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TECHNICAL MEMORANDUM X-73364

MSFC SOLAR SIMULATOR TEST PLANE
UNIFORMITY MEASUREMENT

SUMMARY

The Marshall Space Flight Center (MSFC) solar simulator lamp array is
designed to produce a uniform illumination on a 1.2 by 2.4 m (4 by 8 {t) test
plane. Prior to completion, an analysis of the simulator was made fo predict
the test plane uniformity. A procedure was also developed to measure the
actual uniformity produced by the simulator after it was in operation, That
procedure is described here and the results of the first measurement presented.
The measurement revealed the test plane illumination was not as uniform as the
analysis predicted. The best actual uniformity obfained had a standard deviation
of 4 percent and a peak~to-peak variation of +11 percent. The computer program
used to analyze the measurcment data is discussed, and a listing of the program
along with example runs is given. The reason for the variation in uniformity
from that predicted is not fully resolved, hut scems to be due to variations in
individual lamp flux levels in the actual array [rom the levels when measured
in a special test box.

i. INTRODUCTION

A Targe low cost solar simulator has been constructed at MSTC {or the
evaluation of flat plate solar collectors, The simulator consists of 405 tungsten-
halogen projector lamps with Fresnel lenses arranged in a 15 by 27 array. The
Fresnel lenses are used to provide a near collimated beam of illumination. It
will be used to test solar collectors with surface arcas up to 1.2 by 2.4 m
(4 by 8 ft). The simulator is Tocated in Building 4619 and will be part of the
Solar Test Facility under development at MSFC,
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An analysis of the uniformity of illumination expected in the test plane
was described in Reference 1. Now that the simulator is in operation, the actual
uniformity has been measured. This report gives the procedure used to meas-
ure the test plane uniformity as well as the first measurement results.

I1. DISCUSSION OF TEST APPARATUS

A. Test Philosophy

The test plane measurement apparatus was developed to produce data on
the uniformity in sean lines. This was done to ease comparison with the com-
puted scan lines given by the computer program reported in NASA TM X-64991.
The computer program was set up to calculate the irradiance at 5 em (2 in.)
intervals across the narrow axis of the test plane. Scan lines &t any desired
spacing along the long axis can be calculated. The mechanical scanner was
designed to produce the same type scans, except the output is a continuous
signal recorded on chart paper. TFigure 1is a layout of the measurement
system,

SCANNER SUPPORT
FRAME

CHART
RECORDER

DETECTOR
AMPLIFIER

MOTOR
CONTROLLER

Figure 1. Layout of test plane uniformi
Y
measurement apparatus.




B. Scanner

The scanner is a motorized platform which has a 10 em (4 in.) square
plate on which a detector can be mounted. It is driven by a small 115 Vac
400 Hz synchronized motor which is geared to move the platform across the
width of the test plane in approximately 30 s.

The scanner moves con a rail which can be positioned at 15 em (6 in.)
intervals along the irame. The frame is approximately 1.5 by 3.0 m (5 by
10 ft) so that an area larger than the actual test plane can be scanned, The
scanner bar is positioned in the [rame by means of pins placed in holes. The
holes are drilled in the frame along the long axis, and near the end the holes
are placed at 5 em (2 in.) intervals to allow higher density of scans near the
edge of the test plane.

C. Detector Circuit

The detector used on the scanner platform for the first series of tests was
a Motorola MRD 300 phototransistor. The circuit used with the phototransistor
is shown in Fipure 2. The output is recorded on a Mosley madel 680 strip
chart recorder. The collector base junction of the phototransistor is used as
a current source into the operational amplifier to provide a linear output voltage
for varying levels of incident radiation. The linearity of the detector was
checked by comparing its output with readings from an Eppley black and white
pyranometer model 8-48. The output is very lincar with a constant voltage on
the tungsten-halogen lamps and using neutral density filters to reduce the light
level. However, when varying the voltage of the bulb to reduce the light level,
a difference between the two detectors was noted. Figure 3 shows a plot of the
phototransistor output compared with the pyranometer, as the lamp voltage is
changed. TFor comparison, a curve is also shown which gives the expected
change if the light output varied as a function of the square of the voltage.
These data are normalized to 100 Vac., The phototransistor agrees with the
pyranometer for higher voltages but drops off at lower voltages. The reason
for the drop off is that the pyranometer has a better infrared response than the
phototransistor. At lower voltages the peak ouiput of the lamp is shifted
slightly toward the infrared.
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D. Motor Drive Control

The scanner motor control circuit is shown in Figure 4. The circuit
automatically stops the scanner at the end of the scan. Microswitches on the
scanner are used to indicate the end of the travel. When the microswitch hits T
the contact at the end of the bar, power to relay 1 as well as relay 2 is cut off, ‘
but the capacitor C; on relay 2 holds that relay in momentarily. The result is I
that a brief reversing pulse is supplied to the motor to serve as a brake. Power
to the motor is cut off by means of relay 2 before the motor can actually reverse,
To restart the scan in the other direction, the reversing switch is changed and
the reset button is pushed. The reset buiton has to be held down until the micro- _.
switches are clear of the contacts. The red indicator hulb is used to show that ;
the end of travel has been reached.

I11. COMPUTER ANALYSIS PROGRAM

A. Background o

The data recorded by the test plane measurement equipment are a voltage
level on chart paper representing the light intensity level for scans across the
narrow axis of the test plane. Sample points have to he manually read from the
chart paper to calculate the statistics and present the data in a useful form. A
computer program, Statistical Analysis for the Solar Simulator (sAsSS), was
developed to analyze the data. The sample points at regular intervals along ‘
each scan are read [rom the chart paper and recorded in a computer file for
storage. The computer program recads the data from the file and performs the
data analysis.

The number of points recorded from the scans and the total number of O
scans used can be varied. The normal proccdurce used was to read 29 points on
k each scan and use a total of 19 scans. Twenty-nine points on a scan at 5 ¢cm E
| (2 in.) intervals cover a range of -71 to 71 em (-28 to 28 in.). Nineteen
} seans cover the test plane plus 15 em {6 in.) on each end. Within the computer
program the extra points and scans arc dropped to provide data only on the test
plane. The test plane area can then he defined as the best 1.2 by 2.4 m (4 by
8 ft) area in the recorded data. The program also allows any number of points
or scans to be dropped in casec the collector to he tested is smaller than the
gtandard test plane.
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Figure 5 is a simplified flow diagram of the compute. vrogram. The
full Fortran listing is given in Appendix A, The program is . vitten is XDS
extended Fortran IV for use on an XDS Sigma V time share computer. Except
for the plot subroutine, the program can be run on any Fortran computer with
very little modification.

B. Data Input

Table 1 presents a listing of the input section of the computer program,
lines 1 to 37. A listing of the variables used in the input and the main section
of the program and their definitions is given in Tabhle 2.

The dimension statement on line 3 sets the size of the arrays. The
arrays are now set for a limit of 27 scans with 31 points on each scan. By
changing the dimension statement, the limif can be changed to any value.

These data are read in from a file on unit 100, When running the program,
the input file name has to be assigned to unit 100, Appendix B gives a sample of
an input file named T2, Appendix C gives an example run of the program
together with the set commands to inform the computer which file will be read
by unit 100. Line 9 is a rewind fiie statement which assures that the read
statement will start with the firei line in the input file. Line 11 is a read state~
ment to input the title commen'’. The format statement, line 16, allows up to
80 characters in the title, Lines i2 fo 22 are the commands to input the control
variables. Comment statements are included to define each variable. The
format statements 110 and 111 allow a general input; the numbers can be fixed
or floating point and only have to be separated by commas. The actual sample
data points are input by statements 23 to 34. The points are input into the
B(J,K) array, where J indicates the points on the scan and K indicates the
scan number.

