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[57] ABSTRACT 

Method and apparatus for inspecting the surface of a 
workpiece for the presence of burrs. A focused laser 
beam is swept across the surface of the workpiece 
while a photodetector positioned at an acute angle to 
the workpiece surface senses re?ections produced by 
the beam. The photodetector, when positioned in the 
plane swept by the beam, observes re?ections from 
the tip of the burr and from the portion of the path on 
the surface which is not obscured by the burr. The 
length of the path portion from which re?ections are 
obscured by the burr is directly proportional to the 
height of the burr. Suitable logic and measuring net 
works calibrated to the sweep velocity on the work 
piece and triggered by the re?ections are capable of 
determining the length of the obscured portion and 
therefore the height of the burr. 

10 Claims, 3 Drawing Figures 
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METHOD AND APPARATUS FOR INSPECTING 
SURFACES 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to the ?eld of inspection 

equipment and is more particularly directed to equip 
ment employed for inspecting machined workpieces 
for the presence of burrs. 

2. Description of the Prior Art 
In the process of metal working, a workpiece may be 

subjected to multiple cutting operations to form vari~ 
ous contours on the exterior of the workpiece. Various 
cutting tools such as hobbing machines, millingcutters 
and lathes may be employed to generate the desired 
con?gurations. At the intersection of the surfaces 
formed by the cutting tools, it is very possible that burrs 
will be produced as a result of the cutting action of vari 
ous tools. Burrs may be found in the middle of a 
machined surface as well. Burrs are undesirable since 
they may interfer with close tolerances generated by 
the cutting tools and also because they are hazardous to 
personnel. Burrs are jagged and sharp and may cause 
injury to the person or clothing which comes in contact 
with the burr. 

It is particularly important, where close tolerance 
work is involved, to know precisely whether a burr is 
present and possibly even the size of the burr. The 
presence of any burr whatsoever maybe detrimental to 
the intended use of certain workpieces and may require 
special grinding operations if the burr must be moved. 
The size of the burr is important in instances where 
tolerances are critical. 

Accordingly, it is desirable to be able to inspect a 
workpiece for the presence of a burr and to ‘obtain 
some knowledge concerning the size of theburr. Un 
fortunately, burrs are generally quite small and difficult 
to measure due to their irregularity. Furthermore, if the 
surface of the workpiece to be inspected is extensive, 
the task of examining the surface for burrs may be time 
consuming and expensive. It is accordingly desirable to 
have an instrument which can automatically examine a 
workpiece surface for the presence of burrs and deter 
mine the height of such burrs where their. presence is 
indicated. 

It is, therefore, an object of the present invention to 
disclose a method and apparatus by which a burr on a 
workpiece can be detected. 

It is a further object of the present invention to dis 
close apparatus which is capable of determining’ the 
height of a burr on a workpiece. 

It is still a further object of the present invention to 
disclose apparatus which employs a focused laser beam 
to provide an accurate measurement of the height of a 
burr. 

SUMMARY OF THE INVENTION 

The novel apparatus and method by which a burr can 
be detected and measured employs a focused laser 
beam which is scanned across the surface of a work 
piece at points where burrs might be expected. A 
photodetector is positioned at one side of the work 
piece and behind the laser beam as it is scanned at a 
known rate. The photodetector is positioned with a 
sensitive axis directed toward the surface of the work 
piece being examined in the plane swept by the beam 
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2 
and elevated at an acute angle above the workpiece 
surface. As the laser beam is scanned across a burr and 
on the adjacent workpiece surface, the photodetector 
senses re?ections of the laser beam as the beam traver 
ses the tip of the burr and re?ections from the work 
piece surface which are not obscured by the burr in the 
?eld of .view of the photodetector. For example, the re 
gion immediately behind the burr with respect to the 
detector is hidden from the detector and no reflections 
will be sensed by the detector until the vscanning beam 
emerges from the obscured region. As the beam 
emerges, the detector again receives reflections from 
the path on the surface scanned by the beam. Of 
course, as is apparent from the drawings, it is the dif 
fuse re?ection from the surface of the workpiece which 
is sensed by the detector, and references herein to 
reflections from the workpiece surface I will be un 
derstoodto be suchdiffuse re?ections. If the velocity at 
which the beam scans the workpiece is known, the 
vlength of the scanning pathobscured by the burr can be 
determined from an examination of the time interval 
between re?ections sensed by-the detector at the tip of 
the burr and the exit of the beam fromthe obscured re 
gion. Since the length of the scanning path obscuredis 
directly proportional to the height of the burr. the 
heightiofthezburr can‘be determined from the time in‘ 
terval. 
The measuring and logic network employed for 

