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66" £/5 LENS THERMAL SENSITIVITY TESTS

PURPOSE

The purpose of the test series is to define the relationship
between the lens optical performance and thermal environment; the
results of which would be used to predict and interpret camera system

performance.

INTRODUCT ION

The test program was divided into three general phases as

follows:
1) Uniform temperature coefficient

2) Thermal gradient coefficient

3) The effect of a simulated thermal transient environment

TEST EQUIPMENT

The thermal test set-up consists of a temperature controlled
mounting flange to which the lens cell is mounted and two cylindrical

temperature jackets mounted on each side of the cell (see Figure 1),

The 35um recording camera is referenced to the cell support flange
by a steel bar. The bar is insulated from the flange by a plece of
phenolic. The temperature of the bar was controlled and thus its
length is not expected to be influenced by the temperature jackets,
however, its temperature change was monitored and the data corrected

accordingly.

This test fixture was lined up directly with the DRT collimator

and focus determined by making a series of exposures at different




Photorecorder

Fig. 1 - Thermal Optical Test Setup (Lens)

Lens barrel wrapped with 20 layers
of NRC-2 insulation (not shown in
picture)
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collimator settings or target positions. (Through Focus Runs)

The temperature jackets (shown installed in Figure 2) enclose 95%
of the radiation area seen by the lens and thus are the primary factor

in controlling its thermal environment,

The temperature transducers were all calibrated at the same
reference temperature level prior to the tests, This calibration,
including the read-out equipment, indicated data scatter of + 1°F for

any one transducer,

In order to better understand the results of these tests, a short
description of the test set-up, conduct of the tests, and interpretation

of the results obtained is necessary.

The fixture and thermal blankets used for these tests, provided
a means of thermal control of four separate parameters: 1) the cell
mounting plate, 2) the camera support arm, 3) the forward cell thermal
blanket, and the aft cell thermal blanket. This allowed us to simulate
various combination temperature environments, and at the same time

maintain the position of the camera relative to the cell mounting plate.

Each of the tests were run in a similar manner and consisted of

three phases:

1 An atmospheric baseline thru-focus at room temperature.

2) A vacuum thru-focus baseline before the application of
temperature controls,

3) Periodic thru-focus runs after the application of
temperature controls. These serve to justify the stabilized

condition,

Once a test was started, the vacuum chamber was sealed and the

film was not removed until the conclusion of all three phases, thus




Photorecorder

Fig. 2 - Thermal Optical Test Setup (thermal tube mounted over lens)



minimizing relative’ focus errors due to the possibility of accidental
movement of the test set-up. In most cases the test would continue

until the cell temperature seemed to stabilize at the desired temperature.

The data obtained from the atmospheric baseline run verified proper
cell operation and also gave a focus reading at room temperature. The
vacuum baseline data before the introduction of temperature allowed us

to verify the proper focus shift due to vacuum alone,

LENS TEMPERATURE COEFFICIENT TEST

A high contrast target was inserted in the collimator. Using
S0-132 film with processing in D-19 at 85°F at 5 ft/min. in the Fisher
Processor, a baseline was performed on HAPL lens #13., It was
determined that it was a representative sample and that installation of
temperature sensors in the center of the front and rear element had no

measurable effect on the photographic resolution measurements,

For each series, a thru-focus baseline was established at
atmospheric conditions, the chamber was pumped down so that the lens
was in vacuum, and a thru-focus baseline photo run was made. Vacuum

focus shift of 0,019" was confirmed.

The temperature controls were then adjusted to stabilize the
complete lens assembly at temperatures cooler and warmer than the
baseline, Thru-focus runs were made periodically. Figure 3a is a
composite plot representing the resolution vs, relative focus for an
atmospheric and vacuum baseline at about 74° and a 660, 590, 850, and
80°F stabilized condition. It is evident that the shape of the
curves is generally the same and the peak resolution nearly identical
although the cool lens seemed to be slightly lower probably due to
increased strain because of beryllium cell contraction. From this,
the overall conclusion is that the principle effect is a focus shift

with temperature,
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Figure 3b is a plot of change in focus vs., temperature of all
runs made where a stabilized condition was achieved, Focus data is
only valid to about + 0.0015" and temperature data to about + 1° but
is smoothed out by drawing a straight line through all data points
achieving a 2.4 thousandths per degree Fahrenheit temperature

coefficient,

Figures 4a through 4f are plots of individusl temperature sensors
on the lens, the glass, the thermal jacket and the reference focus
arm vs, real time, In addition, photo run data is summarized by
plotting relative focus and labeling it as atmospheric or vacuum
together with peak resolution at best focus. Figure 4a was low (3:1)

contrast,

THERMAL GRADIENT COEFFICIENT

In a manner similar to the uniform temperature coefficient test
photographic baselines were established and the thermal blanket was

controlled to place various longitudinal gradients on the lens.

