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AFPENDIX A
SINE-WAVE RESPONSE

GENERAL

Sine-wave analysis is a mathematical technique which s useful in analyzing

each element of a system and the system as a whole with regard to their

effects on the quality of the photographic image produced. This appendix
glves a cursory description of sine-wave response. A comprehensive dis-
cussion of the subjecg can be found in the references listed at the con-

clusion of this appendix.

If it were possible to start with an infinitely small spot of light and to
image it with a lens, the image would not be infinitely small. Diffraction
and aberrations in the lens would spread the image out over a finite area.
The intensity distribution of the light in this area is called the point-
spread function. A cross section might look something like this:

a
e

Similarly, if it were possible to image an infinitely small spot of light
on a piece of film, the light distribution in the film would not be a narrow
shaft through the thickness of the emulsion, but would spread out because

A-1
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of diffraction, reflection, atsorption, and so on. The light distribution
in the emulsion might look like this:

h
o |

Now consider a light source consisting of a small but finite spot, imaged
on a piece of film by a lens. Each infinitesimal element of the source
forms its own spread function and all of these combine to make the spot
image. Similarly, each element of the image forms its own spread function
in the emulsion. These combine to produce the light distribution in the
emulsion which in turn determines the distribution of density in the deve-

| loped film. This distribution of density i1s a fundamental index of the

" quality of the photographic image. However, it is difficult to measure
directly the distribution in the image of a point source because the; '
measuring sensor must be much smaller than the image. The sensor must
have high sensitivity, and its position with respect to the timage is
critical. If a line source is used insteqd of a point. source, the scanning
aperture of the measuring device can be a slit and the l:lght aveilable
for measurement is greatly increased. A line source can be thought of
as & series of point sources, and the image as a series of overlapping
point-spread functions. The energy cross section of this image 1is called
the line-spread function. The point-spread function and the line-spread
function are not equal, but they are mathematically related. The line-
spread function is therefore a valid measure of the quality of the image.
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TEST OBJECTS

The most common type of test object is one made up of a series of broad,
sharply defined lines rather than of one narrow line. The spacing of the
lines determines the magnitude of the light variation in the image. When
the spacing of lines in the image of the test object is slightly larger
‘than the light spread function of the image, the energy cross section of
the actual image and the geometrically projected image may be shown as

follows: Geometrically Projected
Image Distribution
- -
Image ! l -{ o
Illum1na.nce Actual Image

i | \ Distribution

Distance

As the spacing and width of lines in the test object decrease, the light
variation in the image 1s decreased as follows:

- e e Geometrically Projected
Tmage | K : | i~ Image Distribution

[}
[} ]
Illuminance Actual Image
' I 1M1 ST Distribution

Distance
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The magnitude of the lligh,t variations in the image is clearly related to
the line-spread function, but to establish this relationship mathematically
is tedious. Square-wave test objects are therefore used only to determine
the spatial frequency at which light variations in the image are no longer

discernible to the eye. This is the well-known resolving-power test. Sinee
resolving power depends on-the variation of light in the image, which in

turn is related to the spread function, there is in general good correlation
between the resolving power of a system and the size of the spread function.
The shape of the spread function, however, is not derivable from measurements

of resolving power.

If the light configuration of the object varies as a sine wave inétead of
as a square wave, the image produced by a linear system is sinusoidal in
character and is completely defined by measuring the maximum and minimum
light values in the image. For a typical case, the actual image and the '
geometrically projected image of a sine-wave test object can be shown as

follows:
Geometrically
Projected Image
Distribution

R e -‘\ Actual Image
Distribution

Image

Illuminance \ \ , Spatial Frequency
\ / o ',/ = 100 Lines/mm

0 0.0l 0.02

Distance (Millimeters)
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An important advantage in the use of the sine-wave test object lies in

the fact that it is rélatively easy to show mathematically the relation-
ship between the line-spread function of a system and the light variations
in the image measured over the spatial frequency spectrum. A plot of these
measured light variations against spatial frequency, called the sine-wave
response, is equivalent to the line-spread function and contains the same
information with respect to the quality of the system. A more detalled

discussion of sine-wave response as applied to the photographic system
follows. :

Sine-wave test objects have been made and the transmittance variations
measured as a function of the spatial frequency of the sine wave. When
such a test objJ ect is placed in front of an extended source of knbwn

luminance, the luminance variation at any frequency can be expressed as

follows:

I
Ima.x - min (1)

M= = -
Imx + Imin

where Imax and Imin are the maximum and minimum luminance values and M is
defined as the modulation of the test object. The fact that the luminance
modulation of the test object i1s, in general, a function of spatial fre-

quency can be stated mathematically as follows:

£ (w, x) =D +A (W) sin wx (2)
Imax + Imin »
where D = > , the average liminance level;
Ima.x - Imin
A (w) = 5 » the amplitude of the luminance modulation; and

v = spatial frequency of the chart.
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Rewriting equation (1) in terms of the emplitude A(w) and the average level
D, the modulation is given by:

M- Imax - Toin _ A (w)
=7 - -
mex t  Tmin b

At low frequencies (v 0), the minimum luminance in the test object can

be made to approach zero, so that the modulation might appear as follows:
I

max
4 (0) A0) -,
Tmae } _ .
2 , 1
D
I min - 0 - .
Distance X —_—

_ In this case the modulation, ‘—‘-%9)- , is said to be 100%. Similarly at
some higher frequencyv the modulation of the test object might appear as
follows:

I I A (w) _ 0.30
max. D

- — max+Imin

Distance X —
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The modulation, %ﬂ ,‘ is about 30% in this case. This change in the

modulation of the test object with frequency is taken into account in
obtaining the sine-wave response of a lens-film system.

EXPIANATION OF SINE-WAVE RESPONSE

The best way to define the sine-wave response of & system is to consider

a typical sine-wave test of a lens, together with the mathematicél express-
ions for the imput and output functions.

One method of determining the sine-wave response of a lens is to use the
lens to image a sine-wave test object onto a fine slit with a phototube
behind it. The output of the phototube is measured as the slit scans the
image. The effect of the spread function of the lens is to reduce the
amplitude of modulation in the :lliage without altering its sinusoidal

" character. This property of the lens to transfer a sine-wave test object
(inputs in units of luminance) into a sine-wave image (outputs in units of
illuminance) is fundamental to the sine-wave analysis of a system, and
systems exhibiting this property are said to be linear systems. For a
mathematical definition of a linear system, see reference 12. '

The steady-state tiansfer characteristic of a lens or of any linear system
can be shown as a straight line having a slope, , as follows:
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1 A3 (w) \| Lens Transfer.
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MODULATION OF TEST OBJECT

 If an ideal sine-wave test object is ’asaumed, having & constant amplitude
for all frequencies, equation 2 describing the sine-fwa_ve input may be

rewritten:
£ (w, x) = D, +A, sinw x (&)
where the modulation, ' .
.2 | ()
M - 5

is independent of frequency.
MODULATION OF IMAGE IN A LINEAR SYSTEM

The illuminance variations in the image may be described by the equation

g (v, x) = D, + A, (v) ein wx + (w) , (6)
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where (w) is called the phase shift. A phase shift is associated with
& non-symmetrical spréad function. In the analysis of performance of a
lens system on axis, spread functions are in general éymmetrical so that
the phase shift is zero. The expected modulation at all frequencies for
a perfect system would be equal to the modulation at very low frequency,

(v)
= A]2] | (7)

o

and the actual modulation at any frequency is

A, (v)

MZ = D2 (8)

The difference between equation (7) which gives the modulation expected
from a perfect system and equation (8) which gives the modulation of an
actual system is the reduction in peak-to-peak amplitude of the signal and
a possible shift in average illuminance level from D°' to D, (which could
occur if the lens transfer characteristic varies with frequency).

SINE-WAVE RESPONSE OF A LINEAR SYSTEM

By definition, the ratio of the modulation at some frequency to the modula-
tion at zero frequency, fa_ » 1s called the sine-wave response of the system

i (o]
at that frequency. Dividing equation (8) by equation (7) the sine-wave
response is given by

R(v) = R (M) D, _ & (v) (9)
Aa !o, Da A2 !o’

since the average levels Do and D2 are equal for a linear system and cancel.

Sine-wave response can also be defined in terms of the input a.nci output
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modulation as follows:

%

R(w) = W, | (10)
since the gain of a linear system acts on the average level as well as on
the amplitude, and the output modulation at zero frequency, Mo , 15 there-
fore equal to the input modulation, Ml.

EFFECTIVE INPUT MODUIATION

The effective input modulation is given by

M3 = 5—(:.). (11)

D,

where the effective input modulation, M3 » 1s obtained by projection of the
maximum and minimum values in the output back throught the transfer charac-
teristics of the system.

. SINE-WAVE RESPONSE OF A NON-LINEAR SYSTEM

By definition, the sine-wave response of the system is the ratio of the
effective input modulation, M3 , to the agtual input modulation, "1 , glven

by
Rh,),fl.ﬁﬁ* B}.gﬁl (12)

b, A A

Note: This definition is equivalent to the definition given by equation
(9) where the system is linear since A3(w) = Az(w) and A, = AZ(O).
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Further, if the test-object modulation is 100%, A; =D, and the sine-wave

response is sometimes given as

R(w) = f%—(ﬁ
| 1

The sine-wave test of a lens consists in measuring the sine-wave response
at selected frequencies from very low frequencies to .frequencies at which
the lens response approaches zero. A typical plot of response vs spatial
frequency might look like this:

100

Percent 5 O

Response

O i A . A 1 A
O 25 50 75 100 125 150 175 200

Spatial Frequency - Lines/mm

- The response of a film is found by using the film to photograph sine-wave
test objects through a lens. The photographic images on the test film are
developed along with special calibration images that make it possible to
plot the transfer characteristics for the film. Because the photographic
process is nonlinear, the photographic image of a sine-wavetest object is
not sinusoidal, either in transmission or in desity, and it becomes necessary
to state the sine-wave response of a film in terms of the effective exposure
rather than of transmittance. The effective exposure modulation of the film
Ah(w)/D2 can be found by projection of the maximum and minimum density values
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back through the transfer characteristic of the film. The effective ex-
posure modulation is then referred to the object space of the lens by
projection through the transfer characteristic of the lens. This proce-
dure is illustrated on the opposite page.

The effective input modulation, 3(") y 1s then compared with the test

b

obJject modulation, A_}_ , Where the ratio A3 sw[ is the combined sine-wave

Dy A

response of the lens and film. It follows then that the response of the
film alone, Rr(")’ is obtained by dividing the response of the lens-film
combination, RLF(V) , by the response of the lens, RL(V) , since

R = A0,

A
w) = Aa(") = ‘2(")
) a5(0) A
Camamgw) = ™ A0, a AW
Rlw A W A v
Since | ' A3(w) = Ah(w) ;
(w) = &4 ()
EatE e

where Alt(w) is by definition the response of the film. By a similar
Aalw,

argument, the effective response of the test object can also be divided

out if necessary.
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As is done in electronic circuitry, the subsystem can be divided into
elements such that the output of each individual element is independent
of the characteristics of the next element; for example, the image formed
by the lens at the film plane is independent of the smear caused by IMC
error. Under this condition and with the assumption that the system is
linear, the output of one element can be treated @s the input of the next.

Therefore, the sine-wave response of each element can be multiplied to
obtain the combined effect of two or more elements. Once the sine-wave
response of the film has been determined, any system of elements ahead of
the f£ilm that compiles with the above restrictions can be combined with the

film by multiplying the response of the individual elements, frequency by
frequency. '
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APPENDIX B
IMAGE SMEAR

The magnitude i the IMC error or smear in the film plane can generally be
determined from camera tolerances. For performance studies, it is necessary
to convert the image spread caused by smear to a modulation transfer function.
The following discussion indicates the method of converting the calculated

values of smear to a modulation transfer function or MTF.

Figure B-1 is the “"Line Spread Function" that appears on the film of a point
object if the slit (shutter) is 100% efficient. The point is smeared a

distance » and no other degradations are present.

. [}
: : l/‘l'o
- To/2 To/2
FIGURE B-1

If the slit is not 100% efficient, then two things happen:
1. The total smear is slightly longer.
2. The edges are no longer as sharp.

=\

This is depicted in Figure H-2.

T

.
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* em
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|
I
|
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FIGURE B-2
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where: d = Diameter of the cone of light at the slit aperture plate
w = S1lit width

_5_ = Uncompensated image motion

Note in particular that the definition of  is the smear that would occur
if the slit were 100% efficient. '

With reference to Figure B-2, the total light that would have produced' the
image if al; points had received the same amount of light is proportional
to: ' '

h (w + a ) <

!I:ﬁe- total light that produces the image is proportional to:

h (w+d)+ (w-ad) é’v! = hw I

The ratio of these two quantities is used as a measure of slit efficiency
and is denoted by E. Therefore: '

W _ W-we
E—m and d = .

In terms of the E notation, the length of the base of Figure C-2 is:

v v W =
The length of the top is: ’
v __X w-WwE _ 2E - 1
( w -d) v v Y=-TFE E ' _@

B-2
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By theory of linear systems then, if the area of Figure B-2 is normalized
‘to 1, the MTF is the Fourier Transform of the resulting function. This

function is shown in Figure B-3,

ba—To(2E - l)/E_.‘

h = 1/7,

|-,———— To/E _________'

FIGURE B-3

There are several ways to obtain the transform of Figure B-3. The method
used was to appeal to the linearity property of the Fourier Transform and
recognize that Figure B-3 1s the difference of the two tlriangles given in
Figure B-k,
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The values of h, and h, satisfy the relations:

1 2
hy - hy, = 1/7
and
by T /E ) 1
— ~ (2E - 1)/E 2E - 1
h2 ie

If these equations are solved, the result is:

h = 1
1 27, (1-E)
h = 2E - 1

2 2737 (1-E

How the transform of the triangle in Figure C-5 is:

SIN o 2

¢ (v) = B—5

where B = A 1 3y Ol = T ly; and Vv = Spatial Frequency.

FIGURE B-5

B-4
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Therefore the Fouriter Transform of Figure B-3 is:

o T. SIN(MW/2E) 2 2E-1 7. (2E-1) = SIN (mk(2E-1)/2E) 2
() = 511m) B ﬂ\ﬂ;f/2E T oR(L-E) T 28 W é2E-l)72E )
6 ()= g - SI¥ (v /&) - SOF (W(eE - 1) /28)
7 v Yo “(1-E)
- G ( ) = SIN ("VTo) A | . SIN &Vra( !E: - 12_7
or \'"4 Ty Yo ‘"VTo&: 1 )T

The MIF's for two shutter efficiencies can be obtained from the nomograph in Figure
3-6, which has been dérived'from the preceding equation. For example, if one follows
the dotted line from the lower right to the upper left, a smear of 2.9 microns at a
spatial freqnency of 100 lines per milimeter corresponds to a transfer factor for
smear of 85 percent at a T4 percent shutter efficiency.

If the camera is designed to provide a nominal 0.008 inch clearance between the slit
and the emulsion surface, and the relative aperture is f/4.0, the diameter of the
light cone at the slit (d) is 0.002 inch. Let the slit width (w) be 0.0083 inch.
Substituting these values in the shhtter-efficiency equation:

Shutter Efficiency = ;Fq;%;-— = 3 868283 5558 81 percent

Once the normalized smear plus shutter efficiency curve has been calculated the
'modulation transfer factor at a given spatial frequency in lines per millimeter
may be read from the appropriate scale for the calculated value of image smear.
By multiplying the MIF for smear by the MIF's for other elements of the system,
a combined MIF describing the system cgn'be determined.
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Figure B-6. MIF of Linear Image Smear for Shutter Efficien@iea

of 99 and T4 Percent
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Appendix C

Smear FEquations and Budgets

The following equations and tables give an estimate of smear for the strip

camera-satellite system.

The orbit-fixed coordinate system has its origin at the center of gravity
of the vehicle with +X positive backward along the direction of vehicle
motion, +Z positive vertically directed away from the moon and +Y forming
a right-hand system. '

The camera-fixed coordinate system has its origin at the nodal point of
the equivalent thin lens focusing element. The x axis is in the across-
the-slit direction and the y axis is in the along-the-slit direction so
that the image plane is parallel to the x-y plane. The positive directioms
of x and y are defined such that positive X and Y smears on the ground
become positive x and y smears in the image plane. The +z axis forms a
right-hand system. The positive sense of all angles is established by

the right-hand rule for both coordinate systems.

Transforming Smears On The Ground Into Smears In The Image Plane

A known X component of smear in the image plane Xy may be transformed into
smear on the ground, X,, by the relation:

h 2%
X, = x, F sec < sec §)

C-1
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A known Y component of smear in the image plane, ¥y, may be transformed
into smear on the ground, Y,, by the relation:

Y, =y, % gec Zseceﬁ,

Equations for smear in the image plane are given in Table C-1. Each smear
contributor may be assigned to one of two categories depending on the fre-

quency with which the smear varies. The first category consists of errors

Xl to xll and Y to Y which vary within a single mission. The resultants

of errors x12 to X 17 and Y to Yl? are fixed for an entire mission. Since

the errors are :lndependent, they may be root-sum-squared within each category.
The smear contributors from each category must be combined to produce an
over-all limiting smear.

Total smear, Sx or Sy =

V 11812 + VrrSia

i=1 i=12

where Si 1s the smear due to the 1 th contributor listed in Tables C-2
through C-6 of this appendix.