These data are stored in the input file with consecutive lines containing
the same point on each scan; for example, the first point on lines 7 to 37 of the
input file T2 in Appendix B made up one scan. The second point on each line
comprises the second secan, etec. Because of the limit on the size of a line in a
file, all the scan points could not be put on one line; therefore, the scans were
split up and NLP1 number of them is read in first with statement 27. The rest
is read in with statement 34. One line in a file will hold 72 characters;

sl
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READ CONTROL
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SCAN DATA

NORMALIZE
DATA
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REDUCE DATA
TO
TEST PLANE

Y

ARMS
CALCULATE
STATISTICS ON
TESTPLANE
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STATISTICS ON
FULL DATA SET

Y

DEFINE SCAN
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OR PRINT
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PRINT DATA
NPCODE = 1

ouUTPUT
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OUTPUT
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DPRINT
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SCAN DATA

IF
PLOT DATA
NPCODE = 2

SPLOT
PLOT
SCAN DATA

Figure 5. Flow diagram for computer program SASS,
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TABLE 1, INPUT SECTION OF PROGRAM SASS

Liruf $eCTION OF FHOGRAM SASS_

TY 1=37
1.000
2.000
3.000
4.000
5.000
6.C00
7.0C0
6.000
9.000

10.0GC0
11.0C0
12.000
13.000
14.000
15.000
16.000
17.000
16.000
19,000
2C.000
21.000
22,000
23.C000
24,000
25.000
26,000
27.000
26.000
29.000
30.000
31.000
32.000
33.000
34,000
35.000
36.000

~37.000

QG O

[

100

(e N e Qo a6

—t —
— —
—_

200
250

30¢

PHOGRAI BASS
FRGGHAL TO CALCUL&TL STATISTICS G4 DATA
DIkbedSI0N E(31,27),0(21,27),ILATA(20)
IVATA IS COMEENT ARRAT

DIFMEL3IUS X(321),A5003(21)

%

IHPUT SECTION
*

KEWIWL 100 .

READ I DATA

READ (100,100) IDATA

READ(1C0,11C) iISCA*,"FGS,'BFCODF
REAL(100,111) SSLCC,TSINC

SSLOC-POSITION OF FIRST SCAw

TSINC=THe SCAN INChhneilT DISTANCE

FORMAT (20A4)

NSD-HUMBER SCAN TO STAKT TEST PLANE LAETA
NED=HUMRBEK SCAN TG Exl) TEST PLAHE DATA ON
READ(100,111) LSD,uFD

NPDS-{UMBER POINT TC START DATA SCAIS Cu
NPDE-NUMEER FOINT TO EHD DATA SCAHS 04
READ(100,111) KEDS,KPDE

RCAD (100,11C) ®L,ELET, AV

FORMAT (3G)

FORNAT(2G)

DO 200 J=1,iL

READ (100,250) X(J),NLP1,(B(J,K),E=1,ILP1)
CONTIHUE

FORMAT (1G,HG)

IF(NLP1,GE.NSCAN) GO TO 200

READ (100,111) HL,LE2

HP=NLP1+HLP2

DO 200 J = 1,uL

READ (100,250} X(J),I'LP2,(B(J,K),K=NLE1+1,1P)
CONTINLUL

%

EnD OF IWPUT SECTION

#EPROMICIBILITY OF THH
VRIGINAL PAGE IS POOR/

BT PR LR PP I

:
;
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TABLE 2, LISTING OF VARIABLES USED IN THE INPUT
AND THE MAIN SECTION OF PROGRAM SASS
(IN THE ORDER OF THEIR APPEARANCE)

Variable Definition

B(J,K) Input data array

D{J,K) Array containing points of test plane

IDATA{I) Comment array to store title

X(1) Array containing the position of each point on

P the scan

ASPOS(I) Array containing the scan locations

NSCAN Number of total scans

NPOS ' Number of points on each scan

NPCODE Code to print or plot input data

SSLOC Location of first scan

TSINC Distance between scans

NSD Number of secan on which to start test plane

NED Number of scan on which to end the test plane

NPDS Number of point on scan to start test plane

NPDE Number of point on scan to end test plane

NIL Number of lines for this input statement

NLP1 Number of points on line for this input
statement

AMV A multiplication value to normalize the data

NLP2 Number of points on line for this input
statement

NDUM Number of points on each scan used in test
plane

ND Number of scans used in fest plane

ADUMA Dummy variable to hold scan position

IS
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consequently, the number of digits used for a scan point will defermine the
maximum number of scans on a line. As in file T2, typically 11 scans are put
in the first section.

C. Main Section of Program

Table 3 presents a listing of the main section of the computer program
SASS. In statements 41 to 43 the data are normalized. The value of the vari-
able AMV is selected to make the maximum value 100 percent, or it can be
selected to convert the detector output to power units such as W/ em? or
Btu/ h-ft®., The proper value for AMV to convert the output to power units is
obtained by measuring the same point on the test plane with the phototransistor
and the pyranometer.

Lines 45 to 47 reduce the data array to the desired test plane and store
the new points in the D(J,K) array. The size test plane would depend on the
size collector under test, For evaluation of the simulator, the maximumn fest
plane size of 1.2 by 2.4 m {4 by 8 ft) is used. Lines 53 to 54 define the vari-
ables NDUM and ND, where NDUM is the number of scans in the fest plane
and ND is the number of points on each scan which lie in the test plane. State-
ments 51 to 59 print out the statistical data on the test plane. AIl the actual
computations take place in the subroutine ARMS which is described in Section
II. D.

The scan locations are set up in statements 60 to 63 and storad in the
ASPOS(I) array. Statements 64 to 73 ugse NPCODE to select the print or plot
options, If NPCODE is set equal to zero, no print or plot of the input sample
data will take place. If the variable NPCODE is set equal to one, the input
gcan data will be printed out along with a printout of the points used in the test
plane evaluation. If NPCODE is set equal to two, the input scan data will be
plotted but no printout of the data will be obtained. No option is set to obtain
both a printout and a plot as it is impractical on the CRT display terminal.
The printout is usually get to be produced on the line printer. Sections OL E
and III, F describe the SPLOT and DPRINT subroutines and explain how to set
the output device code to obtain the desired output.

11
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TABLE 3, MAIN SECTION OF PROGRAM SASS

MAIN SECTION OF PROGHAM SASS_
%Y 39277 & -~
39,000 C

40,000
41.000
42,000
43.000
44,000
45,000
46.000
47.000
h8,000
49,000
50.000
51.000
52,000
53.000
54,000
55.000
56.000
57.000
58.000
59.000
60,000
61.000
£2.000
63,000
64,000
65.000
66.000

68.000

12

69.000
70.0G0Q
71.000
73.000
74.000
75.000

¢

c

[¢vXe o

76,000 C

77.000 C

500

1000

2200

2400

3000

3100

4000

START INITALIZATION

E 3

DO 500 J=1,NPOS

DO 500 K=1,HSCAN

E(J,K) = B(J,K)*ary

RECUCE AHRKAY TC ToST PLAML SIZF
LO 1000 J = HNEDS,NPDE

DO 1000 K = NSD,NED
E(J-(MPDS—1),K-(ySD-1)) = h(J,K)

PRINT STATISTICS Ui TEST PLANL
%

WRITE (108,2200) 1DATA
FOKRMAT(1L1,2044,//,'TEST PLANE DATAY)
HUUM = wPDE=REDS+1

HD = NEL-HSD+1

CALL ARMS(D,AD,&DUHN)

PRINT STATISTICS C¥ FULL EASUGREMENT DATA
WRITE(10&,2400)

FURMAT(1HO, 'FULL MEASURLCHENT DATA SET!)
CALL ARMS(E,HSCAMN,:PCS)

ADUMA = SSLOC + TSIKC

DG 3000 I = 1,HSCAL

ADUMA = ADUMA - TSIHC

ASPOS(L) = ALUNA

IF(NPCODE.EC.O) GO 10 4oor
IF(NPCODE.NE.1) GO TO 2100

CLLL DPRIWT(Y,B,ASE0S,1,HSCAN, 1, NPOS,IDATA)
CALL DPRLAT(X,b,ASEOS,HS0, vEL, hPLS, NPLE, IHATA)
IF(NPCODE.HE.2) GO TC 4000

CALL TPAUSE

CALL SPLOT(X,E,UPOS,LSCAH,IDATA)

CALL TPLUT(0.0,170.0,0,C)

CALL ARMS(D,WD,HDUr)

CONTINUE

STOP

LHD

¥

END OF ¥AIN SECTIGH OF PHOGRAM

\ HE
REPRODUCIBILIYY OF T
ORIGINAL PAGE IS POOR




D. Subroutine ARMS

Subroutine ARMS computes the statistical data. The subroutine calculates
five values to characterize the uniformity.

RMS — Root mean square value computed from a zero intensity
reference.

PTP - The difference between the highest and the lowest sample point
value,

EBAR ~ The mean value of all the data points.

SIGMA — The standard deviation of the measured values from the mean
value.

VMAX — The largest data point measured.

