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ABSTRACT
This article reports on the development and implementation of a new configuration of the GTEM cell, called the Extended Hyper Rotation GTEM.  This configuration  introduces two improvements over other designs.  First, the EUT holds its normal orientation, with gravity down relative to the EUT.  Secondly, the cell rotates, so that sufficient information may be derived to solve for the magnetic and electric dipole moments separately.  The magnetic and electric dipole moments model the EUT emission at any given frequency.  Further, the design allows full automation of the testing.  The movement scheme used allows automation of algorithms that assume the far-field condition and newer, low frequency algorithms that do not make this assumption.  

The Extended Hyper Rotation GTEM was designed with accuracy as the primary objective.  Speed and ease of testing were very important secondary objectives.  This meant that the EUT must remain in its normal orientation throughout the test.  Secondly, it was desired that the cell be constructed so that sufficient data could be obtained from any given EUT to solve for the magnetic and electric dipole moments without having to assume far-field conditions.  The primary purpose of this cell was to test telephones.  Thus a major consideration was that data cables from the EUT be handled accurately.  These objectives were achieved by first designing a turntable to hold the EUT in the cell.  This allows for the EUT to be rotated 360, in the horizontal plane.  Next, a gimbaled cradle was designed to hold the turntable.  This gimbaled turntable insured that the EUT would remain level while the GTEM was rotated around an axis oriented at 45 to the cell centerline.  Therefore, two independent degrees of motion were achieved.  Further, the axis of rotation includes the hyper-rotated position, where the GTEM is placed at 54.7, but extends beyond it, hence the name Extended Hyper Rotation.  The hyper-rotated position greatly simplifies testing to the three input equations and also allows for an elegant solution for the accurate testing of EUT's which have cables which must exit the cell.


INTRODUCTION
This paper presents a unique implementation of the GTEM,  called a  Extended Hyper Rotation GTEM.  The development of this cell began with a plan to build a GTEM fixed at the Hyper Rotation angle [5]. This scheme allows the equipment under test (EUT) remain  horizontal on a turntable.  The required information to solve the far-field, three input equations is obtained by taking readings at the 0, 120 and 240 points.  Further, as reported elsewhere, the hyper-rotated position provides an elegant and accurate method for dealing with products that have cables that must exit the cell [2].

However, with the publication of nine input equations that allowed for testing below 30 MHz, the initial plan was reevaluated [11].  It seemed prudent to attempt to capture any advantage offered by the latest developments in this fast developing technology.  What was needed was an implementation which obtained  the nine different views of the EUT required to solve the new equations, kept the EUT horizontal and kept movement of the data cables to a minimum.  The resulting configuration came to be called Extended Hyper Rotation.

DESCRIPTION OF THE CONFIGURATION

The solution arrived at was to rotate the GTEM about a single axis placed at 45 off of the centerline of the cell (See Figure 1).   The EUT is placed inside on a gimbaled turntable.  The gimbaled cradle which holds the turntable is designed so that the turntable is always in a horizontal position.  In this way the cell can be rotated 90 while the EUT always remains level (See Figure 2).  In addition, at any GTEM position the EUT may be rotated 360 in the horizontal plane.  The selection of the axis at 45 meant that the cell itself could be rotated from a horizontal to a vertical 

TOP VIEW OF THE GTEM

FROM THE TOP VIEW THE RECTANGULAR SUPPORT FRAME CAN BE SEEN AS WELL AS THE AXIS OF ROTATION, WHICH IS AT 45 TO THE CELL CENTERLINE. 

FIGURE 1

position in such a  way that both the electric and magnetic sensing vectors of the cell were moved relative to the EUT.  Further at any cell position the EUT could be rotated in the horizontal plane.  The gimbaling between the cell and the EUT turntable assures that the EUT is always held with gravity down, eliminating any need to strap the EUT down.  These two degrees of motion allowed for sufficient information to be obtained to fully solve the nine position equation.  Furthermore, for tests where the far-field assumption could be made the cell may be stationed at the 54.7 point, where it is in the hyper-rotated position.  

There are two primary reasons a 45 orientation was selected for the axis of rotation.  First, to assure that the cells positioning would allow for a full solution of all the dipole moments it was necessary that both the E-field and H-field sensing vectors of the GTEM be moved, relative to the EUT.  Many possible axises of rotation fail this criterion and so do not insure that sufficient information can be obtained.  However, the 45 degree axis moves both vectors simultaneously.  Thus, with the mechanical simplicity of a single axis of rotation, two variables are manipulated.  Also, this axis meets the second objective, which is to include the hyper-rotated position in the range of motion (See Figure 3).  The advantages of measuring in the hyper-rotated position have been well documented.  Many tests can assume far-field conditions, and so can be performed by simply rotating the EUT on the turntable, reading it at the three required positions.  

Further, cables that must exit the cell may be dropped straight down to the cell floor and exit at that point.  As reported elsewhere, in this arrangement the emissions from these cables will be accurately accounted for [2].

