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United States Patent Office 3,205,569 
Patented Sept. 14, 1965 

1. 

3,205,569 
METHOD OF FABRICATING A PHOTOGRAPHIC 

APERTURE REGULATING DEVICE 
Hubert Nerwin and Warren Ferris, Rochester, N.Y., as 

signors to Eastman Kodak Company, Rochester, N.Y., 
a corporation of New Jersey 

Filed Jan. 10, 1964, Ser. No. 337,031 
3 Claims. (CI. 29-407) 

This invention relates to a device for regulating the 
effective size of a photographic aperture, and more par 
ticularly to an adjustable. diaphragm vane device and 
method of making such a vane device that is positionable 
in accordance with interaction between permanent mag 
net means and Solenoid means variably energized as a 
function of sensed illumination. 

It is an object of this invention to regulate the effec 
tive size of a photographic aperture by means of a simple 
device that is electromagnetically positionable. 
Another object of the invention is to reduce the manu 

facturing costs of a photographic aperture regulating 
device. 

Another object of the invention is to form a dia 
phragm vane means from a single piece of material. 
Another object of the invention is to eliminate the ef 

fects of hysteresis on an electromagnetic diaphragm vane 
adjusting mechanism. 
Another object of the invention is to position a dia 

phragm vane by means of an electromagnetic actuator 
that is non-linear in its response to sensed illumination. 
Another object of the invention is to regulate the ef 

fective size of a diaphragm aperture by means of a de 
vice that is reliable and accurate in operation, and to 
make such a device by a method that is simple and eco 
nomical. 
Another object of the invention is to eliminate the 

multiplicity of parts and reduce the relative movements of 
parts forming a diaphragm aperture size adjusting device. 
These and other objects of the invention are accom 

plished by forming from a piece of bendable material 
an elongated member having longitudinally spaced 
notched vanes arranged so that when the member is 
bent into a U-shape, the notched vanes overlap and 
form an adjustable aperture the effective size of which 
varies as a function of the overlap of the vanes. Such 
a U-shaped or equivalent diaphragm vane device is posi 
tioned by the magnetic repulsion between solenoid or 
coil means variably energized as a function of sensed 
illumination and permanent magnet means, no other 
magnetic material being present within the effective 
magnetic field of the solenoid means. 
will be more clearly understood by reference to the 
following description and the accompanying drawings 
wherein: 

FIGS. 1 and 2 show partially schematic, partially sec 
tioned front plan views of a diaphragm aperture adjust 
ing device according to the invention. 

FIG. 3 shows a partially schematic, partially sectioned 
side view of the device of FIGS. 1 and 2. 

FIGS. 4 and 5 show steps in the method of fabricating 
the diaphragm vane illustrated in FIGS. 1-3. 

FIG. 6 shows a plan view of an alternate vane con 
figuration suitable for a single piece diaphragm vane 
device. 

FIG. 7 shows a partially schematic, partially sectioned 
front plan view of a two-vane diaphragm aperture and ad 
justing device accroding to the invention. 
As shown in FIGS. 1-3, a U-shaped diaphragm vane 

member 10 has leg portions 11 and 12 integral with vanes 
13 and 14 that have respective notches 15 and 16 for 
regulating the effective size of photographic aperture 17 
as a function of the overlap of the vanes. The overlap 
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of the vanes 13 and 14 is in turn regulated by the posi 
tion of leg portions 11 and 12 of U-shaped member 10. 
U-shaped member 10 is supported in a holder 18 having 
an adjusting screw 19 for calibrating the overlaps of 
vanes 13 and 14. 
To incorporate the aperture adjusting member 10 into 

a photographic camera, holder 18 is fixed to the camera 
So as to position notches 15 and 16 over a camera taking 
lens aperture 17 for varying its effective size. To 
facilitate such an arrangement, camera taking lenses 
20-22 can be associated with aperture 17 as shown in 
FIG. 3. 
For positioning vanes 13 and 14 so as to regulate 

the effective size of aperture 17, a coil or solenoid 23 is 
in circuit with schematically illustrated light-sensing cir 
cuit 24 so that solenoid 23 is variably energized as a 
function of sensed illumination. Many well-known 
photocell circuits including unassisted selenium cells, 
photoconductive cells with batteries, and amplified photo 
cell outputs may be used as light-sensing circuit 24. 
Typically such photocells are arranged for accepting 
illumination from a scene to be photographed. 

