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ABSTRACT  

The Hobby-Eberly Telescope (HET) is undergoing an upgrade to increase the field of view to 22 arc-minutes with the 
dark energy survey HETDEX the initial science goal [1]. Here we report on the design, alignment, and deployment of a 
suite of instruments located at prime focus of the upgraded HET.  This paper reviews the integration of motion control 
electronics and software and alignment of those electromechanical systems.  Use of laser trackers, alignment telescopes, 
and other optical alignment techniques are covered.  Deployment onto the upgraded telescope is discussed.  
Keywords: HETDEX, HET, Hobby Eberly Telescope, VIRUS 

1. INTRODUCTION  
The Hobby Eberly Telescope (HET) is a unique telescope built in far west Texas.  The telescope primary mirror consists 
of 91 individual spherical segments mounted on a structure with fixed altitude and moveable azimuth.  The Prime Focus 
Instrument Package is mounted to a 6 degree-of-freedom stage [2],[3] above the primary mirror, allowing the telescopes 
field of view to track celestial objects.  Figure 1 shows renderings of the upgraded telescope and the Prime Focus 
Instrument Package (PFIP).  Problems with the Wide Field Corrector (WFC) during final assembly at the University of 
Arizona’s College of Optical Sciences have forced a delay in the deployment of PFIP and therefore are not covered in 
this paper as expected. 

 
Figure 1. Renderings of the HET telescope and the prime focus instrument package 

Ground-based and Airborne Instrumentation for Astronomy V, edited by 
Suzanne K. Ramsay, Ian S. McLean, Hideki Takami, Proc. of SPIE Vol. 9147, 

91474J · © 2014 SPIE · CCC code: 0277-786X/14/$18 · doi: 10.1117/12.2056407

Proc. of SPIE Vol. 9147  91474J-1
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 15 Jul 2020
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 

 

2.1 Instrum

The instrume
mirrors, filter
in detail [4],
effect positio
controller wh
a model NI-
EPOS2 posit
pneumatic ac
position sens
An Ethernet 
with EPICS 
connectivity.

Figure 2. 

The Compac
of programm
handles the 
software is r
the Compact
abstraction b
are several v
example, the
status is a 16
set point ack
operating sys
is changed, a
set point, act
real-time ope

2.2 Environ

In addition t
environment 
environment 
purge gas flo

ment control 

entation contai
r wheels, and a
[5].  In all, PF

on and limit se
hich is mounted
9112 chassis w
tioning control
ctuators and po
sors are connec
connection is u
being used t

. 

 Control system

ctRIO controlle
ming are used f

signal-level c
equired at the 
tRIO FPGA to
between the br
variables expos
e acquisition c
6-bit word with
knowledged, t
stem, the curre
a move is initia
tual position, a
erating system 

nment monitor

to the instrum
of PFIP.  Th
enclosures.  B

ow rate, dew p

ined in PFIP in
a shutter.  The 
FIP consists of
ensors.  All act
d in the Focal P
with 8 module
llers, interface
ower relays int
cted to either th
used to interfa
o provide cro

m schematic of PF

er is programm
for the controll
ommunication
FPGA layer to

o operate with 
oader Telescop
sed through EP
amera focus a
h each bit repr
target reached

ent set point po
ated.  The actua
and status infor
which takes no

ring and contr

ment control sy
he Wide Field 
Both subassem
point, and tem

2. CONT

ncludes guide 
electromechan

f 13 servo actu
tuators and sen
Plane Assembl

e slots and a V
 with the Com
terface to sour
he servo contro
ace the Compac
oss-platform co

FIP 

med using the N
ler; the real-tim

ns between the
o handle the hi
the EPOS2 CA
pe Control Sy
PICS interface

actuator has va
resenting a Boo
d, and other d
osition is compa
al position and
rmation of each
o longer than 2

rol 

ystem, an ind
Corrector and

mblies are purge
mperature of b

TROL SYS

probes, wave 
nical designs o
uators, 8 pneu

nsors interface 
ly utilities encl

Virtex-5 LX 30
mpactRIO cont
rcing outputs o
ollers directly o
ctRIO controll
ommunication.

