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TECHNICAL MEMORANDUM X-64991

TEST PLANE UNIFORMITY ANALYSIS FOR THE MSFC
SOLAR SIMULATOR LAMP ARRAY

SUMMARY

The MSFC Solar Simulator Lamp Array was analyzed to predict its per-
formance. The lamp array cor:sists of 405 Tungsten-halogen lamps with fresnel
lenses in a 15 x 27 array. To calculate the expected perforn ance, measure-
ments were made on a single lamp-fresnel lens combination and a computer
program was developed to give the total array performance. The report des-
cribes the computer program and Appendices A and B of the report contain a
copy and sample run of the program,

The analysis predicted the edge intensity in the 1.2 x 2,4 m test plane
(4 ft x 8 ft) decreased more than 7 percent at the desired 4.6 m (15 ft) distance
to the test plane. It was recommended that the distance be reduced to 2.7 m
(9 ft) to maintain uniformity within 7 percent of the nominal value. Experimental
measurements of the lamp-fresnel lens combination showed the total collimation
angle was 20°, which exceeded the 10° specification. However, no recommenda-
tion was made to change the fresnel lens since the larger angle will have very
little effect on collector cover transmission or surface absorption when opera-
ting near normal incidence,

INTRODUCTION

As part of the Solar Ene /gy Program at Marshall Spacc Flight Center
(MSFC), a solar simulator lamp array is being constructed to obtain controlled
experimental data on flat-plate solar collectors. The design of the lamp array
is similar to the simulator now in operation at the Lewis Research Center
(LeRC), (Ref. NASA TM-X-3059); however, the MSFC array has a higher
density of lamps to obtain either higher light intensities or the standard Air Mass
2 at a lower voltage. An increase in size was necessary to test up to 1, 2-

2, 4-m (4~ x 8-ft) collectors. The MSFC simulator has 405 Tungsten-halogen
lamps in a 15- ¥ 27-array., The lamps are General Electric Quartzline model
ELH rated at 120 Vac, 300 W, The fresnel lenses used are hexagon shape
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12.7 cm (5 in.) across with a 15, 24-cm (6-in,) focal length, as shown in
Figures 1 and 2.

To calculate the performance, a measurement program was conducted
to obtain data on individual lamp-fresnel lens combinations. A computer pro-
gram was then used to calculate the irradiance uniformity at the test plane from
the total lamp array.

This report gives the results of the measurement program, a description
of the computer program, and the preliminary results of the computer analysis.
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Figure 1. Fresnel lens shape and spacing.
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TEST APPARATUS

Several parameters of the lamp, fresnel lens, and lamp-fresnel lens
combination were measured using the experimental arrangement shown in
Figure 3. A precision rotation table held the fresnel lens and lamgp so that the
intensity versus angle data of the resulting light cone could be measured. For
the experimental measurements involving relative intensity readings, a Spectra
Physics Model 401 power meter was used. To measure absolute power output
of the lamp, a Quantronix Model 504 power meter was used with the watt energy
detector head. A Dana Model 3800A Digital Multimeter measured the voltage

applied to the lamp.
LAMP
FRESNEL LENS—
L
T

ROTATION TABLE —

DETECTOR

Jl OPTICAL BENCH

L
e TEST PLANE DISTANCE——-I

S & | &
N VARIAC :
POWER METER VOLTAGE

MONITOR FOR LAMP

Figure 3. Experimental arrangement to measure parameters of
lamp-fresnel lens combination.

DISCUSSION OF TEST

Tests were first made to measure the intensity profile of the cone of
light produced by the lamp-fresnel lens combination. During this measurement
the detector was fixed at 4.6 m (15 ft) from the fresnel lens. The lamp-fresnel
lens combination was rotated on an axis through the fresnel lens to obtain the
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intensity readings at various angles. Table 1 presents the result of the measure- {
ments averaged on a random sample of 10 fresnel lenses. Figure 4 presents a

plot of the same data compared to a Caussian curve. There was little variation

between individual fresmuel lenses. Some nonsymmetrical points were observed

but the average deviation was less than 5 percent. Measurements were also

made on a single 25.4-cm (10 in, ) focal length lens of the type used by LeRC.

Figure 5 presents a comparison of the two lenses with both normalized to the

centerline intensity. Figure 6 presents a comparison of the two lenses with the

LeRC 25.4-cm (10-in.) lens normalized in relative power to the MSFC 15. 2-

cm (6-in,) focal length lens. The intensity of the LeRC lens is approximately
2. 4 times that of the MSFC lens in the central region. The larger angle pro-

vided by the MSFC lens gives better uniformity in the test plane by merging
more ‘amps,

TABLE 1. RELATIVE INTENSITY VERSUS ANGLE AVERAGED FOR
10 FRESNEL LENSES (15.2 cm FOCAL LENGTH)

Angle ( deg)l Relative Intensity () |Angle (deg)| Relative Intensity (7 )
0 100,0 6 24,3
1 98,0 7 12,5
2 93.5 8 4,2
3 80,90 9 2.5
4 63.5 10 1.8 |
5 42,0 |

A random sample of 10 lamps were measured to determine the variation
in intensity between lamps. The values of intensity measured for the 10 lamps
are shown in Table 2. The largest variation is 28 percent but since the varia-
tion is so large, 10 is probably too small a sample size *o obtain an accurate
average intensity value for the total lamp array. A larger sample will be
obtained during buildup of the lamp array when all 405 lamps will be measured.

The lamp-fresnel lens combination intensity profile was measured at
various distances from the fresrel lens. The relative intensity curve shape
changed very little beyond 2 m (6,5 ft). At distances less than 2 m, hot spots
were observed which were attributed to the geometry of the lamp, In all
measurements at the 4.6-m (15-ft) distance, the lamp was defocused approxi-
mately 3 mm (0.1 in. ) to prevent imaging of the lamp and thereby produce a
smoother intensity profile curve,

A .l 1 L
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RELATIVE INTENSITY ~ PERCENT

10 4 -4 4 2 0 2 4 L] ] 10
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Figure 4. Plot of relative intensity versus angle for
MSFC lamp-fresnel lens combination.
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Figure 5. Comparison of MSFC and LeRC fresnel lenses with
both lenses normalized to 100 percent.
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Figurc 6, Comparison of MSFC and LeRC fresnel lenses with
LeRC lens normalized to MSFC lens.



TABLE 2, RELATIVE INTENSITY MEASURED FROM 10 DIFFERENT LAMPS
Relative Intensity Relative Intencity
Lamp Number (%) Lamp Number (7)
1 83.1 6 86.3
2 81.1 7 97.6
3 84,2 8 i )
4 94,7 9 100,0
5 73.7 10 71.6

Figure 7 shows the measured peak intensities of the relative intensity
( Ii) profile curve at various distances ratioed to the peak intensity at 4,6 m

(15 ft) (Io). Also shown is the calculated value tc be expected due to the ratio

of the inver=c snuare of thc area covered at each positios.