A listing of subroutine ARMS is presented in Table 4. Table 5 presents
a list of the variables used in the subroutine. The statistical values calculated
by the program are slightly different in form from the standard approximation
formulas. The standard approximation formulas as stated in Reference 2 are

given by equations {1), {2), and (3}:

EBAR = ‘;1 (1)

RMS = |1 — (2)

13
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TABLE 4. SUBROUTINE ARMS OF PROGRAM SASS

TY 60-130

80.000
61.000
82.000
63.C00
84,000
85,000
g6.000
67.0C0
88.000
90.000
91,000
92.000
63.000
S4,000
25,000
96.000
G7.000
Gc.000
66, 00C
100.00C
101.G00
102.0C0
163,600
104,000
105,000
106.000
1¢7.G0OC
104.000
1¢G.000
116.00C
111,600
112.000
113.0060
115.GC0
115.000
110,600
T17.0C0
116,000
11,000
120,C00
121.00C
122000
1e3.00¢
124,000
125.C00
120.00G
127.000
124.C00
129.0CC
130.CG0
14 ®
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[¥]

100

350
406

1C00

11CC

1200
1460

SUBROUTIHE ARMS(G1,M,N)

SUBROUTIHE ARMS IS TO COMPUTE STATISTICS
G1°1S SAMPLE DATA ARRAY

G2 IS AKRAY OF SQUARED VALUES

G3 IS ARRAY OF DEVIATION SQUABED VALUES
N IS NUMBER OF POINTS IN EACH LINE

# IS WUMBER OF LINES IN ARRAY
DIMEHSION G1(31,1),G2(31,27),G3(31,27)
COMBUTE TAP, TOTAL WUMBER OF POINTS I ARRAY
TAP = FLOAT(ti®M)

CALCULATE MEAN VALUE=-SBAR

CALL AFUNC(G1,EBAR,H,N)

FIND G2 AND G3 ARRAYS

DO 100 J = 1,H

PO 100 K = 1,1

G2(J,K) = G1(J,K)*»2

G3(J,K) = {(G1(J,K)=-EBAR)#*¥2

UM = 0.0

CALL AFUNC(G2Z2,DUM,M,H)

RMS = SGRT(DUH)

CALL AFUHC(C3,DUM,M,H)

SIGCHA = SORT(DUM)

FIHD MOST HECATIVE NUHBER

C = G1(1,1)

DO 300 J = 1,#

DO 300 X = 1,

IF(C-C1(J,K)) 300,200,2¢0

C = G1(J,K}

CONTIMNUE

C IS NOW MCST NEGATIVE XUMEBER

FIND HCST POSTIVE nUi “8R

D= G1(1,1)
DO B0C J4 = 1,N
DO 200 K = 1,4

IF(G1(J,K)=D) 40CC,LCO, 260

L o= G1(J,X)

CUHTIKUE

L IS NGW MOST POSTIVE UMBER

ETEF = D=C

¢.AX = D

FRINT CUT DATA

FORMAT(1HO, *STATISTICS O ARRAY DATA')
WRITT{108,110C)

FORMAT(1HO, 2X, "REISY, 11X, 'PTP', 11X, 'EBAR',SX,
X'SIGHAY,8X,VaAX")

witITu (108, 1200) RHS,FTP,EBAR,SIGHA, VHAX
FORDAT(1H ,2(F5.8,5X),F1G.5,2(5%,Fd.4),/)
“rITE(166, 1500) TAP

“OEMAT(1HO, 'UHURER OF POINTS I¥ ARRAY = 1,2X,Ik)

RETuh

N
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TABLE 5. LIST OF VARIABLES IN SUBROUTINE ARMS

Variable Definition

G1(1} Sample data array

G2(1) Array of squared values

G3(I) Array of deviation of squared values
N Number of sample points on each scan
M Number of scans

TAP Total number of sample points

DUM Dummy variable

RMS Root mean squared value

SIGMA Standard deviation

C Smallest sample point value

D Largest sample point value

PTFP Difference between D and C

VMAX Redefinition of D

where n is the number of sample points, y, is the value of ith sample point, and

i
y is the mean value of all sample points (EBAR).

It should be noted that slightly different equations are used when working
with sample points which do not represent a function. The sample points are
then considered a population, and n is used instead of n-1 (see Reference 3).

The formulas given in equations (1), (2), and {3) are approximation
formulas used for sample points representing a one~dimensional function. The
irradiance of the test plane is a two-dimensional function where the irradiance
is a function of both the x and y directions in the test plane (Fig. 6). To under-
stand the equations that will be used to calculate the mean value (EBAR), root
mean squared value (RMS) and the standard deviation (SIGMA, it is instructive
to review the derivations of equations (1}, (2), and (8).

15
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Figure 6. Representation of irradiance

function F(x,y).

The proper definitions of EBAR, RMS, and SIGMA as given in Reference

3 are given by equations (4), (5), and (6):

1 b
EBAR = —— éf F(x) dx

b 1/2
1 2
RMS = | — [ FY(x) ax
a
1 b 1/2
— 4 - 4 2
SIGMA = | —— af (F(x) - EBAR)

16
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All three of the previously menticred formulas can be wriften as one equation
in the form of equation (7):

b

A=B—1_--;t afG(x)dx . (7)

In equations (4), (5), and (6) the function F(x) is integrated over the range

from a to b, and in equation (7) the function G(x) is integrated over the range

from a tob. The function G{x) is assigned the foilowing values in order to
give equations (4), (5), and (6):

If G(x) = F(x) then A = EBAR
I G(., = F%(x) then A = (RMS)?
If G(x) = (F(x) - EBAR)? then A = (SIGMA)?

Since all three equations are similar, the derivation of equation (1), using
G(x) = F(x), will at the same time give equations (2) and (3).

If F(x) is a function (as represented in Fig. 7}, then a set of sample
points also can represent the function (as shown in Fig. 8), in terms of G(x).
Performing the integral from a to b is the same as finding the area under the
curve from a to b. When working with a set of sample points, the area is
approximated by adding the area segments of width Ax under each sample point
as shown in Figure 9. The formula for the integral is given by equation (8):

b n
f G(x) dx = z yiAx . (8)
a i=1

17
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Figure 7. Example of function F(x).

' ] ¢ o

Figure 8, Sample representation of function G(x).

Since Ax is a constant, the summation can be rearranged as in equation (9):

n n
z yiAx = Awn Z yi
=1 i=1

18
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Figure 9. Approximation of area under function G(x)
in region a to b.

From Figure 9, it can be seen that Ax is given by equation (10):

If this value for the integral is put into equation (7), then the value of A is
given by equation {12},

(10)

19
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1 b-~a
A"b-za.n--.‘l !%' f ! (12)

which reduces to equation (13),

- i
A = 4 . (13)
n-1

Equation {13) is the same as equation {1); therefore, we have derived
equations (2) and (3) as well. For the limit, as n approaches infinity, the
summation is truly equal to the integral. However, for small values nf n,
the approximation can be improved. By referring to I'igure 9, it can bc seen
that half of the Ax wide area for the first and last point is outside the range
ofato b. If one half of the area for each point is dropped, equation (8) is
rewritten to equation (14). That is,

b n-1 A ynAx
f G(x) dx = Z y.Ax + Nox , (14)
a i=o i 2 2

or rearranging to equation {(15),

b (7, +v)
[ Glx) ax = 2 y, + —— 1 . (15)

a i=2

The value of Ax is the same as in equation (10); therefore, A is now equal to
equation {16):

(v, +y)

n
Z Yy + 2 . (16)
i=2

20
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The improvement in the approximation of equation (16) over equation
(13) 1s not very substantial for 2 one-dimensional function with a practical
number of n sample points. However, the improvement can bhe important when
working with a two-dimensional function.

The two-dimensional case is derived using the same technique as for the
one-dimensional case. The two-dimensional formulas equivalent to equations
(4), (5), and (6) are given by equations (17), (18), and (19):

b d

EBAR = m af Cf F(x,y) dx dy (17)
. bod 1

RMS = TR af cf F2(x,y) dx dy (18)
1 b d 2

SIGMA = TETICEr) af cf (F(x,y) ~EBAR)?  dxdy , (19)

where a and b are the limits of the function F(x,y) along the x axis and ¢ and d
are the limits along the y axis. Again, using 2 general function G(x,y) to

derive all three values at one time, the double integral is approximated by a
summation of AxAy volume sections centered on each sample point 2o (Fig. 10).

The formula for A would be given by equation (20): ]
1 TS
A =~ Y z , (20)
- - P L4 2
(n-1)(m - 1) o | jk

where n is the number of sample points along the x axis and m is the number of
gsample points along the y axis.

21
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NOTE: DASHED LINES ENCLOSE THE ACTUAL AREA
UNDER THE FUNCTION BY DEFINITION.

Figure 10. Approximation of area under function G(x,y).

