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OPTICAL ALIGMNMENT 8YSTERM
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t of time to accurately
mh aven though the work.
w aﬁ the conclusion of
fter there is no as-
Home ired toleran
mrmaﬂy be no readily apparent mdaﬂ"ssa 7
¢ movement of the workpiece.
it iz now pmpme@ to provide means for positioning a
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workpiece which will overcome the foregoing dﬁﬁmlmx
More particularly, it is proposed to provide means which
will w@mfwiwaiw sense any displacement of a work-

)ﬂ@ A

pi from a predeter 4 position and will ammmhw
cally Aep%mm the member so as to maintain it ac
curately positioned. More particularly, this is to be ac-
compl lished by smvﬁding o reflective target on the work-
piece together with means for projecting a light pattern
onto the target veflector and means for sensing any dis-
placement of the reflected light pattern. In addition,
means may be provided that will reposition the work-
picce such that the displucement of the reflected light
pattern and, therefore, the displacement of the work-
piece will be reduced to less than a predetermined mini-
.

These and other features and advantages of the pres-
ent invention will become readily apparent from the fol-
lowing specification and drawings wherein like reference
numerals refer to like parts and wherein:

FIGURE 1 is a side view of a positioning system em-
bodying one form of the present invention;

FIGURE 2 is an isometric view, with pomong thcreof
broken away, of & projection means employed in the sys-
tem of FIGURE §;

FIGURE 3 is an end view, taken substantially from
the plane ling 33 in FIGURE 1 and looking in the di-
rection of the arrows thereon, of a portion of the end
of the workpiece of FIGURE 1,

FIGURE 4 is a cross-sectional view, on an enlarged
scale and taken substantially in the plane of line 44
of FIGURE 2 and looking in the direction of the arrows,
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tically, In addition, means may be
either pair of jacks 18 and 20 to irrav 1
2% and 24 for alizning the tooling rings 14 ap
horizontal direction

The positioning sysmn" inclades one o
38, one for each end of the wmhﬁxw
instence. Each projector 3@ Iz effect
beam 32 of light along the main optical axi @ pm»
jector and onto a reflective target 34 moun &«:E on the
workpiece 12 for returning a beam 36 of tight back o the
projector 30. The projecior ZW whic] fw?'xm o be
mounied on the stand I8 adjacent to i

cludes an elongated cylindrical barrel

source such as an incandescent lamp
cent one end thereof. A reflector 42 and condensing lens
44 may be positioned adjacent o the lamp 40 for forming
the light therefrom into a beam of focused light.

A shutter 46 may be disposed adjacent to the con-
densing lens 44 and in substantial alignment with the fo-
cused beam so as to form the beam into a predetermined
pattern,

The shuiter 46 comprises an opaque disc
an opening therein that corresponds to the patiern that
it is desired to be employed. Although o wide variety of
patterns may be employed, in the present instance the
paitern consists of a dark background with a radially ex-
tending slit 52, The shutter patiern rotates about s
center which is substantially coincident with one end of
the slit 82 and the main optical axis of the Instrument.
Accordingly, the present shutter 46 includes an opaque
portion 47 with a radial slit 52 of relatively narrow widm
that has the inner end thereof disposed on the longituding

i in the

47 that has




axis of the 1
rotate, a subsg
connected thereio
train 55 30 the
of one revoly
fa'\‘ay m wmﬂ

¢ the disc 47
sonsiant agi.cd motor 54 may be
y means of a speed-reducing gear
the shutier 46 will revolve on the order
iion per secovad. In addmon, an encoder 56
; 50 «u Lo provide o

lar posi
ihe mquized omputs are wimin the
Jihe-art and are ca aabc m’ afurjmg

be pmm@ ui in the
anifermly iluminated: image
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an amount that is a fusction of
anis of the reflector 34 is displaced
w1 3%, For example, the reflector 34
ism having three reflective
mg@m m sach other. Such
i baa:k m a dimcmm
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the reflector mxh wwpem to ﬁlﬁ%ﬂ@n 0£ t"‘
hsf%wma beam. Ity

