STRAIN MEASURING INSTRUMENT
FIELD OF THE INVENTION

The present invention relates to a strain measuring instrument
for use ih association with material testing machines, and more
particularly to an instrument for measuring any strain such as
elongation or contraction of & test piece in a non-coﬁtact manner with

the use of laser beams.
BACKCROUND OF THE INVENTION

It is known in the art to measure any strain involving
dimensicnal change occurring in a test piece through the observation of
a spectral pattern preduced on it when'iq is irradiated with & beam of
laser. For example, Japanese Patent Publication (allowed) No.59-52963
and No. 61-27681 disclose & non-contact method for measuring a strain
at & rezl timé by means of laser beams.

The common practice with the above-identified two known methods
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s that 2 laser beam is projected on a spot of & test'piece, and-
reflected light is converted by an image sensor info electric signals
depending upon the spectrsl pattern. Then the amount of displacement
of the spectrzl pattern is measured by seeking a function of
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displacement between the spectral patterns produced by the two laser
beams is obtzined. Alternatively, a single laser beam is prcjected on
the same spot and the reflected light is observed at two spaced points
so as to obtain a spectral pattern at each point of observation. Then

it is observed how the spectral patterns at these pcints are

differently displaced, and if any difference is found, the difference

indicates that a deformation of the test piece has cccurred. This
method is designed to cancel the datz about any translation contained in

the measured amount of displacement of each spectral pattern, and

retain the data about the amount of displacement at the lzser applied

spots.

Apart from the methods utilizing spectral patterns, there is
other metho¢ characterized b§ utilization of Doppler effect.

According to this method, two laser beams having éifferent

frequencies are projected on the same spo}§ on a test piece et angle 246

tn

Interference fringes are produced whose illuminating intensity i

1—
m
7]
[}
o]

modulated by a difference Af in frequency between the two

beams. If the test piece expands, the frequency changes from Af te AN

3

£ + V/d by Dopper effect, where V is the velocity of the test piece and
d is intervals between the fringes. When the laser beam has a frequency
of 1, d is expressed as follows: .

d = 3/2sin @

Bv subjecting the velocity V to time integration, the amount of

[
ot

iongation of the test piece at the laser applied spct is measured.
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shift of 360° is equal to one cycle d of interference fringes.

In this way, any elongation or contraction between two laser
applied spots on the test piece is measured.

However, a problem arising from the methcds utilizing spectral
patterns projected on a single spot on the test piece is that a local
elongation or contraction within the diameter c¢f the laser applied
spots may be wrongly accepted as representing the entire elongation or
contraction of the test piece. This means that if a crack occurs in
other place than the laser applied spot, this fact will not be
contained in the data, and therefore, the data obtzined by this method
becomes quite different from the datz prepared by the Japanese
Industrial Standard (JIS) with the use of an extensometer. This mekes
it @ifficult to achieve correlations between the t

The method utilizing two laser beams projected on a single spot
has & disadvantage in that the angle of incidence and the angle of
observation must be large enough to precisely messure z strain. As a
result, if the test piece is necesserily observed in the atmospheric
condition, tﬁe zpparatus must be provided with a large window or a
plurality of windows through which the test piece is.effectively
Observed. The method utilizing:Doppler effect
detects elongation (or contraction)-between theltwo spots but theé
distance therebetween is fixed irrespective of the pre- and post-
displacement. However, the Japanese Industrial Standard (JIS) requires
to measure elongation or ccntracticn produced betwesn two target points
which are set in accordance with the standards. This method can not

provide data which meets the data form by JIS.

SUMMARY OF THE INVENTION
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According to one aspect of the present inventicn, there is
provided a strain measuring instrument which includes a source of laser
beams for pfojectins laser beams conto two sSpots on a test piece, the
laser applied spots being spaced from each other znd aligned in a
direction in which a strain is produced in the test piece, image sensors
for receiving reflected lights from the respective laser applied spots
independently of each other so as to measure spectral pattern formed at
the respective laser zpplied spots, and an srithmetic means for
calculating the function of correlation between the spectral pattern at

o

each laser applied spot znd measuring the amount of movement of each

h
ct

1 SO &8s to Cetermine the amount of strain from the

spectral patter

a

difference between the amcunts of movement of the laser spplied spots.
According to another aspect of the invention, there is provided

strain measuring instrument beam comprising a source of laser beams

a
for outputting two laser beams having cifferent frecuencies in a coaxial
line, means for splitting the line of beams into & first beam and a
Second beam by their freguencies, a first carrier and a second carrier
both connected to independently opersble driver units so as to enable