As in the one-dimensional case, the approximation can be improved for
small numbers of n and m if the sample points fall on the edge of the fimction.
If the volume outside the area bounded by a, b, ¢, and d is discarded, the
resulting approximation is given by equation (21):

b d n-1 | m-1 (z_1 + z_m)
f f G{x,y) dxdy =~ AxAy Z E zjk+—l—-2—1—-—
a c =2 | k=2
L mz-:-l +(z11+ 1m)+lnf1z
2 =2 1k 2 2 v nk
(Z + z )
+—nL 5 . (21)
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The values of Ax and Ay are given by equations {22) and (23):

h-8a

Ax—n_1 _ (22)
d-c

Ay = ——7 . (23)

Because the right-hand side of equation (21) is cumbersome, the following
variables are defined:

n-1| m-1 (Z.1 +z, )

vi= )| Loz i (24)
=2 [ =2 !
m-1 (z,, +2z, )

V2 = E 2yt —1'1—5—1@"“ (25)
k=2
m-1 (z ,+2z )

nl nm

V3= ), oz, v (26)

=2
Using equations (21-26), the value of A is given by equation (27):

(V1+l vz + & v3)

A =~ 2 2 (27)

(n-1)(m - 1) )

In the computer program the values of EBAR, RMS, and SIGMA are
calculated by finding the three different values of the function G{x,y). Three
sample point arrays are used. The first, labeled G1, contains all the sample

23




points as measured and is used to calculate EBAR. The second, labeled G2,
contains all the sample points squared and is used to calculate the RMS value.
The third, labeled G3, contains the squared values of the deviation of all the
sample points from the mean value EBAR. A subroutine is called from the
ARMS subroutine to calculate the value of A for each case, The subroutine is
called AFUNC and is described in Section IIIL E,

After calculating EBAR, RMS, and SIGMA, subroutine ARMS continues,
calculating the lowest sample point, C, then the highest, D, and finally the
difference which is labeled PTP. Lines 121 to 128 print out all the values
along with the total number of points, TAP.

E. Subroutine AFUNC

A Fortran listing of the subroutine AFUNC is presented in Table 6.
The variables used in the subroutine are given in Table 7. The subroutine is
used to approximate the integral of a two-dimensional function represented
by sample points where the outside sample points fall at the limits of the area.
It actually compuies the height of a box which if multiplied by the area under
the sample points would be the integral of the function.

Four variables are transferred through subroutine AFUNC, The first,
AV1, is a two-dimensional array containing the sample points. The second,
AV2, is the value of A in equation (27) of Section III.D. The third, M, is the
number of points in the y direction. The fourth, N, is the number of points
in the x direction.

F. Subroutine DPRINT

Subyroutine DPRINT 1is used to print the sample point values. A listing
of the subroutine is presented in Table 8. A list of the variables used is
given in Table 9, 'The subroutine is called twice in the main program, once to
print all the input sample points after normalization and again to print only the
points used in the test plane.

24
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TABLE 6. SUBROUTINE AFUNC OF PROGRAM SASS
SUBRQUTINE AFUIC CF PHOGRAW SASS.) |
1Y 134-1061 ;
134.000 SUBROUTIHE AFULC(AVT,AV2,H, ) | 4
135.000 C SUBROUTIHE 10 CALCULATE IXTERGAL
136.000 C INTERGAL IS VOLUNE UiLks ARFA GIVED BY AV1 ARKAY | 1
137.000 C AESULT AV2 IS KEICHT OF VCLU¥E [CX |
138.000 C AV1 IS ARKAY OF SALPLE POIATS KEPERSFUTING G(X,Y)
139.0666 DIHENSICH AV1(31,1) : '
140.006 C CALCULATE V1
141,000 Vi = 0 | 3
142,000 L0 200 J = Z2,i=1 |
143.000 DO 100 & =z 2,k |
144,000 100 V1 = V1+AV1(J,E)
145.0C0 200 V1 = V1+(aV1(J,1)+A0v1(d,i)) /2.0
146.000 C COMPUTE V2
147.000 V2 = 0
148,000 LU 300 & = 2,4=1
146,000 300 V2 = V2+AaV1(1,K)

150.G00 Ve = Va+ (AVI1(1,1)4/V1(1,:)) /2.0 _ ‘
151.600 V2 = JEHVZ i 9
152.C00 C CClFuLTr V3 |
153.000 V3 = 0.6
154,000 LU LOC K = 2,1=1
155.600 400 V2 = V3+AVI(i, &)
156.C00 V3 = V34(iV1(0, 1)eA¥1(0,1))/2.¢C
157.000 V3 = 0.5%V3
156.0600 C CALCULATL nzIGHT WHICK TIMES ALcA GIVES VOLUME |
156.00¢ BV2 = (V14VZeV3)/FLOAT((=1)5(i 1))
160.000 FETUR' |
161.000 END :
- TABLE 7. LIST OF VARIABLES IN SUBROUTINE AFUNC |

| vartable Definition ; |

| 3

AV1(J,K) Sample point data array | 3

AVZ Result of integral calculation

M Number of scans

N Number of points on the scans 5 ,

vl First term of integral 3

v2 Second term of integral

V3 Third term of integral !

REPRODUCIBILITY OF THH
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TABLE 8. SUBROUTINE DPRINT OF PROGRAM SASS
. ; :
e : bUBPC%T%#S DPHINT OF PROGZAM qs°s;f/ | :
; 163.000 USROUTIHE DFRINT(E,4,S5F, 3S,LES, dSP,uEP,1D) foe o8
; 164,000 bIaLhSIbu A(31,1),88€1), 001}, EC1) ;
g 165,060 WRITE(106,100) (ID(I),I = 1,20) .
E 166,000 100 FURLAT(1H1,20A4) :
: 1€7.000 ARITE(108,110) g
% 166,660 110 FOaiiAT(110, 'LATA®, 21X, "SCA FCUITION!) i
- 165.000 HS = HES=1'SSel ~ :
: 170.0C0 WRITE(105,120) 115, (SP(1),1 = wo8,ues) “

171.000 120 FORBAT(YE ,Y BOS UK, K(EE. 1, 15)) |

172.000 WEITE(10%,150)

173.000 150 FORAT(1i ,116(1h=))

174.0C0 UG 500 1 = k3k,unk :

175.000 SRITEC1CGE,510) P(I), 1S, (A(I,d),J = Ns3,.kS) :

176.000
177.CC0
178.C00
175.0CC

COITINUE
FURAT(ID
RETURN
BiiL

’Fuof'g'I'.’::,!:(E‘{'.‘,1I))

T e

I3 M Rl aa TR

-k g ;O

TABLE 9. LIST OF VARIABLES IN SUBROUTINE DPRINT

e it Dol R Qi s el B oakgide

Variable Definition

P(1)
A(J,K)
SP(I)
NsS
|__NES |
_ NSP
NEP
IA(D)

Location of sample points on scan A
Array of sample data points
Location of scans

Number of scan to start printing 4

. Number of scan to end printing Ll
Number of point on scan to start printing
Number of point on scan to end printing
Comment or title array

Number of scans in array to print 3

aly”
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The subroutine is almost standard Fortran, but it should be noted that
a variable format statement is used to control the number of sample points
printed. Some computers cannot handle a variakle format statement.

Using the set commands, the printout can be assigned to different devices.

Usually, the unit 108 is set to the line printer if PCODE is assigned the value of
1 for a printout.

G. Subroutine SPLOT

Subroutine SPLOT is used to plot the scan sample data in a three-
dimensional format as an aid to visualizing the test plane uniformity. Table 10
presents a listing of the subroutine and Table 11 gives a listing of the variables
used. The plot package used is a special package developed by Computer
Science Corporation for MSFC. It was developed for a Datacraft computer and
made available on the Sigma V. Since this subroutine is computer-dependent,
it will not be explained in detail. I the program is used on a computer other
than the Sigma V, a new plot routine will have to be developed.

The set command is used to control the location of the printed data in
the plot routine. All write statements in subroutine SPLOT use unit 150 and
the command set F:150 = ME is used when the NPCODE is assigned the value
of 2 for a plot of the input data.