determining the obscuredpathportion includesa level 
detector having a selected threshold which starts a 
timer. The threshold of thellevel detector is selected so 
that only the flash obtained from'theltip of the burr in 
itiates timing. A reduced thresholdin the circuitry is 
subsequently established so that less intense reflections 
from the ?at surface of the workpiece can be detected 
as the beam emerges from the obscured region. ’ 

BRIEF DESCRIPTION OF [THE DRAWINGS 

The present invention with its numerous objects and 
advantageswill be better understood by reference to 
the following drawings in which the same elements are 
identi?edby the same reference numeral throughout 
the several FIGS. 7 

‘FIG. 1 is an elementary representation of the system 
which employs a focused laser. beam. to measure the 
height of a burr on a workpiece. 

FIG. 2 is a plot of the signals produced in the 
photodetector employed by the burr detecting and 
measuring-apparatus. 

FIG. 3 is a detailed block diagram of the burr detect 
.ing and measuring system. 

DESCRIPTION OF. THE PREFERRED 
EMBODIMENTS 

FIG. 1 is aelementary representation of the burr de 
tection apparatus showing the relationship of the 
scanning laser beam L, the workpiece W which is to be 
examined for the presence of a burr B, the photodetec~ 
tor 10 which senses light from the laser beam L 
re?ected off of the burr and the ?at surfaces of the 
workpiece W and the measuring and logic circuits 11 
which control the beam scan and determine burr 
height. ' 

The detector 10 has a photosensitive element which 
senses light radiated along the sensitive axis 12 posi 
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tioned at an acute angle a with respect to the upper sur 
face of the workpiece W. From the positional relation 
ship of the detector 10 and the workpiece W, it will be 
noted that the detector 10 cannot receive re?ections 
from the surface of the workpiece within the burr 
“shadow” indicated by the shaded region in FIG. 1. It 
should be understood that the term “shadow” refers to 
that region behind the burr with respect to the detector 
10 which is obscured from the ?eld of view of detector 
10 due to the burr B. 
From the geometry in FIG. 1, it will be evident that 

the length of the scanning path which falls within the 
“shadow” will be equal to vAt, where v represents the 
scanning rate of the beam across the surface of the 
workpiece and At represents the time required for the 
beam to scan from the tip of burr B to the end of the 
obscured region. It is assumed that the beam scans at a 
constant rate to the right in FIG. I as would be the case 
where scanning was produced by a saw tooth genera 
tor. It will be noted that the burr height, hit, is directly 
proportional to the length of the obscured portion of 
the scanning path. The relationship between burr 
height and the obscured portion is represented by 
equation 1 as follows: 

(1) h',= (vAthana 

From the above equation ‘I it will be immediately 
recognized that by scanning the beam L at a known 
velocity or rate established by a saw tooth generator, 
the height of the burr can be determined simply by 
measuring the time interval during which the photode~ 
tector observes no re?ections from the workpiece W. 
The photodetector I0 is accordingly employed for this 
purpose. 

Reference to FIG. 2 reveals the signals produced by 
the photodetector I0 as the laser beam L is scanned 
across the burr B at the edge of the workpiece and then 
onto the surface of the workpiece W. As the beam L 
sweeps over the tip of the burr at time t,, represented in 
FIGS. I and 2, the detector 10 receives a ?ash of 
re?ected light which produces the pulse P. The leading 
edge of the pulse P is substantially vertical due to The 
instantaneous ?ashof the light re?ected off the tip of 
the burr B. As the beam passes over the burr, the 
re?ected energy decays toward the null indicating that 
the beam has passed into the “shadow” at the right 
hand side of the burr B in FIG. 1. As the beam con 
tinues through the “shadow,” no signal is received or 
sensed by the detector 10 since the burr obscures any 
illumination re?ected from the impingement point of 
the beam within the “shadow." As the laser beam L 
emerges from the shadow at time t2, the detector 10 
again receives reflected illumination from the scanning 
path of the beam on the surface of workpiece W. 