The smear summaries included in this Appendix are listed below:

Table C-2 -~ The nominal smear summary, which represents the smear for
nominal tolerances and nadir V/h sensing.
Table C-3 - A smear summary which represents the condition where the

V/h sensor is directed along the line of sight.
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Table C-4 - A smear summary for programmed V/h.
Table C-5 - A smear summary for Eastman Kodak Company's design goals.
Table C-6 - A smear summary for NAA attitude tolerancés without the LEM.

The tolerances in Tables €-5 and C-6 are identical with those of Table
C-2, with the exception of items 2 through 7. Resolution values in the
tables are for 1/100 second exposure time, 2:1 tri-bar contrast, and the
basic film (advanced type 4UOL with exposure index of 6).
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TABLE C-1 (cont'd.)

NOMENCLATURE
Component of smear on ground parallel to the ground track for the ith
contributor

<
]

X, = Component of smear in the image plane perpendicular to the slit for
the ith contributor

Y, = Component of smear on ground perpendicular to the ground track for
the ith contributor

y; = Component of smear in the image plane parallel to the slit for the
ith contributor ,

W = S1lit width
h = True altitude of the camera above ground
F = Focal length
Ah = Uncertainty in knowledge of altitude
> = Stereo angle of line of sight
Zm = Stereo mirror angle = /2

A S = Uncertainty in stereo mirror angle due to errors in the positioning
mechanism

V= Obliquity angle of the line of sight

X= Crab angle of the mirror

c-A
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APPENDIX D
EXPOSURE MODULATION AND RESOLUTION

1. INTRODUCTION

The performance of‘ this photographic system can be specified in terms of
the ground dimension that can be resolved through the s&sten, using
standard Air Force resolving-power targets at 2:1 contrast. These square-
wave targets, therefore, are used in finally evaluating the performance
of the system. During the development of a system, however, it is more
convenient to analyze system and component performance by sine-wave
response techniques. In order to take advantage of the mathematical
simplicity of the sine-wave response technique to describe a photographic
system, it is necessary to establish the relationship between the limiting
resolution of the system to a square-wave test object and the sine-wave
response of the system at the limiting resolution frequency.

This appendix describes the mathematical and experimental procedures used
for the prediction of limiting resolution when the lens system is described
by a theoretical sine-wave response curve and the £ilm is characterized

by measured data, either in the form of a sine-wave response curve or a
calibration curve of the limiting resolution frequency of the film vs
aerial image modul;tion. The term, aerial image modulation, refers to the
gctual modulation of light incident on the f£ilm as distinguished from

the effective input modulation defined in Appendix A.

D-1
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2. THE EQUIVALENCE OF SQUARE-WAVE AND SINE-WAVE ANALYSIS FOR THE PREDICTION
OF LIMITING RESOLUTION ’

The relationship between sine-wave and square-wave response can be shown by
considering the simple case of a lens. Because the sine-wave and square-wave
responses of a linear sysﬁem are mathematically related, it is possible to
predict the square-wave resolution of a lens from sine-wave response data if
the characteristics of the resolution measuring device can be defined. Two
factors need to be specified: (1) the contrast or modulation of the test
object and (2) the threshold aerial image madulation to which the measuring
device will respond.’ (Note that a lens COnfvﬂbutes no noise, and 'i:he average
light level in the :uixage is assumed to be ivt;ll above the absolute sensitivity
of the receiver.) Equation 10 of Appendix A can be restated as follows:

W, (v) = Fy(w) - iy N

where ﬁl is the square-wave modulation of the test object, R (w) the square-
wave response of the lens at frequency (v), and 'ﬁa is the pquare-‘vave; aerial
image modulation. The square-wave response, i(w), is given by the expression

- .,"; R(W) - Rszw’ + R‘ iw! - R‘I!l + ceescesces (2)
R(w) =7T 3 -5 7
where R(w) ‘is the sine-wave response at w l:gnes/m in the absence oti

astigmatism. 1

1. J. W. Coltman, "The Specification of Imaging Prépertie_s by Response to
A Sine-Wave Input," Journal of the Optical Society of America, June 195k.
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Astigmatism is a field aberration and is not present on the axis of the
photographic system. When ﬁz is the threshold square-wvave aerial image
modulation of the receiver and ﬁl 1s known, then the threshold square-
wave response of the lens, 'ﬁ, can be determined by equation (1). Using
the sine-wave response curve of the lens and equation (2), the frequency,
w, corresponding to the threshold square-wéve response can be determined.
This frequency is the limiting resolution of the lens. It is important
to note that in solving equations (1) and (2) for the limiting resolution
frequency, the square-wave response, 'ﬁ(w) s 18 required only at or near
the limiting resolution frequency where the higher order terms of equation
(2) vecome negligible. Transformation from sinessave to square-wave
response, therefore, may be simplified by the following approximation,
since R(3w) and succeeding terms of equation (2) are small compared to
R(w): 3 "

R(v) ™ 77R(w) (3)
Since the threshold aerial image modulation of a system generally occurs
at high frequencies, the square-wave threshold response and the sine-wave
threshold response are related by the constant, 4/f7, and both occur at
the same frequency. Therefore, in determining the limiting resolution
frequency by this method either the ~quare-wave or the sine-wave response
of the lens can be used, provided the constant, hﬂ'(; 18 taken into account.
For example, when measurements of the square-wave zfesolut:lon of a known
lens are used to establish a prectical value for threshold aerial image
modulation, .ﬁa’ and when the sine-wave response approach is to be used,
the constant, 4//T, ie included in the experimentally determined value of
the constant ﬁa
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In practice, equation (1) is written in terms of the sine-wave response
of the lens: '

MlR(w) = M3(w) (%)

where M3(w) is a function of frequency which is referred to as the aerial (
image modulation required at the resolution limit. In general, equation (4)
is mqre convenient for predictions of resolution and is valid for this
purpose as long as MB('H) can be determined by experiment.

3. AERIAL IMAGE MODULATION REQUIRED TO RESOLVE AIR FORCE TARGETS

In a photographic system, measurements of resolution depend in some measure
on the film granularity or noise in the system and the ability of the
receiving device to respond to small signals in the presence of this noise.
Every effort 1s made to eliminate both of these factors in sine-wave
response measurements; that is, apertures are selected to integrate out

the effect of noise and in general the signal level is well above the
threshold sensitivity of the measuring device. Because of the method of
measurement used, sine-wave response data alone do not provide sufficient
information for the prediction of resolution, since the noise affecting the
resolution measurement has been filtered out. Th;éqhold response charac-
teristics of the receiver and the effect of noise in fhe system must be in-
troduced before the limiting resolution of the system can be determined.

Prediction of the lens-film resolution from sine-wave response data is com-
plicated by the fact that film canrot be treated as‘a linear element of

the system and the threshold contrast discrimination of the eye is influenced
by grain "noise" or the apparentlgrainineas:of the film.
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Graininess, in turn, depends on the exposure used in producing the photo-
graphic image and the method of i;rocessing the film. To avoid the problem
of finding a general mathematical expression relating these variables to
lens-film resolution, the following empirical methods are employed.

All of the effects assoclated with the £ilm process,. including granularity,
can be taken into account by means of a cﬁlibrati’on of the particular £ilm
-and film process to be used in the system. The calibration of the film
consists in measuring the resolution of the film in combination with a lens
for which the sine-wave response 1s known. By varying the test ol')Ject
modulatioh, Ml, and computing the modulation of light incident on the film,
Ma(w) , from equation (%), a calibration curve of limiting resolution fre-
quency of the film vs aerial 1mge ‘modulation of the light 1ncident on the
£ilm can be plotted. Lens-film resolution can then be determined from this
curve for any system of elements preceding the film, as long as the inodti_],.ﬁ-
tion in the aerial image can be calculated and average exposure levels are
preserved. The independé‘qce of element cha"racterist:lcs described in
Appendix A must also be preserved. '

Curves A and B of F:lgure D-1 are the computed modulation curves at 2:1
contrast: for the 77-1nch lens, including the effect of the proposed s/c
smear tolerances for vertical V/H memsurement. Curve A is for lines per-
pendicular to the slit; curve B for lines parallel. The exposure is 1/100
second. Curve C of Figure D-l indicates the experimental threshold aerial
image modulation required to resolve an Air Force target as a function of
frequency expressed in lines per millimetér. The limiting frequencies were
established bjr visual measurement of Air Force test objects photomphically
recorded on Kodak ‘]:ype 4ol Film by a lens system for which the sine-wave
response is know. ' 'The corresponding aerial image modulation was calculated
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for this known lens system at the limiting frequencies estab}ished by
visual measurement. The 1npp?sections of curves A and B withvpurve c

yield system resolutions of for lines

parallel and the slit respectively. The geometric mean

resolution 1 which i1s equivalent to ground

resolution at an altitude of ‘30 nautical miles.
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Preliminary Specification Contracted Portion of the Exposure Unit
Specification No. * Release Date:

1. SCOPE, MISSION AND TASK

1.1 Scope - This specification defines the requirements of the Contracted
Portion of the Exposure Unit. It includes the performance and environmental
requirements, and defines the quality assurance provisions required to determine
compliance with the requirements and preparation of the unit and parts for

delivery.

1.2 Mission - It shall be the mission of the exposure unit to move film
past a slit:opening in an aperture plate to produce latent images on the
film in either stereo or continuous photographic modes of operation. It
shall have the capability of step variable uniform film speeds, provide
programmable selection of various slit openings to control exposure,
record data signals from external sources on the edge of the film, and
provide a means of focus adjustment in the specified environment.

1.3 Task - It shall be the task of the contractor to design, develop,
fabricate, test and deliver according to the required schedule hardware
including an engineering model, exposure unit mock-up, reliability test
model, qualification test model, production model(s), one set of tools,
fixtures, and accessories necessary to repair, handle, adjust and operate
the exposure unit, and a recommended spare parts list to insure uninter-
rupted operation for the designed life of the exposure unit.

The contractor shall perform tests at his plant based on quality assurance
provisions of this specification and submit documentation for each test.

*To be supplied by a later revision.
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An operating log for each model shall be submitted containing data such
as operating time and malfunction reports generated through tests, and
recorded by serial number.

The contractor shall design the slit aperture plate to this specification
and submit drawings to Eastman Kodak Company who will then develop, fab-

ricate, test and deliver them to the contractor.

The contractor shall also conform with all other requirements of 401-102.

2. APPLICABLE DOCUMENTS

2.1 General - The following specifications, standards, drawings, and
publications of latest issue in effect on date of invitation for bids, form
a part of this specification. Applicability of the listed documents shall
depend on their specific reference in this specification. In the event

of conflict between the listed documents and this specification, this

specification shall take precedence.

SPECIFICATIONS

-Military

MIL-I-26600 Interference Control Requirements,
Aeronautical Equipment :

MIL-Q-9858 Quality Control System Requirements

Eastman Kodak Company

401-101 Instructions for Preparation of Drawings
by Contractors A

*401-106 Contractor Reliability Requirements

“h01-122 Technical Requirements for Contractors

Programmable S1lit Assembly

*To be supplied by a later revision.

E-3




NRO APPROVED FOR RELEASE
DECLASSIFIED BY: C/IRRG
DECLASSIFIED ON: 14 JUNE 2013

STANDARDS-

Military
MIL-STD-12B

MIL-STD-1T1

Eastman Kodak Company
L01-104-1

401-104-2

401-108

DRAWINGS -
Eastman Kodak Company
4oo-114
4oo-124
400-149
Loo-221
Los-104

Los5-113
Lo5-114

405-118
405-130
405-14k

*
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Abbreviations for Use on Drawings and
Technical Type Publications

Preparation, Painting, and Finishing for
Metal and Wood Surfaces

Designing for High Reliability
Attaining Reliable Manufacture

Design Standard for Human Factors,
Engineering

Potentiometer, Precision, Continuous Rotation
Connector, Jam Nut Receptacle, Hermetic Seal
Switch, Subminiature, Momentary Action
Enamel, Black, Semi-Dull 11414

Instructions for Finishing Magnesium,
Dull Black

Procedure for Iridite No. 14 Thermal Finish

Procedure for Finishing Stainless Steel
Dull Black

Instructions for Masking Protective Coatings
(Iridite) Prior to Finishing

Procedure for Iridite No. 15 Finish for
Magnesium

Procedure for Cleaning and Relubricating
Unshielded Bearings

Deta Signal Configuration

#¥To be supplied by a later revision.




NRO APPROVED FOR RELEASE
DECLASSIFIED BY: C/IRRG
DECLASSIFIED ON: 14 JUNE 2013 SPECIAL HANDLING

—SieRET—

* Thermistor Probe Assembly

Procedure for Surface Treatment Housing
Assembly Camera

Exposure Unit Space Limitations

Exposure Unit Schematic

Wiring Diagram, Exposure Unit Pressure Shell
Film Format "B"

Subsystem D Space Limitations

81it Aperture Plate

%

¥* M ok ok W X

3. REQUIREMENTS
That portion of the exposure unit to be contracted shall consist of a

completely functioning unit without subsystem D and shall comply with
these requirements.
3.1 Definition - The exposure unit consists of the following subassemblies:

(a) Subsystem D

(b) Focus Drive Assembly

(¢) Programmable Slit Assembly

(d) Data Recording Assembly

(e) Pressure Shell

(£) Film Drive Assembly

(g) Reference Axes
3.1.1 Subsystem D - Subsystem D is'that portion of the exposure unit which
is not contracted. This subsystem shall be developed and fabricated by
Eastman Kodak Company and shall be assembled and aligned to the completed
exposure unit subsequent to exposure unit testing. The exposure unit shall
be designed to provide the proper interfaces and aupports for mounting
this subassembly. - o :
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3.1.2 Focus Drive Assembly - The Focus Drive Assembly shall consist of
the necessary equipment to provide specified rate and range for focus

ad Justment of the exposure unit.

3.1.3 Programmable Slit Assembly - The Programmable Slit Assembly shall
provide a programmable selection of slit openings to control film exposure.
The requirements of the programmable slit assembly are defined in Eastman
Kodak Company specification *.

3.1.4 Data Recording Assembly - The Data Recording Assembly shall convert
external signals to suitable marks on the film. _

3.1.5 Pressure Shell - The Pressure Shell is an enclosure in which the
exposure unit is contained and equipped to provide a seal with the film
supply and lens elements to maintain pressure requirements.

3.1.6 Film Drive Assembly - The Film Drive Assembly includes a drive motor
and gear reduction to provide uniform film speeds determined by the
frequency of the power source.

3.1.7 Reference Axes - Reference axes are indicated on Eastman Kodak
Company drawing *. Positive rotational unbalance is defined as tlockwise
direction when viewing each axis from the negative direction to the
positive direction.

3.1.8 Exposure Unit Mock-up - The Exposure Unit Mock-up is a unit which
simulates the average power consumption and heat dissipation, has the
external configuration and finish, and has the weight and center of
gravity of the exposure unit.

3.2 Inputs - The exposure unit shall meet the requirements of this
specification when supplied with the inputs defined by the following.

¥To be supplied by a later revision.
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3.2.1 Film - With suitable adjustments the camera shall be capable of
meeting the requirements of this specification with either .0029 + .0002
inch thick polyester thin base film or .0055 t .0002 inch thick tri-

acetate film. The film shall be 9.460 t 8(1)(5) inches wide.

3.2.1.1 Film to S1it Plate Spacing - A means shall be provided for

ad justing the spacing between the slit plate and film plane to maintain

the required distance of 3.4.7 item (d) for the specified film thickness.
3.2.1.2 Film Tension - The exposure unit shall meet the requirements of
this specification with nominal input and output film tensions of 3 pounds
+ 1/k pound from an external source. Output tension shall be equal to or
exceed input tension by no more than 1/2 pound and be uniform in magnitude
during exposure unit operation. Take-up in the external film handling
system occurs normally during photography or at any time the take-up looper
departs from its "empty" position. Film tension during take-up nominally
will be 3 1/4 % 1/4 pounds; however, instantaneous starting transients may
rise to 7 pounds.

3.2.1.3 Film Edge Wander - The maximum film edge wander in the exposure. ..
unit from input to output shall not exceed +.025 inch with no more than one
cycle in any 4 foot length of film. The maximum angular misalignment of
the film coming into the exposure unit from the loopers shall not exceed

+2 minutes of arc angular misalignment.

3.2.2 Optical - The optical input to the exposure unit is a visible image
from the lens assembly. It is focused and oriented relative to the locating
surface and dovwels, and of a size indicated on Eastman Kodak Company drawing *.

Illumination may be variable and actual exposure shall be determined by the
programmable selection of a specific slit width in the aperture plate for a
given film speed. Field angle of lens image is 6.4° and the image size at
f£ilm plane shall be 8.668 inches.

*To be supplied by a later revision.
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3.2.3 Electrical Power - The exposure unit shall meet the requirements of
this specification when supplied power as outlined below. Except for film
drive and instrumentation, available power shall be 28 + 3.0 volts d.c.
3.2.3.1 Film Drive - Power to the film drive motor shall be from an
external two phase step-variable frequency source, having a voltage to fre-
quency ratio constant within #10 percent. Nominal voltage at 400 cycles
per second frequency shall be * volts (R.M.S.). Frequency range shall be
provided in * steps of 0.5 percéent or smaller, differential ranging from
(200) to (500) cycles per second. Mean film speed of * inches per second
shall correspond to a * cycle per second frequency. Total power consumption
shall not exceed (12) watts.

