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1.0 INTRODUCTION AND SUMMARY

This report describes the surface accuracy measurements on 72 
panels designed for the 12-meter diameter reflector to be installed at the Kitt 
Peak Radio Astronomy Observatory.

The measurements were made on a large Coordinate Measuring 
Machine (CMM) with digital readouts connected to an automatic Data Acquisition 
System (DAS).

A description of the coordinate systems is presented in Sec
tion 2.0 and the details of the associated coordinate transformations are given 
in Section 3.0.

Section 4.0 presents the details of the panel measurement pro
cedure including the measurement grids used and the computer programs for the 
DAS and data reductions.

The formulas used to combine the individual panel data into an 
aggregate rms for the set are also presented along with the computer program 
which was used to make this final computation. (See Appendix E).

2.0 COORDINATE SYSTEMS

Two basic coordinate systems are used in the evaluation of the 
panel surface accuray. The primary coordinate system is that of the reflector 
as shown in Figure 1. The secondary coordinate system (Fig. 2) is associated 
with the Coordinate Measuring Machine (CMM). This is the coordinate system in 
which surface of the panels and molds are mapped. The origin of the CMM co
ordinate system can be translated along, transverse or normal to the CMM bed 
with simple offsets which are built into the readout system.

A reflector panel is shown oriented on the CMM bed in Figure 3. 
The panel is symmetrical about the X axis. In the next section, the coordinate 
transformations are derived.

3.0 COORDINATE TRANSFORMATION

The object of the transformation of coordinate system is to 
obtain the vertical or Z2 coordinates for the panels in terms of the X2 , Y2 
coordinates of the CMM.

Referring to Figure 4, the transformation can be written as:

X = X2Cos6 - Z2Sin0 + X0

Z = X2Sin0 + Z2Cos0 + Z0 ^

Now the equation of the parabolic surface is:

X2 + Y2 = 4FZ (2)

where F is the focal length of the parabola.
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Substituting equation (1) into equation (2), there is obtained:

(X2Cos0 - Z2Sin0 + Xo)2 + Y22 = 4F(X2Sin0 + Z2Cos0 + Z0) (3)

Expanding and combining equation (3), there is obtained:

AZ22 + BZ2 + C = 0 (4)

where A = Sin20

B = -2X2Cos0Sin0 - 2XoSin0 - 4FCos0 

C = X22Cos20 + X02 + 2X2XoCo s0 + Y22- 4FX2Sin0 - 4FZ(

and

(5)

1 1 ---------------------- u -----------------------  ( 6 )

Thus, with equations (5) and (6), Z2 may be obtained in terms of X2 , Y2 
the CMM coordinates. Table 1 provides the specific values of X0, Z0 and 
0 for each of the two panel types of the 12-meter reflector.

In terms of the coordinate Z2 , the panel coordinate, Z2 , 
can be written as:

Z2 = K2 - Z2

w h e r e ^  is an arbitrary constant. This constant has been chosen so that 
all Z2 values are positive. The values of K2 for each of the two panel 
types are given in Table 1.

Figure 5 presents the target and tooling hole designations 
for each of the two panels. Table 2 presents the nominal target and hole 
locations in both the CMM and reflector coordinate systems. Table 3 presents 
supplementary locations used for adjusting the panel to its correct position 
in the CMM coordinate system.

4.0 PANEL MEASUREMENT

The overall dimensions of the two panels are shown in Figures 
6 and 7. Included on these figures are the location of the coordinate axes.

A Data Acquisition System (DAS) Operating Tape has been pre
pared for panel measurement. A description of the panel measurement programs 
is given in Table 3, and program listings are included in Appendix A.

The two programs used for panel measurement are identical except 
for certain data peculiar to the individual panels.
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TABLE 1

COORDINATE TRANSFORMATION PARAM ETERS

Xo Zo 0 K2
(in) (in) (degrees ( in . )

Inner ( A) Panel 1 5 5 .0 0 0 35. 000 1 92 .4749 12. 000

O uter  (B) P an el 2 7 0 .0 0 0 95. 000 207 .6 8 0 1 12 .000

F = 200 inches

7
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TABLE 2
TARGET AND TOOLING HOLE LOCATION 

(N om inal)

T arget
N o. X 2 Y2 Z2 R Z

< 1 135. 081 + 1 .375 6. 793 24. 272 0. 736
2 8 8 .9 7 2 + 7 .4 32 2. 224 7 0 .6 3 2 6. 236

w 3 4 7 .0 2 2 + 1 2 .8 1 4 2. 576 1 1 1 .860 15.641
p* 4 6 .0 5 8 + 17. 960 6. 793 1 5 1 .2 8 0 28. 607

PQ 5 132 .451 + 8. 326 8. 019 154 .781 2 9 .9 4 6
W 6 79. 395 + 11. 505 4. 758 2 0 3 .3 8 2 51 .705
A 7 58.625 ±12.578 7.337 219.787 60.383

Tooling
Hole X2 Y 2 Z 2 R Z

A 1 30 .803 0 6. 136 2 8 .5 5 2 1. 019<« BL 5 .7 4 6 - 9 .8 6 8 6. 571 15 0 .8 8 5 2 8 .4 5 8
W£ BO 1 0 .8 0 2 0 5. 758 145 .801 26 .572
£ BR 5. 746 9 .8 6 8 6. 571 1 5 0 .8 8 5 28 .4 5 8

PQ
-1 C 1 3 0 .0 0 8 0 7. 663 156 .8 8 5 30. 766
W%a.