For the steady state conditioning the focal shift of the lens can

be expressed as follows:

) A FOCUS = Cp (Tp - Tp o) + € (T o = T o)

T_ = Temperature of lens barrel
T = Temperature of reference
= Thermal gradient

CT = Temperature coefficient for uniform environment.

Q
"

Thermal gradient coefficient

Cg being a function of the type of gradient that exists. This thermal
gradient has a three dimensional distribution, thus would be very
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difficult to measure or to express 1ﬁ simple terms, It is to be noted,
however, that this temperature distribution is defined by thermal
boundary conditions which can be defined as follows:

1) Lens barrel temperature
2) Temperature of the forward lens element or the forward tube

3) The temperature of the aft lens element or aft tube

Cg = ,r(Tbarrel, Téwd element laft element’

or

C; = J (Tyoarrel, Trud tube, Taft tube)

The heat transfer characteristics within the lens assembly 1is a
combination of conduction and radiation. The radiation mode of heat
transfer can be linearized to within approximately 10% for the range of
temperatures covered herein (45 to 80 forward and 65 to 95 aft), It is
therefore reasonable to consider the integrated heat transfer
characteristics to be a linear function., Thus, the relative temperature
distribution is defined by the following dimensionless parameter,

independent of temperature level,

(Taft " Tharrel) (Taft - wad)

T and T can refer to either element temperatures or tube

aft fwd
temperatures, depending on the definition of T and wad' The

aft
magnitude of the gradient is defined by the magnitude of the
differences., Since this gradient has a definite contribution to the
mechanical strains within the assembly the optical effect is also

directly related to the thermal gradient,

Taft and vad used herein refer to aft and fwd tube temperatures

rather than the elements temperatures. The temperature transducers

used on the elements were not as well mounted or calibrated as those



of the tubes., Using the element temperatures for defining the gradient

resulted in a larger degree of data scatter,

The results of the steady-state gradient test are presented in
Chart (1) and Figure (l1). Figure (1) presents the gradient coefficient
as & function of the system parameter. This coefficient was obtained

as follows.

F+AF-

- —— —m——— o ___._
V=S AT — — T e fo
---- .q__barr_h,,,,-_-_,- i
T arm
AF = G (T =Ty reg) = Co (Tg = Tg o) * Cg Tage =~ Teud
c = F-C (T =Ty rep) *Cy (Ty =T, op)
g (Taft - wad) Tubes

Cga— gradient coef,

C, ~ thermal expansion of 66" steel beam

The scatter of this data represents a focus scatter of less than
+ .003" for the gradient conditions expected in flight. It is to be
noted that this data scatter includes any error that exists in the
temperature coefficient, that is, the tolerances from the two tests
should not be added.

In the operational environment the thermal relationship of cell
temperature and the envirommental condition have been approximated in
this test., That is, the parameter (‘raft - Tce11 '1‘aft - wad) in
flight is between ~.05 and +.2, based upon thermal analysis and flight

data, for this reason most data points are within this range.

Chart (2) is a summary tabulation of gradient'temperatures and
relative focus changes for stabilized conditions. Chart (3) tabulates

o~ —
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CHART 3

AT TIME OF REPORT PREPARATION
THE ANALYSIS OF THERMAL GRADIENT TESTS
IS INCOMPLETE

-70-



the constants of the gradient coefficients and indicates the relative

-
“udnd

deviation of predicting focus change vs. the experimental results for
all stabilized runs.

Figures 3a through 5h are plots of individual temperature sensors

and relative focus vs, time for all runs which have been summarized

previously,

L-3 ANALYSIS

Table I summarizes lens and average platen support tube
temperatures vs. Rev.#. Using the temperature coefficient of the
magnesium platen support tube, film motion is computed and tabulated.
In addition, the lens focus change vs. cell temperature is computed
using 2.4 rather than 1.2 thousandths per °F. Also, front and rear
element temperatures are estimated from lab experience and Vidya math
model predictions and the additional gradient effect is computed.