3.2.3.2 Subsystem D - Power to subsystem D shall be the responsibility of
Eastman Kodak Company, but the contractor shall install leads from the
connector as per Eastman Kodak Company drawing ¥*.

3.2.3.3 Data Recorder - Power requirements for the data recorder shall

be specified by contractor, approved and supplied by Eastman Kodak Company.
3.2.3.4 Focus Control Drive - Power to the focus control motor shall be
specified by the contractor, approved and supplied by Eastman Kodak
Company.

3:2.3.5 Instrumentation Voltage .
3.2.3.5.1 Thermistor - A +22 + 0.1 volt d.c. regulated voltage shall be
used for power to a temperature sensor (thermistor). The power source
shall be the responsibility of Eastman Kodek Company.

3.2.3.5.2 Platen Position - A +5 % 0.1 volt d.c. regulated voltage shall
be used for power to the platen position indicator circuit. Power source
shall be the responsibility of Eastman Kodak Company.

#To be supplied by a later revision.
() = number subject to revision.
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3.2.4 Data Signals - Two data signals will be supplied to the exposure
wnit from an external source. The data signal characteristics will be as
specified in Eastman Kodak Company specification *. The data signals
shall be amplified within the exposure unit as required to drive the data
recording lamps which provide data recording in accordance with section
3.k.12.

3.2.5 Commands - No direct command switching shall be done in the
exposure unit. Switching of power and instrumentation shall be external
to the exposure unit. Instrumentation shall be "on" continually when in
target area. Power to film drive, focus drive motor, subsystem D, and
data signals shall be directed "on" and “"off" from an external point.

3.3 Electrical Requirements
3.3.1 Connectors - The connectors shall be in compliance with Eastman

Kodak Company drawing 400-%. The connectors and connector pin assign-
ments of the exposure unit are as follows: *

3.3.1.1 lLocation - Each connector shall be located in compliance with
Eastman Kodak Company drawing *.

3.3.1.2 leakage - At the connector the resistance between any electrical
connection, except shields, within the exposure unit shall be 100 megohms
minimum with an applied voltage of 100 volts d.c. +10 percent.

3.2.2 Instrumentation - Instrumentation shall be provided in the exposure
unit to monitor the following conditions of operation. Power for instru-
mentation shall be the responsibility of Eastman Kodak Company.

3¢3.2.1 Temperature - The contractor shall install a thermistor probe

in accordance with Eastman Kodak Company drawing * to monitor temperature
within the exposure unit. The probe shall be supplied by Eastman Kodak
Company and installed physically as near the film as practical. The
exact location shall require Eastman Kodak Company approval.

#To be supplied by a later revision.

E-9




NRO APPROVED FOR RELEASE
DECLASSIFIED BY: C/IRRG

DECLASSIFIED ON: 14 JUNE 2013
SPECIAL HANDLING

—SReRIT—

3.3.2.2 Platen Position - The contractor shall provide platen position
instrumentation consisting of two (2) continuous rotation potentiometers,
Eastman Kodak Company drawing 400-114, to indicate the platen position
throughout its total range of adjustment. Wiring shall be in accordance
with Eastman Kodak Company drawing 401-10L4-1.

The coarse potentiometer shall be designed to rotate 355 * 3.0 degrees
for 0.020 inches of movement of platen in relation to lens, and shall have
& 5 £ 3.0 degrees null point. The fine potentiometer shall turn five (5)
revolutions for each revolution of the coarse potentiometer. AdJjustment
of film plane shall be %#0.010 inches from reference focus position called
out in Eastman Kodak Company drawing *¥. The zero adjustment of the
coarse potentiometer shall correspond with the limit of negative (toward
lens) focus adjustment. The zero adjustment of the fine potentiometer
shall correspond to the zero position of the coarse potentiometer

within five (5) degrees. Positive and negative extremes of adjustment
shall be limited by switches, Eastman Kodak Company drawing 4OO-149.

Maximum allowable backlash from platen to potentiometer is equivalent
to 5° of rotation of the fine potentiometer, equals 1° of rotation of
the coarse potentiometer.

3.3.2.3 BSubsystem D Instrumentation - Instrumentation for subsystem D
shall be the responsibility of Eastman Kodak Company. The contractor
shall install necessary wiring to accommodate this instrumentation as
outlined in Eastman Kodak Company drawing *. The contractor shall
provide mounting in the pressure shell for an assembly as specified by
Eastman Kodak Company .

#To be supplied by a later revision.
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3.3.3 Electromagnetic Interference Control - The exposure unit shall meet
a.ll the requirements defined by MIL-I-26600 for class Ib equipment, during
its operating and non-operating phase. In addition to the requirements
defined by MIL-I-26600, any conducted interference, within a frequency range
of. 15 to 15000 cycles per second, impressed on the external 28 volt d.c.

power supply circuit by the exposure unit shall not exceed 0.05 ampere
peak-to-peak.

Internal d.c. motors or pulsating electrical devices shall be filtered or
shielded to operate within the requirements of MIL-I-26600. Their location
in relation to subsystem D shall require Eastman Kodak Company approval.
3.3.4 Wiring - All wiring in the exposure unit shall be designed to conform
with Eastman Kodak Company drawing * and * and fabricated to conform with
requirements of 401-104-2. '

3.3.4.1 Grounding - A grounding screw shall be provided within the

pressure shell adjacent to the mounting pads for grounding four leads from

Subsystem D.

3.3.4.2 Instrumentation Return - Instrumentation return shall be ..
connected to d.c. return at a point external to the exposure unit and
_}shall be completely isolated from d.c. return within the exposure unit.

3.4 Mechanical Requirements

3.4.1 Configuration - The external dimensions of the exposure unit shall
not exceed the limiting dimensions of the Eastman Kodak Company drawing *.
3.4.2 Weight - The weight of the exposure unit shall not exceed 25 pounds.
3.4.3 Angular Disturbance - The total angular disturbance due to angular
momentum shall not exceed the following values where these limits are based

on a exposure unit operation of approximately 10 seconds or a period of
focus adjustment of approximately 2 minutes.

¥To be supplied by a later revision.
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(a) Around X reference axis -
A8, = 0.045 slug £° (radians)

(b) Around Y reference axis -
A6y = 0.42 slug £t (rediens)

(¢) Around 7 refevence axis -

ATe, = 0.k2 slug £t2 (radians)

Orientation of reference axes shall be in compliance with 3.1.7.

3.4.4 Mounting - The exposure unit shall mount on spacers on four reference
surfaces of the lens barrel and shall be oriented by two dowels on the
exposure unit mating with dowel holes on the reference surfaces as shown

on Eastman Kodak drawing *.

3.4.5 Alignment - All eléments of the exposure unit effecting photography
and film tracking shall be aligned to comply with Eastman Kodak Company
drawing *.

3.4.5.1 "Film Tracking - The exposure unit shall be capable of accommodating
the maximum film edge wander and angular misalignment inputs of 3.2.1.3.

The film advancing through the exposure unit shall not oscillate in the
direction of film width through more than one cycle in 4 feet of film.
Maximum allowable displacement of the film edge from input to output shall
not exceed *.025 inch.

3.4.6 Finish - All painted surfaces shall be smooth and free of blemishes,
blisters, and similar defects.

3.k.6.1 Mounting Surfaces - Magnesium mounting surfaces shall be finished
with iridite No. 15 per Eastman Kodak Company drawing 405-130. Aluminum
mounting surfaces shall be finished with iridite ﬁo. 14 per Eastman Kodak
Company drawing 405-113,

#To be supplied by a later revision.
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3.4.6.2 External and Internal Surfaces - These surfaces shall be thermally
and photographically black with the finishes listed as follows:
3.4.6.2.1 Magnesium - All magnesium surfaces except mounting surfaces

shall be finished according to instructions on Eastman Kodak Company drawing
405-104 using dull black ensmel listed on Eastman Kodak Company drawing

L00-221.

3.4.6.2.2 Aluminum -

(a) Internal finish of the pressure shell and all aluminum surfaces except
mounting surfaces shall be in accordance with instructions of EK 4LO1-104-1,
section 3.2.2.20, page 22, using black anodize. Where electrical bonding
is required, it shall be masked and finished with Iridite 1k.

(b) Externmal finish of the pressure shell shall be evaporated aluminum as
per revised procedure *, except where electrical bonding is required.-

At these points it shall be masked and finished with Iridite 1k.

3.4.6.2.3 Stainless Steel - Where required for thermal or photographic
purposes all stainless steel surfaces shall be finished according to instruc-
tions on Eastman Kodak Company drawing 405-114 using dull black enamel of
drawing 400-221. Where no paint finish is required or desired on the
stainless steel and where smoothness requirements allow, it shall be
passivated in accordance with MIL-STD-171, Finish 5.k.

3.4.6.2.4 Other Metals - Where a finish is required on metal surfaces
other than those listed above these may be found in Eastman Kodak Company
standard 401-104-1. '

3.4.6.2.5 Other Finishes - Where a finish other than that specified for

a specific metal surface is desirable, it shall be approved by Eastman
Kodak Company prior to its application.

*To be supplied by a later revision.
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3.4.6.2.6 Masking - On mounting surfaces and other surfaces within the
exposure unit where electrical bonding is required, they shall be masked
prior to painting as outlined on Eastman Kodak Company drawing 405-118.
3.4.6.2.7 Identification Numbers - The identification numbers shall be
procured from Eastman Kodak Company for electrical components, terminal

boards, barrier strips, connectors, etec.

3.4.6.2.8 Lettering - Terminal boards, barrier strips, electrical compo-
nents, and connectors shall be labeled as to identification, control or
function. ILables shall appear either on or immediately adjacent to, pre-
ferably below, the item to be identified. ILabels shall be brief. Highly
similar names shall be avoided. Abbreviations shall be common, meaningful,
and be followed by & period. Abbreviations, where possible, shall conform
to MIL-STD-12B.

3.4.6.2.9 Color - Lettering shall be applied with white or yellow paint
having non-fogging photographic qualities in accordance with 401-104-1.
Lettering shall be protected against abrasion by a cover coat of clear
lacquer in accordance with 401-104-1. :

3.4.6.2.10 Application - Upper case lettering, such as Gothic condensed
capitals, shall be used in preference to lower case.

3.4.6.2.11 Symbols - Abstract symbols, such as circles, squares, stars,
etc., shall be avoided. Common meaningful symbols such as %, +, -, etc.,
are acceptable.

3.4.6.2.12 Size of letters - Labeling shall be 12, 18, or 2k point type
size.

3.4.6.3 Identification - Each unit shall be permanently identified by

a name plate permanently attached and of a design approved by Eastman
Kodak Company. Identification shall include at least the following:

¥To be supplied by a later revision.
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Part. Number of Final Assembly

Serial. Number .
3.4.7 Critical Dimensions - Certain dimensions not appearing on Eastman
Kodek Company drawing ¥, but necessary in the exposure unit design are
the following:

(a) Distance from film plane to field flattener lens:
1.1356 inches (reference)

(b) Film shall enter and leave the forward (-X side) of the
exposure unit and run parallel to each other, spaced 1 inch
apart. It shall move past the aperture toward the back of
the exposure unit (+X axis).

(c) The exposure unit shall mount on spacers on reference surfaces
of the lens barrel so that the film plane shall be at the
nominal focus position, and adJustment shall be in center of
adjustment range.

(d) The aluminized surface of the slit aperture plate shall be
held to an apparent 0.010 + 0.001 inch from the platen
surface for 0.0029 inch thick film and 0.0126 * 0.001 inch
for an 0.0055 inch thick film.

(e) The surface of the field flattener lens is 1.183 inches
(reference) above the reference surface.

3.4.8 Material - Components, assemblies, and subassemblies forming a
portion of this equipment, or the complete equipment, shall be composed
of materials, parts, and processes which comply with the provisions of this

specification.

3.4.9 Lubrication - Where required, all parts, subassemblies, or compo-
nents shall be lubricated with materials contained in Eastman Kodak Company
standard 401-104-1. Bearings shall be lubricated in accordance to

Eastman Kodak Company procedure drawing 405-14k. '

'*To be supplied by a later revision.
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3.4.10 Pressure Shell - It shall be designed to provide a seal with the
film supply chute and the lens elements as shown on Eastman Kodak Company
drawing *. It shall include equipment required to make the seal with the
lens element.

1t ahall contain sealed openings to provide access for adjustment of the

slit aperture plate, alignment and adjustment of the exposure unit,
threading the film, replacement of data recording equipment, and removal
and replacement of the functioning portion of the exposure unit.

The pressure shell and seal shall be designed to withstand a maximum
pressure differential from inside to outside of 4.0 psia.

Ieak proof connectors of 3.3.1 shall be assembled to the pressure shell
for instrumentation and power. Ibcat:lon Qf connectors is shawn on the
Eastman Kodak Company drawing %*.

3.4.10.1 Leak Rate - With air at 80°F and an internal pressure of 3 psia,
the leak rate of the assembled pressure shell shall not exceed 5 cubic
centimeters per minute. The contractor shall check the leak rate of the
package and report to Eastman Kodak Company.

Leak rate shall be checked at a maeximum operating differential pressure
level (3 psia) from inside to outside.

The pressure seal shall be leak tested prior to delivery to Eastman

Kodak Company using necessary seals and simulated interfaces at the film
chute and lens element openings.

3.4.11 Film Drive - The film drive mechanism shall provide the required
motion for moving film past the aperture slit to form latent images on the
film. It shall operate from an external step frequency power source, the
frequency determining the speed of the film drive. Its purpose is to equi-
librate the speed of the film with that of the image moving past the slit
in order to minimize the smear in the latent image.

*To be supplied by a later revision.
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3.4.11.1 Film Speed vs. Frequency - The range of film speeds shall be
from * inches per second to * inches per second in one half percent, or
smaller, steps for a total of * steps. The nominal film speed corresponding

to the nominal frequency of the drive motor shall be * inches per second
at exactly * cycles per second frequency. The accuracy of the frequency

of each step shall be held within #0.1 percent or less. The following
table lists the step number, frequency, and film speed through the
complete range.

Step No. Frequency (cps) Velocity (in./sec.)
Step No.
* * *

3.4.11.2 Drivé Motor - The drive shall be a 2 phase * volt; * cycle
hysteresis synchronous motor. Its output torque shall be sufficient to
bring the film drive up to speed within the time requirements of this
specification. Contractor shall report power factor of each phase to
Eastman Kodak Company who will make required corrections. Voltage
frequency ratio of the external supply voltage shall be held constant
within 10 percent.

3.4.11.3 Starting and Stopping Transients - The time intervals from
"turn-on" power until the film drive is up to speed (starting transient)
shall not exceed 0.5 second.

The time interval from "turn off" power until the film drive stops

(stopping transient) shall not exceed 0.5 second.

3.4.11.4 Modes of Operation - The exposure unit film drive shall be designed
to operate in either stereo or continuous photography. Stereo operation

may be defined as exposure unit "on" periods of 5 seconds to 50 seconds
separated by "off" periods of 4 seconds minimum. Continuous operation is
defined as exposure unit "on" time, at either a single film speed or at
various film speeds, without "off" periods, of intervals up to 15 minutes.

#To be supplied by a later revision.
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3.4.11.5 Film Speed Variation - Film speed variations can be of two types:
first, an oscillatory variation from the required film speed, and second, a
uniform variation which results in a uniform film speed faster or slower

than specified. The former results in banding, the latter does not.
However, both result in image smear. It shall be a requirement that total

image gmegr for all exposure times shall not exceed * microns. It shall

be a design goal to achieve a maximum variation from specified velocity

of 0.1 percent A velocity and a maximum oscillatory variation which will
result in image smear of one (1) micron.

3.4.11.6 Holding of Film - During exposure unit "off" periods, the
exposure unit shall be required to hold the film to prevent movement of
film in excess of 1/4 inch.

3.4.12 Deta Recording - Data shall be recorded on the film as exposed marks
in compliance with Eastman Kodak Company drawing *#. Two recording units
shall be used to record the two sets of data marks simultaneously on the
film. The data marks shall be approximately 0.005 inch long in the direction
of film width.

The data marks shall i:e discernalbile by eye on film processed in accordance
with procedure of section 6.2 and shall have an exposed density of no less
than 0.5 at the fastest film speed and a A density of not less then 0.3 at
the slowest film speed. This requirement shall apply at the minimum supply
voltage and for the entire service life of the exposure unit.

The data recorders shall respond to and record the input data signals of
section 3.2.4. Both sets of data marks shall coincide with the picture
image produced at that instant as specified on Eastman Kodak Company
drawing *,

*To be supplied by a later revision.
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Data optics shall be adjusted for optimum focus and secured to maintain
focus and location in the specified environment.

3.4.13 Focus Control - The focus drive assembly shall provide continuous,
bi-directional focus adJjustment for the exposure unit. It shall be
capable of adjusting the film plane toward or away from the lens, provide

rigid support for the platen and prevent any movement when not in use in

the specified environment.

Total adjustment capability shall be a movement of the platen +0.0100

inch from the nominal focus position. The exposure unit shall be designed
and adjusted to have equal scope adjustment in each direction when the
system is in focus. AdJustment limits shall be determined by switches.
When these positions are reached, adjustment shall be allowed only in a di-
rection away from the limit. For wiring details, see Eastman Kodak Company
draving *. The rate of adjustment shall be 0.00025 inch * 10 percent

per second.

