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ABSTRACT 
This paper describes the first experience gained with a 
new carbon composite compact range reflector (C3R2).  
The reflector’s backup structure is made entirely of 
carbon fiber reinforced composite material.  An 
outstanding advantage of this design is its superior 
mechanical and thermal-environmental stability.  This 
yields improvement in the overall performance.  We have 
revised the process by which compact range reflectors are 
designed and modeled, making use of professionally 
authored software.  We describe the results of 
electromagnetic field probe measurements made at the 
factory.  Special attention is given to new results at W-
band – in the 75 to 100 GHz regime.   
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1.0 Introduction 

This year, MI Technologies has gained experience with a 
new type of backup structure that supports the 12 foot 
focal length compact range reflectors.  The backup 
structure is fabricated entirely of carbon fiber composite 
material.  From a mechanical engineering point of view, a 
carbon composite compact range reflector (C3R2) affords 
users significant operational advantages ---  

i. higher rigidity,  
ii. improved thermal stability,  

iii. lessened floor loading    
iv. ease of on-site installation,     and 
v. ease of shipment 

Of course an important question is how – if at all – the 
electromagnetic performance is affected. 
This paper describes experience gained from design, 
installation and the electromagnetic evaluation of a 
carbon composite compact range reflector. 

This activity was associated with an upgrade to an 
existing near-field measurement facility.  The upgrade 
consisted of the addition of a 12 ft focal length Model 
5706 compact range reflector and feed system.  The 
compact range was required to operate over the frequency 
range of 2 to 100 GHz with a six ft diameter test zone.  
The goal was to permit the resulting test facility with 
minimal reconfiguration, to be capable both of direct 
compact range far-field measurements, and of near-field 
scanning measurements.   
2.0 Background of 12 ft Focal Length Reflectors 

The history of the 12 ft focal length compact range is now 
a very long one.  The Model 5751 Compact Range 
product was introduced to the commercial market in 
1974; it had grown directly out of pioneering research 
work by R.C. Johnson at the Georgia Institute of 
Technology in the 1960’s [1].  The 5751 was very 
conservatively designed with a 0.5 dB amplitude taper 
and a 4 ft test zone.  To minimize further the cross-
polarization effects the focal length was chosen as 144 
inches or 12 ft.  (This represented a significant advance 
over the Georgia Tech research prototype which was 
based upon a reflector having a 30 in focal length and a 
24 in diameter test zone.)  This first commercial product 
was well received by the community of users.  More than 
50 of these models were built and deployed into service 
worldwide.  Because of its wide acceptance it set a 
bechhmark for compact range performance and a 
precedent for later compact range layouts.  Three other 
Models of compact range were built with the 12 focal 
length. 

In 1988 Scientific-Atlanta introduced the Model 5706 
Virtual Vertex compact range as a product with expanded 
electromagnetic performance  -- operation from 2 to 100 
GHz -- and a fully offset geometry that supported RCS 
measurements much more readily than the earlier 5751 
[2].  Two different types of backup structures were 
implemented – a monocoque structure made of tack-
welded stainless steel sheet and a tubular steel weldment 
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made up of rectangular cells.  Both worked well but the 
later approach proved to be more readily fabricated.  
Please see Figure 1.  The reflector was specified for a 6 ft 
diameter test zone with 1 dB of amplitude taper, to meet 
the commonly occurring RCS requirements of that era. 

In the mid-to-late 80’s, workers at Scientific-Atlanta 
launched an effort to model compact range performance.  
The approach was to employ physical optics (PO) to 
compute the induced currents on the reflector and then 
the fields in the quiet zone.  Using PO code authored 
internally by Scientific-Atlanta engineers, many studies 
were carried out on serrated edge designs in efforts to 
improve the field uniformity and size of the test zone.  
The primary result was the segmented serration design.  
This led to a further re-design of the 12 ft focal length 
reflector.  Please refer to Figure 2.  The performance of 
this design forms the baseline for our comparison here as 
we go over to the new C3R2. 

 

3.0 Requirements on the C3R2

The reader will now understand that the fundamental 
requirement on this new C3R2 is that it meet – or exceed -
- the same electromagnetic performance of its 12 ft focal 
length 5706 predecessor.  It should have a 6 ft diameter 
test zone with 1 dB amplitude taper and ± 5φ° of phase 
variation.  Because there are many feeds needed to cover 
the microwave bands from 2 to 100 GHz, it was a 
practical necessity to require that the reflector operate to 
the conventional specifications with existing feeds.  The 6 
ft diameter test zone and the 1 dB amplitude taper then 
determine that the focal length be set at 144 in as in past 
designs.   