National Instrum
me operating sy
e real-time op
igh speed digit
AN interface. 
stem and the i
e that the Tele
ariables for set
olean value for

diagnostic info
ared to the pre

d status are also
h actuator is ch

25ms. 

dependent cont
d the Focal Pl
ed with clean 
oth are all me

STEM 

front sensors, 
of these subsys
umatic actuator

to a National 
losure.  The co
0 FPGA.  The
troller via a N
of two NI-9472
or sinking inpu
er to the broad
.  Figure 2, b

ments LabView
ystem and the 
erating system
tal IO.  Maxon
 The real-time

instrumentation
escope Control
t point position
r enabled state

ormation.  Dur
vious set point

o queried and th
hecked and ac

trol system is 
lane Assembly
instrument air 

easured upstrea

acquisition ca
tems have bee
rs, 8 power rel
Instruments C

ontroller is a m
e servo motor 
I-9862 CAN i

2 digital output
uts of a NI-942
der Telescope C
below illustrat

 

w software env
underlying FP

m and the hard
n provides a fr
e operating sys
n hardware.  F
 System can r
n, actual posit

e, controller fau
ring each iter
t position and i
he respective v
ted upon durin

used to mon
y are treated a
(FPA) or nitro

am of solenoid

amera, deploya
n previously d
lays, and vario

CompactRIO em
model NI-9022 m

controllers, all
interface modu
t modules.  Ha
1 digital input 
Control System
es the control

vironment.  Tw
PGA.  The FPG
dware.  CAN-
ree software lib
stem acts as a 
For each actuat
read and write 
tion, and statu
ult, limit switc
ation of the r
if the set point 
variables updat
ng each iteratio

nitor and main
as separate con
ogen gas (WFC
d valves.  The

able fold 
discussed 
ous hall-
mbedded 
mated to 
l Maxon 

ule.  The 
all effect 
module.  

m (TCS), 
l system 

wo layers 
GA layer 
-specific 
brary for 
layer of 

tor there 
to.  For 

s, where 
ch states, 
real-time 
position 

ted.  The 
on of the 

ntain the 
ntrolled-
C).  The 
e control 

Proc. of SPIE Vol. 9147  91474J-2
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 15 Jul 2020
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 

 

system monitors these sensors and actuates the solenoid valves according to a set of conditions ensuring the instrument 
safety.  The controller, a Phoenix Contact PLC and the pre-purge sensors and solenoid valves are located in the lower 
electric box.  A liquid leak sensor is used in the lower electric box to detect any leakage from the glycol distribution 
manifold also contained in the lower electric box. 

Inside the Wide Field Corrector is another set of sensors monitoring the structural temperature, exterior air temperature, 
internal dew point, and differential pressure with respect to the exterior air.  All are measured to insure a clean, dry, 
environment with a positive interior pressure large enough to prevent ingress of contaminants but small enough to 
prevent deformation or damage to the thin entrance and exit windows. 

The FPA also contains two temperature sensors, a dew point sensor, and a differential pressure sensor.  Additionally, 
there are two liquid flow meters which measure the flow rate and temperature of glycol.  One flow meter measures 
glycol flowing through two liquid-to-air heat exchangers used to remove heat generated by the electronics.  The other 
flow meter measures glycol flowing through the thermoelectric coolers used to cool the guide and acquisition cameras.  
A liquid leak sensor is also used in the FPA, with a long detection band running throughout the enclosure. 

3. ALIGNMENT 
All instrumentation in the Focal Plane Assembly (FPA) must be aligned so that it is concentric and parfocal with the 
Wide Field Corrector once installed on the telescope.  In order to achieve alignment in the lab, a set of two common 
references are established.  All instrumentation in the FPA is aligned to these references and the references are used to 
align the FPA to the Wide Field Corrector during integration on the telescope.  Both references mount to through a 
kinematic interface with vee-blocks on the guide probe assembly.  One reference, dubbed the “XYZ” reference consists 
of the sphere-mounted hollow retroreflector (SMR) riding on a three-axis linear stage.  When aligned, the XYZ reference 
is located coincident with the optical axis of the Wide Field Corrector at a know distance from the focal surface.  The 
second reference, called the “Tip Tilt” reference consists of a flat mirror on an adjustable tip-tilt stage.  When aligned, 
the flat mirror of the Tip-Tilt reference is normal to the optical axis of the Wide Field Corrector. 