ui thus be seen that any displacement
' the reflected beam 36 will be a function of the lateral
lacement of *m workpiece and will be independent
fihe anguler displacement or skewness of the workpiece

e, such as & plane—or g concave
m,mpm‘md if an angular-rather than a
to be sensed. Different reflectors
bination to sense both Jateral and

iine imt is w?@w
o the original

; carry 36 will be inci
ihe two jenses 58 and 60 so as to pass there-
These lenses 88 and 60 will form the pattern in
1 36 into a sharp image or spoke 48 in
ane of the lenses. In order to determine the
and/or |Juspmceemeni of this image, a sensor
L isposed in this plane, Since this plane
incident with the shuter 46, it has
’e te place the sensor unit 62 in the

f an arm 64 that projects laterally from the side of
?m, b&rrm 38, A beam splitter

such ag a partially re-
stive mirror may be disposed in the barrel so as to direct
a portion of the refected beam 36 onto the sensor unit 62.
‘ih@ugh the sensor unit €2 may be of any suitable
iety, it iz particularly adapted to sense the light pattern
it is directed thereon, In the present instance the unit
62 Tncludes o plurality of photoelectric cells 72, 74, 76
and 78 that will be effective to produce an electrical out-
put signal that is a function of the intensity of light that
is incident thereon. Sensor unit 62 is circular and the four
photoelectric cells are arranged in a cruciform pattern
about the cenier of the sensor unit. The cells are each
positioned 90° apart and an equal distance from the cen-
ter of the sensor unit. The sensor unit is positioned such
that its center coincides with a second optical axis (in-
dicated by line 32°) of the projector. This second optical
axis is normal o the main optical axis of the projector
which coincides with line 32 indicating the projected light
beam.

Although it is possible for an operator to manually ad-
just the jacks 18 and 20 so as to insure all the pulses
from the photocells 72, 74, 76 and 78 being equally spaced,
it 1s desirable for means to be provided that will auto-
matically and continuously maintain the workpiece 12 in
position, Accordingly, cach of the photocells 72, 74, 76
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In order to employ the present invention [

ng the workpiece 12 properly centered in a
pi}satzm, the first step {5 to mount ¢

on one or both snds of ¢ ;
34, which is a iribedral prism, is mous

axis is precisely located in a predetermined |
with respect to the workplece 12, The workpi
then be seated in the tooling 'rmgs 14 and 16 w tim
desired @“pemtnm‘z may be performed therson. :
workpiece 12 is gmpwly seated in the tooling
and 16, the jacks 18 and 20 may be ﬁdmniiy ssted
if necessary, buth vertically and horizontally, so a,hﬁi the
workpiece 12 is approximately mcmed in the d 5051
tion, The lamps 40 in the projectors !
f:m 50 ihm ah“ \\%m M @{ iam*z 3y

ihe

mozkpm“‘* 12 hag bem pﬁa ed i in mgﬁ”
these beams 32 of light will be incident
tive targels 34 so as to be reflecizd back C{) the pro
30 s0 mm at least a 4 po; tion of the paltern in
will be focused onto the sensor unit 62, .

Nmmm&v the reflective targsts 34 will initially be dis-
placed somewhat from the desired position. As g result,
the beam 32 of light will not be coincident with the axis
of the reflector. As a consequence, the reflected beam 38
of Yight will be returned upon a path that is parallel 1o
the incident light but is laterally displaced therefrom in
the divection of misalignment and by an amount that is
a function thereof, The displacement of the beam 36 will
be independent of the angular alignment of the reflecior
34 and will be solely dependent upon the lateral position
thereof. The reflected beam 38 will be incident upon the
lenses 58 and 60 and so will be focused ont» the sensor
unit 2. ’