It will be noted that the level of the illumination pro 
vided from the generally ?at surface of the workpiece is 
substantially less than the peak value of pulse P. This is 
due to the fact that the tip of the burr B produces a sub 
stantially stronger re?ection of the laser beam L than 
the illumination re?ected from the ?at surface of work 
piece W. If the laser beam L is scanned across a burr 
and onto the surface of the workpiece to-be examined, 
the initial ?ash of re?ected light from the burr may be 
used to trigger a timer as the‘beam traverses the tip of 
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4 
the burr. The emergence of the laser beam from the ob 
scured portion of the scanning path can also be de 
tected by photodetector 10 to stop the timer triggered 
by the pulse P. As indicated in FIGS. 1 and 2, the timer 
would be started at time t1 and would be stopped at 
time :2. It follows that 

As seen from equation 1 At is directly proportional to 
the burr height h,, and therefore the measured time in 
terval may be used as a direct measurement of burr 
height hb. 
The measuring and logic circuits by which the 

scanning and timing functions can be performed are 
revealed in detail in FIG. 3. 
The laser beam L is produced by the beam generator 

14 which may be a'laser which produces a focused 
beam of coherent light. A saw tooth sweep generator 
16 is shown schematically connected to the beam 
generator 14 to cyclically scan the beam at a known 
rate from left to right as seen in FIG. 3. The beam 
would therefore cross over the edge containing the burr 
and move onto the upper surface of the workpiece W. 

It will be noted that the photodetector 10 is posi 
tioned generally behind the beam L as the beam sweeps 
from left to right so that the time relationship of the 
pulses received by the detector is as shown in FIG. 2. 
The sensitive axis 12 of the photodetector 10 will lie 
generally in a plane which is swept by the beam L. 
As noted above with respect to FIG. 2, the initial 

pulse of light re?ected off the tip of the burr B is sub 
stantially larger than the generally steady re?ected light 
level received from the surface of the workpiece W due 
to the beam L or other light sources. Since the peak 
value of the pulse is generally higher than re?ections 
from the ?at surface of the workpiece W, it is possible 
to establish a threshold level in the measuring circuitry 
which exceeds the general level of re?ected light at the 
workpiece surface and therefore prevents triggering of 
a timer unless a burr does exist at the edge of the work 
piece W. In other words, unless the initial re?ection 
from the workpiece W is a large pulse produced by a 
burr, the timer will not be triggered. For this purpose a 
level detector 18 having an elevated signal sensing 
level, indicated by the line s in FIG. 2, is used as a gat~ 
ing mechanism for timer starting pulses in conjunction 
with a bistable ?ip-?op 20 and AND gate 22. The out 
put of level detector 18 is connected to the “set” input 
of ?ip-?op 20 to turn the ?ip-?op on and the output of 

. the ?ip-?op is connected to AND gate 22. The simul 
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taneous appearance at AND gate 22 of a pulse directly 
from detector 10 and also from ?ip-?op 20 triggers 
AND gate 22 and produces an output pulse which 
drives shaping ampli?er 24 into saturation. It is, of 
course, assumed that the components are solid state 
components which respond so rapidly that the leading 
edge of the pulse P in FIG. 2 will correspond substan 
tially with the leading edge of the pulse from AND gate 
22 and saturation of ampli?er 24. The saturation of am 
pli?er 24 excites single shot multivibrator 25 and 
produces a narrow pulse which is conducted to the “ 
set" input of bistable ?ip-?op 26. At the same time and 
for reasons to be described hereinafter, the pulse is also 
conducted to a two-bit counter 28. The pulse received 
by ?ip-?op 26 turns the ?ip-?op on which produces a 
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signal at one of the inputs to AND gate 30. The second 
input to AND gate 30 is received from a clock pulse 
generator 32. Pulse generator 32 may be a multivibra 
tor which produces a continuous train of clock pulses 
at a pre-establish rate substantially greater than the 
sweep frequency of generator 16. With ?ip~flop 26 
turned on, the output of AND gate 30 is a reproduction 
of the clock pulses from generator 32 and these pulses 
are fed to counter 34. Counter 34 may be a standard 
digital counter connected to a resetable display device 
35. 