Figure 1. Model 5706 Offset Fed Compact Range Characteristic Specification
Frequency Range 2.0 to 100.0  GHz 
Test Zone Size 6 ft Dia.  x  6 ft long Cylinder 
Amplitude taper 1 dB,  Typical 
Phase Variation 10 φ°,  2 to 18 GHz 

20 φ°,  18 to 100 GHz 
Cross Polarization  (On-Axis) - 30 dB, Typical 

The most critical specification of compact range 
reflectors, that originates in the requirement for 
electromagnetic field uniformity, is surface accuracy.  
The predecessor models achieved their original surface 
accuracy via a proprietary machining process.  The 
surface tolerance for the predecessor designs was held by 
appealing to a rigid -- and hence massive – steel 
weldment.  The one outstanding characteristic that most 
recommends the choice of carbon composite materials for 
the new design’s backup structure is its superior stiffness 
or mechanical compliance property.  It can be expected to 
hold its shape under a wider range of adverse 
environmental conditions than for welded steel.  Surface 
accuracy for the new designs – as with the older designs – 
is achieved by an accurate machining process. 

4.0 Description of the Process Followed in the 
Electromagnetic Design 

Whereas earlier electromagnetic designs had been carried 
out using physical optics modeling code written by an in-
house engineering group, a new approach was taken to 
electromagnetic modeling for the C3R2.  With the advent 
of commercially available software that supports the  
complete modeling of reflectors – including the  near-
field regions -- it made sense to use such a software 
package.  This decision permitted us  to avoid the tedious 
work of re-writing or patching existing scientific 
software.  The software package GRASP, Version 8, was 
chosen for this purpose [3].  

The GRASP8 application was set up to run on an 
independent PC work station so that lengthy 
Figure 2  Model 5706 Offset Fed Compact Range 

computations could be run without interruption.   
with Segmented Edge Serrations 



The approach to modeling the compact range was to 
focus on a sets of individual field probe cuts grouped first 
by test zone z-axis location, then line-cut orientation and 
source polarization and lastly by frequency and frequency 
band. 

Before beginning the design of the C3R2, we undertook to 
qualify the applicability of the GRASP code-set against 
measured data on the predecessor 5706 reflectors.  
Examples of the comparison to recent measurement 
results are shown on Figures 4 and 5.  These are 
horizontal and vertical cuts at 3.95 GHz.  One can see 
that the measured and modeled data agree quite well.  In 
general we found that the GRASP data modeled the 
measured data well in overall ripple level and taper value, 
even though there was not always a precise peak-to-peak 
and trough-to-trough match.  In general, vertical cuts 
were modeled less well because of the absence of feed 
pattern backlobes in the model.   

There was some uncertainty in the comparisons due to 
lack of highly precise data in the location of the probe 
horn.  One of the great advantages of the compact range 
method of antenna measurement is that it is much less 
sensitive to uncertainties in locating the test antenna or 
the field probe mechanism when making measurements; 
typically the positioning uncertainty might be a fraction 
of an inch.  Thus measured field probe data is usually not 
documented for the probe location to the detailed 
precision it might be.  Generally the specification is 
insensitive to the location.  This was found to be the case 
when carrying this modeling, but small differences could 
be found. 

Going back to the earliest days of the compact range, the 
MI Technologies design heritage has been to employ feed 
horns that possess axial symmetry and wide beams.  The 
circular symmetry of the feed horn apertures make it 
possible to provide vertically and horizontally polarized 
fields by a simple 90 deg rotation.  The wide beams yield 
the largest diameter test zones and the lightest amplitude 
taper for a given focal length.  The modeling done with 
GRASP addressed the feed pattern modeling by use of an 
approximate Gaussian beam feed pattern with the 
beamwidth as a free parameter.  This feature is built into 
GRASP and required no externally-generated feed pattern 
data. 

5.0 Design of the New Reflector 
The design process consisted of following a systematic 
“cut–and–try” method to optimize the compact range 
electromagnetic performance. The key parameters of 
interest deriving from a particular layout were  
 1. Amplitude Taper  
  2. Level of Ripple in Amplitude Cuts 
  3. Total Variation in Phase Cuts 
  4. Cross-Polarization at Test Zone Edge. 