3.4.14 Slit Aperture Plate - The slit aperture plate shall consist of

a 0.125 inch thick flat optical glass plate, aluminized on one surface

to a density of 3.0 (minimum) and having slits and openings etched into

the aluminized surface as specified in Eastman Kodak Company drawing #¥.

It shall be mounted rigidly so that will not vibrate. The slit aperture
shall be made of filter glass in accordance with requirements of Eastman
Kodak Company drawing ¥*.

It shall be the responsibility of the contractor to design the slit
aperture plate. It shall be the responsibility of Eastman Kodak Company
to develop, fabricate, test, and deliver to the contractor the completed
aperture plates.

#To be supplied by a later revision.
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3.4.14.1 Aperture Plate Format - The aperture plate shall have etched in
the aluminized surface, slits which are .0292, .0207, .0146, .0104, .00T3,
.0052, .0037 inch wide and a tapered test slit. Slits other than the test

glit shall be 8.468 inches long. The slits shall be spaced s0 no stray
light can pass through the adjacent slits when one slit is in position.

The aperture plate shall have a fiducial line 0.002 inch wide at both ends
of the main slits. An opening in the plate or in the frame for data recording
shall be provided. Two sets of yaw slits, one at each end of the main slits,
shall be provided, each 0.100 inch long and 0.054 inch from the centerline
of the main slit. A set consists of two slits, one is one-third of the
width of the main slit, the other is two-thirds of the width of the main
slit. See Eastman Kodak Company drawing ¥*.
3.4.,14.2 Positioning and Adjusting - The slit aperture shall be positioned
and adjusted in accordance with the requirements of Eastman Kodak Company
specification * for the Programmable Slit Mechanism. A visual indicator
shall be included to designate which slit is in use.
3.4.15 Subsystem D - The supplying, installing in exposure unit, and
testing of this subassembly portion of the exposure unit shall be the
responsibility of Eastman Kodak Company. The contractor shall provide
the mounting, interfaces, clearances and wiring required for this
assembly as shown on Eastman Kodak Company drawings * , # , # , Mounting
shall align subsystem D parallel to reference dowels ‘and reférence surface
and shall be sufficiently rigid to maintain position of this subassembly.
3.4.16 Design Information - The contractor shall submit to Eastman
Kodak Compeny the following information in a preliminary and also in a
final form:

(a) Weight of Exposure Unit

(b) Size of Exposure Unit

*To be supplied by a later revision.
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( c) Center of gravity related to 3 reference axes

(d) Moment of Inertia related to 3 reference axes

(e) Angular disturbance around each of 3 reference axes
(f) Electrical characteristics of all motors

(g) FPover requirements and parameters

(h) leak rate of pressure shell

(1) Thermal mock-up information

(3) Accessibility requirements for loading, adjustments,
. replacements, and trouble shooting

(x) S1it aperture plate design

(1) Wooden mock-up outline drawing
3.4.17 Index Marks - Index marks 0.005 inch wide visible when observing
film plane through the lens shall be provided at the centerline of the
film. These shall be placed as near the film plane as possible. The
index marks shall be used for centering test equipment with the
exposure unit.
3.5 Photographic Requirements
3.5.1 'Slit Aperture Plate - Imperfections in the aperture shall not produce
streaks on the film more than 0.020 inches wide in the area of the picture
image, and 0.002 inches wide in the yaw slits.
3.5.2 Stray Light - Stray light fogging in the exposure unit from external
or internal sources shall not exceed the density of exposed image by more

than 0.1 during expected duty cycles of the exposure unit. Between
photographic bursts stray light fogging in an area beyond 2 inches of the
centerline of slit shall not exceed density of exposed image by more thén
0.1; within 2 inches of the slit, fogging will be allowed.

3.5.3 Smear and Banding - Smear and banding in the photographic image
shall be limited by the requirements of film speed variations of 3.4.11.5.

#To be supplied by a later revision.
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3.5.4 Data Marks - The photographic requirements for the data marks shall
be in accordance with 3.4.12.
3.5.5 Orientation of Image - The location of the image shall conform

with the requirements of drawing *, The platen and slit aperture plate
shall be held parallel to the centerline of the two locating dowels

within +.002 inch and the center of platen to dowel distance shall be in
compliance with drawing *, so that image motion will be parallel to the
edge of the film and the axis of the optical image will coincide with the
centerline of the film.

3.5.6 Film Abrasion - No film abrasion attributable to the exposure unit
shall be allowed.

3.5.7 Dirt on Film - Maximum dirt speck or image of seme on the processed
film shall not exceed 30 microns in size. The density of dirt specks

on the processed film of sizes up to 30 microns shall not exceed one per
112 square inches attributable to the exposure unit.

3.5.8 Image Wander - The image shall not displace relative to the £ilm
edge in excess of *0.016 resulting from contracted device.

3.6 Accessibility Reguirements - The exposure unit and pressure shell .

shall be designed for accessibility for the following adjustments, replace-
ments, and installations:

(a) Threading film into exposure unit when mounted to the lens
assembly.

(b) Adjusting slit aperture position as described in Section 3.4.1h.2

(c) Focusing and checking focus. The platen shall be designed to
be easily removable and replaced with a focus fixture to check
optimun focus position.

(d) Installing Subsystem D. Ports or openings shall be provided
- in the pressure shell to allow adjustment and alignment of
Subsystem D.

*To be supplied by a later revision.
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(e) Replacement and alignment of the slit aperture plate. Dis-
assembly of exposure unit may be permitted if a replacement of
slit aperture plate is required in case of damage. All slit
aperture plates as mounted in frames shall be interchangeable.

(f) Easy replacement aml alignment of the data recorder lamps.
The data recorder assemblies shall be interchangeable.

3-7 Aligument Requirements - The exposure wnit shall be completely adjusted

and aligned by the contractor for the following items:

(a) The film plane shall be positioned so that equal scope of
adjustment is possible on the platen in the positive and
negative directions from the reference focus position.

(b) Data marks shall be focused and oriented on the film as per
Eastman Kodak Company drawing *.

(c) The slit aperture plate shall be aligned with the reference
dowels and surfaces for parallelism and orientation to image
a picture on the film as per Eastman Kodak Company drawing #¥.

(d) The platen shall be correctly aligned with the slit aperturé
plate in spacing, parallelism and orientation. See section
3.4.5 requirements.

(e) All rollers shall be aligned in parallelism with the reference
dowels and surfaces either within 0.001 inch and transversly
within 0.005 inch, or otherwise positioned to track film
within requirements.

3.8 Fixtures and Accessories Required - Contractor shall supply necessary

tools, fixtures, and accessories to handle, adjust, focus, align, and
operate the exposure unit.

Contractor shall supply a focus fixture to check alignment and focus
of exposure unit to requirements of Eastman Kodak Company drawing * and
section 3.6 (c¢). Eastman Xodak Compary will provide the reticle plate
portion of fixture.

3.9 Environmental Requirements

*To be supplied by a later revision.
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3.9.1 Non-Operating - The exposure unit shall survive the environmental
conditions listed below without any impairment of its capability.

3.10 General Requirements

3.10.1 Design Considerations - During the various stages of design, the
following items listed in the order of relative importance shall b€ given

consideration:

(a) Performance

(b) Reliability

(c) Fail Safe Features

(d) Weight

(e) Serviceability

(£) Power Consideration

(g) Flexibility
3.10.2° Manufacturing Standards -~ The exposure unit shall conform to the
manufacturing standards section of Eastman Kodak Company standards 401-104-2.
3.10.3 Interchangeability - Exposure units of the same model, regardless
of series designation, exclusive of Engineering and Reliability Test Models
shall be interchangeable or replaceable when updated to the latest revisions.
3.10.4 Life
3.10.4.1 Service Life
3.10.4.1.1 Testing Life - The exposure unit shall have a testing life of
150 hours of ON time. During the testing life period, the exposure unit
shall be capable of operating continuously for a 120 minute period. The
exposure unit shall also be capable of a minimum of * ON and OFF operations
during * minutes out of a * minute period with each ON time having a
minimum duration of * seconds.

#To be supplied by a later revision.




NRO APPROVED FOR RELEASE
DECLASSIFIED BY: C/IRRG
DECLASSIFIED ON: 14 JUNE 2013
SPECIAL HANDLING

— e

3.10.4.1.2 Mission Life - After completion of the specified testing life,
the exposure unit shall have a mission life of *¥ hours ON time. During
the mission life period, the exposure unit shall'be capable of operating
continuously for a 120 minute period. The exposure unit shall also be..

capable of a minimum of **# ON and OFF operation during ** minutes out of

a ¥ minute period, with each ON time having a minimum duration of ¥#
seéonds. The exposure unit shall have the above mission life when operated
under any of the specified operating conditions.

3.10.4.2 Shelf Life - The exposure unit shall have a shelf life of 24 months
minimum.

3.10.5 Parts and Materials Selection - All parts and materials in the
exposure unit shall be approved by Eastman Kodak Company. Eastman Kodak
Company approval of parts does not release the contractor of responsibility
for design and manufacture of hardware which satisfies the performance
requirements of this specification. In the specification of parts,
consideration shall be given to the following:

(a) Contractor's Preferred Parts List, (Approved by Eastman
Kodak Company).

(b) Reliability Approved Parts, EBastman Kodak Company, Standards
"Designing for High Reliability" L401-10k4-1.

(c) Military Standard Parts approved for use in appropriate
environment.

(d) Other standard high quality industrial type parts.
3.10.6 Reliability
3.10.6.1 General - The provisions of Eastman Kodak Company specification
401-106 shall be met throughout the design and manufacture of the exposure
unit.
3.10.7.2 Failure Rate - The minimum mean time between failures for the
exposure unit when operating within the requirements of this specification
is * hours.

#To be supplied by a later revision.
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3.10.6.3 Disposition of Variances - Variances from the requirements

of this specification shall require Eastman Kodak Company approval.
Also, when a variance occurs between a part and its associated drawing,
a notification of variance shall be submitted to Eastman Kodak Company

for approval.

3.10.6.4 Cdntract Conformance - The exposure unit shall conform to all
requirements of this specification. All design, development, fabrication
and test procedures shall conform to Eastman Kodak Company specifications
401-101 and 401-122.

3.10.7 Human Engineering - Where feasible, the provisions of "Design
Standard for Human Factors, Engineering", drawing 401-108, shall be
followed.

3.11 Documentary Requirements

3.11.1 Quality Control - Procedures shall be prepared and documented by..
the contractor, subject to the approval of Eastman Kodak Company, defining
a quality control system that shall fulfill the requirements of this
specification.

3.11.1.1 Inspection Reports - Imnspection reports including records of
in-process inspection shall be generated and maintained by the contractor.
These reports shall be made amihble » upon request, to Eastman Kodak
Company. Continuity of records and identity of parts assembled shall
likewise be maintained and mede available to Eastman Kodak Company.
3.11.1.3 Certification of Parts - Parts not manufactured or tested by
the contractor, shall be documented through certification by fabricator,
and such documentation shall be made available to Eastman Kodak Company.
3.11.1.3 Alignment, Calibration - Records shall be generated, documented
and made available to Eastman Kodak Company, of the alignment and
calibration of all measuring and test equipment for the exposure unit.

*To be supplied by a later revision.
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3.11.1.4 Test Procedures - Qualification and Acceptance Test Procedures
for the exposure unit that demonstrate the conformance with the requirements
of this specification shall be established and documented by contractor,
subject to approval of Eastman Kodak Company.

3.11.1.5 Performance Record - All data, including operating time and

malfunction reports and analyses, generated through tests, shall be
recorded by serial number, preserved as & performance record in a log
book, and submitted to Eastman Kodak Company with each exposure unit.
3.11.1.6 Design Review Check List - Design review check lists shall be
prepared by contractor collaborating with Eastman Kodak Company personnel
on reproducible forms prior to the associated design review meeting. -
3.11.2 Drawings - All engineering drawings and associated lists prepared
by contractor for the purpose of defining those requirements of design,
inspection and testing shall be prepared in accordance with Eastman Kodak
Company specification 401-101. _

3.11.3 Specification - The contractor shall generate material to complete
performance requirements and description of the exposure unit. Such
material shall be submitted to Eastman Kodak Company for approval. The
approved material shall be incorporated into this specification by Esstman
Kodak Company .

3.11.4 Instruction Manval - The contractor shall provide manuals containing
operating and maintenance information in conformance with Eastman Kodak
Company drawing 401-122. It shall be subject to Eastman Kodak Company
approval.

3.11.5 Acceptance Test Report - The contractor shall prepare a report
which documents all test data accumulated during acceptance testing of the
exposure unit. This report shall contain all information necessary to
show the degree to which the exposure unit conforms to this specification.
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3.11.6 Electromagnetic Interference Control Plan - An EMI control plan in
accordance with MIL-I-26600 for class Ib equipment shall be prepared and
submitted for Eastman Kodek Company approval with the Preliminary Design
Report of 1.3.6.3, Eastman Kodak Company document 401-122,

3.11.7 Other Reports - In addition to the documentation rquired by prier

sections of this specification, the contractor shall deliver to Eastman
Kodak Company all other reports required by 401-122 and shall prepare and
deliver to EastmanA Kodak Company a spare parts list in accordance with
Eastman Kodak Company specification 401-122.
4. QUALITY ASSURANCE PROVISIONS
. The quality control system requirements of MIL-Q-9658 and Eastman

Kodak Company specification 401-106 shall be met throughout the design and
manufacture of the exposure unit. Testing shall be limited to provisions
listed in this section. ] : -
4.1 cClassification of Tests - The inspection and testing of the exposure
unit shall be classified as follows:

(a) Qualification Tests

(v) Acéeptance Tests
4.2 Qualification Tests - No qualification testing shall be conducted by
the contractor. The test procedures shall comply with 3.11.1.%.
4.,2.1 Visual Inspection - All parts, subassemblies, and assemblies shall
be inspected for conformance with Eastman Kodak Company standard 401-104-2
and dimensional, alignment, accessibility and same general requirements of
this specification.
4.2.2 Drawing Conformance - All parts, subassemblies and assemblies shall
be inspected for conformance with their associated drawings.
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4.2.3 Performance Tests - The exposure unit shall be tested for its ability
to comply with the electrical, mechanical, and photographic requirements
of section 3 of this specification.

4.2.4 Environmental Tests - The exposure unit shall be subjected to
acceleration, shock, and vibration requirements as specified in section 3.
Following completion of these tests, the exposure unit shall be inspected
visually for damage and performance tests of U4.2.3 shall be repeated.
4.2.5 Diagnosis Report - Following the environmental qualification tests,
diagnosis shall be made of any impairment of the performance of the exposure
unit, and a full report shall be prepared according to the requirements
of 3.11.1.5.

4.2.6 Life Test - The exposure unit shall be tested for its ability to
meet the service life requirements in the specified en§1ronments of this
specification.

4.3 Acceptance Tests - Acceptance tests shall be performed by the

contractor on all deliverable models of the exposure unit. The test
procedure shall be in accordance with 3.11.1.4. The acceptance tests
shall include visual inspection, drawing conformance, performance tests,
in section 4.2.1, 4.2.2, 4.2.3 and modified environmental tests.
4.3.1 Modified Environmental Test - The modified environmental tests
under acceptance testing shall be limited to random vibration-white noise
excitation-for 5 minutes in each of 3 mutually perpendicular axes as
follows:
- * cycles per second

* g°/cps
Following vibration testing the performance tests shall be repeated to
assure that the exposure unit suffered no impairment of its capabilities.

*#To be supplied by a later revision.
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4.4 Test Conditions o . :
k.4.1 Aligonment and Calibration - The alignment and calibration of the
test equipment and all recorded data shall be in accordance with the
requirements defined in 3.11.1.3

k.4.2 Environmental Conditioﬁé - The atmospheric conditions for all

tests shall be within the ranges specified in section 3.9.2.

4.4.3 Electrical, Mechanical and Optical - The electrical, mechanical
and optical inputs and outputs applied to the exposure unit shall be in
accordance with the section 3 of this specification.

4.5 Monitoring and Surveillance - Eastman Kodak Company reserves the
right to conduct quality surveys in the contracdtor's plant for quality
system evaluation and for periodic review of contractor's performance. .
Eastman Kodak Company also reserves the right to witness all acceptance

tests. Contractor shall advise Eastman Kodak Company in advance the date
of each proposed acceptance test. Inspection support may be given the
contractor by placing in-residence inspection personnel at the contractor's
plant, if necessary.

5. FREPARATION FOR DELIVERY

5.1 Packaging - All parts, subassemblies, and assemblies for shipment as

geparate items, shall be cleaned, labeled, and sealed in transparent
plastic bags. The bags shall be partially evacuated before sealing. They
shall then be packaged in fitted and padded boxes.

5.1.1 Major Assemblies - The major assemblies after cleaning and sealing
in plastic bags as above, shall be packaged in fitted and padded boxes.
The boxes shall be reusable and equipped with hinges and latches. Each
box shall have its proper identification.

5.1.2 Small Parts - Small parts, such as screws, nuts, retaining rings,
etc., shall be cleaned and sealed in plastic bags as above. There shall
be a reasonable quantity of parts, and only one part number per bag.
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5.2 Packing - All parts, subassemblies and assemblies, as packaged, shall
be crated to avoid damage during shipment by common carrier as follows:
(a) Major assemblies in fitted boxes shall be crated individually.
(b) Other assemblies and subassemblies shall be crated individually.

