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7 Claims.

1

This . invention relates to gunnery training,
particularly to gunnery training which involves
the projeetion of target images on a screen while
a dummy gun is aimed and fired at the target
and the-accuracy of aim is indicated with the aid
of: & control-frame or band operatively associated
with the dummy gun and the image projector;
and hgs for an object the provision of improve-
ments in this art. This invention relates partic-
ularly to a. control band adapted to be used in a
gunnery trainer. Reference is made to the co-
pending application of Fred Waller, Willis Robert
Dresser and” Henry Martyn Baker, Serial No.
415,374, filed October 17, 1941, now Patent 2,406,-
574, issued August 27, 1946 for a complete dis-
elosure of a gunnery trainer of this type.

In the aforementioned Waller et al. applica-
tion, there is disclosed a form of apparatus where-
int. - motion picture film band is run in a pro-
jector to cast moving images of a target on a
screen. The motion pictures having previously
been taken by a camera from the same position
as that normally occupied by an actual gun and
tHe dummy gun being located during projection
in approximately the same relative position as
was the camera, there is a realistic reproduction
of the conditions of actual gunnery. In the pre-
ferred form disclosed in that application, a num-
ber: of projectors occupying the same positions
formerly occupied by a like number of cameras
which made the pictures, project a mosaic of
matching pictures on a concave curved and pref-
erably spherical screen. A control band is run
in.synchronism with the picture projection band
or bands, either being made integral with the pic-
ture band or as a separate band. This control
band is provided with apertures which represent
the peosition of the target on the projection frame;
or more accurately, the position which the target
would oceupy when the projectile reached it
ttaking account of target distance and target and
projectile speeds); or still more accurately, the
hit-or impact spot of the projectile in the plane
or surface of target movement (taking additional
account of gravity, windage and other factors
which might throw the point of aim off the future
image of the target at the time of the hit). The
dummy gun is operatively associated with a co~
ordinately movable slide provided with an aper-
ture to indicate the point of aim, and the slide is
positionally associated with the control band in
such manner as to furnish an indication of a
hit when. the apertures in the slide and in the
eontrol band are in registry. By way of illustra-
tion, this hit indicating registry is announced by
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the passage of a beam of light. from a light source
through the registering apertures to a light sen-
sitive cell.

Other control bands, zones, apertures or indicia
are disclosed in the Waller et al. application; but
it is the aim-registering control band zone, aper-
ture, or indicia with which the present invention
is concerned.

One of the first considerations which underlies
the present invention is the fact that the co-
ordinate representation of the aim spot (which
might be the hit spot or the target image loca-
tion) requires g large amount of control band or
film: and this is particularly true because it
proved advantageous to double the vertical di-
mension of a frame of the control band for
greater accuracy of response and to provide space
for various control indicia. Film strip material
is expensive and an undue amount is troublesome
to handle and store. Moreover, there is consid~
erable shrinkage in film strip of the usual trans-
parent type and this is particularly troublesome
when it occurs longitudinally of the strip. Keep-
ing in mind that the pull-down mechanism of a
projector, such as the intermittent sprocket or
claw, is spaced by a distance of several frames
away from the frame which stands in the pro-
jection aperture at the gate, it will be realized
that the effects of longitudinal shrinkage are mag-
nified to throw the target image higher on the
screen than it was located originally before
shrinkage occurred. Correspondingly, the aim
spot on the control band will be altered, because
the control band is made of the same material
as the picture band and shrinks in the same sense
and by about the same amount between its pro-
jection pull-down mechanism and the exposure
aperture,

According to the present invention the disad-
vantages of vertical shrinkage in the picture and
control bands are substantially eliminated by con-
verting the vertical coordinate to a horizontal
coordinate. The film shrinkage is substantially
compensated for by forming the aperture which
represents the vertical coardinate at an ineli-
nation to the vertical. And accuracy is obtained
by using a longitudinal line at one edge of the
film as a guide or zerc index line from which the
length of a coordinate is measured. Inasmuch
as the edge of the film, or a line parallel to the
edge within the line of sprocket holes, is the
normal zero index line for the horizontal coordi-
nate, it thus becomes a multifunction index base;
that is, instead of having two index lines or ref-
erence bases, vertical and horizontal, there will
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be only one index line, vertical. Hence the condi-
tion is established where the horizontal and ver-
tical coordinates, which define the location of an
aim spot for a frame, are placed in adjacent hori-
zontal zones and are measured from the same
base line.