The resulting out of focus is then used with the final L-4 pre-ship
photo run (Figure 6) to compute a percentage of peak resolution value,
This is plotted as a predicted L-3 resolution vs. time in Figure 7,
The average Rev., R.E.S. measurement data is also plotted for

comparison,

L-4 THERMAL FOCUS CONTROL SYSTEM

From the lens thermal test data it is obvious that with temperature
sensors on the lens an active thermal control system (shown schematically
in Figure 8) will remove first order out of focus effects to eliminate

the major problem of L-3,

The system is being built and is currently in test, It is
proposed to furnish a set of parts for field installation in Unit 06 (L-9)
and an identical set be installed in a Boston Unit to be subjected to

a system environmental evaluation series,
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Fig. 5a — Lens temperature coefficient test, test “X,” HAPL no. 13, series 1

(X-8, X-7)

.
———

-25-



(ST-X y3noayy 01-X)
Z 991198 ‘gy "ou TdVH ,,‘X,, 189} 1893} Jua10}JJ900 danjesadwa) suar — qg S g

lr o i b 2ave Y 4
[ 14 ooy 00N oo L3 oom ote! OA.! L -..: _ oam !.Ql ..’ "o !n-?".o.a. l.‘-c.".c... -o”.--..
ﬁ r — -4 - R e

!LT. 4] ~f o - NS VNS R S S ™ $oue. I.lL

P - 41 - \Lr/,. T RN U . {ove- — Tl;

7/ I - LS
Saman th ol S e S R " o
; \ ; ﬁl ‘ -4 - oo - p—— h——
s \ ) v =
4 ] R ) RS GRS S ¥ A 4 - i P
b B 4 w  Jaw - -
v A a8 \ ‘ =
! v R \ ' N/
— 3Ny - ! . R N 4 o8 Sose - - - —_—
Vi T ~£ .4 v I 1 I
\ \ i A
- 4 -— Y .
, = -. R e 1 +- t- - -4 ‘44 » .To‘f f s b
1
O S 1L \%;‘tL.iY;%t¥.f.x . . B T O S I
i
R S B R S - - ] —_—
¢ [ et ..f L~ )v.\.:/ N L o
el
(u&Lr R Al fl..Lrn - — . ote — 4 i —
,<. AW S +
el - M =
— - RS &7
3 — -t e feve - . - F— b
— e — im- “.}v. - -‘.J
FY == IR :Lu..‘b.lv.!i; *» o - T . .;# [
PO .‘. b4 ol
ol - w Y 41 L i ey L owr - — 4 - - b f e ]
T was
- [ S - .Jm $ow- Y W +4 99 1 L 1)
A
- — S . :l.;;.lv.” .!.M L wsre | g kb ”»
oo, 3o - 1evRims
Atvmimes m ﬂ-Af - Pt I
N S SO S S L ¥ | ol ler 2 L b ol SV 25 b G Lytm
=2
- 4s p 22
z -~
+ B e = !.m 4 b gt o - =R !.m
i L h, —
» ] b~ ~1
i

4
'
N
|
L
i
t
z
——
M
4
z
4
r
¥
—
1
14

b
0, ~ ] =4 o /r [ e SEntlin Genais GISSES St i Sibah R s -
L e o = AW -t — to-s LY s - % 4 S ahEbet o
- . A
- 4 >4 /4: \..vul - ld_f. e b2 b~ F sk, 0w
S - QT - L 4 4- RS SRR S S R - - L g 4 4 m ore - md - g e/ 8
o - 4 -4 <4 - e - = -1 o8 13 — e g

SO RN SR B O TS S W S 4 s Aaa ;

" v 18 S ; R - - %a. SNOILYDOY
V/r R - AW HOENIS
/ [ WD SN ¥ SR S oY NE S - JER S - L S ) 4 a0 mwr 3YNLYAISNIL
\ S ey
31\.\: Y S ﬁa \fr - - . B - 4- - - rrf - ”n 0% Ar, r_.ﬂ A_’ .
AT R SN S — [ T S I SR - li.,.s.\u. . u«Ls.. " $00° mu /v * ! MH + @
Al LT N . PAMISA

) I8 I o 1 N __ A ST, Y T
" 3o —
- v %o d. — g ~
#
.aﬁzﬂ _ dﬁ ,_
- - * se0 - -

a0 o

b on _..s ,_
‘I

-26-



BT T O T T T T T T T Y A T

4+
|
T
'
+
LU T TP

Y - ‘ -
R U . ~4 la ~1 I Y
i ~.