~ &~

the respective carriers to independently move in parallel with a first

-spot and a secoud spot cn a test piece; & first optical system mounted

on the first carrier through which the first bezm is applied to the

first spot, and z second optical system mounted on the second carrier

through which the second bezm is applied to the second spot, a first



o~

to compare them with reference beat signals inherently generated in
accordance wWith the difference in frequency between the first beam and
second beam, thereby measuring the amount of displacement of the first

spot and second spot through the outputs of the phase shift detectors.
BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a block diagram schematically showing an example
embodying the present invention;

Figure 2 is a block diagram schematically showing a main portion
of the first example;

Figures 3(A), 3(B), and 3(C) are diagrammatical viewus
exemplifying a difference between the datz obtained under the present
invention and the data obtained by using a conventional extensometer;

Figure & is a block disgranm schematically shcwing another
example embodying the present invention; and

Figure 5 is a schematic view exemplifying the cperation of the

hown in Figure 4; and
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Figure 6 is a block diagram schematically showing & further

example embodying the present invention.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

Referring to Figure 1, semiconductor lasers 11 and 21 produce

—
n
n
0]
>y
o
M
o
n
Ly
m
i
Q,
es]
~
ji o
[)V]
<
Jre
3
[63]
[
s
y
-y
0]
v
M
3
ot
Yy
3
{®
Yo
ol
[
1
a
e
[44])
[ %]
4]
o1
[®)
Ke]
"3
O
[
M
(9]
ct
ct
oy
1)
=3
n
t



.t

780nm.

Reflected light or scattering light on and from the spots Py and
P, are converged on one-dimensional image sensors 12 and 22 located at

he same distance from, and at the same angles against the test piece

(<]

W, whereby spectral patterns on each spot are independently observed
and detected.

The image sensors 12 and 22, each consisting of a photodiode
array, are provided with band-pass filters 13 and 23 corresponding to
the respective freguencies. Thus, it is ensured that the image sensors
12 and 22 receive laser beams Having predetermined frequencies. The
outputs from the imege sensors 12 and 22 are digitized by an A}D
(analog/digital) converter 14 and 24, and placed into a memory of =z
computer 30.

The computér 30 successively measures a function cf correlation
between the outputs of the image sensors 12 and 22 through the A/D
converters 184 and 24, and the resulting data is processed in a known
manner Sc a&s to measure the amounts of displacement & ,, and & ,. of
spectral pattérn at the spcts Py and P, and a difference AA between
& ;, and A ;2. This differences AA represent the zmount of elongation
or contracticn of the test piece W between the tio Spois Py ancé P..
The differenges AL are displayed by an indicator 31 one after
ancther, or else may be plotted on &z plotter 32.

The amcunts A ;; and A ,, contain not only dataz about

displacement of the respective spectral patterns but also contain data

placement of the test piece W within the diameters of the
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Soots and a transiation thereof. However, by minimizing the diameters



displacement of the test piece W is canceled. As a result, the detected
difference AA can be accepted as purely representing a difference
petween the translations cf the test piece W at the laser applied spots
P, and P2. The indicator 31 and plotter 32 indicate elongations or
contraction of the test piece W as & whole data, which vary with time.
The use of the band-pass filters 13 and 23 is advantageous in
preventing the ambient light such as radiative light from influencing
the measurement of the test piece W having an elevated temperzture.
Figure 2 shows a main portion of the illustrated example,
characterized in that a laser beam output by a single semiconductor
Jaser 11 is used in &z time-sharing menner as beams B, and Bz sc as to be
ted onto spots Py and P, spaced by CGL on the test piece H.
More specifically, a movable reflecting mirror 41 is disposed in
the path of & laser begm output by the single izser 11 and & fixed

)
1

reflecting mirror 42 operable in associaticn with the

=2

cvable reflecting
mirror 41. The movable reflecting mirror L1 alternately takes first
and second positions by a driver unit Uiz controlled by timing signals
sent from a.ccmputer 30. Hhen taking the first position, the

reflecting mirror 41 allows the laser beam B; to pass through and

X

projects it ontc the spot Py on the test piece W. When taking the

second position, it reflects the laser beam B, and projects onto the
spot P, on the test piece W through the fixed reflecting mirror uz, In

this way, the laser beams B, and B. are projected at right angle onto



to the A/D converters 14 and 24. When the laser beam BE: is projected
onto the test piece W, the output of the image sensor 12 is read, and
when the laser beam B; is projected onto the test piece W, the cutput of
the image sensor 22 is read. In this way, the reflected lights on and
from the spots Py and P, are protected from being influenced by each
other.