The measurements

agreed ve:y well with the calculated values,

4.0~
= CALCULATED CURVE
X  MEASURED POINTS
2.0 =
L
s
1.0 <
0 I 1 1 J
20 30 40 5.0 6.0
DISTANCE FROM FRESNEL LENS ~ METERS
FIGURE7 PEAKINTENSITY (li) VARIATION WITH DISTANCE

FROM THE FRESNEL LENS RATIONED TO
THE INTENSITY AT 4.6 METERS (15 FEET) (10)

Figure 7. Yeak mwnsiy (1) variauon wiws uisuance rrom the fresnel lens

ratioed to the intensity at 4,6 m (15 ft) (Io) .



A single lamp was measured to determine the relative intensity as a /
function of voltage. Table 3 gives the results from 60 to 128 V and Figure 8
shows this voltage versus intensity. In Figure 8 there are two breaks in the
curve, one at approximately 75 Vac and a second at 100 Vac. The breaks
are probably related to the Tungsten-halogen cycle. If the Tungsten-halogen
cycle is no longer operating below 100 Vac, the lamp life may be reduced.

TABLE 3. RELATIVE INTENSITY AS A FUNCTION OF LAMP VOLTAGE

Vac Relative Intensity (%) Vac Relative Intensity (%)
128 123 95 62
125 117 90 54
120 107 85 47
117 100 80 40
115 97 75 32
110 87 70 27
105 79 65 22
100 69 60 17

The irradiance of both the MSFC and the LeRC lamp-fresnel lens com-
binations at 117 Vac was measured with the Quantronix power met: The peak
irradiance measured for the MSFC combination was 4 mW/cm? (12.7 BTU/h ft?)
and 9.7 mW/cm? (30,8 BTU/h ft?) for the LeRC. The irradiance is only an
indication of the absolute power due to the large variation in lamps; however, if
it is representative, then the lamp array should provide 107 mW/cm? or 340
BTU/h ft? at slightly over 100 Vac. 90 Vac would give 80 mW/cm? (254 BTU/h
ftz) . The irradiance of the lamp array is approximately 37 times the irradiance
of one lamp.
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Figure 8. Plot of relative intensity as a function of lamp voltage.



It should be noted that all the aforementioned experimental data were
taken with the lamp in open air and no forced air cooling. They were operated
only for short periods of time to prevent damage to the lamp. Since the lamp
characteristics vary with operating temperature, these data should be
considered preliminary and only designed to catch ''show stoppers'' in construc-
tion of the solar simulator.

DISCUSSION OF COMPUTER PROGRAM

The Lamp Uniformity Analysis Computer Program (LUMP) used to
analyze the total lamp array is listed in Appendix B. Appendix A is a sample
run of the program which includes the instructions for the computer monitor.
The program is written in Fortran IV and is intended to be executed from a time
share terminal connected to the XDS Sigma V computer located in Building 4487
at MSFC.

The technique used to compute the test plane intensity is depicted in
Figure 9. A point of interest in the test plane (A) is mapped to lamp positions
in the lamp array, (B is an example of one lamp position). The intensity at A
from the lamp at B is calculated by first finding the angle ABE, then calculating
the relative intensity given off by the lamp at that angle. The total power at A
is found by going through this sequence for all 405 lamps and adding up the
results. To develop an intensity scan through the test plane, the computer pro-
gram increments A through different values of X while holding Y constant. By
sequencing X at the same increments as the Y spacing between scans, a regular
array of data points in the test plane can be generated. The regular array is
useful for calculating total power at the test plane and obtaining statistics on the
total surface uniformity. A program is now being written to plot the intensity
profile and provide statistics on the intensity surface. It will be described in a
subsequent TMX.

To compute the intensity component from each lamp, the assumption is
made that the cone of light from the lamp is rotationally symmetrical, Some
non-symmetry was noted during the experimental measurements of the 10
fresnel lenses but the average deviations were less than 5 percent. When
averaged over many lamps the assumption should lead to negligible errors.

IVSA is the subroutine of the computer program which provides the

intensity value at difterent angles. The array Al in the data statement stores the
relative intensity values in percent at 1° increments for the light cone intensity

11
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-v1 LAMP ARRAY

TEST PLANE -Y

Figure 9. Arrangement of test plane to lamp array.

profile. The range is from 0 to 10°. To obtain values at any angle, the sub-
routine linearly interpolates between the stored values. Angles greater than
10° are assigned a zero contribution to the point A.

To calculate absolute power at the point A for different spacings (0'-0)
between the test plane and lamp array, power readings at a reference distance
from the lamp are ratioed by the inverse square rule to obtain power per unit
area at a different distance. This is the reason for the multiplication factor
TMFAC, line 87 of the program, in obtaining the intensity contribution from
each lamp.

12



Data are input to the program through a file assigned to Unit 201. The
distance between the test plane and the lamp array (SPACE) is input first and
then an array (TLI), which has an intensity value for each lamp, is input. This
was necessary because of the large variation in intensity from individual lamps.
All other variables that might require frequent changing are stored in the pro-
gram. The edit capability of the time share monitor makes it practical to
change only the variable in the program when needed.

The program has the option to print out the lamp intensity array and the
X, Y locations assigned to the lamps. The lamp intensity array will be printed
if NCO is set to some value other than one. The X, Y spacing position of the
lamps will be printed out if NCODE is set not equal to one.

The variables NLINES, DELX, TPY, DELY, and SX control the scan
lines to be calculated. NLINES is the number of scan lines to be calculated,
TPY is the Y position of the scan line, and DELY is the spacing between scan
lines. SX is the first part of the scan line and it will be incremented by units
of DELX. Format statement 650 is intended as a comment line to label the
output data page.

An attempt was made to keep the program as flexible as possible. For
instance, all Do loops were set with variable limits, The lamp array size can
be changed from the present 15 x 27 to any size which will fit in the arrays as
dimensioned. The array size is set by assigning the desired values to NLX and
NLY.

DISCUSSION OF COMPUTER ANALYSIS

An array of lamps with equal intensities was used as an input to the com-
puter program to determine the best uniformity that could be expected at the
test plane. The uniformity as calculated was very good in the central region of
the test plane but dropped off at the edge. Figure 10 presents a plot of the
percent intensity for two scan lines across the narrow direction (X axis), one
line in the center and one at the edge. Figure 11 shows the edge and corner
variations as a function of distance from the lamp array. Figure 12 presents a
comparison of a similar run on the LeRC array.

The desired tolerance was 7 percent from the nominal value. Since most

of the test plane area intensity varies less than 1 percent, the nominal value of
intensity is almost 100 percent, Therefore, 93 percent would be the minimum

13
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Figure 12. LeRC array test plane uniformity as a function of
distance from the array.

acceptable. To analyze the decrease in nominal value due to varying intensity
from each lamp, a run was made with lamps varying at random up to 30 percent.
The absolute power dropped in percentage but the nominal value was still almost
100 percent (99. 9 percent). The variation in lamps is not as evident in the
MSFC array as much as in the LeRC array because the MSFC lamp-fresnel lens
combination has a wider cone angle and a higher density of lamps per unit area.

