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ABSTRACT 

A major upgrade of the HET is in process that increases the pupil size to 10 meters and the field of view to 22’ by 
replacing the four-mirror corrector and prime focus instrument package to track the sidereal and non-sidereal motions of 
astronomical targets.  To support the new payload a new Tracker, comprising 13 axes, and weighing 20 tons, was 
designed, built and tested at the University of Texas Center for Electromechanics, in Austin, Texas.  It was then 
disassembled and installed on the HET.  Structural modifications were performed on the upper hexagon of the telescope 
structure to support the net increase of 15% to the total mass of the system and maintain fundamental mode performance 
of 5Hz.  Testing in the laboratory, as well as subsequent commissioning tests on the HET, confirm that the Tracker will 
position the payload to acquire and track within the specified +/-9.5um de-center, +/-15um de-focus, and +/-4.4 arc-sec 
tip/tilt requirement .    *
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1. INTRODUCTION 
The Hobby-Eberly Telescope (HET) was originally envisioned as a spectroscopic survey telescope, able to efficiently 
survey objects over wide areas of the sky. While the telescope has been very successful observing large samples of 
objects such as quasi-stellar objects (QSOs) spread over the sky with surface densities of around one per 10 sq. degrees, 
the HET design, coupled with a small field of view corrector, hampers programs where objects have higher sky densities. 
In seeking a strong niche for the HET going forward, the field of view will be increased from 4′ to 22′ so that it can 
accommodate the Visible Integral-field Replicable Unit Spectrograph (VIRUS), an innovative, highly multiplexed 
spectrograph that will open up the emission-line universe to systematic surveys for the first time, uncovering populations 
of objects selected by their line emission rather than by their continuum emission properties. 

In July of 2013, the Wide Field Upgrade (WFU) Project received permission from a review panel and the HET Board, to 
proceed with plans to remove the original Spherical Aberration Corrector (SAC) and tracker, and install the WFU tracker 
and Wide Field Corrector (WFC). This approval was based upon successful testing of the WFU tracker at the University 
of Texas Center for Electro-Mechanics (CEM), located at the Pickle Research Campus, in Austin, Texas. This upgrade 
project consists of three primary elements: 

● HET WFU which includes designing, fabricating, and deploying a larger field of view corrector (WFC) that will 
replace the existing SAC. It also requires the design, fabrication, and deployment of a new prime focus instrument 
package (PFIP) and tracker, as well as modification to the HET’s azimuth bearings, to accommodate the additional 
weight being added to the telescope. 

● Design, fabrication and deployment of VIRUS on HET. 

● Execution of the Dark Energy Experiment (DEX) survey with the VIRUS on HET. 

Aside from the need to precisely align the tracker assembly, it was important to obtain measurements that verified that a  
mount model could be written, and then to independently test the control algorithms for the whole system of 13 axes in 
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order to verify that the tracker is capable of tracking stars prior to installation on the HET.  Since there was no cost 
effective way to perform an optical verification of this performance, a process combining the metrology capabilities of 
laser trackers, and data fitting software, was used to characterize the commanded v. resultant positioning of a test 
payload, referred to as the WFC Test Mass, as well as verify the motions equivalent to tracking a star. 

The laboratory set up for assembly and testing of the WFU tracker is briefly reviewed, including relevant test results 
indicating readiness for installation.  This is followed by details of the construction and installation as well as 
measurements of its performance on the HET for controls tuning and mount-modeling, and early measurements of its 
performance. 

2. LABORATORY PERFORMANCE TESTING 

A test stand configured as shown in Figure 1, was constructed in the CEM High-Bay, which was equivalent to the 
mounting interface on the HET.  The upper and lower beams of the tracker test stand were a welded assembly of 
standard structural Hollow Structural Section (HSS) shapes that duplicated those on the telescope structure, and held the 
tracker at an angle of 35 degrees from zenith.   