Interacting with the variable field of solenoid 23 are 
two perament magnets 25 and 26 fixed respectively to 
arms 27 and 28 so as to extend into the hollow center 
of solenoid 23 as shown in FIG. 1 wherever solenoid 
23 is unenergized. Diaphragm adjusting member 10 in 
cluding legs 11 and 12 and arms 27 and 28 is preferably 
formed of nonmagnetic material so as not to be affected 
by the magnetic field of solenoid 23. Magnetic ma 
terial within the effective variable field of solenoid 23 
such as soft iron that is subject to the effects of hys 
tersis would introduce inaccuracies into the func 
tioning of diaphragm aperture vanes 13 and 14. In other 
words, such magnetic material would retain some residual 
magnetism after a cycle of operation of coil 23 depending 
on previous induced magnetism and thus would start each 
aperture regulating cycle with variable and unknown 
conditions of induced magnetism. This results in in 
accuracies in the positioning of vanes in response to the 
energization of coil 23. By eliminating from the effec 
tive magnetic field of solenoid 23 all magnetic material 
other than permanent magnets 25 and 26, the errors pro 
duced by hysteresis are eliminated. Permanent mag 
nets 25 and 26 retain their fixed values of induced 
magnetism so as not to be subject to any variation from 
hysteresis effect. Once the inaccuracies from variable 
magnetic reactions from hysteresis are eliminated, a sim 
ple device such as illustrated in FIGS. 1-3 can function 
accurately to regulate the effective size of aperture 17 
as a function of the illumination sensed by light-sensing 
circuit 24. 
The interaction between the variable magnetic field 

of solenoid 23 and permanent magnets 25 and 26 is one 
of magnetic repulsion. This has the advantage of posi 
tioning vanes 13 and 14, as a function of a non-linear 
response to sensed illumination. Since the magnetic field 
strength within the hollow core of solenoid 23 for any 
given value of energization is uniform from the center 
to the edges of the coil, and is strongest throughout such 
a Zone, magnets 25 and 26 react to the greatest repulsive 
forces available for the lower values of illumination and 
to relatively decreased repulsive forces for increases in 
illumination from higher values of light intensity. Thus, 
when sensed illumination is at low values, magnets 25 
and 26 are relatively strongly repulsed toward the ends 
of coil 23 and for intense illumination and relatively high 
energization levels of solenoid 23, magnets 25 and 26 
begin to withdraw from the ends of coil 23 and increased 
illumination produces relatively weaker increases in re 
pulsive forces. This is desirable for approximating the 
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log-linear conversion of sensed light intensity to mechan 
ical movement. 
Of course, the relative positions of solenoid and perma 

nent magnets could be interchanged. Thus, two hollow 
solenoids could move over the ends of a fixed permanent 
magnet. Also, solenoid 23 could be formed in two con 
nected coils and arms 27 and 28 could be located in an 
other position, for example, bent outwardly of legs 11 
and 2 for interacting with separate solenoid coils. Al 
ternatively, the solenoid could be fixed to one leg of mem 
ber 8 and a permanent magnet fixed to the other leg. 

In FIG. 7 is illustrated an alternative embodiment of 
the invention using two pivoted diaphragm vanes 30 and 
31 having respective falcate or sickle-shaped openings 
32 and 33 co-operating to define photographic aperture 
17 that is variable as a function of the overlap of vanes 
30 and 31. Vanes 30 and 3 are mounted for rotation 
about pivot points 34 and 35 respectively. Respective 
springs 36 and 37 operate to return vanes 30 and 31 from 
any deflected position to the position illustrated in FIG. 
7 in which vane openings 32 and 33 provide maximum 
effective size for aperture 7. Permanent magnets 25 and 
26, fixed respectively to vanes' 30 and 31, interact re 
pulsively with coil 23, and light sensing circuit 24 variably 
energizes coil 23-both as described above for FIGS. 1-3. 
One advantage of the diaphragm aperture adjusting 