(c) Small parts, in plastic bags shall be grouped and each group
crated individually.

The package shall be such as to protect the contents from external
observation and shall not indicate the contents.
5.2.1 P;ck:l.ng List - A list of all parts included in a crate shall be
placed immediately beneath the cover of the crate.
5.3 Warning Notice -~ A warning notice which indicates that the plastic
bags shall not be opened due to cleanliness requireme nts, shall be promi-
nently displayed on each list and on each plastic bag.
6. NOTES -. o -
6.1 Apzlication - The background data explaining the intended use of

the exposure unit is not required for this specification.

6.2 Test.Processing of S0-132 Film

6.2.1 Processing Method - Test processing of Kodak Experimental High
Definition Aerial Film, S0-132, may be performed in trays, tanks or
continuous film processors. The proposed process system should be

checked with sensitometric exposures (1B type) to show general confor-
mance with the "aim curve for Kodak D-19 Developer, Figure 1v.
6.2.2 Processing Procedures

(a) Solutions
Developer - Kodak D-19 Developer
Stop Bath - Kodak Stop Bath SB-1 or SB-5
Fixing Bath - Kodak Rapid Fixer with Hardener

(b) Temperature - 68°F

E-31
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(¢) Sequence and Time
Developer - 8 minutes
Stop Bath - 30 seconds
Fixing Bath - 5 minutes
Vagh - 15 - 20 minutes

(d) Agitation - Continuous agitation shall be provided during

_development according to standard techniques for the

process employed.
6.2.2.1 Darkroom Lighting - Development shall take place in total dark-
ness. Lights may be turned on 30 seconds after the f£ilm has been placed
in the fixing bath.
6.2.2.2 Process Control - A sensitometric exposure (1B type) shall be
processed with test samples to provide a standard for evaluating test

- results. The aim curve for this product is Figure E-1. Standard

exposures will be provided by Eastman Kodak Company if required.
6.2.3 Test Evaluation - Figure E-1 is the aim curve for S0-132 film.
Results obtained in any test process can be converted to the equivalent
densities that would be produced by processing to the aim curve as follows:

(a) Determine the densities of the test exposures and the 1B
strip.

(b) Plot the sensitometric curve.

(c) From the curve obtain the exposure (Log E) required to produce
the test exposure densities.

(d) Applying these Log E values to Figure E-1, obtain the densities
. that will be produced when 80-132 is processed to the aim
curve.

6.3 Company Confidential

(a) The contractor shall not disclose any information concerning
work being done or to be performed or any informaiton received
from Kodak in connection with the work, to anyone other than
to Kodak's and contractor's employees and officers directly
connected with work under this specification, who have a need
to know such information for performance under this specifi-
cation. The restriction of this section shall continue in
effect for 12 months upon completion or termination of the
work.
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(b) All data, drawings and specifications delivered by the
contractor shall be the property of Kodak and the contractor
agrees to hereby grant to Kodak, a royalty free, non-exclusive
and irrevocable license to publish, reproduce, dispose of and
to authorize others to do so, all such data, drawings,
specifications and information therein supplied by contractor.

E-3k
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Sheets

APFENDIX F

Preliminary

Focus Control Unit
Specification No. *

Prepared by
EASTMAN KODAK COMPANY
Advanced Development Projects Group
Apparatus and Optical Division
Rochester, New York '
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Preliminary Specification " Tocus Control Unit

Specification No. ’ Release date:

1. SCOPE, MISSION AND TASK

1.1 Scope - This specification defines the Focus Control Unit. It includes
the performance and environmental requirements, and defines the quality
assurance provisions required to determine compliance of the focus control
unit with these requirements.

1.2 Mission - It shall be the mission of the focus control unit to supply
the necessary signals to a related system to focus the payload exposure
unit by analyzing signals received from another related system.

1.3 Task - The required task is to design, develop, manufacture, test

and deliver to Eastman Kodak Company (EKC) a focus control unit which
complies with the reéuirements of this specification.

2. APPLICABLE DOCUMENTS |

2.1 "Bhe following specifications, standards, and publications of latest
issue in effect on date of invitation for bids, form a psrt of this
specification. Applicability of the listed documents shall depend on
their specific reference in this specification. In the event of a conflict
between the listed documents and this specification, this specification
shall take precedence.

SPECIFICATION

i Military
MIL-Q-9858 Quality Control System Requirements

MIL-I-26600 ' Interference Control Requirements,
Aeronautical Equipment
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STANDARDS

Militery
MIL-STD-105

Eastman Kodak Company
401-104-1

LO1-104-2

401-108

DRAWINGS
Eastman Kodak Company
Lo1-111

405-130
ko5-152

*
*
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Instructions for Preparation of Drawings
by Subcontractors

Technical Requirements for Proposals
and Subcontracts

Signal Gating Module

Camera Assembly
Focus Detector

Sampling Procedures and Tables for
Inspection by Attributes

Designing for High Reliability
Attaining Reliable Manufacture

Design Standard for Human Factors
Engineering

Instructions for Preparation of
Equipment Manuals

Procedure for Iridite No. 15 Finish
for Magnesium

Procedure for Low Emisgsivity Coating
of Materials

Focus Control Unit
Schematic Diagram, Focus Control Unit
Camera Payload Command Information

2.2 Confrol Drewings - None required for compliance with this spec:lt"icatio_n.

#To be supplied by a later revision.
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3. BEQUIREMENTS

3.1 Definitiong - The focus control unit is an integral part of the focus
control systeonf the camera payload. The focus control system of the

camera pwload is defined as the equipment required to determine the focus
condition of the camera payload, develop outpﬁt. signals capable of describing

the focus condition,end adjust focus either by direct command or by performing
the function automatically. The focus control system consists of the
following assemblies: '

(a) Focus Control Unit

(b) Focus Detector Assembly

(¢) Focus Drive Assembly
3.1.1 Focus Control Unit - The focus control unit is thet portion of the
focus control system defined by this specification. The focus control unit
ghall accept signals from the focus detector assembly, interpret them,and
provide output signals which indicate the condition of focus of the camera
peyload optical system. In the automatic mode, the focus comtrol unit
shall provide output signals capsble of operating the focus drive assembly
to produce the best optical focus of the camera payload. The focus
control unit shall consist of the following elements:

(a) Automatic gain control amplifier

(b) 8ignal gating module

(c) Integrators, unity gain smplifiers, and differential
. amplifier

(d) Monitoring logic and power switches
3.1.1.1 Automatic Gain Control Amplifier - The sutomatic gain comtrol
amplifier is a fixed-gain ac amplifier with a variasble-attenuator input.
The attenuator is controlled by feedback loop from the larger of the two
signals coming out of the un;ty galn amplifiers of 3.1.1l.3. The input
signal to the amplifier is provided by the focus detector assembly.

F-l




NRO APPROVED FOR RELEASE
DECLASSIFIED BY: C/IRRG

DECLASSIFIED ON: 14 JUNE 2013 SPECIAL HANDLING

—SkCRET—

3.1.1.2 Signal Gating Module - The signal gating module is a gating network,
triggered by synchronizing pulses provided by the focus detector assembly.
The synchronizing pulses are related to the active portions of the input

signal and cause the alternate switching of the input signal from one
output channel to the other. It also has the function of blocking all
signals during transition periods of the input signal. The signal gating
module shall be in accordence with EKC specification ¥.

3.1.1.3 Integrators, Unity Gain Amplifiers, and Differential Amplifier - The
two signals coming out of the signal gating module of 3.1.1.2 are fed into
separate integrators. These are rectifiers which have short time constant
charaoteristics (3 seconds) for rising voltages, but long time constants
(10 seconds) for decreasing voltages. The output is, therefore, a d-c
signal which is approximately proportional to the level of the active
portion of the input signal. Each d-c signal is then fed into a corres-
ponding unity gain amplifier which, in addition to transforming impedance,
maintains a fixed relation between its output voltage and input voltage
with respect to load, time, and temperature. The outputs from the unity
gain amplifier are fed to a differential amplifier which compares their
amplitude, the instrumentation output channels, s and egs and to the AGC
smplifier control selector circuit. The differential amplifier output is
proportional to the difference between the two input signals. This signal
is fed to the logic circuits of 3.1.1.4 and to the instrumentation output
channel ep* 3

3.1.1.4 Monitoring Logic end Power Switches - The logic circuits monitor
e, epy and epe When the channel qutput signals are beyond what are
congidered normal limits, the power switches are immobilized. That is,
when in the automatic mode, the focus motor drive shall not operate if the
output voltages, ey’ and °]§’ are greater than +5.2 + 0.2v dc, or less than

F-5
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+0.6 + 0.1 v dc. The power switches are activated by the differential
amplifier output signal to provide power to operate the focus drive .
assembly and correct for a defocused condition when the system is placed
in the automatic focus mode. Part of the logic circultry is used to -
select the focus error threshold which must be exceeded for the automatic
focus mode to require a correction. These thresholds are set to 2.0 +
0.lv dc and 3.0 + O.1v de. (In-focus level is 2.5v dc).
3.1.2 Focus Detector Assembly - The focus detector assembly is that portiom
of the focus control system which converts the incoming light into electrical
signals meaningful to the subsequent portions of the system. It is located
in the exposure unit and consists of the following elements:

(a) Focus System Optics

(b) Focus Shifter Assembly

(¢c) Focus Detector

(a) Pre-amplifier
The focus detector assembly shall be in accordance with EKC specification *.
3.1.3 Focus Drive Assembly - The focus drive assembly is that portion of -
the focus control system which actually changes the focus of the camera
peyload and monitors its position. The focus drive assembly shall be
located in the exposure unit and shaell be capable of being operated either
manually or automatically by the focus control unit. The focus drive
assenbly shall function in accordance with Eastman Kodak Company specifi-
cation *. The focus drive assembly shall consist of the following element s:

(a) Focus Drive Motor

(b) Platen Position Potentidmeters
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‘3.2 Electrical Requirements
3.2.1 Inputs - The focus control unit shall meet the requirements of this
specification when the terminals indicated in 3.2.5.1 are supplied with the
following inputs:
3.2.1.1 Pover - Applied voltage and current values shall be as specified
in Table I. Note that some power is transferred through the assembly to the
exposure unit and is not necessarily dlssipated within it. The last columm
1ists the power consumption of the pzq:osure unit portion of the system.
Surge currents from the +22v dc supply shall decay to 37 percent of their
initial values in 15 milliseconds or less. Surge current amplitude is
. peak transient current minus steady state current.

TABLE I
APPLIED VOLTAGE AND CURRENT VALUES

Max. Max. Operating

Voltage Surge Focus Control Mex. Operating Current
(de) Regulation Current Unit Current (Exposure Unit Portion)
+28 +3-0V 1.0 anp . 60 ma 200 ma

-3 .OV
+22 40.1lv 400 ma 150 ma 2.0 ma
-22 +0.1v 250 ma 125 ma, -——
+5 40.ly === -— 0.25 ma

3.2.1.2 Commands - Application of the plus 28v dc to the J* pin* shall
initiate operation of the focus control system. .The maximum current drain
' from the commend source shall be 0.l ampere. The system shall twrn off
upon removal of the voltage (open circuit). The commands for manusl and
automatic focus control system operation shall be applied external to the
system and shall be as defined in EKC specification *.

#TO be supplied by a later revision.
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3.2.1.3 Synchronizing Signals - Two synchronizing input signals shall be
supplied to the focus control unit. They shall be identified as the
synchronizing pulse train A, and the synchronizing pulse train B, and shall
corregpond to the time sequence of the focus shifter assembly in the focus
detector assembly. The synchronizing signal waveform and time relationships

are shown in Figure F-1. The time period between the plus A and minus A
synchronizing pulses shall be designated the A gate period which corresponds
to the time when the focus signal is fed to the A channel integrator. The
time period between the plus B and minus B synchronizing pulses shall be
designated the B gate period, which corresponds to the time when the focus
signal is fed to the B channel. The normal gate repetition rate shall be
30 cps. The rate may vary continuously from 25 to 40 cps. The load impedance
for the synchronizing pulses shall be no less than 1000 ohms. The amplitude
of the pulses may very from 1.5 to 4.5 volts peak. Noise and spurious
signals in either synchronizing input shall not exceed 0.6 volt peak. The
rise time (10 percent to 90 percent points) of the leading edge of the
synchronizing pulses shall be less than 4LOO microseconds.

3.2.1.4 Input Focus Signal - The input focus signal to the focus camtrol
unit shall have an a-c amplitude modulated waveform. Its carrier frequency
shall be within the range of 380 to 1500 cps. The amplitude modulation
frequencies shall be in the range of O to 40 cps. The general waveform

of the input signal shall be as shown in Figure F-1. The rms signal
smplitude during the A gate period shall be designated as the A signal
amplitude. The rms signal amplitude during the B gate period shall be..
designated as the B signal amplitude. The A and B period repetition rate
may vary from 25 to 4O cps. The amplitude range of the inmput signal shall
be from 4 millivolt rms during either the A or B gate periods to. 40O milli-
volts rms. The period in which this variation can take place shall not be
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less than 150 milliseconds. The ratio of the A signal amplitude to the B
signal amplitude (A/B) for normal operation, shall be within the range of
0.1 and 10. Ratios beyond this range shall be considered abnormal. The
impedance of the input signal source shall be 6,000 ohms *10.0 per cent.

3.2.2 Outputs - The following output signals shall be obtained when the
necessary input power is supplied to the focus control unit and the input

signals are as specified.

3.2.2.1 Switched Power - With the application of the power-on command as
defined in paragraph 3.2.1.2 plus 22v dc and plus 28v dc shall appear at

the terminals indicated as "switched" "22v dc power" and "switched 28v dc
power". With the application of the "power-off" command, the voltages at

the indicated terminals shall be zero.

3.2.2.2 Focus Motor Power - In the manual mode of operation, focus motor
lead terminals of J * shall exhibit the following conditions:
(a) For a forward drive command, Motor Lead B shall be 28v dc
positive with respect to Motor Lead A.

(b) For a reverse drive command, Motor Lead A shall be 28v dc
positive with respect to Motor Lead B.

(c¢) In the absence of a command, both motor leads shall be con-
nected to dc return or maintained at 28 volts positive with
respect to d-c return.

When the unit is operating in the automatic focus mode, the connections of
the automatic focus outputs are made to the focus motor lead connections
external to the unit. The automatic focus outputs are present at the desig-
nated terminals under the following conditions:

When e,, is less than +2.0 +0.1v dc and e_, is greater than +0.6
*0.1lv “dc, a forward drive output shall “be present as defined
by (a) above.
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When en is greater than +3.0 *0.1v dc and e is greater than

+0.6 $0.1v dc, a reverse drive output shall be present as
defined by (b) above.

When e, is between +2.0 0.1 and 3.0 %0.1v dc, the output shall

be defined by (c) above.
Values of e, or e, greater than +5.2 £0.2v dc or less than 0.6

+0.1v dc are defined as abnormal and shell be considered to be
beyond the correction capability of the focus system. Therefore,
there shall be no automatic focus output signals present under
those conditions and the output shall be defined by (c) above.

3.2.2.3 Instrumentation Power Output - Plus 5.0 #0.1lv dc shall appear on
the instrumentation power terminal of J* when power is applied to the focus
control unit.

3.2.2.4 Channel A and B Outputs - The output voltages for channels A and B
shall be designated ex and 5 respectively. They shall be in the range of

O to 5v de. Figure F-2 indicates the nominal room temperature values of ey
and e for various input signal ratios. At any one temperature within the
range specified in Section 3.3, (eB - eA) for a given unit shall repeat with-
in 0.100v dc total for A/B between 0.1 and 10.0. At 74 %£5F all units shall
be within 0.40v dc of Figure F-2. For a given unit and any A/B between

0.5 and 2.0, (eB - eA) shall repeat within 0.3v dc total. For any other

A/B between 0.1 and 10.0, (eB -e A) for a given unit shall repeat within
1.0v dc.

3.2.2.5 Focus Signal Output - The focus signal output shall be designated
e,. It shall be a voltage in the range of -0.25 to +22v dc. Figure F-3
indicates the nominal room temperature value of ep for various input. signal
ratios. At any one temperature within the range specified in Section 3.3,
ep for a given unit shall repeat within 0.500v dc total for any A/B between
0.1 and 10.0. For all units, e; shall be within the shaded area of Figure

F-3 for A/B between 0.8 and 1.25.
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3.2.3 Response Time - For this specification, response time shall be defined
in terms of a step function input. The step input shall be generated by -
applying an input signal ratio A/B = 10, then suddenly decreasing A to obtain
a value of A/B = 1; and by applylng an input signal ratio A/B = 0.1,

then suddenly decreasing B to obtain a value of A/B = 1.0. The cA and OB

values shall be within 38 percent of their calibration values (for A/B

= 1.0), three seconds after the step function input.

3.2.4 Warm-Up Time - The focus control unit shell meet the performance

requirements of this specification within 30 seconds of the time when all

power and signels are supplied to it.

3.2.5 Connections
~ 3.2.5.1 Connectors - The connectors and connector pin assignments for the
~ focus control unit shall be as follows:

Connector J* - EKC L4OO-%*

Pin Letter " Function

* No connection
No connection
Instrunentation return
Shields
(Platen position coarse)
No connection
(e,)
Shield
5v dc supply
No connection
No connection
No connection

*T0 be supplied by a later revision.
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Pin Letter Function
* Focus motor, lead A

Connector J%* - EKC *

Pin Letter
*

*To be supplied by a later revision.