Subsequently, as described sbove, a function of correlation
between the spectral patterns on the spots P, and P, are sought to
measure the amounts of displacement A ,, and A ;. Then, eiongation or
contraction over the distance GL (i.e. between the spots Py and P:) is
determined on the basis of the difference AA between A ,{ and A 2.

Since semiconductor is an expensive materizl, this embodiment is

eccnomically advantageous because of the use of a single laser
In the illustrated embodiments, it is possible to arrange that

the position of each spot E. or P, is jointly or severally zdjustable

n a mechanical manner. his is advantageous in that the user can set
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the distance CGL between the spots Py and F, in acéordance W
properties of‘test pleces. As a result, the apparatus can be applied
to various kinds of test pieces. -

Now, referring to Figures 3(4&) to 3(C), the measurement
according to the preéent invention will be compared with the
conventicnal method of measuring elongaticn:

Figure 3(A) suggests that the amount of displacementAA

obtainable from each example described above is an integral value of the
amounts of elengation of the test piece W teking plzce through the
8pots Py and P;:. In Figure 3{A), the spots P, and P; (in other worcs,

&Y » - 3 P . . -~ 7™ .
therebetween, irrespective of elongation whereas in Figure 3(E) the
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points of observation are displaced in accordance with the elongation
cf the test piece, which means that the distance GL tecomes elongated
which is expressed by (GL + an elcngated amount). The latter testing
practice adopted by the Japanese Industrial Standard (JIS) is clearly
different from the practice according to the present invention. The
amount of elecngationAA obtained in this way is an integral value of the
amounts of displacement of given points on the test piece W passing
through the laser applied spots in accordance with the elongstion of
the test piece W.

In order to compensate for the gap between the present invention
and the Japanese Industrial Standard (JIS), the measures cbfained under

itd

the present invention can be adapted to the definition of elongation

Let a micro-elongation percentage be ¢ o, and the micro-displacement

through the points of observation is expressed by:
X da sees(7)

The integrated elongstion percentages from 0 (zers) to g are

exﬁressed by:
GL
a’ = X da = gn(i+a) ceen(2)
CGL(1+a)

and o' is elongaticn percentzge obtainable under the present
ibvention, the ¢' 1is expressed by:
AR
EA— ra
a’ = cee e (3)
GL



The value g is obtezined from ¢', that is:
a’ = gn(l+a)

Therefor, a= ea! =1 eose (L)

The equations (3) and (4) are stored in the memeory cf the
computer 30, and AA is represented in terms of (GL x a ). In this
way, the adaptation to the JIS standard is effected.

In the illustrated examples, if the test piece W expands beyond
the diameters of the laser beam spots, the amounts of displacement can
not be measured. The following embodiment has overcome this
difficulty, which will be described by referring to Figure L:

The seﬁiconductor lasers 11 and 21 produce laser beams B, and Ba
having mutually different frequencies and project them onto the spots P
, and P2 spacéé by GL on the test piece W. Movable reflecting mirrors
51 and 52 are disposed Qgtween thg test piece W and the lasers i1 and
21. The movable mirrors 51 and 52 are set at cesired angles by mirrcr
driver units 51z and 52a which are controlled by the cqmputer 30.

The'image sensors 12 and 22 receive laser beams reflecting from
the reSpectiQe spots P, and P: through band-pass filters 13 and 23
corresponding to the freguencies of the laser bezms B, and B:. The

niA

utputs are digitized by the 4/D converters 14 and 24, and placed into

-

O

& memory of the computer 30 in which & function of ‘correlation betuee

=

the spectral patterns is obtained from the A/D converters 14 and 24
(steps 304&). In this way, the amounts of displacement of the spectral
patterns at the respective spots P, and P, are measured. In this
example, a reference value is previously set in the computer 30; for

example, the spot dizmeter of the laser beam can be set as & reference.



value, it drives the mirror driver unit 51a or 52z so &s to direct the
laser beams By and B, at another spots by & predetermined distance in a
direction in which the spectral patterns move. While the spectral
patterns move, the spectral patterns on the imege senscrs 11 and 21
change in position. Herein, the amount of displacement of the
spectral patterns should not be measured. Under this arrangement, if
the angles of the mirrors 51 and 52 are changed instantly as compared
with the speed at which displacement occurs in the test piece W, any
dimensional error can be ignored. The laser spots can fcllow the
movement (displacement) of the spots P, and P, occurring in accordance
with the elongation or contraction of the test piece W. In this way,
the laser spots can chase after the moving spots Py and P;. Thus, dats
about elongation or contraction to the form defined by the Japanese