IV. RESULTS OF FIRST MEASUREMENTS

The computer program described in Reference 1 was used to calculate
the uniformity of the 405 lamp solar simulator. Given the assumption that all
lamps have the same intensity level at the same voltage, the program gave the
results shown in Figure 11. The test plane showed only a tendency to decrease

" in intensity near the edge. Using the procedure developed by Lewis Research

Center, 405 lamps were tested and sorted for placement in the array in a
manner to provide the most uniform test plane intensity. Using the measured
values for the lamps in the computer program, the uniformity was again cal-
culated and the results are shown in Figure 12. The standard deviation
increased from 1.09 to 1.45 percent. The PTP value was still less than 7 per-
cent which was substantially less than the tolerance placed on the uniformity,
+7 percent deviation from the mean value.
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TABLE 10. SUBROUTINE SPLOT OF PROGRAM SASS

TY 150-236
180.000
181.680
182.G00
163.C00
184,000
185.0C0
186.C00
167.000
168.0C0C
166.G00
16G.000
191.00C
162.C0CC
163.0C0
164,.C00
165.000
196.0G0
167.600
168,000
169.000
200.00C
201.06C0C
2c2.000
2u3.CG60
204,000
205.CC0
200.CC0
247.CCC
205.000
20¢.0GC
210.GCO
211.00C
212.000
z2i13.00C
214,600
£15.C00
210,000
2i7.0ugC
cle.CCC
21¢.00¢
220 uib
21 LU
eae. Lo
222,002
2ed, 6L
e25.0C0
226.0C0
227.000
Z28.6G00
229.0C¢C
23C. 000
231.0L0
232.¢(¢
233.0006
234,008
235. 000
236.CC0

100
11C

16C
150

200
210 §

220

SUBROUTINE SPLOT(TX,TPI,nX,NY,IDATA)
DIMEKSION TX(31), TPI(31 27 ID&1A(20) 18(10)
DATA (IA(I),I = 1,10)/15?,1&& 1K#/t, 1HC, 1HE, 1HN, 1HT,
X1HA, 166G, 1HE/
CALL EEGIL(300)
CALL SRASE
CALL 3CALE(6.0,3.0,2C0.0,150.0)
CALL VECTOR
CALL AXIS(0.0,0.0,60.0,1C0.0,6.0,20.0,1,1)
CALL ALPHA
fA = =363% = -10.0;Y = =10.0
Do 16C 1 = 1,1
A = NA+63X = X+6.0
CALL TPLCT(X,Y,0,0)
WRITE(150,110) HA
COWTIiUE
FORMAT(IR)
X = =18.0;Y = 100.0
Do 150 I = 1,10
I = ¥Y=3.0
CALL TPLOT(‘ ,¥,0,0
WRITE(150,16 ) 1A(
FCRMAT(141)
CORNTIHUE
X = =12,03Y = =21,0;H4 = =20
00 260 I = 1,6
ud = KA+20;Y = Y+20.0
CALL TFLOT(k Y,0,0)
WRITE(150,210) b4
LONLIUUT
"ORMAT(I4)
CALL 7T¢L0T(0.0,-2C0.C,0,0)
WEKITE(150,22C)
FORMAT('LISTANCE FROM CENTERLINE - INCHES?)
CALL VECTOR
ZERO = 30.C3¥SHIFT = 3.C03YSHIFT = 5.0
LEL = TX(1)4ZERO
XS = -XSHIFT;¥YS = -YISHIFT
L0 300 I = 1,iY
Y5 = YS+YSKIFT
X351 = (¥S+DoL+XSHIFT)®(1.0-FLOAT(L~1)}%.C1)
CALL TPLOT(X31,18,0,0)
AS = HS+XSHIFT
B0 25C J = 1,iiX
X = (TX(SI+ZERO+AS)#(1.0=-FLOAT(I~1)%,01)
T o= teI{Jd,I)+1L3
CALL TrLOT(Y,1,1,0)
COLTI UE
CALL TPLUT(X,Y5,1,0)
CORTINLE
CALL TPLOT(C.C,180.0,0,C)
CALL ALFHA
WRITE(1SC,400) (IDATA(I),I = 1,20)
FORMAT(20AL)
CALL TPAUL3E
KETURE
Eid

)
9




TABLE 11. LIST OF VARIABLES IN SUBROUTINE SPLOT

Variable Definition

TX(I) Array containing location of sample points on scan

TP J,K) Data array of sample points

NX Number of sample points on scan

NY Number of scans

IDATA Comment or title array

IA(T) Axis label array

NA Variahle used to number the axis

X Variable used to position number of the x axis

Y Variable used to position number of the y axis

ZERO Shift nccessary to position data in center of plot

XSHIFT Shift in x direction for each scan for three-
dimensional cffect

YSHIFT Shift in y direction for each scan lor three-
dimensional effect

DEL Shift of sample point to position correctly on
X axis

XS Temporary variable for shift value in x direction

YS Temporary variable for shift value in y direction

29
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Figure 11. Plot of test plane uniformity with all lamps
set at the same value.
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TFigure 12. Plot of computed test plane uniformity
with measured lamps.



On May 20, 1976 the simulator was turned on and the actual test plane i
uniformity measured. A plot of the results is shown in Figure 13. After
reviewing the data, it appeared the test plane measurement apparatus had not
been centered under the simulator; therefore, a secona test was conducted.
The second measurement in (Fig. 14) gave results that are now considered
typical. The PTP value was 22. 6 percent (+11. 3 percent}, and the standard ;
deviation was 3. 6 percent,

Measurements with the test plane at greater distances than the standard
2,74 m (9 ft) distance from the simulator show that the edge drop-oif increases
as the computer program predicted. Figure 15 is a computer plot of the test
plane at 3,66 m (12 ft), and Figure 16 is a plot of the test plane as measured
at the same distance. Figures 17 and 18 give similar comparison for 4.57m
(15 ft).

At this time it is not clear why the measured results show a much larger !
variation in uniformity than that predicted by computer analysis. At first, it i
appeared that light spillover from one lamp to the adjacent Fresnel lens might
he causing the nonuniformity, but a test was conducted in which an aluminum
honeycomb 2.3 em (0.9 in.) thick with holes approximately 0.5 cm (0.2 in. )
in diameter was placed between the lamps and the Fresnel lens, The intensity
was greatly reduced with the honeycomb (approximately 80 percent), but the
uniformity was not significantly changed when normalized. {The honeycomb
was painted black to reduce reflection in the channels.) A check of the individ-
ual lamp intensities were made while in the full array, and they were not as
measured prior to placement in the array. They were placed correctly by
serial number, but the intensities were different, Why they were diffcrent is
unexplained. It could be due to such factors as contact resistance in the lamp
sockets or voltage drops in the power lines feeding the individual lamps.

A subsequent test of lamps in the special test box has revealed that dif-
ferent intensity levels, on the order of 15 to 20 percent, will be measured if a
lamp 18 rotated 180 degrees in the lamp socket. The reason for this is unex~
plained also, but could account for some of the variations of the lamp intensities i
when measured in the actual array. 2

After operating the simulator, it was noted that the Fresnel lens sagged
due to the heat, resulting in a warped surface with a curve up to 6 mm (0.25 in. }
deep across the 12,7 cm (5 in. ) diameter, perpendicular to the two mounting ]
screws at the edge. The warping seems to have little effect on the optical prop- ‘
erty, but could account for some of the test plane variation, The warping is a 4
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SSTP-6/20/76 — 9ft, SECOND RUN —~ NC MODIFICATIONS

RMS PTP ERAR stama UMAX
80,3480 30.6193 £0.116540 4.8023 100.0000

100 1[ r-\\b
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Figure 13. Plot of first measured test plane uniformity.
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Figure 14,
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Plot of second measurement of test plane uniformity.
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TEST PLANE UNIFORMITY WITH MEASURED LAMPS 12 1t

RMS PTP EBAR SIGMA  UMaX
87.1384 13.6177 0685237 3.6812 100.0000

NUMBER OF POINTS IN ARRAY = 225
*STOP* 0 Vs
Vs

OWr

PERCENTAGE

o

30 -2; -I'S A2 8 0 6 12 38 24 20
DISTANCE FROM CENTERLINE (in.}

Figure 15, Plot of computed test plane uniformity
at 3.66 m (12 ft).

SSTPTEST PLANE AT 3.85m (12 f1)

A%
HMS PP EBAR BIGMA  UMAX
903502 292276 9022125 48314 99,9909
TN
NUMBER OF POINTS IN ARRAY - A mm— TR ‘%\
*STOP* 0 ‘ \

Hr 3
N /ﬁF _M_deﬁ

30 24 .8 A2 8 0 8 12 18 24 X0
DISTANCE FROM CENTERLINE {in.]

o

PENCENTAGE
L] & g
1
3
1}
1

Figure 16. Plot of measured test plane uniformity
at 3.66 m (12 ft).
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TEST PLANE UNIFORMITY WITH MEASURED LAMPS 16 1

RMS PTP EBAR SIGMA  UMAX
95,1050 22,2258 9469226 6.1827 100.0000

NUMBER OF POINTS IN ARRAY = 225 7
*STOP* 0

\\\
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"7}
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&
o 40 4
0
D e

30 24 18 12 6 O 6 12 18 28 30
DISTANCE FROM CENTERALINE {in.)