In the event the projected beam 32 has a pattern that
comptises a radial spoke of light rotating about the main
optical axis of the projector it is obvious that the reflected
beamn 36 will have a like pattern, The reflected patiern
will have an axis of rotation that coincides with the main
optical axis of the projector when the workplece is in
aligament. However, if the workpiece is out of alignment,
the axis of rotation of reflected beam 36 will be dis-
placed from the optical axis by an amount dependent upon
the degree of misalignment. The reflected rotating pattern
is deflected at a right angle by beam splitier 66 so that
a rotating spoke of light 48 falls upon the face of sensor
unit 62. Spoke 48 will, depending upon the alignment
of the workpiece, either rotate about optical axis 32 or
displaced axis 36’. If the deflected pattern is displaced
from optical axis 32" then spoke 48 will rotate about end
50 thereof. As this spoke 48 sweeps across one or mors
of the photocells 72 to 78, the photocells will generate
pulses. The time of the beginning of the pulses will cor-
respond to the time the leading edge of the light in the
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at equal & ime intervals. However, if thc axis Qi ‘L‘%‘@ rota-
tion is displaced as shown in FIGURE 4, the spoke in
will sweep across the photocells at un m‘i angula
vals and the encoder pulses w&x indicate mequa}
More particularly, t.;. i i
[ T4 wiH b{: o. .

k=

mgies.

T2 a

-
a

Ve, &%,
pu E 565 m provide a
ting the encoder 84 and
the computer may

signals on the
98 wil i th acmaﬁe the jacks 18 20

ling rings 14 and 16 into 2
f the pulses will be equa% v quc ?
et 34 will have ¢

i n;‘mlr mat the v

SOrTE- cfa} Ev@:m splitter means m
vattern and the compuler means for deflecti ing Mzﬁé re

PG v e the jacks 18 and 28 so onto
ag t mex e ic‘* i3 éi‘ ired Jocat s co

8 L0
an elecivic

bl
>

&l

the position
signals that

Lm.um mf;z is ind
i between the

L {0 said op-

%’:E’ dim Luﬂ)SHlH
the main
ard the (b)Y said ¢

cal means includi
means for projec

W iece a light heam pattern ha he form 85 3
of a radial sector of light that rotates about a riphery thereof.
first optical axis of the instrument means, 4. An alignment system for

(2) rmeans mounled on said workplece f@r e of a large cylindrical body, said s
flecting the light beam pattern back to said in- {a) an optical means for continu
strument with the radial sector of light rotating 60 position of the body and ge
about a first axis of rotation that normally co- ‘that indicate the position thereof;
incides with the first optical axis, said first axis (b) computer means elecirically con
of rotation coinciding with the first optical axis tical means for receiving sl

when said workpiece is in alignment, but being means and generating error sign
displaced therefrom when said workpiece is out 08 to;
of alignment, {c) adjustable support means su npmww satd body th
(5) beam splitter means mounted in said instru- are actuated by the error signals from said computer
ment for deflecting said reflected light beam pat- means to maintain the position of said body;
tern along a second axis of rotation normal {d) said optical means including:
to the first axis of rotation of said reflected 70 (1) an optical instrument positic
light beam pattern. body,
(4) a plurality of photoelectric means mounted in (2) a light source mounted in said i

said instrument and positioned in 3 circular ar- projecting a beamn of light towa
ray whose center coincides with a second optical {3) an opague disc having a radi
axis normal to the first optical axis of said in- 7 therein, said disc being mounied for
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about its center and posilioned between said
light source and said body; whereby, during op-
eration of said instrument a light beam is gen-
erated having a pattern in the form of a sector

8
when the hody is properly positioned but at
unegual time intervals when the body is out of
position, said photoeleciric cells each generating
an electric signal when illuminated, '

of light rotating about an axis that coincides (8) encoder means coupled to said rotatable disc
with the center of said disc and a first optical and interrogated by signals from sald photo-
axis of said instrument, , electric cells for providing an electric signal
(4) lens means mounted in said instrument and indicative of the instantaneous angular position
positioned between said disc and said body for of the reflected image of the slit formed in said
forming a sharp image of the sector of light 16 . disc, the signals from said photoslectric cells
formed by said disc, e and said encoder being fed to said computer
(5) reflegbing means mounted on said body for means which in turn generates the error signal
reflectig ithe:@gg;ﬁmjected light beam pattern back “to actuale said adjustable support means when
toward said ptical instrument, said reflected repositioning of the body is indicated,
light beam patiern rotating about a first axis 15

of rotation which coincides with said first optical
axis when said body is properly positioned, but
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