As the distance to the lamp array is decreased, the number of lamps
averaged at a point in the test plane decreases. This does not result in a
decrease in irradiance at the point in the test plane because the individual lamp
irradiance increases. The increase in irradiance is inversely related to the
square of the distance (Fig. 7) but the decrease in number of lamps averaged
is directly related to the square of the distance due to the decreasing area
covered by the cone of light. The result is that the irradiance from the lamp
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array is uniform within the central region as the distance is increased from the
lamp array. This is true only within a limited range near the lamp array. As
the distance increases, the edge intensity will drop off until there is no flat
central region as shown in Figure 13.

b DISTANCE FROM LAMP ARRAY
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Figure 13, Test plane uniformity as a function of distance from
the lamp array — y axis scans,

An effective number of lamps averaged at any distance from the lamp
array by a point in the test plane can be computed by defining N, where the test
plane irradiance equals N times the irradiance from one lamp.

Figure 14 presents a plot of the effective number of lamps averaged at

various distances using the intensity profile of Table 1. This curve is important
because it is representative of the number of lamps averaged at any one point,
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Figure 14, Effective number of lamps viewed as a function of
distance from the lamp array.

The LeRC array averaged approximately 7 lamps at 4,6 m (15 ft) and therefore
was sensitive to individual lamp variation. At 4.6 m (15 ft) the MSFC array
averages 37 lamps, Even at 2,7 m (9 ft) the MSFC array averages 14 lamps
and is correspondingly less sensitive to lamp intensity variation.

As can be seen in Figure 10, the desired tolerance can be achieved by
operating at a distance of 2,7 m (9 ft). As the number of lamps average is
still high, the recommendation was made to adopt 2.7 m (9 ft) as the standard
operating distance. For test urticles smaller than 1.2 x 2,4 m (4 x 8 ft) the
distance can be increased,
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Other options to increase the uniformity at distances of 4.7 m (15 ft) or
greater were analyzed. One option is to increase the array size. The lamp
array is now unsymmetrical with respect to the 1.2 x 2,4 m test plane. Across
the narrow distance, the lamps extend 0. 33 m (13 in,) past the test bed edge.
Across the long axis the lamps only extend 0,2 m (8 in.). Expanding the array
to 15 x 29 would make the system more symmetrical and bring both edges up to
within 10 percent (the corners would still be down 20 percent).

The placement of brighter lamps around the edges of the array to improve
the uniformity was analyzed and proved to be feasible provided 34 percent brighter
lamps could be used. Since the maximum variation measured was 28 percent,
this could probably not be obtained by measuring all the purchased lamps and
picking the brighter ones for the edge. The placement of brighter bulbs near
the edge, however, would be a method of arranging lamps to achieve the maxi-
mum uniformity for a particular set of lamps at a standard operation spacing.

The uniformity is good for only one spacing (Appendix A).

Of all the options considered, the reduction of the standard operating
distance involved the least cost and time impact to the present system which is
well on the way to completion,

CONCLUSIONS

The experimental measurements and the computer analysis revealed no
real problems with the design of the solar simulator lamp array. A recommen-
dation was made to change the standard operating distance for the test specimen
to 2.7 m (9 ft). This recommendation was made because the edge intensity
drop-off would be less than 7 percent and enough lamps would still be averaged
to keep the central region uniformity better than 2 pzrcent.

The irradiance measurement of the 10 lamps indicated more data are
needed on individual lamp variation to make recalistic predictions of total
irradiance of the lamp array. Additional data are also required on lamp life
and variations in irradiance with age. These data will be obtained during lamp
array checkout.

Measurements of the lamp fresnel lens combination indicated the lamp

should be positioned 3 mm (0.1 in.) from the focal point of the fresnel lens to
keep from imaging the lamp at the test plane.

18




The intensity profil2 of the light cone from the lamp fresnel lens com-
bination is not a true Gaussian curve but is very close. The point-by- point
storage of a measured curve used by the computer program is probably not
necessary for realistic analysis; a Gaussian equation could be used.

Measurements of the lamp intensity versus voltage show the lamp
intensity varies linearly with voltage but has slope changes above 75 and 100 V.

19

Bt A

thu"w i

M T T (NI 00 R e

e L AR L sl )

ol e o



APPENDIX A

EXAMPLE RUNS OF COMPUTER PROGRAM LUMP
(LAMP UNIFORMITY MAPPING PROGRAM)

PRECEPIIC 107 « 0T FILMED
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SESSGSSEXAMPLE OF EXECUTION OF LUMP PROGRAM®®®eee

ISET F2201/DASTT
ISET F310R = LP
IFORT4 LUMP OVER LUMPC

EXT, FORTRAN 1V, VERSION FOO
BPTIONS »>BC,NS

IRUN LUMPC

LINKING LUMPC
'P1° ASSOCIATED,
*STOP* 0

|##*#**PROGRAM HAS BEEN RUN AND RESULTS PRINTED ON THE LINE PRINTER®S®ees_
e#s0280ATA CAN BE CHANGED AND PROGRAM RERUN AS FOLLOWED *e®ses_