There is another difficulty which is caused
by film shrinkage and other factors. The major
factor, aside from shrinkage, is that the central
portion of the frame where the target most often
appears is not the region of greatest aim ac-
curacy when the horizontal coordinate is meas-
ured from one edge of the picture frame. The
present invention largely eliminates the error
here involved by taking the longitudinal median
line of the picture film as the line from which
the horizontal or azimuth movement is measured
in each direction. It is here assumed that a
single picture band projects the whole picture
on the screen instead of using a number of bands
to project a mosaic picture. More accurately,
the screen center line should be referred to. Thus
there are obtained two azimuth zones instead of
one.. These two zones are laid out on the control
band as parallel horizontal zones which are also
parallel to the horizontal zone for the vertical
coordinate of elevation just discussed above, and
measured from the same longitudinal edge or
bese line. Hence the condition is now established
where there are three parallel horizontal zones
which are employed to define the coordinate lo-
cation of the aim spot for a frame. Normally, of
course, only one of the azimuth zones will he
used at a time because the target or aim spot will
be located on only one side of the median line of
the film at any given time. In the case where it
is located on the median line, both azimuth areas
will be used at one time, each with g partial ef-
fect. An incidental advantage derived from the
present scheme is that each horizontal zone is
allotted the full width of the film, hence is in-
creased in length, whereby greater accuracy is
obtained. In the present example the azimuth
distance is doubled but there may be other de-
grees of change. One of the principal advant-
ages of the invention is that it permits the use
of very much simplified mechanism with the
control band.

The objects and advantages of the invention
will be more apparent from the following descrip-
tion of an exemplary embodiment of the inven-
tion, reference being made to the accompanying
drawings wherein:

Figures 1, 3 and 5 represent three illustrative
frames of targel film which respectively show
three target aim apertures, one in each view, to-
gether with a vertical median line and the loca~-
tional coordinates of each spot;

Figures 2, 4 and 6 are views of a control band’

according to the present invention, together with
associated mechanism, not a part of the inven-
tion, shown in dotted lines, showing how the
three aim spots are represented;

Fig. 4a is a view of the control strip of Fig. 4
shown apart from the associated mechanism, and

Figure 7 is a schematic view with legends to
explain the application of the invention.

Referring to Figure 1, there is shown a frame
of an illustrative target film band {0 on which
an aim spot or cross according to the former
scheme is shown, this spot being designated as A.
The vertical center line is shown in dotted lines
and referred to by the numeral I{. Measured
from the left vertical base line 13 and the upper
edge 12 of the frame, the coordinates of the point
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A are respectively V—100, H—{08. Measured
from the upper edge and the vertical center line
the cocrdinates are V—I100, HL.—1{00.

In Figure 2 the aim spot A of Fig. 1 is repre-
sented (although not shown as a point) on a con-
trol band 14 according to the present invention.
The base reference line or index line at the left
is designated as {5. The three horizontal bands
or zones in which apertures are to be placed to
represent the coordinates of aim spots are indi-
cated by dotted lines and designated from top
o hottom as HR (horizontal or azimuth to right
of center line, on picture film frame or projection
screen), V (vertical or elevation), and HL (hori-
zontal or azimuth to left of center line). The
indicia of horizontal distance to the left of the
vertical center line i1 of Fig. 1, here represented
by the two apertures 16 in the zone HL, is shown
and its value designated as HIL—100. Also its
value H—i99 is given. The indicia of vertical
distance downward from the base line Vo of Fig.
1, here represented by the two apertures {7 in
the zone V, is shown and its value designated
as V-—[100. All the indicia connected with any
given aim spot may be said to be located in a
single frame, though multiple projection means
may be used for each pause of the film band. The
transverse boundaries of a frame may, however,
bhe difficult to locate. A horizontal register line
2] for each frame is shown but this is for posi-
tional registry principally.

In Figures 3 and 4 for aim spot B, V—200,
H—280 or V—200, HL—8, HR—O0, the zones are
indicated as before and the indicia of horizental

; distance to the right of the vertical center line of

Fig. 3, here represented by a single aperture (8
in zone HR is shown and its value designated as
HR—0; the vertical indicia represented by two
apertures i9 in zore V is shown and its value
designated as V—200; and s single aperture 20
in zone HL is shown and its value designated as
HI—0. It will be noted that when the aim spot
falls on the center line, as here, there will be
apertures in all three zones, but the apertures for
the horizontal coordinate or azimuth (I8 and
20 here) appear only in half size, the two half
apertures together passing the same amount of
light as one whole aperture, and together with
the vertical coordinate aperture or apertures,
bassing enough light to register a hit if the
apertures of the gun actuated slides 22, 23 and
24, indicated in dotted lines, are properly located.
The slides 22 and 24 for horizontal coordinate
or azimuth are shown to be connected for move-
ment in opposite directions. The travel of each
is twice the width of the film strip, the aper-
tures moving between minus 200 and plus 200.