D 43.521 0 6.760 234.600 68.796

9
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DAS PROGRAMS 
12- M REFLECTOR PANELS

TABLE 3

P rogram D esc  ription

45APDAS This p ro g r a m  is  u sed  to d eterm ine  the dev iation  of the 
inner panel fro m  the th eo r e t ica l  su r fa ce .  The CMM 
probe is  p osit ion ed  seq uentia lly  over  the points to be 
m e a su r ed  and the k eys  "M" and "RETURN" are  
p r e s s e d .  Each m e a su r em e n t  is  d isp layed  on CRT. 
When a l l  of the points have been m e a su r ed , the keys  
"C" and "RETURN" are  p r e s s e d .  The data is  then 
stored  on the data tape and the RMS, A vera ge  D e 
viation  and Num ber of Data Points a re  record ed  on 
the CRT.

12BPDAS Sam e as 45APDAS except for outer panel.
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The measurement grids for the panels are shown in Figures 8 
and 9. The average area per measurement represented by the inner panel grid 
is 21 square inches, and that of the outer panel grid is 42 square inches.

The RMS and Average Deviation for the panels are based on the 
following formulas:

The N-l is_used to account for the degree of freedom used in subtracting the 
average, D from the individual measurements. The angle 0 accounts for 
the fact that the path length change is twice the axial component of the devia
tion measured perpendicular to the surface.

been prepared to list the data for each panel. Table 4 lists the programs 
with a brief description of each program. Listings of the programs are given 
in Appendix B. These programs are used to present the data recorded on the 
data tapes.

grams 45APPLAT and 12BPPLAT. As described above, these programs produce an 
output in the form of an X-Y grid to allow an easier assimilation of the data. 
It is to be noted that the deviations are given in milli inches (mils).

It is necessary now to combine these data to obtain an overall 
aggregate RMS for all of the panels. The development of the formulas to do 
this follows:

RMS

U

N ,
EDi
N

where HP* = Average deviation

*• I i.U
Di = Deviation of measured from theoretical Z2 for i point.

0 = Transformation angle given in Table 1.

In addition to the DAS programs, Data Reduction programs have

The data recorded on the DAS are reduced by means of the pro-

For any individual panel, for say the inner complement (24 total):

ED.2 = [(Nfl-1)(RMS)2 + I^D2]'

Thus, for all 24 panels:

24 24
j Si[(Na -1)(RMSj )2 + Na D / ]

13
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TADLE 4 

DATA REDUCTION PROGRAMS

P r o g r a m D escription

4 5 A P P L T This program  is  used  to p re se n t  the deviations of the 
panel in the form  of an X -Y grid  to a llow  an e a s ie r  
a ss im ila t io n  of the data. In addition to printing out 
the grid , the program  a lso  prints out the RMS and 
average  deviation of the panel.

12B PPL T Sam e as 45A P PL T  except for outer panel.

16
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Furthermore, the average deviation for the aggregate, D^, will be:

24_

D, - 1
A 24Na

Thus, the aggregate RMS for the inner panels can be expressed as:

74

^[(N^lHRMSj)* + NaDj*] - 24NaDa* 

m - A

Using the weighting factors S/\ and Sb for the two panel types, the average 
deviation and RMS for the aggregate are given as:

24 48_

+ SBNB S D Bj 

DAr " Z4Sa Na + 48(Sb Nb)
'B

RMS
+  ‘  A g

Ag 23Sa Na + 47(SgNg)

where
24

e a = Sa S[(Na -1)(RMSa )2 + n a da 2]
J J

4 8
EB ■ SB E[(NB-1)(RMSB )2 + NBDB ?]

J J

C = 24Sa Na ♦ 48(Sb Nb)

The constants for the panels are:

Na = 72 SA - 21

Nb = 51 SB = 42

17
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Note that in all these formulas D = D Cose.

The program which accomplished the calculations outlined in the above 
formulas is presented for reference in Appendix C.

In cases where surface illumination taper is significant, this factor can 
be included in the weighting of each data point, where the weighting factor 
is a function of the radius of the data point in the reflector aperture.

18
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