1EDIT DASTT
EDIT HERE
*TY1
1,000 10°,0
*SE13/108/S/1R0/ 3 TY
1,000 180,0
END

18UN LUMPC

LINKING LUMPC
‘P1°* ASSOCIATED,
*STAP* 0

. F THE
RXPRODUCIBILITY O
22 oRIGPYAT macn 1S POOR



OUTPUT DATA PAGE 1

LAMP INTENSITY ARRAY

1 1207 127 127 127 12¢7 132e7 12e¢7 427 12¢7 1Pe7 12¢7 12¢7 12¢7 12¢7 127
2 1207 12¢7 127 1Pe7 12¢7 12e7 127 12e7 1207 127 1207 12¢7 12¢7 1207 127
3 1207 127 127 127 127 127 127 (27 127 12?7 2¢7 2¢7 127 207
T 8T 127 1% . . ° . Pe 1 .
S 1207 127 1207 312¢7 12¢7 1207 127 12¢7 12¢7 12¢7 22¢7 12¢7 127 127 127
6 1207 12¢7 127 127 12e7 127 12e7 1207 1207 1247 127 {207 127 127 2.7
T 1207 12¢7 1207 127 127 127 12e7 1207 12¢7 $2¢7 12¢7 1207 12¢7 1207 127
8 1207 1207 12¢7 1%2¢7 $12¢7 127 12e7 127 127 12¢7 (27 1267 12¢7 127 32¢7
9 1267 12¢7 12¢7 127 127 1287 127 1207 12¢7 12¢7 1207 127 {2¢7 1207 $2¢7
10 12¢7 137 {2+7 127 18¢7 127 17¢7 q2e07 127 {27 127 12¢7 (207 ({27 127
11 1207 12¢7 12¢7 1207 12¢7 127 12¢7 127 27 127 12e7 127 1207 12¢7 1247
12 12¢7 1207 127 127 12¢7 1267 12¢7 1207 12¢7 12e7 12¢7 (27 (27 207 12¢7
13 1207 1207 1207 12e7 12¢7 12¢7 12¢7 1207 12¢7 127 127 127 127 1207 12¢7
18 1207 1207 1207 127 1207 127 12¢7 92¢7 12¢7 127 127 427 12¢7 1207 127
18 1207 127 127 12¢7 127 127 (27 4207 12¢7 12¢7 12¢7 127 12¢7 12¢7 127
18 TI2e7 {37 {27 (Pe7 (37 {87 (P27 127 {(2e¢7 12¢7 12¢7 12¢7 1207 (27 127
17 1207 1207 127 127 127 12e7 127 1207 12¢7 127 §2e7 127 (207 12¢7 (2¢7
18 1207 127 1207 (2e7 127 12¢7 127 (27 1207 12¢7 12e7 (27 (127 127 12¢?7
19 1207 1207 12¢7 12¢7 12¢7 12¢7 12¢7 127 1207 127 127 127 1207 127 12¢7
20 1207 1207 127 12¢7 12e7 12e7 127 12¢7 12¢7 127 127 12¢7 127 12¢7 127
21 12¢7 12e7 12¢7 12e7 12e7 127 12e7 127 12¢7 12e7 1237 127 127 127 1247
227 {207 127 12+7 12+7 12¢7 12¢7 12:7 92¢7 12¢7 12¢7 172¢7 12¢7 1207 12¢7 127
23 1207 12e7 1207 1267 127 12¢7 (2¢7 127 12¢7 12e¢7 127 127 (27 1207 12¢7
28 1207 12¢7 1207 1207 127 12e7 127 127 12e7 12¢7 127 $12¢7 127 127 1247
25 1207 127 127 127 127 127 1267 (2¢7 127 127 127 127 1207 1207 12-7
26 1207 12¢7 127 12¢7 12¢7 19e7 12e7 127 12e7 12¢7 12:7 127 1207 127 1247
27 1297 127 127 12e7 12¢7 12e7 12e7 4207 1727 12¢7 12:7 1207 127 (27 (2.7




_OUTPUT DATA PAGE 2

1 ©3603 ©31¢3 2643 2103 #1603 eg1le3 °6e3 13 3.8 88 13.8 18+ 238 28¢8 33,8
—— B6e3 B6e3 5642 G603 B6ed  Bbei 5603 Z6e3 - 56¢3 %603  Ebe3 Soey— *3 — 5643
2 3308 *28¢8 23,8 =188 ©13¢8 o8¢8 =308 13 603 113 16e3 2103 2603 31e3 3643
8240 820  B2.C -82eC 5240 S2e( 820 82.0 S2.0 B2eC E240 5240 - 520 52¢0 5240
3 3603 ©31¢3 *26e3 2163 =1603 wgle3  *6ed el 3.8 808 13.8 18e8 238 288 33,8
atded a3 ode BNy By . &3 b 83 ol—ita-d o . P - &3 b .. Job a2 b . s Tl e s .. )
L Ama g reg——v vV *Yrve RASA 2 L AGAJ aASa J W70 L Aad -3 B 20 SEmmmn £ A e £ el L e 7o e
& ©33¢8 2868 =23.8 18¢8 ©13¢8 <88 308 143 63 113 163 2103 263 31+3 36,3 5
= 030384303 8303 - 43¢3F 43eF 4303 43e3  43¢F 4303 43¢3 43eF 4303 4303 433 43,3
§ 36:3 =31¢3 2603 2103 =163 e1le3 ®6e3 =143 3.8 88 13.8 188 2308 28+8 33,8
39¢0 39¢0 — 390 390€ 3940 — 39— 39¢C - 39¢0 39¢Q - 39¢0 3940 39¢0- 39¢0 3990 - 390
6 ©33:8 2848 ©23.8 18¢8 ©13+8 o8e8 w3.8 13 6e3 113 163 213 263 313 3643 .
v :
7 2603 *31e3 2603 213 1603 e1le3 63 =14d 3.8 B8e8 1348 18e¢8 23e8 28¢3 33.8
= 3003 30e3— 30v3 —3Cv3—3Ce3—3Ce3-—30e3 303 30e3 30¢3 303 3003 303 - 303  30.3
8 23308 2808 2348 =18¢8 =13¢8 <82 3.8 13 603 1193 163 213 263 31¢3 36,3
— - - -Bbe0 —R6vE — 26vC—Rbel —26+C —REe(-  E6¢0 2600 2600 26°0 E6.0 RoeC 2600 2690  264C
9 3603 313 =263 213 =163 eiled =6¢3 1.3 3.8 8e8 13.8 188 23e8 28+8 33,8
2 2 E1eb— Bivb——Rive—Rret——EBivE—LLvé
1C ©33e8 ©<28¢8 23,8 =18¢8 =138 w8e8 =308 13 63 113 163 213 263 313 3643
173 17e¢3 - 73— §7¢3 1703 1703 173 17¢3 173 173 173 173 173 173 173
11 ©3693 =31e3 =2643 *21¢3 =1603 eylel =63 o1 3.8 8e8 13.8 188 23¢8 288 33.8
1300 - 13¢¢ $3eC 1306 —13¢G - -33eC - 13¢C 1340 13¢0 13¢¢ 1340 13¢0 13+0 13+0 - 13.0 —
12 3308 28«8 23,8 <18¢8 ©=1308 ol *3.8 13 63 113 1643 2103 26+3 313  36.3
eGP — e} — de? 8e7 - -BeF——-fo7 @
13 ©3603 ©*31e3 =2603 213 1603 eyl =6e3 =1e3 3.8 8e8 13.8 188 23¢8 28¢8 33,8
803 83 be3 43 he3 N3 4¢3 43 4¢3 403 4¢3 403 o3 - Be3 N3 —
16 =338 =288 ©23,8 188 =138 o882 =38 13 63 113 163 213 263 313 36.3
LX) = *C ] =+ el *eQ 0 =0 =0 =e0 o0 =0 e — =y
18 3603 <313 =26s3 =21¢3 ©1603 we1lel =6e3 =143 3.8 8o 1348 18¢8 23¢8 288 33,8
- ahe3 Z—-88e3 - ehed - -®he3 o8I  eheI —=ue
16 =33¢8 =288 23,8 <~18e8 1308 o8e¢ ©3.8 13 63 1193 1663 21¢3 263 31¢3 36,3
«8e¢7 *Be7 =8,7 =8e7 *8e¢7 o847 ofe? oBe¢7 e8¢7 ole7 ode? one? 8?7 =8e7 847
17 ®3603 =313 =2642 213 e16e3 egleld *5e3 13 3.8 8e3 13.8 188 238 2808 33.8
1300 1300 =13.C =13¢C =13¢0 *13eC =13¢C =13:0 =13¢0 =13¢0 =13¢0 <=13¢0 =13¢0 =13eg 13,0 -
18 3348 =240l 23,8 elEe8 =13e8 o8e¢ *3.8 13 63 113 16¢3 213 26°3 31¢3 36.3
—e47¢3 ot7ed—oiTed otFeI—otFeF—otFei 21703 ©17¢3 - *17¢F2t7e3- w173 -otFe3-
19 ©36e3 =31e3 2643 ©*21e3 =163 e1le3  *6e3 4.3 3.8 BeB 138 1BeA 23+8 28+8 33,8
eZ1e? *21e7 *E1e7 *21e7 2197 e2le? 217 =217 *21e7 <2107 eZle?7 w21e7 ePiv] =21¢7 wBie?
2C *33¢8 *28¢8 <2348 =188 ~=1308 ol =3.8 1¢3 63 113 163 213 263 313 3643
— — e26eQ "26eC *264C *260C =600 oPEs( *Z6eC *RLe0 =264C -£900 =260 <wRbe0 #2690 <2690 w2640
21 *3603 =313 #2643 213 =163 egled “6e3 e1ed 3.8 jo8 1348 1bed 23¢8 28ed 33,8
: 3013 =3t v3—*30e3—=30rZ —=30e3F—3Ce3 *30¢3 *3003  =30vI-—w30¢F —wIOVI—IeIF——I0vIF—
22 ©33¢8 =288 23,8 =188 ~=13.8 w88 *3.8 13 63 1143 163 213 26+3 313 3643
e 33hefB3e6—n38eb 23bel =3heb o340k 23806 3406 *3he6 =3he6 =38t *34eh =346 =3he6 =3446
23 3603 *31¢3 =26e3 =21¢3 1603 ~=1led 603 eied 3.8 Bep 13+8 188 23.8 28¢8 33,8
- —#39¢0 ©*39¢C ©39¢C *35eC =39¢0 ©35¢C *35¢C =39¢0 ©39¢C =39¢0 «39¢0 3920 =390 =390 =39%¢C
26 ©3308 ©25¢8 23,8 1842 =138 o8k *3.8 13 63 113 1603 21%3 26°3 31¢3 3643
3 343 24303 #b3e3 =4303 =433 24303 4303 e83e3F- <4303 -=hieI—obdvI——
28 ©3603 3163 ©2643 <2103 1603 eyl =603 ®1e3 3.8 He8 1348 1808 P38 28e8 33,8
C mA7e6 476 o876 =87e6 w4706 walet k706 <4706 *4706 o470k <4706 =870k w4706 =4706 4746
26 3308 ©2Be8 23,8 ~1BeE =138 8¢€ =38 103 63 113 163 213 26°3 313 3643
e mB2e0 5240 =52+C *5ZeC =52eC EZe( 52¢( =520 5200 <~52¢0 <«E2¢0 <52¢0 <52¢0 <52¢0 =52.0
27 *3603 *31e3 «2603 213 1603 e1led =6e3 w1e3 3.8 Beg 13.8 188 238 288 33.8
e aB6e3 256e3—256e3—aBbe: SBhed =B6e3 25603 256¢3 e56e3 G603 =5be3 eBEe3 - «5603 -o5beI- =5bvI————
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OUTPUT DATA PAGE 3