In Figures 5 and 6 for aim spot C, V—300,
H--300 or V—208, HR—{00, the horizontal zones
are against indicated as before, and the dual or
compound aperture 25 in zone HR is shown and
its value designated as HR—I20, and the dual
aperture 28 in zone V is shown and its value desig-
nated as V—300.

The apertures in the control band vary in width
to accommodate for different degrees of accuracy
in aim for different distances from the target,
the apertures in the slides, of course, remaining
the same, viz. the size of the smallest film
apertures.

The control film apertures in zZone V are in-
clined to the left at the top, hence if the control
film shrinks the apertures will be drawn down
toward the sprocket and toward the left index
line in the vertical zone V in which the cooper-



: chned s"‘de aperture ‘moves. The inclina-
5 ,of both ﬁlm ‘and slide apertures Thay.be,’ for
;example about .10 degrees. . The apertures in
the control band are longer than. the width of the
.gone V, here chosen 10’ be eaual in w1dth to the

Iength of the. apertures in, the slide 23 for. the
'vertical .component., of the aim_spot, so that
fhey. stlll span, the zone even thoucrh they are
pu]led down by shrmkage But the gunner will
-aim: hxgh because ‘the mcture pand has also
shrunk in length from its. pull- down sprocket to-
ward ;.fhe. erosure posltron or. gate by sub-
stantlally the same amount being the same kind
of film and made at about the same time. This

meang that the target ithage is nearer the hori-

zontal base line at the top of the projection screen
_ than it was made to be and when the gunner aims
“"high the vértical slide aperture will be positioned
nearer the common base line 15. It is therefore
in proper position to. rezister with the shrink-
age-displaced control band aperture and to give
a1 \

I;Sh“n kage of the control band also draWs the
- 0r1zontal or azimuth apertures down hut as they
“(are made over-length they strll gpan the Aone of
movement‘ of the azimuth slide apertures
But the ,orlzontal shr 1nkaee of the picture band

Flgure 7 shows scherlatwally how the “picture
and control bands.run in unison; how shrinkage
of the. picture band moves the object image up on
the ;Screen from Pr, or normal, to Ps, the shrink

! p051t10n and how the ‘control band shrinks cor-
respondingly to move down relative to the aper-

ture slides. Legends are applied to Figure 7
throughout so no detailed description of parts by
reference characters here is deemed necessary.

It is thus seen that by changing from one aper-
ture to a plurality of separately functioning aper-
tures, by transferring the elevational coordinate
from vertical to horizontal; and by inclining the
elevational apertures, very material advantages
in operation are obtained and simpler associated
mechanism is permitted to be used. The azimnuth
coordinate is multiplied by the factor two by
using two horizontal zones instead of one and
with them two apertured slides which move in
opposite directions. It may be multiplied by
different factors by different aperture and slide
arrangements. For example, there may be three
horizontal zones instead of two and for this a
single slide having three vertically and hori-
zontally spaced apertures to cooperate with aper-
tures in three horizontal zones of the control
band may be used. Or one slide with two aper-
tures and an oppesitely moving slide with one
aperture may be used with the three control band
zones. Other arrangements are possible. The
vertical coordinate or elevation is lengthened by
turning it horizontally. It may be further in-
creased by increasing the number of apertures,
as for the azimuth. It will be understood that
according to the former system the vertical co-
ordinate required a considerable length of film
and if the sensitivity was increased by increasing
the length of the vertical coordinate, much more
film was required. By the present system in
which all indicia are placed in horizontal bands
much film is saved and space is left for a number
of other control indicia.

Horizontal shrinkage is compensated for by
using one edge of the controil band as a reference
or zero line which may be run along an accurate

“fixed “of “adjustable’ edge gulde

"8/470.592

'_I'he cefiter’ of
the film where greatest accuracy i needed is How

B transposed 1n eﬁ"ect to the edge wheére greatest

aﬂcuracy 1s ob a1nable
Vert1ca1 Shrlnkage is further compehsated for

'by takmg the 1n1txa1 reference from the top ‘of

Cthe’ plcture band or prOJectlon imdge frame
”P1 evrously elevatron was Tredsured from’ the hot-

tom of the frame to obtain & true’ reference loca-
10
“apeltures wmch représented’ the aim’ spot’ or
'target 1ocat10n

ofl & franre for the smgle aperture or set of

Whlle ne embodlment has” been ‘déseribed it

",1s to be understood that the invention thay have

15

'_val ious errbodlments within the limits” of the
'prlor art and the scope of thé subjoined claims.

