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® | aw Two: A robot must obey orders given to it by human beings, except where such orders
would conflict with a higher order law.
® | aw Three: A robot must protect its own existence as long as such protection does not conflict

with a higher order law.
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The present invention relates to the automatic opera-
tion of machinery, particularly to operable

ials handling and to control
apparatus suitable for such machinery. The invention
will also be seen to have certain related method aspects,
In view of the main objective, the followi is

o

0

2

not  heretofere been met  with flexible  program-
ming. The art of article transfer machines has been
identified persistently over the years with motions pro-
duced by operating cams or, more recently, by limit
switches that can accomplish certain few operations, yet
nothing short of manual control or direct hand transfer
has been devised 1o scrve where real versatility is re-
quired,

Universal automation, or “Unimation,” is a term that
may well characterize the general object of the invention.
It makes article transfer machines available to the factory

addressed particularly to the handling of materials. How-
ever, certain of the novel features disclosed will be rec-
opnized as having more general application. o

A broad object of the present invention resides in t_hc
provision of article transfer apparatus having versatile
program control means, .

From the carliest years in the mechanical handling of
articles there have been but two types of machine con-
trol: cam control and manual contral. Article handling
by manually controlled hydraulic or electric or otherwise
powered machines is found for example in eranes for the
transport of heavy objects from a first location in & fac-
tory to other locations. Instances of cam mnl.n_al_an
commen, as in the transfer of articles from one unit in a
system of conveyors to another conveyor unit.

a
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and for aiding the human operator in a way
that can be compared with business machines as an aid
to the office,

In applying one feature of this invention, for making
a universal, automatic article transfer machine, the article
transfer head (whether it takes the form of jaws, a suc-
tion gripper or other comparable article-handling tool)
is moved by a mechanical power source through a se-
quence of strokes whose lengths and directions are deter-
mined by a program controller. Where severa) different
motions are involved, as lifling and swinging and twist-
ing, each ind dent motion is ordinar lled by
its own track of an organized program comrol.  Usually
seizing and releasing operations of the transfer head re-
quire 1o more than a simple on-off control. But whether
controlled for proportional clesing or for close-and-open

Manually controlled article handling -t
well as article transfer by the unaided workman, have the
highly desirable property of being most flexible, bea'ns_l:n-
stantly adaptable to each new set of operating require-
ments; but such manually controlled equipment or actual
manual handling entails the high cost of operating man-
power. It is exceedingly wasteful of precions manpower,

under the i ion where the ion is of a
type that is any way repetitious. .

Cam control of repetitious operations is quite commaon
in d applications; but cach application involves
such high cost and it involves such specialization that only
large-volume specific tasks are mechanized through cam
control.

The present invention makes available for the first time
& more or less general purpose maching that has universal
application to a vast diversity of applications where cyclic
control is to be desired; and in this aspect, the invention

a5
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s this, too, is ‘with the transfe
tion controls in the program controller,

An especially desirable form of program controller
combined with the transfer mechanism 1o be controlled
represents a further feature of the invention. According
to this concept, the transfer mechanism operates the trans-
fer head (or a sub-carrier of a mechanism that dircetly
carries the transfer head) and at the same. time it displaces
& position detector o position representing device; and
the position detector is compared through a feedback loop
with the program controller, until the position detector
of the transfer head is displaced jnto coincidence or
matching. Various forms of position program
controllers and comparison detectors may be used in ac-
complishing the more general objects of article transfer-
ring. Positive and Precise orientation may be achieved
in accordance with a further aspect of this invention, by
adopling a code for each signi dis-
crete position of the transfer head. In this system, coded

P

many results, It elimil the
high cost of specially designed cam Ted rimeh
it makes an automatically eperating machine available

where previously it may not have been cconomical to
make such a machine with cnmx:uu'oued. specially de-
signed parts; it makes possible volume manufacture
of universal automatic machines that are readily adapt-
able to a wide range of diversified applications; it makes
possitle the quick change-over of a machine adapted to
any particular assignment so that it will perform new
assignments, 45 required from time to time, It can be seen
that cyclically operated machines b
manually can now be made automatic; and universal
transfer machines can be supplied and adapted readily
for special applications of the purchaser, and the pur-
chaser, in turn, can stock such machines which he can
adapt quickly and easily to new requirements from time
to time,

In applying the invention, program techniques known
in certain other arts are applied for the first time to article
transfer machines and adapted to meet special require-
ments of such machi P; i have
lonu;bemkmwn,asinwminsnndknjuing chil

&0

65

5% on the program controller are compared with
coded clements in the position detector. Coded elements

effective in sequence when the transfer head is
moved, and the head may stop or continue moving &t an
Emgzu to the previous path when coincidence of the codes
is detected in the program controller and the position rep-
Tesenting means. As a specific feature of the invention,
this Position representing means advantageously comprises
A4 sensing element cooperating with a stack or row of
unique long and thin combinational code elements, where-
in cach element extends across the row, and each comt-
binational code element is sensed by as many sensing
clements as there arc bits in the combinational code.
The combinational code elements are sensed in succession
as the transfer head travels.

The code could be eatirely arbi
cial advantage where each bi
the numerical value of its rank in the sequence. Thus, a
different member may be assigned to cach g inch dis-
placement of the transfer bead; and the first Y4 pesition
may be represented by the code for “1%; the second 4y

be

rary; but there is spe-
i code

a5 an example, and in automatic machine tools. In
spite of this, the routine job of transporting one article
after anpther from a supply point to a delivery point has

] J

YiUgUA Unimate
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1IN 1.9

may bymecodcfar"z";andnsmny
many coded elements will be used as there are Mg inches
in the range of motion of the transfer head. This Yig inch
dimension is naturally only an example of a significant
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