Focus motor, lead B
Automatic focus output, lead A

Automatic focus output, lead B
22v dc return

No connection

(e,)

(ep)

No connection

No comnection

+22v dc supply

Spare -

Spare

Spare

D-C return

(Platen position, fine)
+28v dc supply

=22v dc supply

Function

(Platen position, fine)
Focus motor, lead A

Focus motor, leed B

No connection
Instrumentation power Sv dc
(Platen position, coarse)
Spare )

e
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Pin Letter Function
* Switched v dc power

Spere synchronizing pulse B - shield
Input signal
Synchrenizing pulse At

Synchronizing pulse B+

Spare

Synchronizing pulse B-

D-C return

Synchronizing pulse A - shield
+22v dc supply

Instrumentation return
(+22 v and 5v)

No connection

Input signal - return
Input signal - shield
Synchronizing pulse A-
Shields.

Switches +22v dc power

3.2.5.2 Leakage - The leakage resistance between any electrical connection,
except shields, within the unit and the chassis ground of the assembly
shall be 100 megohms minimum, with an applied voltage of 100v dc + 10

percent.

3.2.5.3 Continuity - Continuity between any connector pins as shown on
the ‘schematic diagram, EKC drawing * shall be demonstrated by exhibiting
a resistance of no greater than 0.1 ohms. No adverse affects such as
deterioriation of wire ingulation or abnormal temperature. rise shall be
noted when the connection is conducting a current of 0.5 amperes for 5

minutgaf _

¥To be supplied by a later revision.
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3.2.6 Power Consumption - The power consumed within the focus control umit

ghall not exceed 8.0 watts averag .
3.2.7 Electromegnetic Interference - The focus control unit shall meet

the requirements of MIL-I-26600 for Class Ib equipment. In addition to
the requirements defined by MIL-I-26600, any conducted interference within

the frequency range of 15-15,000 cps impressed on the power supply inputs
by the assembly shall not exceed 0.030 ampere peak-to-peak.

3.é.8 Instrumentation Return - The instrumentation return shall be comnected
to the d-c retwn at a point external to the focus control unit and shall
be completely isolated from the d-c return within the focus control umit.
3.2.9 Cementing of Components - All electrical parts shall be cemented to
component boards in accordance with Eastman Kodak Compsny Standard uon.-log-a,
Section 4.1.4.1. ‘ : iy
3.3 Environmental Requirements - A complete environmental design criteria
establishing all of the levels of environment to which the payload and its
components will be subjected will be established at a later date.

3.4 Mechanical Requirements . ‘

3.4.1 External Configuration - The external configuration for the focus
control unit shall be as shown on EKC drawing *.

3.4.2 Weight - The weight of the focus control unit shall not exceed

12 pounds. ‘

3.4.3 Finish - Iridite No. 15 for magnesium per EKC drawing 405-130
inside; reflective evaporated, outside per EKC drawing 405-152.

3.4.4 Identification - Each focus control unit shall be identified with
part and serial numbers only. The forma$ and lettering type shall be as
shown in EKC standard 401-104-1, section 3.3.7. The location of the
identification marking shall be as shown in EKC drawing *.
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3.5 General Requirements
3.5.1 Design Attributes - Design shall be in accordance with the require-

ments of EKC standard 401-119. Throughout the various stages of design,
congideration shall be given to the items listed below. Items are listed
in order of relative importance.

(a) Performance

(b) Reliasbility

(c) Fail-safe features

(d) Weight

(e) Berviceability

(£) Power consumption

(g) Flexibility »

 3.5.2 Manufacturing Standards - The focus control unit shall conform to

the manufacturing standards of EKC standard 401-10k4-2.
3.5.3 Interchangeability - Components of all equipment of the same model,
regardless of series designation exclusive of experimental amd prototype
systems, when up-dated to the latest revisions shall be interchangeable
or replaceable.
3.5.4 Eage of Assembly and Maintenance of Equipment - Mechanical and
electrical components shall be designed and constructed to require.a
minimum of skill, experience, and time necessary to assemble and maintain
them. The components'design and comstruction shall minimize the need for
holding or supporting these components during final positioning and
fastening.
3.5.5 Life
3.5.5.1 Service Life
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3.5.5.1.1 Tepting Life - The focus control unit shall have a testing life
of 150 hours of ON time. During the testing life period, the focus
control unit shall be capable of operating continuously for 150 seconds
out of a 10 minute period. The focus control unit shall also be capsble

of a minimum of * ON and OFF operations during * minutes out of a * minute

period with each ON time having a minimum duration of * seconds.

3.5.5.1.2 Mission Life - After completion of the specified testing life,
the focus control unit shall have a mission 1ife of *¥* hours ON time. During
the mission life period, the focus control unit shall be capable of cperating
continuouél,y for 150 seconds out of a 10 minute period. The focus control
unit shall also be capable of a minimum of *% ON and OFF operations during
*% minutes out of a ** minute period, with eéach ON time having a minimum
duration of ** geconds. The focus control unit shall have the sbove
mission life when operated under any of the specified operating conditions.
3.5.5.2 Shelf Life - The focus control unit shall have a shelf life of

24 months minimum.

3.5.6 Reliability - The design and fabrication of the equipment shall

be such as to provide adequate and consistent performatice of its required
function, with a minimum margin of error. The design for reliability shall
include the use of parts, materials,and processes which provide for complete
calibration, ease in detection of errors, and the application of human
engineering design factors of Eastman Kodak standard 401-108, to prevent
any damage to, 6r impsirment of, the primary equipment. Reliability of

the equipment shall provide for ease of maintenance in compliance with
3.5.3, and shall demonstrate its sbility to meet the service life require-~
ments of 3.5.4.1.

F-19
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3.5.7 Disposition of Veriances - Variances from the requirements of this
specification ghall require EKC written approval. Variance of all other
drawings from specification requirements shall require contractor action

only.

3.5.8 Contract Conformance - The focus control unit shall conform to the

requirements of this specification. ’

3.5.9 Human Engineering - Where feasible, the provisions of Eastman Kodak

Company stendard 401-108 shall be followed.

3.5.10 Safety of Personnel

3.5.10.1 Mechanical - The design of the equipment shall be such as to

provide maximum convenience and safety to personnel when installing,

operating, and maintaining or replacing the equipment. Sharp projections

or edges on parts or compbonents shall be avoided.

3.5.10.2 Electrical - Provisions shall be made to prevent personnel from

accidentally coming in contact with voltages in excess of 40 volts, including

potentials on charged capacitors when the power system is in its normal

operation condition.

3.5.10.2.1 ‘Ground Potential - The design and construction of the equipment

shall be guch that all external parts be at ground potential at all times.

3.5.11 Fallure Rate - The focus control assembly shall have a minimum

mean time between failures (MTBF) of * hours ("on" time).

3.6 Documentary Requirements - Procedures shall be prepared and documented

by the contractor, subJect to the written approval of Eastman Kodak Companly,
" defining a quality control system that shall fulfill the requirements of

this specification. The documentary requirements shall include but shall

not be limited to, the following:

F-20
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3.6.1 Drawings - All engineering drswings and associated lists prepared by
the contractor for the purpose of defining those requirements of design,
inspection, and tests, shall be prepared in accordance with EKC specifications

401-101 end 401-122. Any contractor's drafting manusl outlining requirements -
for preparation of drawings may be submitted to Eastman Kodak Compeny for

written epproval. Upon receipt of such approval from Eastman Kodak Compeny,
the contractor may use his msnusl in lieu of the Kodak Drafting Manual.
3.6'.2 Specifications - The contractor shall generate material to complete
performance requirements and description of the equipment contained in
this specification. Such material shell be submitted to EKC for written
approval. The approved material ghall be incorporated into the specification
by EKC. .
 3.6.3 Manuals - The contractor shall provide manjals containing operating
and maintenance information in conformance with EKC drawing 401-111.
3.6.4 1Inspection Reports - Inspection Reports. ghall be generated and main-
tained by the contractor. These reports, as well as in-process inspection,
shall be made available, upon request, to EXC. Continuity of records and
identity of parts ass.embled , shall likewise be haintained and masde avail-
able to EKC. '
3.6.5 Verification of Purchased Items - Verification that purchased items
not manufactured or tested by the contractor meet specified requiremepts
shall be documented, and such ddcumentation shall be made available to EKC.
3.6.6 Alignment and Calibration - Records shall be generated, documented,
and made aveilable to EKC, of the alignment and calibration of all measuring
and test equipment for the focus control electronics.
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3.6.7 Test Procedures - Qualification and acceptance test procedures for
the focus control unit that demonstrate conformance with the requirements
of this specification shall be established and documented by the comtractor

and submitted to EKC for written approval.

3.6.8 Performence Record - All data, including operating time and mal-
function reports generated through tests, shall be recorded by serial
number and preserved as a performance record in the log book.

k. QUALITY ASSURANCE PROVISIONS :

The quality control system requirements of MIL-Q-9858 shall apply.
Testing of the focus control unit shall be limited to provisions listed
in this section. '

4.1 Classification of Tests - The inspection and testing of the focus control
| electronics shall be classified as follows:

(a) Qualification tests

(b) Acceptance tests
L.2 Qualification Tests - The qualification tests shall be conducted by
the contractor on ohe focus control unit of any given design. The focus
control unit shall not be used as an operational unit following the quali-
fication tests. The test procedures shall comply with 3.6.7, and shall
include, but shall not be limited to the following:
k.2.1 vVisual Inspection - All parts, subassemblies and assemblies shall
be inspected for gonformence with the manufacturing standards, EKC drawing
4o1-104-2.
4.2.2 Drawing Conformance - All parts, subassemblies, and assemblies shall
be inspected for conformence with their reaspective drawings.

F-22




NRO APPROVED FOR RELEASE
DECLASSIFIED BY: C/IRRG
DECLASSIFIED ON: 14 JUNE 2013

SPECIAL HANDLING

—SEGRET—

4.2.3 Performsnce Tests - The assembly shall be tested for its ability to
meet all of the performsnce requirements of section 3.2, with the exception
of paragraph 3.2.5.2 in vhich an 0.5 ohm value may be substituted for the
0.1 ohm.

h.2.4 Environmental Qualification Tegig - The focus control unit shall be

subjected to the environmental requirements as specified in sectiom 3.3.l1.
Following completion of these tests, the focus control unit shall be..
visually inspected for damage, and the performsnce tests of 4.2.3 shall
be repeated.

4.2.5 Diagnosis Report - Following the envirommental qualification tests,
diagnosis shall be made of any impairment of performance of the focus

. control unit, and a full report shall be writtien.

4.2.6 Life Test - The focus control unit shall be tested for compliance
with the service life requirements of 3.5.h.

4.3 Acceptance Tests - The acceptance tests shall be performed by the
contractor on each item of the focus control unit. The test procedures
shall be in accordance with 3.6.7. The acceptance tests shall include
visual inspection, drawing conformance, and performance tests, of 4.2.1,
4.2.2, 4.2.3, respectively. EKC reserves the right to have the acceptance
tests performed at EKC, Rochester, New York.

4k.3.1 Environmental Acceptance Tests - The focus control unit shall be
subjected to the requirements specified in 3.3.2. Following completion
of these tests, the focus control unit shall be visually inspected. The
performance tests of 4.2.3 except for EMI tests shall be repeated.

L.t Test Conditions

k4.1 Alignment and Calibration - The alignment and calibration of the focus
control unit and recorded data shall be in accordance with the requirements
of 3.6.6.




NRO APPROVED FOR RELEASE
DECLASSIFIED BY: C/IRRG
DECLASSIFIED ON: 14 JUNE 2013
SPECIAL HANDLING

—SICReT

4.4.2 Atmospheric Conditions - The stmospheric conditioms for all tests
shall be in compliance with section 3.3.1.

4.,4.3 Electrical Conditions - The electrical inputs and outputs of the
components under test shall be in compliance with section 3.2.

4.5 Documentation - The documentation of the focus control unit shall

be in complisnce with the requirements stated in section 3.6.

4.6 Monitoring and Surveillsnce - EKC reserves the right to witness all
qualification and acceptance tests, and to conduct quality surveys in the
contractor's plant for quality system evaluation and for periodic review

of contractor's performence. Inspection support may be given the contractor
by placing in-residence inspection personnel at their plent, if necessary.
4,.7 Sampling - When applicable, sampling procedures and inspection by
atiributes shall be in accordance with MIL-8TD-105.

5. PREPARATION FOR DELIVERY

5.1 Packaging - All parts, subassemblies, and assemblies, for shipment as
separate items and not for assembly to a payload, shall be cleaned, labeled,
and sealed, with their identification, in transparent plastic bags. The
bags shall be partislly evacuated before sealing.

5.1.1 Major Assemblies - The major assemblies after cleaning and sealing
in plastic bags as above, shall be packaged in fitted and padded boxes.

The boxes shall be reusable and shall be equipped with hinges and latch.
Each box shall have its proper identification.

5.1.2 Small Parts - Small parts, such as screws, nuts, retaining rings,
etc., shall be cleaned and sealed in plastic bags as above. There shall

be a reasonable quantity of parts, and only one part number per bag.
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5.2 Packing - All parts, subassemblies, and assemblies, as packaged, shall
be orated for shipment as follows:
(a) Major assemblies in fitted boxes shall be crated individually.
(v) Other assemblies and subassemblies shall be crated individuslly.

(c¢) Small parts, in plastic bags, shall be youpcd and each group
crated individually.

5.3 Packing List - A list of all parts included in a crate shall be placed
immediately beneath the cover of the crate. :
5.4 Warning Notice - A warning notice to indicate that the plastic bags
shall not be opened until ready for use or inspection due to cleanliness
requirements, shall be prominently displayed in each list and on each
plastic bag.
6. NOTES

None required for compliance with this gpecification.
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Preliminary Specification 'Focus Detector Assembly

Specification No. * Release Date:

v OGOFE AND MIGSION

1.1 Scope - This specification defines the Focus Detector Assembly. It
includes the performance and environmental réquirements, and defines the
quality assurance provisions required to determine compliance of the focus
detector assembly with these requirements. The focus detector assembly
shall be installed within the exposure unit.

1.2 Mission - It is the mission of the focus detector assembly to accept
an optical input from the camera payload optical system and to convert
that optical input to an electrical output signal which is related to the
optical focus of the camera payload. It shall also provide synchronizing
pulses which are related to the timing sequence of the output signal
characteristics.

1.3 Task - The required task is to design develop, manufacture, tesf and
deliver to Eastman Kodak Company a focus detectozj assembly which complies
with the requirements of this specification.

2. APFLICABLE DOCUMENTS

2.1 The following specifications, standards, and publications of latest
issue in effect on the date of invitation for bids, fbrm’a part of this
specification. Applicability of the listed documents shall depend on
their specific reference in this specification. In the event of conflict
between the listed documents and this specification, this specification
éhall take precedence.
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SPECIFICATIONS
Military _
MIL-Q-9858 Quality Control System Requirements
MIL-I-26600 Interference Control Requim\ents,
Aeronautical Equipment '
Eastman Kodak Company
401-101 Instructions for Preparation of
| Drawings by Subcontractors
ko1-122 Technical Requirements for Proposals
and Subcontracts
401-110 Quality Control System Requirements
for Vendors and Contractors
STANDARDS
Military :
MIL-STD-1T71A Finishing of Metal and Wood Surfaces

Eastman Kodak Company

4o1-100 Drafting Manual

ko1-104-1 Designing for High Reliability
401-10k-2 Attaining Reliable Manufacture

401-106 Subcontractor's Reliability Requirements

401-113 Reliability Approved Parts List




NRO APPROVED FOR RELEASE
DECLASSIFIED BY: C/IRRG

DECLASSIFIED ON: 14 JUNE 2013 SPECIAL HANDLING

DRAWINGS

Eastman Kodak Company

401-111

405-118
405-130

L4o5-162

405-185
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Instructions for Preparation of Equipment
Manuals

Instructions for Masking Protective
Coatings (Iridite) Prior to Finishing

Procedure for Iridite No. 15 Finish
for Magnesium

Procedure for Stencil Identification
Marking Chassis, Component Boards
and Connectors

Procedure for Iridite No. 1l Chromate
for Aluminum (Non-etching)

Chopper Disc

Subsystem D Space Limitations

Mount Assembly, 45° Mirror

Reticle

Plate Assembly, Motor Mounting

Base Flate and Condensre System Assembly
Preamplifier Assembly

Exposure Unit Schematic Diagram
Wall-Side Housing, Right

Exposure Unit Assembly
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3. REQUIREMENTS

3.1 Definitions - The focus detector assembly is the portion of the focus
control system that detects and converts the input optical signal to the
exposure unit into electrical signals which can be interpreted in terms of

system focus, It 19 Joabod WiGMID tOC cXpOSUre it and consists of the
following swbassemblies:

(a) Motor Mounting Plate Assembly
(b) Base Plate and Condenser System Assembly
(c) Pre-amplifier Assembly

3.1.1 Motor Mounting Plate Assembly - This subassembly contains the motor,
the focus shifter disc, and the magnetic pickups which generate the synchroniz-
ing pulses. A

3.1.2 Base Plate and Condenser System Assembly - This subassembly is
mounted on the exposure mechanism frame. It contains a 45° mirror, the
22.5 line per millimeter reticle with an interference filter coating for
controlling the spectrum of the light reaching the detector, and the
optical elements necessary to collect the light passing through the reticle
and focus it on the active area of the detector. -

3.1.3 Pre-Amplifier Assembly - This subassembly consists of the potted,
shiélded pre-amplifier and the silicon cell detector. The amplifier is
attached to the exposure unit pressure shell while the detector assembly
is attached to the condenser system assembly on the movable exposure unit
mechanism frame. |
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3.1.4 Focus Direction Conventions - The following conventions shall be
used in reference to focus direction. The forward direction is away from
the lens or in the plus Z axis direction. Platen position instrumentation
shall increase in voltage output when the focus drive motion is forward.