Summarizing brie?y, it is apparent that the leading 
edge of the pulse P shown in FIG. 2 triggers AND gates 
22 and 30 to allow clock pulses from generator 32 to 
operate counter 34 and display device 35. In addition, 
the initial pulse turns bistable ?ip-?op 20 on so that 
subsequent re?ections received by photodetector l0 
and above the threshold level of the detector 10 and 
AND gate 20 will pass directly to ampli?er .24 whether 
the higher threshold of level detector 18 is reached or 
not. The initial pulse also is received by two-bit counter 
28. 
As the laser beam L continues to scan over the burr 

B and into the shadow region, the signal output of de 
tector 10 drops back to the null condition as indicated 
in FIG. 2. This assumes that the ambient light level is so 
low that the detector is not responsive. At time :2, the 
laser beam L emerges from the “shadow” in FIG. land 
produces the detector signal shown in FIG. 2. The level 
of the signal at the time t2 is the general signal level of 
re?ections from the ?at surface of workpiece W due to 
the beam and is also sufficient to saturate amplifier 24 
as the signal is transmitted directly through AND gate 
22 from detector 10. The saturated output of ampli?er 
24 fires single shot multivibrator 25 which again pulses 
two-bit counter 28. The second stage output of counter 
28 is turned on and is connected to the reset input of 
bistable ?ip-?op 26. Flip-?op 26 is shut off by the 
second stage count and gates circuit 30 off to terminate 
pulsing of counter 34. Since the response of the com 
ponents is substantially simultaneous, counter 34 is 
shut off at time :2. The count on the display device 35 at 
this point is therefore the difference between time t, 
and time :2 equal to At. 

Since the display on device 35 is equal to At the dis 
play is also proportional to burr height, h,,, as indicated 
by equation 1. Of course, the count itself may be used 
as a direct reading of the burr height in an arbitrary set 
of units. 

Since it is desirable to examine the workpiece along 
an entire edge, the workpiece can be mounted on a 
table moving transversely of the beam sweep path while 
the sweep generator 16 continuously sweeps the laser 
beam L back and forth across the edge of the work 
piece under examination. With such a continuous 
operation, it is necessary to reset the components in the 
measuring and logic circuit 11 at the end of each sweep 
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cycle. For this purpose, differentiation circuit 36 60 
receives the saw tooth sweep signal and triggers the 
resetting pulse generator 38 at the termination of each 
sweep cycle. Pulse generator 38 may be a single shot 
multivibrator which, in response to the leading edge of 
the pulse from differentiation circuit 36, generates a 
single output pulse having a relative short pulse width. 
The output pulse from generator 38 is applied to the 
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“reset” input terminals of bistable flip-?op circuits 20 
and .26. It ‘will be noted that ?ip-?op 26 may already 
have been shut off by the second stage output of 
counter 28 at time :2; however, the pulse from genera 
tor 38 is also supplied to the reset input'to insure that 
the ?ip-?op 26 has been reset for a subsequent sweep 
of the beam L. 
The pulse from ‘generator 38 is additionally con 

ducted to the two-bit counter 28 and display device 35. 
In each case, the ‘pulse resets the counts to zero for a 
subsequent sweep of the beam. With the ?ip-?ops 20 
and 26 of the counters .28 and 34 reset, the system is 
returned to its initial condition in preparation for a sub 
sequent sweep of the beam. 

It will be realized that from the above circuitry, the 
beam will continuously sweep back and forth across the 
edge of the workpiece W and produce a count 
representive of the height of the burr B at points along 
the edge. The sweep rate of generator 16 is low com 
pared to the pulse rate of generator 32 and permits the 
count on display 35 to be observed or recorded. It may 
be desirable to record the count on a strip chart 
recorder and at the same time record information in 
dicative of the location of the burr along the workpiece 
under examination. It will also be understood that the 
burrs being detected may be displaced inwardly from a 
sharp, burr-free edge of the workpiece and the system 
will operate in substantially the same manner as 
described above. 
While a preferred embodiment of the burr detecting 