&"

Industrial Standard (JIS) can be obtained without difficulty.
In the example shown in Figu?e L, if there i1s & need for
collecting data asbout the di splacereut of the test piece W occurring

while the laser spots are changed in position, two laser beams can be

proj ed on the spots one of which is moved with the other laser bean

being flxea. The amount of displacement of the spectral patterns

ornen by the fixed laser beam can be gathered as z desired data.
Instead of using the mirror driver units, the laser beams can be
moved by means of a support which supports the lasers and the image

Sensors,- and be moved &5 a whole by a feed screw or similar tools.

pcsitiorns. Bcceording to this method, a displacement between the
target spots on the test piece can be known directly from the amount cof



Py

The second example can be applied to a measuring method
utilizing Doppler effects which will be described by reference to Figure
6:

A two-freguency laser 63 is typically a He-neon laser utilizing
Zeeman effect which outputs two laser beams having different
frequencies in a cozxial coherent form as if they form a single beam.
The coherent laser beams are then split into a first laser beam and a
second laser beam by their proper freguencies by and through a calcite
crystai 62. The first and second laser beams are led to beam splitters
€32 and 63b. Prior to reaching the beam splitter 63z, the second laser

hrough a 1/2 frequency plate 80 so as to adjust its
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Portions of the beams reflecting on the beam splitters €3z and

[$3)

(o))

3b are converged by a first condenser lens 6L and projected onto
8 g a1

(]

%)

pot Py on the test piece W at angle 2 @ . The other portions of th

(]

beams passing through the beam-splitters 63a and 63b reflect on th
mirrors 652 and 65b, and after being converged by the second condenser

ens 66, are projected cnto a spot P, spaced from the spot P, by GL at

y—

A lens 67 and z first point sensor 68 are provi&ed on and aiong
each optical axes of the condenser lens 64 and 66,'énd a lens €9 and =2
Second point sensor 7C are provided on and along each optical axes of
the condenser lens 64 and 66. Light beams from the spots P, and P are

Fal

ected

s

received by the point sensors 68 and 70, respectively. The re

thershetween (difference in frequency), and outputs having waveforms

having zn intensity depending upen the intervals of bezts.
my . [ 3 s oo &
The output of tne first point sensor 68 is input to a first phase



shift detector circuit 71, and the output of the second point sensor 70

is input to the second phase shift detector circuit 72. Ezach phase
shift detector circuit 71 and 72 is provided with a reference beat
signals whose frecuency is equal to the frequency difference Af of the
laser beams output by the two-frequency laser 61. Each output of the
point sensors 68 and 70 is compared with the reference beat signal so
as to obtain a phase shift. The phase shifts against the respective
reference beat signals, represent values corresponding to the amounts
of displacement of the test piece W at the spots P: and P:.

In Figure 6, the reference numeral 73 denotes a carrier for
carrying the first condenser lens €5, the beam-splitters 63z and 63b,
the lens &7, and the point sensor 68. Likewise, the reference numeral
74 denctes & carrier for carrying the second condenser lens 656, the
mirrors 65%5a and 65b, the lens 6%, and the point sensor 70. The
carriers 73 and_?& are coupled to driver gnits 75 and 76 such that they

are independently movable in parallel with the spots Py and P, on the

test piece W. The driver units 75 and 76 are individually controlied
by a control circuit 77.
The first and second phase shift detectors 71 and 72 send

u

signals to the control circuit 77 which then drives the driver units 7

(&)

and 76 in accordance with the amount of displacement:of the spots Pi an
P2. In this wazy, each laser beam is enabled to follow the
displacement of the spots P, and F;. As the following methed, it is

™

DOssible to arrange that each time when the spots Py and P, moves by &



spots Py and P, is placed in an arithmetic circuit 78 together with the
outputs of the phase shift detectors 71 and 72. The arithmetic circuit
78 perferms as fcllows:

On the basis of the outputs from the phase shift detectors 71
and 72, the arithmetic circuit 78 calculates the amounts A and B of
movement of the spots Py and P2. In addition, it subtracts the amount
of movement D from the amounts A and B. If chases after the spot P
have taken place n times, the actual amount of movement of the spot P,

will be (nD + A), and if chases after the spot P, have taken place m

‘times, the actuzl amount of movement will be (mD + B). The arithmetic

circuit 77 calculates the amount of displacement (e.g. elongation cr

contraction) of the test piece W between the spots P; and P, wil

[ ]
o

e
expressed by:
(nD + A) — (wD + B)
The amount of displacement obtained in this way represents the
cﬁange in the distance betwean the original spots P, and P; previcusly

set befcre any strain is produced in the test piece W, ané is in accord

h the concept cf elon
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ion (or contracticn) prescribed by the

ct

Japanese Industrial Standard (JIS).