member 10 illustrated in FIGS. 1-3 is that it can be manu 
factured from a single piece of material by an advan 
tageous method, steps of which are illustrated in FIGS. 
4-6. A piece of bendable and preferably non-magnetic 
material should be selected, suitable materials includ 
ing non-magnetic metals such as aluminum and various 
plastics. To make the diaphragm vane member 10 ill 
lustrated in FIGS. 1-3, the elongated member 10 illus 
trated in FIG. 4 is cut from a flat piece of bendable ma 
terial. Such member has leg portions 1 and 12 and vanes 
13 and 14 having respective notches 15 and 16. Arms 27 
and 28 also extend from leg portions 12 and 11 respec 
tively. Although arms 27 and 28, and vanes 13 and 14 
may extend from either or alternate sides of member 
10, it is preferred that vanes 13 and 14 extend from the 
same lateral side of elongated member 10 as illustrated 
in FIG. 4. 

Alternatively, vane 40 having notch 41 as illustrated 
in FIG. 6 may be substituted for the vane configuration 
of vanes 13 and 4 as illustrated in FIGS. 4 and 5. 

Right angle bends are formed at dotted lines 42–45 
or 46 that are located where vanes and arms project 
laterally from elongated member 10. Such right angle 
bends are made so that vanes 13 and 14 extend from 
the same face of leg portions 12 and 11 respectively as 
illustrated in FIG. 5. In such position vanes 3 and 14 
are coplanar in a plane normal to the plane of leg por 
tions 11 and 12. Arms 27 and 28 are similarly bent at 
right angles so as to project from the same face of leg 
portions 12 and 2, but, as indicated above, arms 27 and 
28 could be bent in opposite right angles so that either 
one or both of arms 27 and 28 extended in a direction 180 
rotational degrees from the direction illustrated in FIG. 
5. The determining factor for the bends of arms 27 and 
23 is the desired location and number of solenoids or 
permanent magnets. 
When the member, 10 formed as illustrated in FIG. 5, 

is bent into a U-shape as illustrated in FIGS. 1-3, vanes 
13 and 4 overlap to define the effective size of aperture 
17. With the fixing of permanent magnets 25 and 26 to 
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arms 27 and 28 respectively, diaphragm aperture adjust 
ing member 10 is ready for insertion into holder 8. Ad 
justment of screw 19 calibrates member 16 for operation. 
The advantages of the above-described vane manu 

facturing method include simplicity, economy of parts, 
elimination of assembly operations, and reduction of the 
possibilities for manufacturing errors, all of which con 
tribute to economy of manufacture. 
The invention has been described in detail with par 

ticular reference to preferred embodiments thereof but 
it will be understood that variations and modifications 
can be effected within the spirit and scope of the inven 
tion as described hereinabove and as defined in the ap 
pended claims. 
We claim. 
1. A method of fabricating a photographic aperture reg 

ulating device, comprising: 
(a) from a flat piece of bendable material, forming 
and elongated strip having a pair of longitudinally 
spaced, notched vanes extending laterally from one 
side of said strip adjacent the opposite ends thereof; 

(b) forming an approximately right angle blend where 
each of said vanes joins said elongated strip so that 
said vanes extend in the same general direction from 
said elongated strip and are approximately coplanar 
in a plane normal to the plane of said elongated strip; 
and 

(c) bending said elongated strip into a U-shape so that 
said vanes partially overlap and their respective 
notches cooperate to define an aperture that is varia 
ble in size as a function of the overlap of said vanes. 

2. A method of fabricating a photographic aperture 
regulating device, comprising: 

(a) cutting from a flat piece of bendable material an 
elongated strip having near its opposite ends a pair 
of notched vanes extending laterally from the same 
side of said strip, and having two tabs extending lat 
erally from one side of said strip at locations there 
along spaced from one another and from said vanes; 

(b) forming approximately right angle bends where 
each of said vanes joins said elongated strip so that 
said vanes extend in the same general direction from 
said elongated strip and are approximately coplanar 
in a plane normal to the plane of said elongated strip; 

(c) similarly forming approximately right angle bends 
where each of said tabs joins said elongated strip so 
that said tabs also extend in a common direction from 
said strip; and 

(d) bending said elongated strip into a U-shape so that 
said tabs are in general alignment with one another 
and said vanes partially overlap and their respective 
notches cooperate to define an aperture that is varia 
ble in size as a function of the overlap of said vanes. 

3. The method of claim 2 with the additional step of 
fixing permanent magnets to said tabs. 
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