In the end the choice of reflector edge design was a 
compromise.  Within any frequency band there often was 
found to be individual frequencies where the ripple 
performance was less good than typical for that band.  
Computer automation was used to gather statistics on the 
resulting electromagnetic performance; but the final 
design selection was made with tradeoffs to ease of 
fabrication and costs of fabrication.  The final design is 
depicted in Figure 3 below. 
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Figure 3. Re-Designed Layout for the Model 5706
6.0 Results of Factory Testing 
 qualify the first unit built for delivery to the 
stomer’s site, electromagnetic tests were run at the 
tory.  The test consisted of extensive field-probe 
asurements of the field distribution in the test zone. 
ese tests have formed the primary basis for compact 
ge reflector specifications since the earliest days of the 

oduct.  

amples of the factory test results are shown in Figures 
and 7.  These data can be compared to the results on a 
edecessor  in Figures 4 and 5.  The field probe results 
osen for display here are selected for their applicability 
assessing the results of the updated reflector layout.   
 comparing these two sets of data, one can observe the 
provement in ripple level brought about by the revised 
ctromagnetic design.  Field probe tests were made at 
 following frequency bands at the factory:  LS, S , C, 
, X, Ku, Ka, W.   



Figure 4. Comparison of GRASP to Measured Data on Earlier Model 5706 at 3.95 GHz 
Amplitude and Phase  from a Vertical Cut,  Horizontal Polarization 
Figure 5. Comparison of GRASP to Measured Data on Earlier Model 5706 at 3.95 GHz  
Amplitude and Phase from a Horizontal Cut, Vertical Polarization 

(There is an unintentional plotting difference on horizontal scale between Amplitude & Phase)



Figure 6. Modeled Field Probe Traces – Re-Designed Model 5706 Reflector 
Horizontal Cut, Vertical Polarization at Frequency = 3.95 GHz 

Figure 7.  Measured Field Probe Traces – Re-Designed Model 5706 Reflector 
Horizontal Cut, Vertical Polarization at Frequency = 3.95 GHz 

Figure 8.  Modeled Field Probe Traces – Re-Designed Model 5706 Reflector 
Vertical Cut, Horizontal Polarization at Frequency = 3.95 GHz 

Figure 9.  Measured Field Probe Traces – Re-Designed Model 5706 Reflector 
Vertical Cut, Horizontal-Polarization at Frequency = 3.95 GHz 



7.0 Electromagnetic Surface Evaluation 
One important innovation made in the process of 
evaluating this reflector was the implementation of 
electromagnetic surface evaluation at W-band.  An 
electromagnetic surface evaluation consists of making 
amplitude field probe traces going from the bottom of a 
frequency band to the top of a frequency band in 
approximately 10 % steps and plotting the results as a 
family on a single page.  With the advent of readily 
programmable mm wavelength signal source this could 
be done for the first time at W- band.  Please see Figure 
10 below.  (Typically this has been done only at Ka band 
and only a spot frequency  94 GHz  is taken at W-band.) 
One can see the effect upon ripple caused by surface 
deformations become more exaggerated in going from 75 
to 105 GHz. The surface tolerance was ±0.002 in pk-pk. 
As an item of interest, we can report  measurement results 
on-site deriving from an unplanned mechanical shock.  
By coincidence, this shock occurred during the 
electromagnetic validation at 94.0 GHz:  A seismic event 
of  5.4 on the Richter scale was sustained.  Field probe 
measurements just prior to and after the event exhibited 
insignificant changes due to this moderate earthquake !! 
Please see Figure 11 below.   

9.0 Summary 
A new carbon composite compact range reflector (C3R2) 
meeting all the electromagnetic performance criteria of 
the catalog Model 5706 has been designed, constructed 
and fielded.  It has mechanical stiffness and thermal 
stability characteristics that are significantly improved 
when compared to previous models, helping it sustain the 
rigors of shipment and variable environments. 
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Figure 10.  A family of 
Horizontal Traces at 5 GHz 
Frequency Steps in W-Band 
Forming an Electromagnetic 

Surface Evaluation 
Vertical Polarization 

Figure 11. Horizontal Field Probe Traces Before and after Earthquake  
Test Frequency of  94 GHz at W-Band, Horizontal Polarization 
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