L2, there is positioned a small aperture light stop S. Going
through a device for detection aad measurement, detector D, ; it is

then possible to measure I After going through

(unclear) ’
collimation, a different portion of the light, following its
reflection by BS, is diractly received by detector D,. One obtains
IZ= al, . Going through expecrimentation to precisely specify
appropriate a values, it is then possible to obtain [ =I,/a, .

If one make Q egual to the ratio between the strength of lens or

mirror reflected light and the strength of light radiated in, and

Q=1/1, and, also, because the perpendicular incoming
radiation 0,=0° from equation (1)
(1) @=1/I1, =
exp( - (4aR,/A)*] ‘
A 1 2
R=45JL. 2) (7)




Due to the fact that P=Q/(1-Q), in this way, it is only n2czssary
to arrive at Q, and one can indirectly also ~btain thae rat.; P between
lens or mirroc reflected light and full scattering. This type of
light path placenent formatins>y can guarantee that |, enters

yagt=tely into the optical system. At the sane time, 1t 1s also able
ko effectivaly eliminate the effects of wave movements in light

sources. It also makes no spoecial demands on optical systems.

IT1. XPERIMENTAL ANALCSIS

W used the oquipasni 3nowa in Fig.3 to carry out measurements on
a set of samples with different diameters. This set ot steel spheres,
on the basis of th: 2Q23-34 standard, wer: £ivst yun Lhrough
standardization with the Talysucf 5 contact proHe t=st device. The

actual parancztars are as shown in Table 1.

Om® |1 ]2 3|45 i7
i o
@E{} mm l. g4 |15. oslw 30! .404.76 [15. osIu 47
R. e 1o 0070, 008l0. 0090 0140 0z co 034,0.059
ha | i 1

Table 1

(1) Se~-ial! Ho. (2) Dianetec (3) Contact Proos

Table 2 is the measurment values obtained through
axperinzntation. The R, light in Table 2 is used to indicate the

: : , 15
R valu:s measured hy optical methods. Fig.5 is the

d

correlition betweena contackt probe tast instrument and optical methods.
From this Fig., it is possible to see that the two types of methaods
show a very good correspondence or uniformity. Besides this, during

axperimentation, it was also discovered ithat h2 requicements of this
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[II. CONCLUSIONS

Exper imentation clearly demonstrates that this

to measure the degree of
fzasible.

surfaces, 13

special features outlined belo«.
(

i1} system principles are clear and precise

simnle. Production costs are low.
(2) Oparation is simple.
that light paths have

This type nf morhod has the

method, when used

roughness of nigh precision spherical

several

Structures are

It is possihle, on the pr2supposition

been adjusted, to caccy out measureneants of

spherical surfaces with different radii of curvature.

(3) A> fFar as the fact that

eavironma2nt are not high is concerned, it is a
£ high speed quality control at the production site.

carcying out o
Ho~vever, the
me2

techniques of processing or Jorking.

testing of different matecials is concerned,

7

raguiregmenis ror the ovperating

ppropriate to tne

q2thod in question is oaly capable of Leing use >d to

easure spherical surfacces that have been processed using similar
As far as the checking

and

the measurement of
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sucfaces processed o worked with diffevent technigues still awaits

further cesearch and investijation.
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