The forward focus drive command, shall apply plus 28 volts d.c. to focus
motor lead B.

The output signal ratio (A/B) is defined as the ratio of the output signal
amplitude during the A channel gate period to the output signal amplitude
during the B channel gate period. By definition, the platen shall be in
the forward or plus region when the A/B ratio is less than 1.0.

Conversely, the reverse direction is toward the lens or in the minus Z
axis direction. Platen position instrumentation shall decrease in voltage
output when the focus drive motion is reverse. The reverse focus drive
command, shall apply plus 28 voltsq' d.c. to focus motor lead A. The output
signal ratio, A/B, shall be greater than 1.0 when the platen is in the
reverse or minus region.

3.2 Optical Requirements

3.2.1 Optical Input -~ The optical input to the focus detector assembly
shall be through the lens opening of the exposure unit and shall be at
nominal focus at the exposure unit focal plane. For the purposes of this
specification, the exposure unit focal plane is defined as a plane,

2.3186 inches from, and parallel to, the exposure unit mounting surface
(measured in the plus Z axis direction). Provision is made in the exposure
unit to move the film plane through a fange of from plus 0.010 inch to
minus 0.010 inch from the nominal image focal plane. The optical signal
shall have the following characteristics: ‘
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3.2.1.1 Spectrum - The spectral content of the optical input signal shall
conform to that of a 5800° to 6000°K black body radiator over the range
of 0.9 to 0.7 microns.

3.2.1.2 Illumination Renge - For the purposes of this specification, the

meximm image detedl (highlight) 11lumination shall be defined as in the
range of * to * foot-candles. The nominal highlight illumination shall be
22 foot-candles. The minimum image detail illumination shall be no more
than one-fifth the maximum illumination and may approach zero.

3.2.1.3 Image Content ~ The image content shall be that of an aerial
image of a scene on & scale of * or a contrived pattern having a power
spectrum such that the signal at * lines per millimeter is equivalent
to that of the ground scene. )

For the purposes of this specification, the image content shall be defined
as that contained in a 0.500 inch square aperture which is located at a
16.0 inch diameter at the top of the "chopper disc" which is part of the
Focus Control Test Set. ' '

3.2.1.4 Image Content Motion - The image content shall move at a rate of *
inches per second in a direction perpendiculo.r to the aperture slit.

3.2.1.5 Image Size - The image size shall be such that at least 20 percent
of the reticle is illuminated.

3.3 Electrical Requirements

3.3.1 Connections - Connection to the focus detector assembly shall be
made through connector * (Eastman Kodak Company drawing 400~ #) of the
exposure unit. Pin designations of * and intermediate terminal strip
designations shall be as follows:
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Pin No. TB No. Function

* 2002-13 Synchronizing Pulse A-

) 2001-1 Switched +22VDC
2002-17 Switched +28VDC Power
2001-11 Synchronizing Pulse B Shield
2001-h Focus Detector Output Signal
2002-11 Synchronizing Pulse A+
2001-12 Synchronizing Pulse Bf
2001-13 Synchronizing Pulse B~
2002-19 C Return
2002-10 Synchronizing Pulse A Shield
2001-3 Focus Detector Output Signal Ground

and +22v dc Return

2001-5 Focus Detector Output Shield

3.3.2 Leakage - The leakage resistance between either pin ¥%, 7*, or * or

J* and the exposure unit case shall be greater than 10 megohms”with a
maximum applied voltage of 1Ovde. The leakage resistance between any other
connector pin, except for shields, and the exposure unit case shall be
greater than 100 megohms with an applied voltage of 100 * 1Ovde. The
shield on the preamplifier shall be capacity-coupled to 22vdc return.

3.3.3 Power - The following input power shall be applied to the comnector
terminals in 3.3.1. A
Maximum

Surge Operating
Voltage Regulation Current Current
+28vVDC +3.0V 1.0 smp 200 ma
’ -3.0V

+22VIC 0.1V 150 ma 2 ma

* To be supplied in a later revision.
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3.3.4 Outputs

3.3.4.1 Synchronizing Signals - The two synchronizing pulse transitions,
A and B, shall be generated by the focus detector assembly as described in

3.1.1. The synchronizing pulse wave forms and time relationships are shown

in Figwes G-4) The normed gate repetition rate shall be 30 oyeles per seeond.
For +28 YOG pover supply variationd veeen 10) Y06 &0d 131 YOG the I@pemlOﬂ

vate of the pulses shall be between 25 to 40 cycles per second and the
emplitude of the pulses shall be between 1.5 and 5.0 volts zero-to-peak.

" Noise and spurious signals in either synchronizing channel shall not
exceed 0.6 volt peak. The peak time (10 percent to 90 percent points)
of the leading edge of the synchronizing pulses shall be no greater than
600 microseconds.

3.3.4.2 Focus Detector OQutput Signal - The output signal of the focus
detector assembly shall have an AC amplitude modulated waveform as shown
in Figure G-1. Its carrier frequency shall be within the range of 380 to
1500 cycles per second. The amplitude modulation frequencies shall be
in the range of O to LO cps.

The amplitude range of the output focus signal during either the A or B
gate periods shall be from 4 millivolt RMS to 400 millivolts FMS wvhen the
specified optical inputs are supplied.

The output signal shall not exceed 1.0 millivolt FMS when there is no
optical input.

The ratio of the A gate period output signal to the B gate period signal
(A/B) 1s related to the focal plane position of the optical input signal
and 1s shown in Figure G-2. The A/B ratio shall be within the shaded
area indicated in Figure G-2. For any individual unit, the A/B values for
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3.3.5 Electro Magnetic Interference - The assembly shall meet the (EMI)
requirements of MIL-I-26600 for Class 1b equipment. In addition to the
requirements defined by MIL-I-26600, any conducted interference, within the
frequency range of 15-i5,000 cps, 28 volt d.c. power supply circuit by the
assemblyvshall not exceed 0.020 ampere peak-to-peak.

3.4 Envirommental Requirements - A complete envirommental design criteria
establishing all of the levels of enviromment to which the payload and
its components will be subjected will be established at a later date.

3.5 Mechanical Requirements

3.5.1 Configuration - The mechanical, optical and preamplifier assemblies
of the focus detector assembly shall be a part of the exposure unit and
shall be contained in the space limitations of Eastman Kodak Compeny
draving *,

3.5.2 Weight ~ The weight limitations shall be established by a future
revision.

3.5.3 Mounting - The motor mounting plate assembly containing the focus
shifter assembly shall be installed in the exposure unit on pads provided
in the lens seal ring of the exposure unit pressure shell shown on Eastman
Kodak Company drawing *. The other mechanical and optical assemblies shall
be assembled to a base plate sufficiently rigid to maintain aligmment of
the assembly when subjected to the specified enviromment and shall be
located as shown in Eastman Kodak Company drawing *. The preamplifier
shall mount to the side of the exposure unit pressure shell with screws

in holes shown on Eastman Kodak Company drawing *.

3.5.4 Motor Mounting Plate Assembly - This a.ssanbiy consists of drive
mechanism, the focus shifter, the magnetic pickups, and mounting plate.
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3.5.4..1 Focus Shifter - The focus shifter disc shall be a plane-surfaced
glass disc having two semicircular areas of different thickness. The
alternate interposition of the different glass thickness in the optical

path causes the image focal plane to move & minimum of 10,0055 and a
maximm of $0.0065 inch from the equivalent exposure unit focal plane.

3.5.4.1.1 Balance of Shifter Disc - Balance in the shifter disc due to
the thicknesses of glass and steel segments shall be corrected by balancing
to an accuracy of 30 x 107 inch-ounces of force unbalance. To maintain
the amplitude of the induced electrical voltage in the magnetic pickups,
spacing between the rotating segment and the magnetic pickups shall be
adjustable. End play and wobble of the rotating disc shall be held to

& minimum.

3.5.4.2 Magnetic Pickups - The magnetic pickups shall ve ‘50 arranged that
a positive (start) pulse is generated when the glass transition has just
passed out of the optical path and a negative (stop) pulse is generated

Just before the next glass transition enters the optical path. The two
magnetic pickups are designated as the A and B channel synchronizing

pulse generators. The A gate period is defined as the time interval between
start and stop pulses from the A channel sync pulse generator and corresponds
to the time when the thin glass segment i1s in the optical path. The B

gate period is the time interval between the B channel start and stop gync:.
pulses and corresponds to the time when the thick glass segment 18 in the
optical path.

3.5.4.3 Drive Mechanism - The rotating disc shall be driven by a drive
mechanism maintaining nominal speed at 1800 RBM, with an allowable variation
from 1500 to 2400 RPM. The rotor of the drive motor shall be balanced
dynamically in the planes of the ends of the core to no greater than

5 x 1070 1nch displacement at the bearings for 1800 RPM operation. It

shall bring the rotating disc up to speed within 10 seconds.

G-13




NRO APPROVED FOR RELEASE
DECLASSIFIED BY: C/IRRG

DECLASSIFIED ON: 14 JUNE 2013
SPECIAL HANDLING

—shcReT—

3.5.4.4 Mounting Plate - The focus shifter assembly shall be mounted to
& rigid plate positioned and located as outlined in Eastman Kodak Company
drawing *. It shall be an integral assembly capable of being installed
from the bottom of the exposure unit through the lens-exposure unit seal
opening. It shall be attached to that portion of the exposure unit which

does not move in focusing.

3.5.4.5 Alignment - The focus detector assembly shall be aligned and
adjusted in accordance with Eastman Kodak Company drawing ¥.

3.5.4.5.1 Magnetic Pickups - Mechanical spacing between each magnetic
pickup and the rotating segment shall be adjusted to induce voltages of
the required amplitude as outlined in section 3.3.

3.5.4.5.2 Focus Shifter Disc - The rotating focus shifter disc shall be
positioned so that it shall not obstruct light-rays to the slit aperture
plate in the exposure unit and shall not vignette light to the reticle.

3.5.5 Base Plate and Condenser System Assembly - This subassembly shall

contain a 45° mirror, a reticle and the condenser lens assembly which

collects and focuses light passing through the reticle to the surface of
~ the detector.

3.5.5.1 45° Mirror - This mirror shall be installed into an adjustable
mount and aligned with the required accuracy of Eastman Kodak Company
drawing * to reflect light from the lens to illuminate the entire reticle.

3.5.5.2 Reticle - The reticle is a glass plate, of at least one square
inch in area, with & 22.5 line per millimeter grid ruled on one surface
and an interference filter coating on the other in accordance with Eastman
Kodak Company drawing *. It shall be aligned so that the optical axis
of light rays to the réticle shall be coincident with its geametric center
and the plane of the reticle surface shall be at right angles to the axis.
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The reticle position shall be adjusted in the X-é.xis so that the image
focal plane shall fall equally ahead and behind the reticle, when the
light rays pass alternately through the thin and thick segments of the
focus shifter glass disc.

3.5.5.3 Condenser Lens Assembly - This assembly consistd of multiple lens

elements whose axes shall be in line when mounted in accordancé with
Eastman Kodak Company drawing *. The elements shall be rigidly held to
withstand the required enviromment. The condenser lens assembly shall be
positioned to align its axis with that of the reticle and in as close
proximity to it as physically possible to receive the maximum light energy
‘from the reticle.

3.5.5.3.1 Detector - The detector, which is part of the preamplifier,

shall be attached to the condenser lens assembly. Its photosensitive surface
shall be positioned at the optimum focal plane of the condenser lens and
oriented to center the light image in the area of the detector surface.

3.5.6 Material - Component assemblies and subassemblies forming a portion
of this equipment or the complete equipment, shall be composed of materials,
parts and processes which comply with the provision of this specification.

3.5.6.1 Finish - All painted surfaces shall be smooth and free of blemishes,
blisters and similar defects. The focus detector system (which may consist
of dissimilar metals and plastics) shall be finished in accordance with
applicable part drawings to minimize the following: f£ilm fogging, contact
erosion, galvanic corrosion, surface contamination, corrosion during storage
and dirt generation. '
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3.5.6.1.1 Mounting Surfaces - Magnesium mounting surfaces shall be
finished with Iridite No. 15 in accordance with Eastman Kodak Company
standard 401-104-1.

3.5.6.1.2 Aluminum - One coat of Iridite No. 14, colored, or equivalent,
shall be used in accordance with Bastman Kodak Gompany drawing 405-165.

3.5.6.1.3 Magnesium - Canponenté having exposed enclosures of magnesium
shall have a durable, firmly bonded, electrically conductive finish such
as Iridite No. 15 colored or equivalent, in accordance with Eastman Kodak
Company drawing 405-130.

3.5.6.1.4 Stainless Steel - Passivate in accordance with MIL-STD-1T71,
Finish 5.4, Black oxide finish shall be (Alkaline Chromate) per MIL-STD-
171 Finish 3.3.2, Class II. .

3.5.6.1.5 Masking - On mounting surfaces and other surfaces within the
exposure unit where electrical bonding is required, the surfaces shall be
msked prior to painting as outlined on Eastman Kodak Company drawing
4o5-118.

3.5.6.1.6 Identification Numbers - The identification mmbers for electrical
camponents, “terminal boards, barrier strips, connectors, etc., shall be
in agreement with Eastman Kodak Company drawing *.

3.5.6.1.7 Lettering - Terminal boards, barrier strips, electrical com-
ponents, and connectors shall be labeled as to identificatiom, control or
function. Labels shall appear either on or immediately adjacent to,
preferably below, the item to be identified. Labels shall be brief.
Highly similar names shall be avoided. Abbreviations shall be common,
meaningful, and be followed by & period. Abbreviations, where possible,
shall conform to Eastman Kodak Company standard 401-100.
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3,5.6.1.8 Color - Lettering shall be applied in accordance with
Eastman Kodak Company drawing 405-162.

3.5.7 Dust Generation - Dust particle count shall not exceed 2,000
particles per liter. The distribution of particles shall have & three

Signa limit which shall not exceed 6 parvicle size of 30 microns.

3.5.8 Lubrication - Where required, all parts, subassemblies or com-
ponents shall be lubricated with materials in accordance with requirements
noted on applicable drawings.

3.6 General Requirements

3.6.1 Design Considerations - During the various stages of design, the
following items listed in order of relative importance shall be given
consideration: '

(a) Performance

(b) Reliability

(c) Fail Safe Features
(d) Weight

(e) Serviceability

(£) Power Consideration
(g) Flexibility

3.6.2 Manufacturing Standards - The focus detector assembly shall
conform to the manufacturing standards of Eastman Kodak Company standard
4o1-104-2. :

3.6.3 Interchangeability - Focus detector assemblies of the same model,
regardless of series designation, exclusive of engineering and reliability
test models shall be interchangeable or replaceable when up-dated to the
latest revisions.
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3.6.4 "On" Time - "On" time shall mean continuous operation.

3.6.5 Life
3.6.5.1 Service Life

3.6.5.1.1 Testing Life - The focus detector assembly shall have a
testing life of 150 hours of ON time. During the testing 1life period, the
focus detector assembly shall be capable of operating continuously for
150 seconds out of a 10 minute period. The focus detector assembly shall
also be capable of a minimum of * ON and OFF operations during * minutes
out of a * minute period with each ON time having a minimum duration of *

seconds.

3.6.5.1.2 Mission Life - After completion of the specified testing life,
the focus detector assembly shall have a mission life of ¥* hours ON time.
During the mission life period, the focus detector assembly shall be capable
of operating continuously for 150 seconds out of a 10 minute period. The
focus detector assembly shall also be capable of & minimum of #* ON and

OFF operations during ** minutés out of a ** minute period, with each ON
time having a minimum duration of ** geconds. The focus detector assembly
shall have the above mission life when operated under any of the specified
operating conditionms.

3.6.5,2 Shelf Life - The focus detector assembly shall have a shelf life
of 2l months minimum.

3.6.6 Parts and Materials Selection - All parts and materials in the
focus detector assembly shall be approved by Eastman Kodak Company.
Eastman Kodak Company approval of parts is not a release of responsibility
for design and manufacture of hardware which satisfies the performance
requirements of this specification. In the specification of parts, con-
sideration shall be given to the following:
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(a) Reliability Preferred Parts List, Eastman Kodak Company
Standard, 401-113.

(b) Contractor's Preferred Parts List, (Approved by Eastman
Kodak Company).

(e) Project peculiar parts mey be submitted with satisfactory
supporting evidence for approval by Eastman Kodak Cqupany ‘

3.6.7 Reliability

3.6.7.1 Provisions - The provisions of Eastman Kodak Company standard
401-106 should be met throughout the design and manufacture of the focus
detector assembly.

3.6.7.2 Failure Rate - '.L'he minimm acceptable meantime between failures
for the focus detector assembly when operating at a maximm duty cycle
shall be * hours.

3.6.7.3 Disposition of Variances - Variances from the requirements of
this specification shall require Eastman Kodak Company approval.