WHAT IS CLAIMED IS:

i. A strezin measuring instrument comprising:
& source of laser beams for projecting laser beams onto two
spcts on a test piece, the laser applied spots being spaced from each
o£her and aligned in a direction in which a strain is produced in the
test piece;

image sensors for receiving reflected lights from the respective
laser applied spots independently of each other so as to measure
spectral pattern formed at the respective laser applied spotsﬁ and

an arithmetic means for calculating the function of correlation
between the spectral pattern at each laser applied spot and measuring
the amount of movement of each spectral pattern sc &s to determine the

amount of strain from the difference between the zmounts of movement o
I Y

the laser applied spots.

2. The strain measuring instrument according to claim 1,
wherein the sQurce of laser beams is provided in pzir, each having a-
different frequency of outbut applied to different spots on the test
piece, and wherein each of the image sensors comprises & band-pass
filter for passing a light having a frequency corresponding to that

thereof.

3. The strain measuring instrument according to claim 1,

Wherein the source of laser bezms is z single unit, and & second optical

beam output by the source of laser beams alternately fo two speots on

R, 0 A A 1



in correspondence to the laser zpplied spots are alternately placed in
the arithmetic means synchreonously with the displacement of the laser
applied spots, and data about reflected lights cn and from the laser
epplied spots is used in calculating & function of correlaticn between

the amounts of displacement of the spectral patterns.

4, The strain measuring instrument according tc claim 1, 2 or
3, wherein the position of each laser gpplied spot is adjustable on the

test piece so as to adjust the distance therebetween.

5. The strain measuring instrument acceording te zny of the
a

m
o §
@

ims, further comprising means for caslculating
indicating the foliowing value:

when aw'}' is equal tc AA/CL, a = e* - 1
where A A is the difference between the amounts of movement of the
spectral patterns, and CL is the distance between the laser applied

spots.

6. A strein measuring instrument comprising:

2 source of laser beams for producing laser beams and projecting

them onto two spaced spots on 2 test piece, the laser zpplied spots
being aligned in a direction in which a strain is preduced in the test
Diece;

optical sensors for receiving reflected lights on and from the

respective laser applied spots independently of each other so as £o

K O L



the outputs from the opticzl sensors;

2 beam chasing means for enabling the laser bezms to chase after
tne movement of the laser applied spots; and

an arithmetic means for calculating the amount of displacement
of the test piece between the laser applied spots on the basis of the

results obtained by the displacement calculator and the beam chasing

means.

7. The strain measuring instrument according to claim 6,
wnerein the optical sensors are imzge sensors, and the cdisplacement
calculator determines the amount of displacement of the spectral’

1

patterns at the laser spplied spots on the basis of the outputs from

the image sensors.

e

m

8. The strain measuring instrument according to claim €,
wherein the beam chasing means comprises movable mirrors provided in
correspondence to the laser applied spots and driving means for moving

the moveble mirrors.

9. The strain measuring irnstrument according to claim €,
wherein the optical sensors and the beam chasing means are carried on
respective carriers each connected to independently operable driving

units.

70. & strair measuring instrumsnt beam comprising:
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2 source of laser bezms for prod

splitting means for separating the coherent beams intc a first
_17_
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beanr and a second bezm by their proper frequencies, a first carrier and
a second carrier each connected to independently operable driver units

S0 &as tc enable the respective carriers to independently move in

ct
n

parallel with & first spot and & second spot on a test piece;

a first optical system mounted on the first carrier through
which the first beam is applied to the first spot, and a second optical
system mounted on the second carrier through which the second beam is
applied to the second spot, a first point sensor and a second point

sensor both provided for receiving reflected lights on the respective

g first phase shift detector and a2 second phase shift detector
for receiving the outputs of the first point senscr and the second
pcint sensor, respectively, so as to compare them with reference beat

ifference in
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frequency between the first beam and second beam, thereby measuring the
amount of displacement of the first spot and second spot thrcugh the
outputs of the phase shift detectors.

11. The strain measuring instrument according to claim 10,

wherein the splitting means is a calcite crystal.
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