Figure 17. Plot of computed test plane uniformity
at 4.57 m {15 ft).

SSTP TEST PLANE AT 4.57 m {16 f¢}

/MS TP EBAR SiGMA uMax
B4.6951 652003 8395459 10.3127 100.0000

NUMBER OF POINTS IN ARRAY = : —_
*STOR* 0
245 b
a . way
f ﬂa 4
-
" \
80 K '| d’..—F'-u
w 4 1
]
; 60
w
g
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F.()
]
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Figure 18. Plot of measured test plane uniformity
at 4.57 m (15 ft).
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problem in that thermal cycling may result in physical failure of the lens.
Dr. MeCrickard of ET44 has an effort underway to investigate the warping
effect and tc develop means to minimize the problem.

Another anomaly observed was that the {lux level irom the lamp array
was about 30 percent higher than expected. This had to be corrected because
the maximum life of the lamps is achieved only if the lamps are operated
between 90 and 110 Vac. To reduce the test plane intensity to Air Mass 2 and
still operate above 90 Vac, screen wire was placad between the lamps and the
Fresnel lens. The screen wire reduced the intensity by approximately 30 per=-
cent and left the uniformity unchanged.

V. CONCLUSIONS

The 405 lamp solar simulator has been placed into operation. The test
plane uniformity is not as good as predicted but is within acceptable limits.
The reason for the difference between the measured results and the predicted
performance continues to be evaluated. It is felt at this time that the difference
is the sum of several effects, but that the primary reason is the variation in
flux levels for the individual lamps when measured in the test box from the
levels mer sured when placed in the actual simulator. Other possihilities
include the warping of the Fresnel lens or individual manufacturing variations
in the lens.

The total flux level at the test plane was higher than the predicted value.
Compensation is obtained by placing screen wire between the lamps and the
Fresnel lens which reduced the test plane intensity level to the design value,

Although the process to manually read the sample points from the chart
paper is tedious, the procedure used to measure the test plane uniformity
worked very well.

The computer program to reduce the measurement data uses slightly
modified formulas to calculate the statistics on the test plane uniformity. The
formulas were modified to allow the edge of the test plane to be defined by
sample points. The modifications are net required if the sample points are
taken at the center of each sample area.
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The test plane measurements at different distances from the simulator

“indicate that the computer program given in Reference 1 to calculate the test

plane uniformity gives accurate results; however, it will not be fully proven
until a comparison can be made in which the individual lamp intensities are
accurately known. The large variation observed in lamp performance in the
simulator indicates that it is extremely difficult to control all the parameters
to insure that the individual lamp intensities measured in a test fixture will be
repeatable in the simulator operating conditiong,

To more fully understand the variations from the predicted performance
and to provide operational flexibility and efficiency, further evaluation and

possible design improvements are recommended as follows:

a. Test a variety of lamps to determine expected variation due to quality
control, voltage, orientation, operating temperature, etc.

b. Build and test lamps in a large simulator in the lab to determine
problems when going from the test of one lamp to an assembly of lamps.

¢. Conduct test on a large sample of Fresnel lenses to determine manu-
facturing variations and changed in optical performance due to warping.

d. Design and build an automated scanner to measure the test plane

‘uniformity. An inexpensive microprocessor with a motor driven scanner would

quickly provide the test plane uniformity or the illumination on a collector of
varying sizes, at a large saving in manpower and time involved to obtain the
measurement results.
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;
c PRBGRAM SASS
T PREGRAM T8 CaLCULATE STATISTICS ON DaTA
DIMENSIEN B{31,27)4D134,37),10ATA(20)
T IOAYA 18 CTOMMENY ARRAY ]
DIMENSIBN X(31),ASPBB(3L)
o " ;o
¢ INPUT SECTION b
T T« T T : A
. REWIND 100 ]
T READ TN DATA

READ (1002100) IDATA )

— " REAUT100,110) NSZAN,NP8S,NPCADE
READ(1002111) ssLac.fstc

T BSLBC.FASITION 6F FIRST

o TSINCaTHE SCAN INCRgMgNT DISTANCE
5 )
¢ NsD.NUMng SCAN T8 START TEST PLANE DATA
END YEST PLANE VAYA ON
READ!lOO:ili! NSDINED
MBER POTNT T STARY DATA SCANG BN

o NPﬂe.NUMBER PAINT 18 END DATA SCANS 8N :

— = READTIOU; 1T NPOS,; NPUE ;
READ (1002110) NLJNLP1sAMY :

1367
111 FBRMAT(26)
— D8 200 i isNL
READ (100s250) X(J)aNLP12{B(JsKIsKRL1INLPYY
—IB0 " TGENTINUE
250 FORMAT (1G,NG)

I INCPTTGETNSCANT B8 T8 30U
READ (100s11%) NLaNLP2
NFeNLFISNLP2Z
DB 300 J = 1,NL

————READ (10072807 XTJTaNLR22 (B 103K ), KEN[PT+1, NPy

300 CGBNTINUE

)

END OF INPUT SECTIBN
- .

BTART INITALIZATIEN
- il Bk AU Al

D8 500 Ju1,NPBS
P8 B0 K i iNSCAN
500 BlJsK) & BUJsK)BANY
-C—REDUCE ARRAY T8 TEST PLANE STZE™ k
D8 1000 J s NPDS,NPDE -
—————78 1000 K3 NSDGNEZ T T T |
1000 D(Je(NPDS=1)sKs(NSD=1)) v BtusK) ;
1

OO

C
C FRINT STATISTICS BN TEET PLANE
T T T

WRITE (108,2200) 1DATA L
2200~ FORMAT(TR1220Aks//;5 1 TESY PLANE DATAT)
NDUM o NPDEeNPD§e1

REPRODUCIBILITY OF THI
* ORIGINAL PAGE IS POOR




ND » NED=NSDe}
CALLARMSTD  NDFNDGMY
c HPRINY STATISTICS 8N FULL MEASUREMENT DATA
—WRITELL108,y2%00)
2400 FORMAT(1HO, 'FULL MEASUREMENT DATA SgT!)
H

) ]
ADUMA ¢ 3SLEC ¢ TSINC
08 -3000 T w L iNSCAN
ADUMA o ADUMA s TSINC
— 3000 —ASPOStI Y v ADUMA
IF{NPCBDE«EQeQ) G8 T8 4000
ENPEEDEVNET T T 3100
CALL DPRINT(X,B,ASP0S,1sNSCAN, 1,NPES, IDATA)
e A L L D PR INT N B A SRS NS NE D RPOSINPDE T DATAT
3100 IF{NPCBRENEe2) G& T8 4000
CALL TPAUSE
CALL SPLBT{X,BaNPBS,NSCAN, IDATA)
— R TR OO YO O 0T
CALL ARMS(DsND,NDUM)
— 4000 CONTINUE

step
—END
C L]
G — END- OF-MAIN-SECT I ON-OF PROGRAM
c BUBRBUTINE ARMS

- »
SUBRBUTINE ARMS(G1,M,N)
— ¢ SUBREUTINE ARME IS TOCOMPUTE STATTSTICS
o Gt IS SAMPLE DATA ARRAY
———GE 1S ARRAY--OF-SQUARED —vaLlES
c 03 1S ARRAY OF DEVIATION SQUARED VALUES
£ N—ES-NUMBER - &F PEINTS IN-EACHLTINE
o M I8 NUMBER &F LINES IN ARRAY
c
of

DIMENSION @8 (3121 02(31027 033287
COMPUTE TAP, TOTAL NUMBER 8F PQ!NTS IN ARRAY
- TR N M) P e e
CALCULATE MEAN VALUEEBAR
——— AL AFUNC( L TERARTMTND B
¢ FIND G2 AND B3 ARRAYS
— P00 I N T T -
DB 100 K = 1,M
(o r) S A PR R rY K 24
100 GI(usK) » (Q1(JaKIeEBAR)##2
—— DM v Q0 =
CALL AFUNC(G2,DUMsM,N)
————RME——BORT (DM -
CALL AFUNC(G3,DUMaMsN)
—SERT-BUMY-
o FIND MBST NEGATIVE NUMBER
——— Gttt — - e - s e e
D8 300 J & 1,N
—merm 3OO M-
IF(CeGi(JaK}) 30023002290
~ O4tdaK)
300 CONTINUE
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C

O OOO0o00 0O 0On

390
#00

1000

1100 FORMAT(1HQs3x2 tRMS 121 X2 1PTP1,11xs 1EBAR 29X,

1200
1400

100
200

300

400

C IS NBW MBST NEGATIVE NUMBER
FIND MBSY PESTIVE NUMBER

D s Gl{i.1)