equipment has been described and shown in the 
drawings, it will be understood that various modi?ca 
tions and substitutions can be made to the speci?c 
components without departing from the spirit of the in 
vention. For example, it will be readily apparent to 
those skilled in the an that the beam may be caused to 
sweep from right to left as seen in FIGS. 1 and 3 and the 
time At would not be varied. Of course, appropriate al 
terations of the measuring and logic circuit would be 
made to trigger and cut off the timer or counter 34 in 
response to the signals produced by the output of de 
tector 10 in reverse order to that presented in FIG. 2. It 
may be feasible in certain instances to hold the beam 
stationary and translate the workpiece cyclically under 
the beam. Although a laser beam is shown and 
described as the scanning beam, other light beams such 
as that from a zirconium arc lamp may be used with 
similar results. In general, the laser beam is preferred 
because a laser produces a bright, small spot ap 
proaching a point source which is desired for accuracy. 
The present invention, therefore, has been described in 
a preferred embodiment by way of illustration rather 
than limitation. 
What is claimed is: 
1. Apparatus for detecting burrs on a surface com 

prising: 
means for generating an illuminating beam; 
means connected to the generating means for 

scanning the beam at a known rate along a path 
across the surface to be inspected; 

illumination sensing means for detecting diffuse illu 
mination re?ected from the path on the surface 
swept by the illuminating beam, said illumination 
sensing means having a directionally sensitive axis 
in a plane scanned by said illuminating beam and 
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at an acute angle to the surface scanned by said il 
luminating beam whereby light from said illu 
minating beam may be obscured from said sensing 
means in a region on said surface behind a burr on 
the side of the burr removed from said sensing 
means during part of the scanning of said beam 
across said surface; and 

measuring means connected to the illumination 
sensing means and responsive to the signals from 
the sensing means for measuring the interval 
between successive re?ections detected by said 
sensing means from the path scanned by the beam. 

2. The detecting apparatus of claim 1 wherein: 
the measuring means includes a level detecting 
means connected to the illumination sensing 
means and having a ?rst preselected vthreshold 
level rendering the measuring means selectively 
responsive to re?ected illumination. 

3. The detecting apparatus of claim 2 wherein: 
the measuring means has a second preselected 

threshold level less than the ?rst threshold level of 
the level detecting means; and 

the measuring means includes switching means con 
nected with the level detecting means for render 
ing the measuring means operative at either the 
?rst or the second threshold level. 

4. The detecting apparatus of claim 3 wherein: 
the switching imeans is connected to the output of the 

level detecting means and responsive to the output 
of the level detecting means for rendering the mea 
suring means operative at the second threshold 
level as a function of the output of the level detect 
ing means. 

5. The detecting apparatus of claim 1 wherein: 
the beam generating means is a laser beam genera 

tor. 
6. The detecting apparatus of claim 1 wherein: 
the scanning means scans the beam at a known rate 
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8 
from the edge of the surface to the path along the 
surface; 

the illumination sensing means is a photodetector 
positioned behind the beam with respect to the 
direction of scanning and with the directionally 
sensitive axis directed toward the scanning beam. 

7. The method of inspecting a surface for burrs com 
prising the steps of: 

generating an illuminating beam; 
sweeping the beam across a surface to be inspected 

at a known rate along a path on the surface; 
detecting, in a plane swept by said beam and at an 

acute angle with respect to the surface, illumina 
tion diffusely re?ected from the path on the sur 
face swept by the beam whereby light from said il 

' luminating beam may be obscured from detection 
at said acute angle in a region on said surface be 
hind a burr during part of the sweeping of the 
beam across the surface; and 

measuring the interval between successive detected 
re?ections from the path. 

8. The method of inspecting according to claim 7 
wherein: 

the step of measuring includes measuring the time in 
terval between a re?ection from a burr on the sur 
face and a subsequent re?ection from the path‘ 

9. The method of inspecting according to claim 7 
wherein: _ _ _ 

the step of generating includes generating a focused 
laser beam. 

10. The method of inspecting according to claim 7 
wherein: 

the step of measuring comprises measuring the time 
interval between successive detected reflections 
above preselected threshold levels, the threshold 
level for the ?rst of the re?ections being greater 
than the threshold level for the succeeding re?ec 
tion. 