MSFC ARRAY AND 6 IN FL LENS

T TINTENSITY AT 9.0 FEEY

UNITS ARE ATU/HRSFT2

__X P8 N Y SCAN PBS IN INCHES
INCRES LT *36.0 L3 LYY, °12¢0 *0
*3000 40304 81607 4159 LYLIY. 84187
2840 T W66 YIS 'Y XX YYIY 4399
=260 43904 48606 48734 45740 45505
Y YY) [YYAY) 4660} 46808 46808 46002
2240 45007 46840 86747 467¢7 467
*30%0 %528 »68:0 86604 26946 8677
01800 45408 46808 46742 46R,:7 LT
“wi6e0 T WeBWY 86707 26803 46703 46602
*1400 45004 4892 46449 46804 8400 )
BCTY TY R Y- 1. 1) A 8689 26806 4685 46842
1000 45248 46840 46601 469¢6 4877
—— =89 W51e8 171.11.] 867e2 1Y1.1YA 13- TK]
b 44849 4487¢7 46843 86702 46607
ohe  kB0ek 8692 68,9 T abBeb EY 1)
240 48007 44809 46806 46805 46802 -
T - O 1'731.1)) 866401 46906 86747
240 45446 468.8 46742 46847 46502
TR WAEeY 8677 w683 86702 46602
600 450k 46902 3 4689 boBek b6hon
840 #80e7 T #6849 46846 8685 46802
1090 45248 46840 _ abbey 86906  b87e7
1240 45006  abA.8 46702 46807 465.2
1400 4489 86707 6843 86703 46602
1600 250k 86902 Y11} LI Y YXY)
1840 #5007 46809 46806 86805 46802
2000  452¢8 T T wéBe0 'YIXE 869¢6 86747
2240 #5006 467.9 46643 46747 46542
2000  WABe8 T T T abaeB 65,3 YYYE) 86304
2640 43908 4588 45747 85704 45405
380 Y4 11Y-T34 [YYILE LT I Bhiek
2000 40100 81702 61601 8172 = 81607

PROGRAM CBMPLFTE
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EXAMPLE 2 OF OUTPUT DATA PAGE 3

MSFC ARNAY AND & IN FL LENS

“";YNTKNIITV AY {8.0 FEEY UNTTS ARE BYU/HR.FT2

X P88 IN

Y SCAN P88 IN INCHWES
INCRES 1Y IT) 360 =240 2.0 °0
_®=3000  300¢8 %A@ 18642 385.9 38646
L3-1.10] g!ltl ilotgf 382.8 " 38401 38343
2600 4342 4030 40600 40602 40642
- *2800 k11 T) Y1) %26.0 iglii 42602
=220 37104 43606 439.8 %3947 53848
*20°0 3797 'YL 45040 T IV 45104
___=18¢0 3848 48403 45704 45848 458¢4
TTey6e0 39144 3594 6246 YT 4624y
o _flbqg_“”“_Sggnl 46205 46604 46500 46647
1240 394,85 483,08 67,0 66,7 466,
®400 398, LTI 8674 86706 8678
*8i0 ls!og [ X4 2675 Y108 %683
6e0 3% 4 bbhoh 46746 4678 46704
Y 7YY - | 'Y Y YY1 ) 2687 #6766 4694
240 395.3 (Y Y YY) 4678 86705 46742
Y. B } 1. 1Y) Y1 YL IYY4AY] W67 6 4675
20 3983 46807 46705 K688 46803
B0 396 Y1 YL 1Y YA 1YY AL Y YAR
600 3%.8 46808 46847 46706 46941
o 8,0 398a) 1711 887:8 W&7.5 38742
100 398.0 hbbhod 4674 487406 4675
T 4260 3% 62 T T B39 11114 1Y YU 8675
1400 3% 0 46242 4653 4655 46449
LX) 3905 1§ L) “B3.4 1Y Y-8 %63¢6
1840 3861 45407 457.8 #5701 457.8
2000 3798 T uese® T #5000 5190 5000
220 369.9 43649 43949 84001 44008
2400 <11 1Y D Y T A The5.0 %251 “W2heE
260 L LYRY) 40304 [Y.1-X1.] 80603 4072
28«9 3215 — 38003 kLK IR —982¢7 —383.%
300 2985 383,2 256,2 385646 3%6.p
PRAGRAM Cc®MPLEYE ~—  —  — —— - ——/ - - T
REPRODUCIHILITY OF THE