, We clarm a5 our invention:
1,7A%" an article of mmahufactire;'a control'band

" having a plurality of frames aoapted to be used

20. :

25 .1
zblies Tespectively represénting azimuth and ele-

in connectmn with a piciure band havmg ‘a plu—
ahty of " corlespondmg “fraives” carrying ~ the

;‘__’ mage of a target to be ﬁled upon, & fraineé of said
] \.OQLI'O.\ band being’ formed with irdicia’ compo-

nents such as apertures in ‘ohe or Thore-of & ‘plu-
ralit y of “séparately allotted parallel horrzontal

'Hvatron the indicia conibonents m ‘all of sdid zohes

together deﬁnvng ‘the positiofi of % siriglé aun spot
"; or ‘targef ‘on “the correspondmo Picture frame,
the indicia components of azimuth being defified
by vertlcal hnes and the indicia of elevatior be-

' ing défined’ by lihes which aré inclined’ to’the
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) vert1cal to cornpensate for shrmkage Of the band.

2. As an article of manufacture a control band
having a plurality of frames adapbed to be Used
in connection with a picture band having a plu-
rality of corresponding frames carrying the image
of a target to be fired upon, a frame of said
control band being formed with indicia com-
ponents such as apertures in one or more of a
plurality of separately allotted parallel horizontal
zones respectively representing azimuth and
elevation, the indicia components of all of said
Zones together defining the position of a single
aim spot or target on the corresponding picture
frame, the indicia components being defined by
generally vertical lines of a predetermined length
required by their normal function plus an allow-
ance for film band shrinkage.

3. As an article of manufacture, a control band
having a plurality of frames adapted to be used
in connection with a picture band having a plu-
rality of corresponding frames carrying the image
of a target to be fired upon, a frame of said con-
trol band being formed with indicia components
such as apertures in one or more of a plurality
of separately allotted parallel horizontal zones
respectively representing azimuth and elevation,
the indicia components in all of said zones to-
gether defining the position of a single aim spot
or target on the corresponding picture frame.

4. As an article of manufacture, a control band
having a plurality of frames adapted to be used
in connection with a picture band having a plu-
rality of corresponding frames carrying the image
of a target to be fired upon, a frame of said con-
trol band being formed with indicia components
such as apertures in one or more of a plurality of
separately allotted parallel horizontal zones re-
spectively representing azimuth and elevation, the
indicia components in all of said zones together
defining the position of a single aim spot or target
on the corresponding picture frame, the value of
each indicia component being measured by its
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distance from a common vertical base line extend-
ing across all of said zones.

5. As an article of manufacture, a control band
having a plurality of frames adapted to be used
in connection with a picture band having a plu-
rality of corresponding frames carrying the image
of a target to be fired upon, a frame of said con-
trol band being formed with indicia components
such as apertures in one or more of a plurality
of separately allotted parallel horizontal zones
respectively representing azimuth and elevation,
the indicia components in all of said zones to-
gether defining the position of a single aim spot
or target on the corresponding picture frame, the
indicia components of two or said zones repre-
senting azimuth and another indicia component
representing elevation, the value of each indicia
component being measured by its distance from
a common vertical base line extending across all
of said zones.

6. As an article of manufacture, a control band
having a plurality of frames adapted to be used
in connection with a picture band having a plu-
rality of corresponding frames carrying the image
of a target to be fired upon, a frame of said con-
trol band being formed with indicia components
such as apertures in one or more of a plurality
of separately allotted parallel horizontal zones re-
spectively representing azimuth and elevation, the
indicia components in all of said zones together
defining the position of a single aim spot or target
on the corresponding picture frame, the indicia
components of two of said zones when present
representing respectively azimuth on opposite
sides of a target frame center line and being

(%,
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defined by vertical lines on the control band, and
the indicia in a third or elevation zone represent-
ing distance downward from the top of a target
frame and being defined by lines which are gen-
erally vertical but inclined slightly from the ver-
tical, all distances being measured in the horizon-
tal zones from a base line extending across the
ends of the zones at one edge of the band.

7. A control band as set forth in claim 6, fur-
ther characterized by the fact that the zone of
elevation is located between the zones of azimuth.

FRED WALLER.
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