As this combination of cell rotation with turntable rotation was examined, it proved to have a great deal of flexibility.  The cell rotation moves both the E-field and H-field viewpoint, relative to the EUT.  However, by coordinating this motion with the rotation of the EUT on the turntable many positions are achievable which allow relatively simple solutions to the equations of interest.

GTEM HORIZONTAL
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GTEM HYPER ROTATED
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GTEM AT  90 ROTATION
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GTEM RANGE OF MOTION

FIGURE 3
Another consideration that was debated was where the cell's rotational motion should be normalized.  The most natural assumption is that when the cell is flat, with its floor horizontal, it is at 0.  However, the nature of the reading must be considered.  The E-field sensing vector is in fact a curve that is perpendicular to the floor and septum and traces an arc whose center is located near the tip of the cell.  The floor and septum in the cell being described are separated by a 15 angel.  The EUT is normally placed at the center of this space, and so at the 7.5 degree point from the cell floor.  Hence, it was determined that the 0 point would be defined as the position where the plane 7.5 up from the cell floor was horizontal (See Figure 4).  This positioning eliminates a reading error which could be as much as 1.3 dB due to positioning error of the EUT.  All lift angles for the cell are thus defined in terms of the plane that bisects the center of the EUT test volume.  The axis of rotation is placed parallel to this plane rather than being referenced to the floor of the cell.  This enhances the positioning accuracy of the EUT.

The combination of 90 cell rotation coupled with 360 turntable rotation allows a wide variety of relative orientations between the EUT and cell.  It is anticipated that further use may be made of the additional information that may be made available through additional reading positions.  In  particular it seems possible that additional readings may be used to 

gain diagnostic insight into the nature of the radiating structure within the EUT.  Further, it is straight forward to see how some field mapping can be performed and thus yield additional insight into a radiating circuit.  In terms of testing accuracy, it seems entirely possible that the assumption that the radiating circuit does not have a gain greater than a dipole can now be tested.  This assumption is one of the assumptions which many of the current correlations algorithms must make.  If it can be tested, the algorithms, having one less untested assumption, will, of necessity, prove more reliable and accurate.

NEW EQUATIONS

As appealing as this configuration is, it does not solve the nine position equation presented by Dr. Wilson [11].  While there is sufficient information to separate out and solve for the magnetic and electric field dipole moments the positions are different from those originally developed by Dr. Wilson.  A new set of equations had to be developed using the positions obtainable by this configuration of the GTEM.

GENERALIZED EQUATION

To fully study the information provided by this cell configuration it is desirable to develop a generalized equation for the readings taken.  We will assume that each emission can be adequately modeled as a composite of three mutually orthogonal electric dipoles and three mutually orthogonal magnetic field dipoles.  The voltage measured due to the electric field is:

_Venormalized_2 = (Py*cos(y) + Px*cos(x) + 

                      Pz*cos(z))2
where:


Venormalized -
The normalized voltage.  The voltage is normalized by -1/2 e0 to the measured voltage.


  Py,Px,Pz  -Electric dipole moments.


  y,x,z  -Are the angels between each electric dipole moment and the E-field sensing vector.

Similarly the power contributed by the magnetic dipole moments is:

 _Vhnormalized_2 = (k0(My*cos(y) + Mx*cos(x) +   Mz*cos(z)))2  
where:


Venormalized -The normalized voltage. .    The voltage is normalized by -1/2 e0 to the measured voltage.

   
My,Mx,Mz -Magnetic dipole moments.

    
y,x,z -Are the angels between each magnetic dipole moment and the H-field sensing vector.

The total voltage measured at the GTEM port is then:

_Vnormalized_2 = _Venormalized_2 + _Vhnormalized_2
   _Vnormalized_2 = (Py*cos(y) + Px*cos(x) + 

Pz*cos(z))2 




   + (k0(My*cos(y) + Mx*cos(x) +



 Mz*cos(z)))2 
To be more useful to our purposes here, it is helpful to substitute the six angles used above with the two angles that define the motion of the cell in the configuration under consideration.  These angles will be named , for the lift angel of the cell, and , for rotation of the turntable within the cell.   = 0 is defined as the position where the plane passing through the center of the EUT.   = 0 will be defined as the turntable position in which the EUT +X axis is aligned transverse to the GTEM, i.e. with its H-field axis, when the GTEM is horizontal or at  = 0.

We may now define the coordinate system being used in terms of the GTEM and EUT position.  Using the position of  = 0 and  = 0, Y is defined as the vertical axis, X is perpendicular to Y and along the radial defined by  = 0.  Therefore, in this position Y is the GTEM E-field sensing vector and X is the GTEM H-field sensing vector. Z is perpendicular to both X and Y and so lies along the centerline of the cell.