ORIGINAL PAGE IS POOR
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L2

DATA INPUT FOR RUN WITH BRIGHT IAMPS AT EDGE

LAMP INTENSITY ARRAY

) 17¢
2 17¢0 17¢0 17¢0 17:0 1740 17.3 1;:g
_w-_a 17¢0 17¢0 17¢0 170 1740 170 1760
& 1790 17e0 1267 1267 12¢7 127 12?7
5 17¢0 17¢C 12¢7 12e7 12¢7 127 127
6 17¢0 1760 12¢7 172e7 12¢7 1727 1247
7 17¢0 170 12e¢7 12e7 12¢7 17e7 17e7
8 17¢0 1700 12¢7 12e7 12¢7 127 1727
o 9_u17§0 17¢C 127 127 127 12:7 12¢7
{10 17¢0 7 17e¢ " 12¢7 " 17Pe7 127 12:7 1727
11 17¢0 17¢0 12¢7 12e¢7 12¢7 12¢7 127
12 170 170 1207 12e7 12¢7 127 172e?
13 17¢0 17¢C 12¢7 1727 12¢7 127 1247
16 17¢0 170 12¢7 17P2e7 127 1247 15.7
15 N17yo__17-o 12e7  12e7 12¢7 127 1247
16 1740 IV?b"1277—‘T??7"”I?77_“15;7““iﬁ??
17 170 17¢0 12¢7 12e¢7 12¢7 1727 127
18 17¢0 1700 12¢7 {27 12¢7 12e7 127
19 170 17e¢0 12¢7 127 12¢7 127 1727
20 17¢0 17¢0 12¢7 12¢7 12¢7 12¢7 1247
21 1740 1740 1Pe7 12¢7  12e7 1247 17Pe7
P2 17600 1760 127 12e7 1207 17T 1247
P23 1700 170 127 127 127 127 127
24 1740 170 127 177 12¢7 12:7 1247
25 17¢0 170 170 1740 17¢0 17¢0 1740
Ph 17¢c 17¢0 17¢0 17¢0 170 170 17.0
P7 17¢0 17¢0 17¢0 1740 1740 1740 1740

——

T i MR 5 o = L L%

1 17¢0 17«0 170 17¢0 17¢0

i

Tk S ARSI . <N s

170
170
170

52,9 -

127
127
127
127
12¢7
127
127
1207
127
127
127
127
127
127
127
127
127
127
127
127
170
17«0

.t700

170
170
170
12?7
12¢7
127
127
127
12¢7
127
127
127
127
1727
127
1Pe?7
127
127
127
127
1Pe?
127
12¢7
127
170
17«0
170

17.0
17«0
17«0
127
127
1247
1267
177
127
127
12.7
127
1247
127
127
1247
127
177
127
127
1Pe?
177
127
12.7
17.0
17.0
17.0

1740
17«0
170
127
127
127
127
127
12¢7
127
127
127
127
127
127
127
127
127
127
1Pe7
127
127
127
127
170
17.0
170

170
170
17.0
127
127
127
127
127
127
127
127
12¢7
127
12¢7
127
127
127
127
127
1Pe7
1247
127
127
1Pe?
1740
170
17«0

TR

170
170
170
127
127
127
127
12¢7
1247
127
127
1207
127
{ce7
127
127
127
127
127
127
1Pe?7
127
12¢7
127
170
1740
%70

e bbbl

170 17.0
17¢0 17.0
170 17.0
170 1740
17«0 1740
17«0 17+0
17¢0 17¢0
17¢0 170
170 170
17«0 17¢0
170 7.0
170 170
170 17«0
17¢0 17«0
17¢0 1700
17«0 1740
170 170
17«0 1760
170 7.0
17¢0 17¢0
170 17¢0
170 1740
170 1760
170 17.0
170 17.0
170 1740
170 17.0

4. PR 1 |



SAMPLE RUN WIH IAMP DATA AS ON PAGE A6
MSFC ARRAY AND 6 IN FL LFNS T

- INTENSITY AT 9¢0 FEFY UNITS ARE RYU/HReFT2
X P8S IN Y SCAN P8S IN INCHES ,

*48,0 3640 Y I ®1240 0
=300 5225 Sn6el %018 50408 501.%
280 S&7:3 52400 %1843 LI T 51406
e26¢0 85746 52301 LI TYY K179 51643
«24e0 B61e7 S18e4 1101 84066 50407
=22e0 S6ne2 5081  497.3 4976 49607
2000 55801 4930 4834 4860R 48543
*18¢0 5535 48509 4758 477+5 47309
w16 BeRe2 47906 #7241 h7008 4698
®i{4eQ S49.¢0 47809 46949 469¢3 46543
T Ta{Be0 58301 T T4%7.6 46849 46ReR 46846
©1000 55146 4763 4661 469¢6 4677
=8¢0 Li-T.XHY 47748 4672 4687 46507
ebeQ 54609 47509 46843 467072 46602
T eke T SaReS T 87708 46R9 46Ro M 464e0)
e2¢0 54909 87742 46Re 6 L6ReS 46847
o w0 T S51e6 @ 47603  abbed 46946 46747
20 55001 4775 467¢2 b6Re7 465.3
400 Babed #7549 4683 6703 46602
(XY S48e5 47708 468.9 Lb6Re 4 46400
T 8¢ T SATdl T T w772 N 1.0 4eReS 46842
1000 55146 47603 bbbl 469¢6 46747
T 1260 %5001 77487 T T ukY5 46940 46543
{heQ S46¢9 47609 46903 b6Rek 4679
160 S49e¢6 SR{0I — T TWY2«7 T W72e1 4672
18¢0 551 ¢2 4RBeb 4775 4770 4773
T 2000 5565 T w9247 48340 48704 4R4 9
220 5574 Snbe8 49640 49704 498.3
T Pee0 55406 51543 5106 80942 S08¢3
26¢0 55408 82408 518.9 %183 54502
280 B-11I1) LEI -3 E{Y:9 K184 5170
30¢0 5166 8083 5019 Bn3eb S02e4