Due to the construction of the guide probe assembly, the focal plane assembly references must first be aligned to the 
guide probe assembly.  The following list outlines the order of alignment for the focal plane instrumentation: 

1. Co-align “theta” bearings of guide and wave front sensor probes 

2. Align FPA references 

3. Align “phi” axis of guide and wave front sensor probes 

4. Verify pointing of guide and wave front sensor probes 

5. Align acquisition camera and fold mirror 

6. Align calibration wave front sensor and fold mirror 

7. Align pupil viewer camera 

8. Align dithering mechanism 

9. Install Focal Plane Assembly on telescope and align to Wide Field Corrector 

3.1 Align “theta” bearings of guide probe assembly 

The Guide Probe Assembly contains two guide probes and two wave front sensor probes.  The four probes must be 
aligned to travel on a single spherical surface.  Each probe has two degrees of freedom; a “theta” axis which is 
concentric with the optical axis of the WFC and a “phi” axis which passes through the center of the spherical focal 
surface at an angle of approximately 9 degrees from the theta axis.  Figure 3, below illustrates the kinematics of a single 
probe.   
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high vacuum grease became highly viscous at low temperatures and contributed to the resistance of motion of the 
bearings.  The bearings were cleaned and a dry film lubricant was used.  Testing the longevity of this lubricant is 
ongoing, but the initial results show no degradation over an approximate year’s worth of simulated usage.  

 
Figure 19.  The FPA instrumentation and electronics setup in the refrigerated truck for cold testing 

5. 3D PRINTING 
The proliferation of inexpensive 3D printers in the last few years has opened significant design space in mechanical 
engineering and PFIP takes advantage of this in several ways.  The project purchased a Makerbot Replicator 2, which is 
a consumer-grade 3D printer capable of producing objects made of polylactic acid based plastics (PLA) up to 285 x 153 
x 155mm in size.  The limitations of 3D plastic printing process and the advantages over traditional fabrication 
techniques tend to drive the design and application of such parts. The dimensional accuracy of objects printed with the 
Replicator are on the order of 0.2mm in practice.   This would generally preclude its use producing parts for typical 
astronomy instrumentation.  Additionally, little data exists on the long-term stability and outgassing properties of PLA 
plastics.  For these reasons, 3D printed parts are only being used in non-structural, non-critical, or temporary 
applications.  Conversely, the ability of 3D printers to produce thin-walled and geometrically complex parts provide a 
capability not practically possible in subtractive machining.  For example, the guide probe mechanisms include motors 
and encoders which are located in close proximity to light near the telescope’s focus.  A cover was needed to baffle these 
components and prevent them from reflecting stray light.  The space constraints and complex shape required would have 
made traditional fabrication processes impractical.  Using our 3D printer, a thin-walled plastic housing was fabricated 
for less than $1USD in material costs.  The cover has wall thickness varying from 0.4mm to 5mm and contains an 
internal hex cell structure to increase rigidity.  Figure 20 shows two guide probe assemblies; one with and one without 
the plastic housing. 
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Figure 20.  Guide probes with and without 3D printed plastic housing 

 
Another benefit of 3D printers is the relatively quick turnaround for making parts.  This is particularly useful in the 
laboratory during alignment and calibration tasks.  Oftentimes the process of alignment reveals an unexpected need for a 
part and as a result the process must be delayed for days for a commercial parts to be ordered and delivered or weeks for 
a custom part to be fabricated.  Parts produced from a 3D printer can usually be made in a few hours or overnight and 
since the printing process is automated, no personnel resource need be expended. 
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