Figure 1. The test stand, used until July 2013, to troubleshoot and pre-commission the WFU Tracker at CEM prior to 
installation on the HET.  A payload test mass is mounted in place of the Wide Field Corrector.
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The spherical primary mirror of the HET produces an 
aberrated image of stars on a spherical surface at 1/2 
the radius of the PM.   In order to track a star the 
Tracker positions the spherical aberration corrector, 
also know as the Wide Field Corrector (WFC) along 
this spherical surface so that the light rays enter the 4-
mirror WFC about a Stationary Image Rotation Point 
(SIRP).  One of the tests used to independently 
confirm the performance of the Tracker, was to 
compare the commanded position of the SIRP on the 
tracking sphere, to an independent measurement of 
that position.  To achieve an independent 
measurement, a Sphere Mounted Retro Reflector 
(SMR) was positioned at the SIRP of WFC Test Mass, 
and its position was measured using a laser tracker.  
The test was designed using a grid of 97 points which 
covered the operational range of the WFU Tracker.  
The overall test setup is shown in Figure 2, and a 
representation of the 97-point grid is shown in Figure 
3.  Figure 4 shows  the resulting data from the laser 
tracker, which is compared to a best-fit sphere.  The 
departure from an ideal sphere, to 1st order, follows a 

Figure 2. A laser tracker was situated under the WFU Tracker in order to independently measure the commanded 
position of the Stationary Image Rotation Point (SIRP) of the Wide Field Corrector (WFC).

Figure 3. A grid of 97 points was established over the 2 meter 
radius operating range of the tracker.  The points were 
commanded and measured in sequence.
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Figure 4. Vectors at each data point taken by laser tracker measurements show the departure from a best fit sphere.   
Structural deflections generated a saddle-shaped departure from the ideal sphere. This was illustrated in a separate data 

Figure 5. Laser tracker measurements of commanded positions on the 97-point grid are best-fit to a sphere, then the 
residuals are plotted revealing a saddle-shaped departure due to structural deflections.  Second-order residuals appear 
randomly distributed but appear to increase with distance from the center of the 97-point grid.
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saddle which is due to deflections in the support structure of the Tracker and test stand, and can thus be incorporated into 
a mount-model for the positioning (tracking) commands.  If this operation is performed and backed out of the results, 
then 2nd order residuals are revealed, which are small enough to be captured and corrected by the real-time metrology 
and guide corrections.  Several iterations of this test, as well as tests of tracking jitter, demonstrated to the Readiness 
Review Board, that the WFU Tracker was ready to install on the HET. 

3. INSTALLATION 
The original Tracker, drive mechanisms, and bearings were removed from the upper hexagon of the HET, leaving only 
the mechanical interfaces built-into the structure.  Due to the 5x increase in mass of the new tracker, the lower beam had 
to be reinforced, necessitating extensive welds on the HET structure.  A technique for welding had been tested on the 
laboratory test stand, in order to minimize distortions by the welding process, and this procedure demonstrated success in 
minimizing distortions to the beam. The sequence is detailed in Figure 6.  Since it is impossible to prevent all distortion 
of the ideal shape desired, the bearing system of the tracker has been designed to accommodate reasonable departures 
from the ideal geometry.  Subsequent measurements of the beam profile showed a departure of +/- 1.37 mm in the Y-
axis, and +/- 0.23mm in the Z(focus)-axis, prior to loading by the new Tracker (Figure 7). 

In order to facilitate shipping the new tracker to the Observatory, as well as to provide a guide for the construction and 
assembly, the Upper and Lower X-beams were cut from the test stand, and moved intact, to the enclosure floor of the 
HET.  Once the upper and lower beams of the upper-hex were prepared, large sub-assemblies of the X-bearing, encoders, 

MIDDLELEFT RIGHT

Original Beam 
Cross-section

Figure 6. The welding sequence for C-channel (MC12x31) reinforcements to the lower-X beam of the HET structure.  
Weld length = gap length = 150mm.  After initially stitch-welding the C-channels, the 42 weld pattern was repeated 3 
times (for the middle, left, and right sections).

C-channel 
Reinforcement
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Figure 7. The beam profile was measured, pre and post-weld.  Over the usable span of the beam (5.66 meters) the 
profile deteriorated by  a factor of 3.3 in the Y-axis, and improved by a factor of 3.5 in the Z(focus)-axis.  The effect on 
star tracking will be mitigated by mount-modeling.  In addition, since the tracking motion will be corrected in real time 
for any trajectory 9mm or less (every 10 sec.), the X-beam profile will meet, or exceed, the specified requirements.