" "PRBGRAM COMPLETE

28



SAMPIE RUN WITH IAMP DATA AS ON PAGE A6
MSFC ARRAY AND 6 TN FL LFNS T

—

————— - ¢ —

INTENSITY AT — 18,0 FEFT " UN1ITS ARE BTU/HRGFT2
X PBS IN Y SCAN P8BS IN INCHES
“INCHES e840 v36¢0 *2he( TTe12e0 0 T Tep
«30¢0 37646 4213 413.0 81201 412¢8
2840 4025 T Tae7¢0 a3%.0 43747 4367
ep6e0 42309 46807 48606 W858 111
2400 4394 T uBaeS T AT1e8 T k698 47008
*22+0 45244 49408 4797 47840 4774
“eg0e0 T 459e¢é “BA1e3 833 #8158 “83¢1
=1840 4650 50206 #8309 48401 483.5
©16¢0 46%e9 T 8p3e0 T aB3ek T w818 T 484%ey
ai{beQ 46743 85015 48149 478.8% 480e4
®12e) 46%¢6 ) 4994 4779 47509 4759
®1000 46609 49609 47540 473064 47304
T «Be0 I %9803 T w72e7 T T a72ev 47107
=g 46607 4935 4714 46947 46801
ekhe() b64e b 49300 4713 L6858 46949
200 46408 492¢8 4L69.8 LhT7eR 4675
00 LbLed 4919 4b9e 1 467e5A 4678
200 4648 49204 4694 46901 46844
TTT el 68+ 1 %9207 T TTTTTRI0e2 T T WBRe6 4679
600 6408 49308 47243 4693 47009
8e¢0 46%09 49500 4729 'YAXR! 47004
100 -1 XY 49609 47540 47342 473.%8
120 46648 4994 47764 47740 87646
140 46809 Sn1e0 4807 47902 478.5
- LI L1-1.X89 BeZe b T TUREE2TTTT 7T ARLe6 482.R
180 8633 502e6 R4 6 bR2.3 48340
200 4587 499.2 4831 48340 4818
2240 44946 49402 47946 4785 4790
2840 438.2 4R3e3 4706 46945 46941
26¢0 42006 4672 W57k 455.9 4%86,9
| ¥ L1 1.0 TI7 6 43602 T 37T
3000 37249 41943 412.8 81246 #1204

PROGRAM CBMPLETE
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APPENDIX B

LISTING OF LUMP WITH EXAMPLE OF INPUT FILE DASTT



PROGRAM LUMP \\\ANAANNNNTY 1=50
1,000 C LAMPS UNIFORMITY MAPPING PROGRAM
2,000 C PROGRAM SET FOR MSFC ARRAY

3,000 DIMENSION TLX(35,35),TLY(35,35),TLI(¢35,35),TPI (10,100)
4,000 DIMENSION TTPX(100),TTPY(30)

5.000 REWIND 201

6,000 READ(201,10) SPACE

7,000 10 FORMAT(F10,1)

8,000 C SPREF IS SPACE REF FOR INTENSITY

9,000 C SPREF = DISTANCE AT WHICH POWER READING 1S TAKEN
10,000 SPREF = 180,0

11,000 NLX = 153NLY = 27
12,000 00 50 | = 1,NLY
13,000 READ(201,100) NLX, CTLICI,J)yJ = 1,NLX)

14,000 50 CONTINUE
15,000 100 FORMAT(NF&,1)

16,000 NCO = O
17,000 IFCNCOLEQ. 1) GO TO 115

18,000 WR1ITE (108, 105)

19,000 105 FORMATCIH1, LAMP INTENSITY ARRAY®,//)
20,000 08 110 | = 1,NLY

21,000 WRITE (108,120 1,NLX, (TLICI,J),J = 1,NLX)

22,000 110  CONTINUE

23,000 115  CONTINUE

24,000 120 FORMAT(TH ,13,2X,N(F4,1,2X))
25,000 C BUILD UP X,Y SPACING

26,000 TSPX « 5,0

27.000 TSPY = 4,33

29,000 X1 = =36,25

29,000 DO 160 J = 1,NLX
30,000 Y1 = 456,29

31,000 DO 150 | = 1,NLY,2
32,000 TLXC,J) = X9

33,000 TLYCl,J) = Y1

34,000 Y1 = Y1-(TSPY*2,0)
35,000 150 CONTINUE

36..000 X1 = X1+TSPX

37.000 160  CONTINUE

3R, N00 X1 = =33,75

39,000 D8 210 J = 1,NLX
40,700 Y1 = 451,96

42,000 TLXCIJ) = X13TLY (N ,J) = Y1
43,000 Y1 = Y1~ (TSPY*2,0)
44,000 200 CONTINUE

45,000 X1 = X1+TSPX

46,000 210  CONTINUE
47,000 C OPTION TO PRINT OBUT X,Y LOCATIONS

48,000 NCODE = O
49,000 IF (NCODE.EQ,1) GO TO 340
50,000 WR1TE(108,305)

31
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51,000 305
52,000
53,000
544000
55,000 310
56,000 320
57,000 322
58,000 C
59,000 340
60,000
61,000
62,000
63,000
64,000
65,000
664000
67,000
68,000
69,000 350
70,000
71,000
72,000
73,000 360
74,000
75,000
76,000
77,000 400
78,000
79,000
80,000
81,000
82,000
83,000

Rl 000
85,000
R6,000
27,000
88,000 450
89,000
90,000
91,000 500
92,000
93,000
94,000
95,000
96,000 600
97,000 C
98,000
99,000 650
100,000

PROGRAM LUMP \\\A\NNNNNATY 51-100

FORMAT(1H1.'X&Y POSITION OF LAMP ARRAY=IN INCHES®)

D3 310 | = 1,NLY

WRITEC108,320) 1 ,NLX, CTLXCI4J)yJ = 1,NLX)
WRITE(JOB,322) NLX, (TLY(‘.J).J . 1.~LX)

CONT INUE

FORMATC(IH ,13,2X,N(F5,1,2X))
FORMAT(1H ,5X,N(F5,1,2X))

START INTENSITY SCAN CALCULATIANS
CONTINUE

NLINES = 5

DELX = 2,0

TPY = =48,0

DELY = 12,0

SX = '30003 ALX = 30,0

LIM = 1+ IFIXCCALX=SX)/DELX)

TSX = SX=DELX

D0 350 | = 1,LIM

TTPXC1) = TSX+DELX

TSX = TTPXCI)

DUMY = TPY=DELY

D8 360 | = 1,NLINES

TTPY (1) = DUMY4DELY

DUMY = TTPY(I)

D6 600 L = 1,NLINES

LP = 1

TSX = SX

TPICL,LP) = 0,0

DO 500 J = 1,NLX

D0 500 | = 1,NLY

DX = TLXCI,J)=TSX3 DY = TLY(I,J)=TPY
DIST = SQRT(DX*DX+DY*DY)

ANGLE = ATAN(DIST/SPACE)

ANGLE = ANGLE*180,0/3, 14159
IF(ANGLE,GT,10,0) TI = 0,03 GO TO 450
CALL IVSACANGLE,TI)

TLENGT = SQRT(DIST®DIST + SPACE *SPACE)
TMFAC = (SPREF*SPREF)/(TLENGT*TLENGT)
CONTINUE

TI = TI*TMFAC*TLICI,0)

TPICL,LP) = TPICL,LP)+TI

CONTINUE

LP = LP+1

TSX = TSX+DELX

IFCTSX.LELALX) GO TO 400

TPY = TPY +DELY

CONTINUE

PRINT OUT DATA ON SCAN
WRITEC108,650)

FORMATC1H1, "MSFC ARRAY AND 6 IN FL LENS®)