DO 400 J 8 1,N

DB 400 K » 1,M

IF{GL{JsK)wD) 40044002390

D 8 Gl{JsK)

CONTINUE

D 1s Nogw MasT Pestivg NUMEER
FTP = DeC

YMAX = D

PRINT BUT DATA
FQRHAT(1HO:'STATISTICS @N ARRAY DatTAt)
WRITE(10841100)

XTSIGMAT 8%, TVMAXY)
NR&TE!iOSJlEOO) RMS, PTP2EBAR, STGMA, VMAX
FORMAT (1M s2(FBo4asSx)aFL10»522(5xsF8e4)2 /)
WRITE{10821400) TAP

FARMAT (1M0, 'NUMBER 8F POINTS IN ARRAY & 1,2x,14)

RETURN
END

)
SUBROUTINE AFUNC

*
SUBROUTINE AFUNCIAVI,AVEZ)MaN)
SUBROUTINE TO CALCULATE INTERGA|

INTERGAL 1S veLUMg UNDER AREA GIVEN BY AVY{ ARRAY

RESULT Ava [S HglgHT OF VBLUME 868X
Avy 1S ARRAY BF SampLE POINTS RegppRSENTING
DIMENSIBN AV1({31,1)

CALCULATE Vi

yi = Q

D& 200 J » 2)Ne}

DB 100 K = 2,Mse}

Vi 8 Vi4AVi(JaK)

VI & Vietavi(Ja1)eAvituaMII/Z2,0
COMPUTE v2

v ¢« 0

DO 300 K & 24Meg

Va 8 VaskAVL(1,K)

V2 & Va+ (AVIT1,1)eAVIIL4M)) /240
V2 & ¢Bay2

COMPUTE v3

V3 & 000

08 400 K & 2,Msl

V3 & V3eAVI(NsK}

V3 8 VYIe[AVIINGLI)#AVLIINgMYI/200
V3 » Ds5ev3

IS FR S|

CALCULATE HWEIGHT wHIfH TIMES AREA GIVES VOLUME

AVZ 9 (V14VR2+eVI)/FLOBAT{(Nel)u({Mal})
RETURN
END




T T

100
110

1%0

500

100
110

160

]
-
o

3

SUBRBUTINE OPRINT v8 PRINT INPUT DATA
SUBRBUTINE DPRINT(P,A,SP,NSS,NES,NSP,NEF, 1D}
DIMENSION A(31,13,50(1),IP(L),P(1)
WRITE(L1082100) (ID¢I)al » 1:20)
FAORMAT(1Ht220A4)

WRITE(I084110Q)

FORMAT ({M0, TDATAL, 31X, 'SCAN PASITIONY)

NS s NES«NSS+1

WRITE(108,120) NS, (SP(1)s] = NSS,NES)
FORMAT(LIH st POS 1, iXaNTFEFILEIXT)
WRITE{108,150)

FORMAT (1K »2119(1He)}

D8 S00 I » NSP,NEP

WRITE(108,530) PI1I,NS,iA([sJ)sJy uw NES,NES)
CONTINUE

FORMAT{{H 2F&eQa 1141 XaN(FBagsIX)}

RETURN

END

SUBRBUYINE BPLOT(TX,TRI,NX,NY,IDATA)
DIMENSION TX(31),TRI(31,27)2IDATA{2Q),]1A10)
DAT'A ‘IA(!);I L] 1‘10)/1HP01HEJ1”R:1”C,1HEJIHN;1”1"
XiKHA  1HG, INE,

CALL BEGIN{300)

CALL ERASE

CALL SCALE(6+020300220040418040)

CALL VECTBR

CALL AXIS({0¢0s0¢04600023000,4¢0,20¢0,401)
CALL ALPHA

NA & #348)X w #4Q0e0)Y ®» =i0e0

DO t00 ¢t ® 1,10

NA » NASGIX » X640

CALL TPLOT(XaY20,0)

WRITE(1502110) NA

CONTINUE

FORMAT(13)

X » wifeg¥ s 0070

O 180 1 = 1,10

Y & Ye8,D

CALL TRPLOT(XsY,0,0)

WRITE(L180,160) IACD)

FORMAT(1AL)

CONT INUVE

X 8 wi210)Y 8 «2140INA » »20

D& 200 ! 3 1,6

NA & NA+201Y 2 Y+2040

CALL TPLOTIX,Y40,0)

WRITE(1304210) NA

CONT INUE

FERMAT(14)

CALL TPLEBT(040,e20:0,0,0}

WRITE(150,220)

FARMAT ( tDISTANCE FREM CENTERLINE » INCHESH
CALL VECTBR

LERD w 30.0)IXSHIPT w 3+0)YSHIFT 8 Bep

DEL = TX{1)+2ER®
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250
300

400

XS s #XSHIFT)VYS
DR 300 1 = L,NY
¥YS & YSeYSHIFT

= «YSHIFT

XS1 » (XS+DEL#XSHIFT)#{140aFLOAT(1a1)a,01)
CALL TRLBT(XS1,Y5,0,0)

XS » XSeXSHIFT
DB 250 U » 1aNX

X ® (TX(J)+ZgRB4XS)#{1+0uFLOAT(Ial)®,01)

Y 8 TPI(Jsal)eYS

CALL TPLBT(XsYa1:0Q)

CBNTINUE

CALL TPLBT(X,YSs1,0)

CONT INUE

CALL TPLBTIOs0,18040,040)

CALL ALPHA
WRITE(150,400!
FEBRMAT(20A4)
CALL TPAUSE
RETURN

END

(ISATA(I)SD = 1,20)

v ST




APPENDIX B

SAMPLE OF INPUT FILE
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: SAL:L%OUF IpPUT FILs FGi PRUGRAL S4sS BAGE 1.
f Ti 1=
1,600  SSTP=06/22/76=510E FET, 2.1 lut= Iv HGLI: 1GLRIan:
2.000 19,31,1
3,006 €0,6

4y,ccc 2, 1;
5.000 4,2t ;
6.C0C 31, 11.1.665

7.00C =3C, 57._,7_,7u.5,60.“,h1,??.7,*u.“,tJ.E,L“.5.76,.L.’
: E.000 -QS,JL,7,.,,U1 SR e bl R I G e TG

G.GOC =cb, 'b,'ﬂv,\r,.f',-:.i:a.1,n.‘,.(,,r*.h,,";-'o',;"'_-3,}',i;zr(.E’;J?
1¢.00C -ah,Et,,/.«,u¢.L,Z?.S,tL.C,LN.1,LL.F,f3.1,:3.1,n1.6,tb r
11.0CC '2¢’5":72-7g':1 La e 0 kR sk e el 2 T e b ST
12.CC0 ‘}C'J 173"4!‘r"‘-'t‘{"""l"-t“i"I‘fp '.’-‘.:g')--1r ?.i',h!':.f'T.f
12,000 -15,59,3'7u,cc.2,tL.?,a:,i3,7,:;,j,gu.1' Tl BT AR
14,0CC -16,@0175o2,CG.E,tzoﬂ,fﬂ.C,pL."fh.?'{h.]'aL.Q’“.’ Q
15.C0C =14,01,75.:,T6. HeaziGaoy, He e eat &, b, 80 L e
16606 =12 61 1 JELTE B2t dy s, 05 5y h et laG i a T e G eS0T
17.00C =10,¢2. t-"'?lr L, 7C. f,u,,\.‘_:,i.'f.'],\-'-.,7,({'.{'ég.b.91.?"¢:-‘-,.7
16,066 -“’63 f’!? L!‘n L -""!t".' i':!c":"1!‘k\i*'r|“'-7’-\' ‘-3|:.1.('rr..
19.000 =0, L»C.,,H;.‘l,c,‘i.,,"?.k,ﬂT,?,.;{";L_;_.'r.‘]’u(_._'.:'r.‘., T
cUL.COUC —U,b?.u,b?,o}.?,. 7,y Qa0 B LG G2 00 o7 T
21,000 =2,6b.L,03,t5.7 GG 11,9009, 0800 os o5, Dt GRe 55 C 0Ty Al
cez.C00 u,bG 25 (h u;.;,UC ‘1.(, .0, 55 c9C8 LG e dhaE o n
c3.L0C c,u,.c L. 1,cb,dc,<t,tﬁ,ut.ﬁ,:\.?,o?,ln, "
24,00C & CJ"""’"IC" 1!'7'5"L"' '}*I"\')‘-'.’);J?:"Torv""::-t.|k'a-l:

r 25.000 (. VG, E2al, 802,800 ,h_,k‘,&,“).(.,.‘tu.‘".,{'.r o A0 s
2b.C0C &,07. fb1.,,t_,.:,,’ 1,:‘:,.(,5(1,:5,(.,.’"’4,('_"1,\?_;;';‘_(.1
eT7.C00 10 oT. h(.,uJ,Uu.'-.,LJ_'J'QT,.H,(,',’.',";Af_g.(,’(u.‘-—i';'u';'i'__:
20,000 1;,07.:,7“.* Sl B B BaGG. Gl LG RR b EG LG B ol 50,9
25.0C0 14,68,81.4,¢85, u,ru (il bl B [ R ST
30.000 16,tt, t:.?,uh Bl Bl ST Bl Tt S BR C ST 3TE G LR
31.0Cu Iy,tb.c,r¢.1 (UL Y b2 aeal it ual G Ul ol SGL ahin 3N eT o8
22.00C 2C,tt. N,c-.b,uh.a,.5.1,6L.7,‘7.5?.".*?,??.;ﬂ.“,r?
33.000 22,67,01.3,03,06,08,87,t4,2,02,60.4,00,~¢
3L.00C 2& b.,uO,c( eh, ?, ,.-,t&.?,:i.r,f1.3,7*.F,uh,r’.“ j
35.000 20 51 D,T(.. S.7C. X £ aligt Q.T,EJ‘).E,.",:.3,!3'-(_,.?'?(5‘:",2‘.h ;
2,000 20,60,74,70.4, 306 a2y0h a2, 60, 78 v 75 7,60, 2, 4] :
37.000 3G,55.0 70-”,7. ,7(,,.0:,:, ol 7c,7_;,7u,7r,,-,-,,9 _5
3L.00C 31,0 ;
3¢.00C -w EN.5,52,78,78,70.3,76,71.5,59.1 g
L. 0CU -dt L(..d (1.3, LJ' ('l1.?""’.!’,.72.1"‘(‘.':

REPRODUCIBILITY OF THH
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SR p—

o i b s i

SARPLE SP'IHPUT FILE BOH PLGLAAY SAnS

TY H1-6

41,000
42,000
h3,060
Ly, 000
45,006
46,000
47,060
46,000
49,000
50.C00
51,0060
52.00C
H32.600
E4,.000

55.000

56,000
57.000
56,000
£6.000
60.000
61.000
62.000
€3.000

64,000

65,000
66.00C0
67.000

b&.000

69.000

ﬁc’b!i 1 tq,ﬁl‘l }'},\.‘t o

-&’6 L3,b3 l,U1 L’L‘i ] 2 7(‘.",7? 6 50.6
-2“ C‘jot b.;,uq,(.g,t‘q t‘f! 79 €1

—22. 60,6, 66.0,02.6 os.o,ta b1, 76 60,0
—200 54,7005, T 2.2, cH. 7,630, E1)
-1, t2. b4, L0,6,61,. 4,00, 62 1, tP 77 6?
-16 {3 6 bho!'LI‘ O r‘ll
-111,‘...3’85 7 {"6.'5 h)c_,'hl' '\ C‘G 2,?9!7
-12,¢2.b6 bE,sd.),LJ.E 43, T,UG Te, L6k
10,64, 66,624, 08,5, 62,5, 00,1, T4, T, 6k
-5 b;,b?.L La,bu t,uc.?,id.r,Tf.?,(3 R
“6,85.1,8E k) 6708y 65, 8340, 81,2, e,
—u,u).h L[{ ft.b,’l- f,‘ z'tt‘c.t,?
-2 t(; 5,(( 1 ijpﬁ’“‘,:u;"lnl' .
G, dﬁ.u SG.C, 0L, LewToc 07,2 zf..
21 66.5 66, cL.é,é?.?,aT.u,:L Lo
H &7,y Eo og.;,i?.r,LJ.u,c1 ) rU

6 £7.2, 07 ] 5&4.6,&7.‘,5 6,»1.:.
b 68,2, VU6 C,LG D,e7.U h3,?’ €T
10,86, 4 Ln.,,eu,bg G, n? 7:,;.,(
12,665, 60, 1,856,061, 02,6,77,

1“ hb,(&.,,ﬂu Lﬂ,ht 3,‘1-_,7”.(’
16,66,1,86,3,04,57,0,78.¢ ,7‘ YL
1¢ b.),&"} hgo_’ JoJ'Tr THo8 7,‘1'

-
-

e
-
AY &
P ]
<
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-
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LINE 1

LINE 2

LINE 3

LINE 4

LINE 6

LINE 6

DESCRIPTION OF INPUT FILE

Comment or Title input, (IDATA) can contain up to 80 characters

NSCAN, NPOS and NPCODE are input on this line.
NSCAN .~ Number of scans
NPOS - Number of points on each soan
NPCODE -~ Code to print or plot input data,
0 for no print or plot
1 for printout on line printer
2 for plot on CRT

SSLOC and TSINC are input on this line.
S810C = The position of the first scan in inches.
TSINC — The interval between scans in inches.

'NSD and NED are input on this line.

NSD - Number of scan to start the test plane.
NED — Number of scan to end the test plane.

.NPDS and NPDE are input on this line. -

NPDS ~ Number of sample point on the gcan to atart the test
plana.

'NPDE ~ Number of sample point on the scan to end the test
plane.

NL, NLP1, a.nd AMV are input on this line.
NL — Number of lines in the first set of data.
NLP1 ~ Number of sample points on each line. - :
AMV ~ Scale factor to multiply against each sample point.

The line numbers may vary from here on depending on the number o

' of sample points on each scan.

LINES 7-37

48

These lines contain the first group of sample points. The first
lines start at the negative end and progress to the positive end,
Each line contains the sample point on each scan at the same
distance from the center point.
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LINE 38 NL and NLP2 are input on this line.
NL ~ Number of lines in the second group of data.
NLP2 — Number of points on sach line in the secend group.

LINES 39-69 These lines contain the rest of the sample data points.
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APPENDIXC o
SAMPLE RUN OF PROGRAM
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SAHMPLE RUWN OF PRCGRAIl SASS_

CORTROL COMMAKDS_

ISET F:100/12
t1seT Fe150 = it

ISTART Tuve

SSTP=0/22/T6=likt FT,2uD hil=
TeE3T PLANE DATA

RMS FETP
90,4249 22.5780 c0o.
NUMBER OF PGINTS Il ARRAY =
FULL HEASUHKEMENT DATA SET
RMS PTE
86,0832 42,4935 BT,
WUNMEER CF POIWTS I AREAY =

kSTOP* O

(NPCODE set to 0 for no plot or
print of the imput data.)
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- *IN2

EXAHPLE OF RUN.TU GET QUTPULT ON TEF LINE PRIGTER_

CONTROL COMuAiiDS_ e - o Jj

1SET F:160/T2
ISET F:108 = L
1ELIT T2
"EDIT KERE
¥TY2

2,000 19,31,0

2,000 19,31,1
¥END

{START TD2
*#STOP%* 0

pTP- BB AR S1GMA YMAY
304249 2248780 90036493 . 346324 10000034

L ' S ! SRS B

———RWS i ESAR™ —§1G™ MAX——
| 8800832 4204938 87.81369 4e8i0s :1oofo§:;
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EXAMPLE OF RUN TO OBTAIN PLOT

CONTROL COMMANDS:

ISET F:100/T2 (T2 1s name of Input file. )

ISET F:150 = ME

IEDIT T2 (Need to edit T2 to change plot code. )

*TY2
2,000 19, 31,1
¥IN2

2,000'19, 31,2

- *END

ISTART TD2 {Command to run program SASS in file TD2.)
The following data is output on the CRT -

SSTP-6/22/ 76-NINE FT,2ND RUN- NO MODIFICATIONS
TEST PLANE DATA : o

RMS PTP EBAR SIGMA VMAX

90,4248 22,5780  90,35193  3.6324 100,000

NUMBER OF POINTS IN ARRAY = 425

FULL MEASUREMENT DATA SET

RMS PTP EBAR SIGMA  VMAX

88,0832 42,4935  87.81969 6,8102 100,000
 NUMBER OF POINTS IN ARRAY =588
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Figure C-1. Example of plot of input data.
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APPROVAL

MSFC SOLAR SIMULATOR TEST PLANE
UNIFORMITY MEASUREMENT

By Donald B, Griner

The information in this report has been reviewed for security classi-
fication, The report, in its entirety, has been determined to be unclassified
and containg no information concerning Department of Defense or Atomic

" Energy Commission programs.

This document has also been reviewed and approved for technical
accuracy.
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Director, Electronics and Control Laboratory
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