}

i

L
e —

T

/
L
/
tens

\\\\\ ARANNERE R RRNAn
! p & ) — S A | J

x- &
-c
con
-
P
T
i
i
!
™
i
i
t
P
;
e

y—

;
i
T I
i
+
T
t
A
P
; =T
/“—"““"‘;"_‘ -
t ]
Tl
o
\&,o—»-ﬁ‘
1
S
Fad.)
/ \
wa
~ 3
\
=

Y

=

i
I
?
:
|
}
i
+
|
.
!

4
i
i
T
|
k4
i

T
T e
+
i
t
!
£t
; >
3
abe
SATE § Tuen

—
\

et + et e, . B e
ey
i
i
|
‘v‘--i
-
i
{
4
/
f
1
i
-0

y
——

1

l [
[/
WA
}"/

- rd
N

Fig. 5c — Lens temperature coefficient test, test “X,” HAPL no. 13, series 3

(X-19 through X-25)
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(X-28 through X-34)
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Fig. 5g — Lens temperature coefficient test, test “ X,” HAPL no. 13, series 7

(X-50 through X-56)
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Fig. 5Sh — Lens temperature coefficient test, test “ X,” HAPL no. 13, series 8

(X-57 through X-63)



TABLE I

L-3 THERMAL AND RELATIVE PFOCUS

LENS o PLATEN SUPPgRT AL OUT OF PERCENTAGE OF

REV # TEMPERATURE 'F TEMPERATURE F  APS @ 2.4 FOCUS PEAK RESOLUTION
BOS DRT 73 73 0 0
W/C DRT 71 71 1.8 - 4.8
LAUNCH 72 72 9 - 2.4

1 74 94.5 -19.3 + 2.4 -16 22

2 78 94.5 -19.3 +12,0 -7 59

3 80 94.5 -19.3 +16.8 - 2.5 96

4 82 95 -19.8 +21.6 + 1.8 100

6 86 95 -19.8 +31.2 +11.4 ' 29

8 88 95 -19.8 436 +16.2 18.5

12 88 96 -20.7 +36 +15.3 22

17 88 94 -18.9 +36 +17.1 15

22 88 . 92.5 -17.6 +36 +18.4 12

BOSTON DRT @ 73°F BEST FOCUS OBTAINED




9 FHNOIJ
NNd OLOHd dIHS-Tid

SNJ04 JOVRWI[[OD) AN R[OY

00$ 00Y% 00¢ 002 001 000 001- 00Z- 00€ - 00%-  00S-
z
—o¢
e
®
oy 3
°<, m
— 3
{7 s 5
’ =
‘ 09
Al B
\ A o, B
N s 8
I’.
u.Mr Lz 086
A \ﬁ\ '
R - S Ay v/i\l\\\.ww.. S — e
e - LIl N
D E——
e
33901 LIOUVL —  SNJ04 IALOWIAM ‘1'8'd — 7o %
dda\._hmz_a JYNSOdXd — 37~ SN00d TVIOT SNAT — g  "1dVH
s "ON LI'TS “$oWiy FuNssIUd av1 +3-90 LN
o/ 00| 4/A LINN TWNAQ ddil . NVOS§ ---=-x====
£9-2Z-0l JLvA g "ON NNy TTUNLVHIdANIL ON1 °

SNOLLIONOOD

JUNLVNDIS NOLLNTOS3H



! 8 I _ } i 1]
: B 2 6t 9 4 oS
4 ] T Av r» T e 4 -
, | N ] 1 i
p g -4 — 4+—4
— - -4 -4 - VA
3 , L 11
- . .-Ix. 4
yl v” B v.l ‘
] 1 -
L] 1 ] RN
- u +--! -
] ] 11
[ i ] B
8 111
- N -
LT‘ xV‘;i. 44
- - . 4 44
L] 1171 ] 11 T
- -4 - -+ 4 4
] { ] N 1]