3.6.7.4 Contract Conformance - The focus detector assembly shall conform
to the requirements of this specification. All design, development,
fabrication and test procedures shall conform to Eastman Kodak Company
specifications 401-101 and 401-122.

3.7 Doc\mentwnments - Procedures shall be prepared and documented
defining & quality control system that shall fulfill the requiments of
this specification . The documentary requirements shall include but shall
not be limited to the following: ~
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3.7.1 Drawings - All engineering drawings and associated lists for the
purpose of defining those requirements of design, inspection and testing
shall be prepared in accordance with Eastman Kodak Company specification
ho1-101.

3.7.2 Specifications - Complete performance requirements and description
of focus detector assembly shall be prepared.

3.7.3 Manuals - Manuals containing operating and maintenance information
in conformance with Eastman Kodak Company specification 401-111, shall

be prepared.

3.7.4 1Inspection Records - Inspection records shall be generated and
maintained. These reports, as well as in-process, inspection, shall be
made available to Eastman Kodak Company.

3.7.5 Verification of Purchased Items - Verification of purchased items
not manufactured or tested by Eastman Kodak Company shall Pe documented.
3.7.6 Alignment and Calibration - Records shall be generated and documented
of the alignment and calibration of all measuring and test equipment for
the focus detector assembly.

3.7.7 Test Procedures - Qualification and acceptance test procedures for
the focus detector assembly that demonstrate conformance with the require-
ments of this specification shall be established and documented.

3.7.8 Performance Record - All data, including operating time and mal-
function reports and analyses, generated through tests, shall be recorded
by serial number, preserved as a performance record in a log book for each
focus detector assembly.

3.7.9 Design Review Check List - Design review check list shall be pre-
pared on reproducible forms prior to the associated design review meetings.

=20
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L. QUALITY ASSURANCE PROVISIONS

The quality control system requirements of MIL-Q-9858, Eastman Kodak Company
specifications 401-106 and 401-110 shall be met throughout the design and
mamfacture of the focus detector assembly. Testing shall be limited to
provisions listed in this section. Prior to testing, the focus detector
assembly shall be assembled to the exposure unit and aligned in accordance
with Eastman Kodak Company drawing.

4.1 Classification of Tests - The inspection and testing of the focus
detector assembly shall be classified as follows:

(a) Qualification Tests
(b) Acceptance Tests

k.2 Q&lii’iéation Tests - The qualification tests shall be conducted on
one focus detector system of a design similar to flight models. The

focus detector assembly shall not be used as an operational unit following
the qualification tests. The test procedures shall comply with 3.7.7 and
shall include, but shall not be limited, to the following:

4.2.1 Visual Inspection - All parts, subagsemblies and assemblies shall
be inspected for conformance with the manufacturing standards, Eastman
Kodak Company drawing 401-104-2.

h.a.a Drawing Conformance - All parts, subassemblies and assemblies shall
be inspected for conformance with their respective drawings.

4k.2.3 Performance Tests - The focus detector assembly shall be tested
for its ability to comply with the requirements of section 3.
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4.2.4 Envirommental Qualification Tests - The focus detector assembly
shall be subjected to acéeleration, shock and vibration requirements as
specified in section 3.4.2. Following completion of these tests, the focus
detector assembly shall be visually inspected for damsge, and the per-

formance test of 4.2.3 shall be repeated.

4.2.5 Diagnosis Report - Following the envirommental qualification
tests, diagnosis shall be made of any impairment of performance of the
focus detector assembly components, and a full report shall be written.

L.2.6 Life Test - The focus detector assembly shall be tested for com-
pliance with the service life requirements of section 3.6.5.

4.3 Acceptance Tests - The acceptance test of 3.4.4 shall be performed
on each item of the focus detector assembly. The test procedure shall be
in accordance with 3.7.7. The acceptance tests shall include visual
inspection and drawing conformance of 4.2.1 and %.2.2 and the performance
tests to demonstrate compliance with the optical and electrical require-
ments of 3.2 and 3.3.1 through 3.3.4.

4.3.1 Environmental Acceptance Tests -~ The focus detector assembly shall
be subjected to the requirements specified in 3.4.4. Following completion
of these tests, the focus detector asgembly shall be visually inspected.
The performance tests of L4.3 shall be repeated.

4.4 Test Conditions

bkl Alignment and Calibration - The alignment and calibration of the
focus detector assembly and recorded data shall be in accordance with
the requirements of 3.7.6.
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4.4.2 Atmospheric Conditions - The atmospheric conditions for all tests
shall be in compliance with section 3.4.

4.4.3 Electrical Conditions - The electrical inputs and outputs of the
focus detector assembly shall be in compliance with section 3.3.

5: PREPARATION FOR DELIVERY

5.1 Packaging - All parts, subassemblies, and assemblies shall be cleaned,
labeled and sealed in transparent plaptic bags. The bags shall be partialy
evacuated before sealing. They shall then be packaged in fitted bokes.

5.1.1 Major Assemblies - The major assemblies after cleaning and sealing
in plastic bags as above, shall be packaged in fitted and padded boxes.
The boxes shall be reuseable and equipped with hinges and latches. Each
box shall have its proper identification.

5.1.2 Small Parts - Small parts such as screws, nuts, retaining rings,
etc., shall be cleaned and sealed in plastic bags as above. There shall
be a reasonable quantity of parts and only one part number per bag.

5.1.2.1 Glass - Thin glass parts and assemblies with glass parts shall
be tleaned and packaged with care to prevent breakage. Boxes with padding |
will be required. : ' !

5.2 Packing - Packing not required since the focus detector will be
shipped as a part of camera payload agsembly.

6. NOTES - Note required for cémpliance with this specification.
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APPENDIX H°
DESIGN REVIEW CHECK LIST INSTRUCTIONS

1.0 DESIGN REVIEW CHECK LISTS

The Design Review Check Lists are used to aid in the systematic collec-

tion of design data by the design engineer for a specific subassembly.
These gheck lists shall be submitted to the design review engineer at
least seven working days before the scheduled meeting. The check lists
provide a format for tabulation of design data generated in the normal
course of design development and an index to the planned development

program.

1.1 General Information

Reproducible design review check-list forms will be furnished by the

Reliability Section. Forms for Reliability Check Lists are shown on

pages H-7 through H-27. '

The design complexity will determine the number of sheets necessary

for each individual check list.

Each check list shall contain the hardware nomenclature assigned by
- Project Engineering.

Design review Check Lists I through XIX shall be submitted for the

preliminary design review. Updated Check Lists I through XVII and
XX through XXII shall be submitted for the major design review.

(Checklist XVIII and XIX are replaced by Check List XXI). Updated

Check Lists I through XVII and XX through XXII shall be submitted
for the final design review and no other check lists are required.
Updating of check lists shall consist of crossing out an' old

entry and making a new entry or preparing a new check list if more

convenient. Check Lists I through XIII inquire into problem definition;

H-1
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Check Lists XIV through XIX examine the proposed design solution;
Check Lists XX through XXII provide part stress analysis data and
general information concerning nonconforming parts and design and
manufacturing practices.

Check List I, Statement of Equipment Purpose - Check List I shall

consist of a statement of the design engineer's interpretation of
the purpose of the hardware to be designed.

Check Lists II and III, Surrounding Environment - Check Lists II

and III shall detall the environment to which the subassembly will
be exposed. On Check List II, the "duration of exposure" is defined

as the total operating or ncn-operating time during which the sub-
assembly will be exposed to the surrounding environment,

In the Column headed "Circumstances Under Which the Most Severe
Environment Occurs,” a "Q" or a "D" shall be entered in the narrow
left-hand column to denote "qualification testing" or "design use".
The duty cycle or duration of exposure shall be entered in the right-
hand column.

Under the column headed "Information and Specific Values", enter one
of the following in the left-hand column:

a. The level specified by the technical specification.

b. The level estimated by the design engineer, if not specified
in the technical specification. (Include source reference
material under the reference colwm)

c. The space shall be left blank when the level is unspecified
by the technical specification and no estimaté has been made
by the design engineer. .

In the right-hand column, the letter "I" (Inconsequential) shall be
entered when the specified level is of no consequence in design consid-

erations for the hardware.

H-2
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"References" shall indicate by number the titled reference on the
"References for Check List", page 31.
On Check List III, "Duration of Exposure" is the sum total of operating

and nonoperating time that the hardware is exposed to the surrounding

environment.

Check List IV, Environment Generation - Check List IV shall define the

environments generated by the hardware.

"Total Rate, Magnitude, or Limit of Generation" shall be completed

according to the same instructions used for "Information and Specific
Values" used on Check Lists II and III.

Check List V, Physical Requirements - Check List V shall describe the
physical requirements for the subassembly. The letter N/A shall be

placed in the information space if the parameter definition is not
applicable to the design., The informational space shall be left blank

if the information is unknown or unspecified. If the design engineer

has estimated the level of a significant physical requirement for the }
design, the value shall be entered and the applicable source reference
entered in the "reference" column.

Check Lists VI through XIII, Functional Requirements - The functional

requirements or parameters of the electrical, mechanical, optical,

and photographic portions of the hardware shall be entered in these .
check lists., The entries shall be limited to the input and output
parameters for the major functional blocks defined by the block
diagram and for the hardware as a unit.

Check List XIV, Prioritles - The design engineer's priority policy
shall be established on Check List XIV. This policy shall set forth

the order of preference, importance, or merit of the following:

design considerations, cost, schedule, reliability, weight, power

consumption, volume, and individual performance characteristics.
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Each major, individual, performance characteristic shall be identified
and assigned the same status as the other listed considerations.
Additional design considerations shall be included where applicable.
Priorities shall be numbered 1, 2, 3, etc. A given priority number
may be assigned to more than one design consideration.

Check List XV, Design Development - Check List XV shall detail the
proposed design solution,

Check Lists XVI and XVII, Design Verification - Check List XVI shall
describe those portions of the design which will be verified through

analytical computations and previously published reports. Check List

XVII specifies the test that will be performed to verify the design.
Check Lists XVIIT and XIX, Preliminatry Part Estimate - Check Lists

XVIII and XIX shall provide an estimate of design complexity through

listing by category the parts to be used in the design. "General
Type of Parts" shall include:
a, Part classification such as carbon, film or wirewound resistor.

b. Level of part reliability such as Reliability Preferred Parts

List, Minuteman status, high reliability, and commercial:grade.
Check List XX, List of "Non-Preferred Parts" - Check List XX shall i

tabulate parts to be used which are not listed in the Reliabiiitx
Preferred Parts List, Kodak document 401-113, "Justification for Use
of Parts" shall identify reliability data which supports this jystifi-

cation.
Check List XXI, Part Stress Analysis- Check List XXI shall include data

covering the consequence of failure of parts and, the part stress
analysis plan and status. Check List XXI shall be used in conjunc¢tion
with the Parts List, specified in the Drafting Manual, EK document
Lo1-100.
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"Part Identification (Reference Designation)" shall include reference
designations such as the electrical schematic nomenclature Ql’ Rl or a
brief description of the mechanical part by location or function such

as: "Hold-down screw, right-hand," or "Idler gear set screw".
In situations where the parts list item gives the total of certain

identical parts used in the hardware without indicating the specific

application, further breakdown may or may not be required. The grouping
of four mounting screws is an example in which no further breakdown is
required. In this case, the consequence of failure would be analyied
for a catastrophic failure of the four screws and not for each individual
screw. A further breakdown of identical part totals would be required
for ten identical transistors mounted on a heat sink where each tran-
sistor might be a different circuit. In this case, a circuit failure
could result in an entirely different consequence of failure for the
hardware.
Where further part breakdown is required, a Roman numeral shall be
entered in the part identification column.and an additional Check List
XXI shall be used for the required breakdown. The additional check
list sheets shall be identified with these Roman numerals and the
original check ;ist page number: page 26, I-VI; or page 26, VII-X.
The original check list sheet shall be numbered with the page number
of the appropriate Parts List sheet.
Consequences of Failure" shall be completed employing a rating system
established by the design engineer. The following example is for a
regulated power supply.

A: Failure means total loss of output voltages

B: Failure means degradation of regulation

C: Failure means loss of test point information only

D+Z: Additional consequences of failure
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‘In addition, where appropriate, a subscript 1, 2, 3, etc., shall be

used with the letter designation to define the mode of failure such

as: 1. for a short circuit. 2. for an open circuit in the case of

an electrical part, 3. for a locked shaft, or 4, for a broken pin
coupling in the case of a mechanical part. The significant mode of
failure may be parameter degradation such as loss of gain for a
transistor or misalignment for a bearing rather than a catastrophic
mode of failure. The design engineer shall use his engineering judg-
ment to determine the significant single or multiple part modes of
failure, and shall 1ist one or more entries in this column where
applicable.

"Basis for Stress Analysis"consists of two categories: Engineering
Judgment and ‘Detailed Analysis'. The Engineering Judgment
category shall be used for those parts generally recognized by
experience and Jjudgment as being stressed significantly below

their individual capacities. The 'Detailed Analysis category
shall be used whenever a comprehensive stress analysis is required.
A Detailed Analysis' may include both theoretical analyses and
engineering test measurements. For example, the voltage levels for
transistor junctions may be theoretically calculated or a circuit
measurement may be made, The ‘Enclosed analysis may include a
theoretical calculation or an engineering test report.

Check List XXII, Deviations for Design and Manufacturing Standards =
This check list is provided for noting all deviations from Design

and Manufacturing Standards, Kodak document 401-119.

H-6
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CHECK LIST I

HARDWARE NOMENCLATURE DOCUMENT CONTPOL NO.

STATEMENT OF BQUIPMENT PURPOSE

Rev, Date: Sept., 1963 Check List I Page

CHECK LIST IIA

HARDWARE NOMENCLATURE DOCUMENT CONTROL NO,

HARDWARE'S SURROUNDING
ENVIRONMENT DURING
OPERATION

“CIRCIMSTANCES UNDER
WHICH THE MOST SEVERE
ENVIRONMENT OCCURS
INCLUDE DURATION
OF EXPOSURE

INFORATION AND/OR

USE oMLY

SPECIFIC VALUES REF,

ACTION REQUIRED

ATMOSPHERTC CONDITIONS
Humidity

Maximum Pressure

Minimum Pressure

Rate of Pressure Change

Maximum Temperature
Worst Uomb, of Teop.

Pressure & Humidity

Corrosive

Erosive

Explosive

Filn Fogging

Rev. Date: Sept., 1963

Check List IIA

Page
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ORECX LIST IIB

HARDAND'S SUMOUMOING | WIICR TR OST SEVERE | DMFOMMATION : USE ONLY
INVIRORGNT DORDNO TAVIRORKENT OCCURS . SPECIFIC MALURS e, :
OPERATION THCLODE DORATION ,

ACTION REQUIRED

RADIATION

Sudiation and Conduction _

Infra-red . . : ‘a * . n “
Visidble )
Ultreviolet
|_xhg
ACELERATION L _ANIS V4f]

Nagnitude

Duretion’

Rev. Dater Sept., 1963 . . Cheok List IIB  Page

CTRCURSYANCES ONDER .
HARDWARE'S SURROUNDING | WNICH THE MOST SEVIRE INONATION AND/OR o3K OWLY
‘DURING ENVIROWENT OCCURS

OPERATION m'.vns DURATTON . ACTTON REQUIRED

Combined Sine-Random

SINE VIBRATION

Sweep Rate
Magni tude

Rev, Date: SJept., 1963 : . Check List IIC Page

H_1N
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DOCUMENT CONTROL NO.

HAPL'WARE NOMZNCLATURE

FOR DESIGN REVIEW

CIRCUMSTANCES UNDER
USE ONLY

HARCWARE'S SURROUNDING WHICH THE MOST SEVERE TNFORMATION AND/OR
ENVIRONMENT DORING ENVIRONMENT OCCURS SPECIFIC VALUES REF.
OPSRATION INCLUDE DURATION
OF FXPOSURE

ACTION REQUIRED

RANDOM /TBRATION
Duration
XIS )
Magnitude Freq. Range (cPS)] T(62/cps) | (6%/cps)
0

0

Roll Off
SHOCK

Direction

Maegni tude

Duration

Pulse Shape

Rev. Date: Sept., 1963 : Check List IID Page

CHECK LIST IIIA

HARDWARE NOMENCLATURE DOCUMENT CONTROL MO.

CIRCUMSTANCES UNDER FOR DESION REVIEW
HARDWARE'S SURROUNDING WHICH THY MOST SEVERE INFORMATION AND/OR USE ONLY

ENVIRONMENT DURING ENVIRONMENT OCCURS SPECIFIC VALUES REF,
NON-CPERATION INCLUDE DURATION ACTION REQUIRED
OF EXPOSURE
=

ATMOSPHERIC CONDITTONS

Humi dity

Maximum Pressure

Minimum Pressure

Rate of Pressure Change

Maximum Temoerature

Minimum Temperature
rst o OF Temp.
Pressure & Humidity

Corrosive

Erosive

Explosive
Fila Pogging

Rev. Date: Sept., 1963 Check List IIIA Page
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CHECK LIST ITIB
FARIMARE NONIICLATURE | ocwmToWmOLW. __
Eﬁm UNDER TOR DESION REVIEW
HARDVARE'S SURROUWDIWG | WHTCM THE MOST SEVERS INFORMATION AND/OR . USE ONLY
EXVIRONMENT DURING EAVIROWMENT OCCURS SPECIFIC VALUSS REF,
RADIATTON
“(Include
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