WRITEC108,700) SPACE/12,0

e it



PROGRAM LUMP \\N\ANNAANTY101-130
101,000 700 FIRVATC1HO, " INTENSITY AT®,FR,1,2X, *FEET",10X, "UNITS ARE",

102,000 X* BTU/HR=FT2°,///°X POS IN*,15X,"'Y SCAN POS IN INCHES®)
103,00C WRITEC108,£00) NLINES,(TTPY(CI),| = 1,NLINES)

104,000 R00  FORMATC'INCHES®,1X,N(F8,1,5X))

105,000 D0 1000 | = 1,LIM

106,000 WRITEC108,1100) TTPXCI) NLINES,CTPICJ,1),J = 1,NLINES)

107,000 1000 CONTINUE
108,000 1100 FORMAT(F6,1,2X,N(FR,1,5X))

109,000 OUTPUT °‘PROGRAM COMPLETE®

110,000 END

111,000 C SUBROUTINE TO O3TAIN INTENSITY VS ANGLE
112,000 " SUBROUTINE |VSACANGLE,TI)

113,000 DIMENSION ANGC11),A1(€11)

11“.000 DATA (Al(')" - 1'11)/100.0,98.0.93.5’9000’63.5.“2.0’
115,000  X24,3,12,5,8.2,2.5,1,8/

116,000 D6 100 I = 1,11

117,000 ANGCI) = FLOATCI=1)

118,000 100 CINTINUE

119,000 IF (ANGLE.GT,10,0) TI = 0,03G0 To 1000
120,000 C INTERPOLATE INTENSITY

121,000 I =0

122,000 200 | = |+1

123,000 IFCl,GE,11) TI = 0,03 GO TO 1000

124,000 | FC(ANGLE,GT.ANG(|)) GB TG 200

125,000 | FCANGLELEQ,ANGCID) TI = AICI)s GO T8 1000
126,000 SLOPE = (CAICI)=AlC1=1))/CANGCI)=ANGCI=1))
127,000 TI = SLOPE*(ANGLE=ANGCI=1))+A1(I=1)
128,000 1000 TI = T1*0,01

129,000 RETURN

130,000 END

HE]
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TY1=28
1,000
2,000
3,000
4,000
5,000
6,000
7,000
8,000
9,000

10,000
11,000
12,000
13,000
14,000
15,000
16,000
17.000
18,000
19,000
20,000
21,000
22,000
23,000
24,000
25,000
26,000
27,000
28,100

REPRO

pUCIBI

EXAMPLE OF INPUT FILE DASTT

108,0
12,712,712, 712,712, 712, 112, 712, 7124 7112, 712, 712, 712,712,712, 7
12,712,712, 712,712, 712,712, 712,712,712, 712, 712,712,712, 712, 7
12,712,712, 712, 712,712, 712, 712, T12. 712,712,712, 112, 7112, 712, 7
12,712,712, 712, 112, 712, 712, 712, 712, 712, 712, 712, 712,712, 712, 7
12,712,712, 712,712,712, 712, 112, 112, 7112, 7124 712, 712, 712, 712, 7
12,712,712, 712, 712,712, 712, 712, T12, 712, 712,712, 712,712,712, 7
12,712,712, 712,712,712, 712, 112, 712 712, 712, 712, 712, 712,712, 7
12,712,712, 712, 712,712, 712, 712, 712, 712, 712, 7112, 712, 712, 712, 7
12,712,712, 712,712, 712,712, 112, 7112, 712, 712, 712, 712, 712,712, 7
12,712,712, 712, 712, 712, 712, 712, 712, 712, 712,712, 712,712,712, 7
124712, 712, 7112, 712, 712,712, 712, 712, 712, 112,712 . 712,712, 712, 7
12,712,712, 712, 712, 112, 712, 712, 112, 112, T12, 712, 712, 712, 112, 7
12,712,712, 712, 712. 712, 712, 7120 112 712, 112,112, 112, 712, 712, 7
12,712,712, 712, 7124 112, 712, 712, 7124 712, 112,712, 712, 712,712, 7
126712, 712, 712, 712, 712, T12, 712, 712 1126 112, 112, 712, 712, 712, 7
12,712,712, 712,712, 712, 112, T12. 712, 712, 712,712,712, 712, 712, 7
12,712,712, 712, 712,712, 712, 7124 712, 712, 712, 712, 712, 712, 712, 7
120712, 712,712, 712, 712, 712, 712, 712,712, 712, 112, 712, 712, 712, 7
12e712,712, 712,712,712, 712,712, 7112, 712, 712, 712, 712,712, 7112, 7
12,712,712, 712, 712,712, 712, 712, 712, 712, 112,112,712, 712,712, 7
12,712,712, 712,712, 712,712, 712, 712, 112, 712, 712,712,712, 712, 7
12,712,712, 712, 712, 712, T12, 712, 712, 7112, 7112, 712, 712,712, 712, 7
12,712,712, 712, 712,112,712, 712, 712, 712, 712,712, 712, 712, 712, 7
12,712,712 712, 712, 712, 1124 712, 712, 712, 712,712, 712,712,712, 7
12,712,712, 712, 712,712,712, 712, 712, 712,712,712, 712,712,712, 7
12,712,712, 712,712, 712, 712, 712, 712, 712, 712, 712,712,712, 712, 7
12,712,712, 712,712,712, 712, 712, 712, 712, 712,712,712, 712,712, 7
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TLX

TLY

TLI

TPI

TTPX

TTPY

201

SPACE

SPREF

NLX

NLY

NCO

TSPX

TSPY

X1

Y1

NCODE

NUNES

DELX

LIST OF VARIABLES USED IN LUMP
¢'n the order they appear in the program)

Array for storage of x location of lamps

Array for storage of y location of lamps

Array for storage of lamp intensities

Array for storage of test plane point intensities
Array to store x Jocation of points in test plane
Array to store y location of points in test plane
Input unit number

Distance from lamp array to test plane
Distance at which lamp intensity measured
Number of lamps in x direction

Number of lamps in y direction

Code to obtain printout of lamp intensity array. If valve is
set to 1 there will be no printout of lamp intensity array.

Spacing of lamps in x direction
Spacing of lamps in y direction
First lamp position in x direction
First lamp position in y direction

Code to obtain printout array of lamp positions if set equal
to 1 printout will not be obtained

Number of scan lines to be calculated

Distance between points to be calculated in the x direction
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TTY

DELY

sX

ALX

LIM

TSX

DUMY

DY

DY

DIST

ANGLE

IVSA

TLENET

TMFAC

Tl

36

y position of first scan line to be calculated /
Distance between scan lines

First point in test plane scan line to be calculated

Last point in scan line to be calculated

Number of points to be calculated in each scan line

Dummy variable tc hold x scan position during calculation of
intensity

Dummy variable to hold y scan position during calculation of
intensity

Calculated x separation between lamp and test plane point
Calculated y separation between lamp and test plane point
Diagonal distance from lamp to test plane point

Calculated angle from lamp center line to test plane point
Subrontine to calculated lamp intensity at the calculated angle
Distance from lamp to test plane point

The multiplication factor to adjust 1amp intensity for
different spacings to test plane

Dummy variable to hold intensity calculated at test plane
point

A gt 0
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