Adapter plate

Upper hex bearing 
rail surface

Upper hex bearing 
rail datum shoulder

M12x30 SHCS

Figure 8.  The adapter plate illustrated above allows increased capacity bearings to be attached to the original HET 
structural interfaces. The X-axis linear bearings were increased in size and load bearing capacity to accommodate the 
5x weight increase of the WFU Tracker, over that of the original tracker. 
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and drive systems were transferred from the test stand beams, to the telescope structure.  Before installation of the 
tracker bridge, the lower-X and upper-X axes were tested, first individually, then together, in order to verify safe and 
skew-free control of the bridge after installation.  Following installation of the Y-axis drive system, a 6,400 kg test mass 
was mounted on the tracker, and the X and Y axes were tested, prior to mounting the hexapod.  In particular, the 
constant-force drive, on the y-axis, was tested, in order to verify that its independent closed-loop control system was 
operational and reliable. 

During the testing phase in Austin, clearance-testing for the WFC Test mass enabled a calculation to optimize hard-stops 
for the hexapod.  Prior to installation of the hexapod on the HET, each actuator was partially disassembled and re-
lubricated, and the hard-stops in each of the 6 actuators where replaced.  Following this step, the remainder of the control 
axes, 6 each for the hexapod, and one for the Rho-stage, where installed and tested for functionality and travel. 

4. ON-TELESCOPE PERFORMANCE TESTING & COMMISSIONING 
System Mount Model 

A series of on-telescope tests complementary to those performed on the test stand are being carried out as part of the 
performance testing and commissioning phase of the WFU. As an example, the 97-point test is being carried out in order 
to create a 1st order mount model for the system.  In addition to compensating for structural deflections, as demonstrated 
on the test stand, the mount model must be able to account for ridged-body tips and tilts of the entire structure as the 
center of mass of the system changes during tracking, due to the shifting mass of the Tracker.  By referencing each of the 
97-point grid points to the primary mirror and pier during the test, we are able to derive a mount model which accounts 
for deflections and ridged-body motions during tracking.   

Figures 9 & 10, illustrate the setup of the laser tracker lines of sight, and points to be measured.  There are 8 
measurement points on the upper half of the structure; 4 each on the WFC Test Mass, and 4 at reference points on the 

Figure 9.  Setup and lines of sight for Laser Tracker measurements of the WFU Tracker, Primary Mirror, and Pier.
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upper hexagon.  Of the 4 SMR’s on the WFC Test Mass, three are used to characterize tip and tilt of the payload, and one 
is located at the SIRP, in order to determine the X, Y, and Z location of the payload.  On the bottom half of the structure 
8 measurement points are required.  Two are reference points for tying-in the overall structure, 3 are distributed on the 
periphery of the primary mirror, and 3 are on the telescope pier.  Only the 3 SMR’s on the pier are assumed to be 
motionless throughout the test.  For cost reduction (current cost of an SMR >/= $1,150USD) the 97-point grid is run 
twice; once with the laser measuring the upper set of SMR’s, and once looking down at the lower SMR’s.  
Measurements are taken by means of an API T3-40M laser tracker.  Since the largest distance to be measured is of order 
11 meters, the absolute accuracy error of any 3D coordinate will be +/-55um, or smaller.  Once a data set is reduced and 
applied to the mount model, the 97-point test will be iterated until corrections fall within the measurement errors.  
Further improvements to the mount model, if needed, will be determined by the on-board metrology on the bottom of the 
WFC.  Since there is a schedule gap between this phase of the project, and the arrival of the WFC, tracking and pointing 
performance will be demonstrated and tuned by use of a Video Alignment Telescope mounted on the WFC Test Mass. 

SUMMARY 
The transition of the WFU Tracker is proceeding smoothly from its manufacturing and test facility, at the Center for 
Electromechanics, in Austin, to the HET structure.  Installation has gone according to plan, the mechanical and control 
systems are working and the WFU tracker is currently being tested.  Tests have been implemented, as well as currently in 
process which  verify performance, and characterize behavior for commissioning. !
The measurement methods proposed will be sufficient for determining and testing corrections to systematic errors in the 
individual tracker axes of motion and creating an initial mount model for the new Wide Field Corrector.  Since these are 
only tests of the mechanical performance and not the optical performance of the system, modification to the tracking 
model will be required once it is installed on the telescope.  However, the techniques proposed should provide a high 
degree of confidence in the performance of the mechanical system and its controls prior to retro-fit on the HET and 
reduce time for commissioning on the telescope. 

Figure 10.  Setup and lines of sight for Laser Tracker measurements of the WFU Tracker, Primary Mirror, and Pier.
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