It can be shown that the equation for measured voltage at the GTEM port is:

_Vhnormalized_2 = ( Py*cos() + 



  Px*cos( + 225)*sin() + 



  Pz*cos( + 135)*sin())2  + 

 

 

                        ( k0(My*sin()*cos(45) + 



    Mx*(sin(T+45)/2 +

                                 cos(T+45)*cos()/2) + 



    Mz*(sin(T-45)/2 + 

                                 cos(T-45)*cos()/2)))2 
REQUIRED MEASUREMENT POSITIONS
It is now possible to define the required measurement positions for solving the six unknowns in the generalized equation.  To solve for the three electric dipole moments and three magnetic dipole moments six non-zero readings are required.  Many sets of measurement positions are possible.  One example is presented here.

For the following stations of the GTEM and Turntable the generalized equation reduces to the following:

STATION 1 -  = 0 and  = 0

S1 = _Py2 + k02*Mx2 _
STATION 2 -  = 0 and  = 90

S2 = _Py2 + k02*Mz2 _ 
STATION 3 -  = 0 and  = +45

S3 = _Py2 + 1/2*k02*Mx2 + 1/2*k02*Mz2
                          +   k02*Mx*Mz _
STATION 4 -  = 0 and  = -45

S4 = _Py2 + 1/2*k02*Mx2 + 1/2*k02*Mz2 

                          - k02*Mx*Mz _
STATION 5 -  = 90 and  = +135

S5 = _Px2 + 1/2*k02*My2 + 1/2*k02*Mz2 

                          + k02*My*Mz _
STATION 6 -  = 90 and  = -45

S6 = _Px2 + 1/2*k02*My2 + 1/2*k02*Mz2 

                          - k02*My*Mz _
STATION 7 -  = 90 and  = -135

S7 = _Pz2 + 1/2*k02*My2 + 1/2*k02*Mx2 

                          - k02*My*Mx _
STATION 8 -  = 90 and  = +45

S8 = _Pz2 + 1/2*k02*My2 + 1/2*k02*Mx2 

                         + k02*My*Mx _
STATION 9 -  = 45 and  = +135

S9 = _1/2*Py2 + 1/2*Px2 + Py*Px 
                     + 1/4*k02*My2 + 1/4*k02*Mx2 

                     + 1/2*k02*Mz2 - 1/2*k02*My*Mx 
                     + 1/2*k02*Mz*My 
                     - 1/2*k02*Mz*Mx _ 
DIPOLE MOMENT SOLUTIONS
From these readings solutions may be derived for the six dipole moments in the following manner.

D1 = S3 - S4 =  _ 2*k02*Mx*Mz  _ 
D2 = S5 - S6 =  _ 2*k02*My*Mz  _ 
D3 = S7 - S8 =  _ 2*k02*My*Mx  _ 

Disallowing degeneracies, the magnetic dipole moments can be derived as follows:

Mx = ((D1 * D3)/(2 * k02 * D2))1/2
My = ((D2 * D3)/(2 * k02 * D1))1/2
Mz = ((D1 * D2)/(2 * k02 * D3))1/2
The electric dipole moments can then be solved for as follows:

Py = (S1 - k02 * Mx2)1/2
Px = (S5 - [1/2*k02*My2 + 1/2*k02*Mz2
                + k02*My*Mz])1/2
Pz = (S8 - [1/2*k02*My2 + 1/2*k02*Mx2 

               + k02*My*Mx])1/2
SOLUTION WHERE DEGENERACIES ARE PRESENT
The solution presented about requires that no degeneracies are present.  However, if any of the readings tend to zero, compared with the others then an alternate solution must be used.  As a practical expedient a degeneracy will be defined as any case where Di < 0.1 * MAXIMUM.

Alternate solutions are relatively easy to arrive at.  The equations must be inspected and reduced by eliminating the zero term or terms.  The dipole moments are then solved for.

CORRELATION CONVERSION

Once the dipole moments are solved for the total radiated power is:

P0  10*k02*(Px2 + Py2 + Pz2  

                   + k02*Mx2 + k02*My2 + k02*Mz2)

With the assumption that the radiating structure does not have a gain greater than a dipole the correlation to field strength on an Open Area Test Site can be calculated.  

For the size EUT's which can be tested in a GTEM the assumption of gain not greater than a dipole seems quite safe below about 800 MHz.  Such EUT's simply do not have the physical size which would be required to produce a directional radiating structure at lower frequencies.  At higher frequencies it should be possible to inspect the field at additional points and test this assumption.  Should gain greater than a dipole be discovered the correlation algorithm would simply be altered to use the measured gain of the radiating structure.

CONCLUSION

This paper has reported on the design and construction of a new GTEM configuration that allows two degrees of motion between the EUT and GTEM.  Further, at all positions the EUT is held in its normal orientation, with gravity down.  This configuration allows for fast and accurate testing, as the EUT does not require special fixturing for each test.  The EUT is simply placed upon the turntable in the GTEM and tested, much as it would be on an Open Area Test Site.  The relative movement of the GTEM and EUT allows for the use of not only the three input correlation algorithm but also more complicated algorithms that do not make far-field assumptions.  Finally, the range of information allowed by this configuration hints at future developments, such as testing of the EUT gain assumption and enhanced EMC diagnostic support.
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