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1.0

1.1

1.2

1.3

1.4

SCOPE/INTRODUCTION

This procedure details the tests, measurements, and performance criteria for the
Integrated Acceptance Test of the Vista Optical Telescope Mount Control System.

EQUIPMENT CONFIGURATION

The system components provided by General Dynamics C4 Systems VertexRSI
(VRSI), Richardson Controls Facility are interconnected per the System
Schematic 99-343-0002 (VPO Dwg. No. VIS-DWG-VER-01001-9002).

The MCU and the PMU are not part of the system being delivered to meet the
requirements of the Tech. Spec and the SOW, and thus can be considered as test
equipment. For this reason, the units testing have been placed in Appendixes.

TEST CONDITIONS

All tests will be performed under ambient conditions of temperature, atmospheric
pressure, and humidity. All heating and air conditioning equipment intended to
provide a controlled environment must be installed and operating.

TEST DATA

This document provides for the recording of test data. Test steps followed by the
word "Record" require a measurable value to be recorded in the space provided.
Test steps followed by the word "Check" require a mark (v') to be made in the
space provided upon successful completion of the observation or function. Any
additional data generated during the performance of this test (recordings, notes,
calculations, etc.) are considered to be part of this test procedure and shall be
attached hereto.

* ACCEPTANCE/REJECT CRITERIA

Most individual test measurements have tolerance limits specified in this
procedure. The basis for acceptance of the equipment is:

a. All measurements are within the tolerance allowed.
b. All test functions or observations are successfully completed.
SIZE | CAGE NO. DWG NO. REV
THIS DOCUMENT IS FOR REFERENCE ONLY AND MAY NOT BE A4 OPON7 99'343"0006 -

INCORPORATED INTO A DESIGN OR USED FOR MANUFACTURE OR
PROCUREMENT FROM SOURCES OTHER THA GENERAL DYNAMICS
C4 SYSTEMS VERTEXRSI. THE CONTENTS OF THIS DOCUMENT MAY
BE DISCLOSED ONLY TO CUSTOMERS HAVING INTERFACE,
OPERATION OR MAINTENANCE REQUIREMENTS SPECIFIC TO THIS
EQUIPMENT.

VPO DWG. NO.

VIS-PRO-VER-01001-9008

SCALE NONE

SHEET 7 OF 125




SH

99-343-0006

NO.

CAGE
NO.

OPON7

1.5

2.0

3.0

3.1

ACRONYMS

The following acronyms may appear in this test procedure.

AZ Azimuth Axis
AZ/ALT PDU Azimuth/Altitude Power Drive Unit
CCuU Central Control Unit
CCw Counter Clockwise
Cw Clockwise
DAQ Data Acquisition Unit
DVM Digital Volt Meter
ALT Altitude Axis
FOG Fiber Optic Gyroscope
MCU Mount Control Unit
CASS PDU  Cassegrain Power Drive Unit
PMU Portable Maintenance Unit
MCS Mount Control System
CASS C.W. Cassegrain Cablewrap
LVDT Linear Variable Differential Transformer
APPLICABLE DOCUMENTS
The following documents form a part of this Test Procedure to the extent specified
herein.
\VS-SPE-ATT ~olson-000b (Record)
TEST EQUIPMENT TR 4.0

The following items are required for the performance of this testing:

COMMERCIAL TEST EQUIPMENT

a. Dynamic Signal Analyzer
Manufacture/Model No. AP 25670 A (Record)
Serial No. T=22Y (Record)
Calibration Due Date S)/% /o (Record)

b. Function Generator

Manufacture/Model No. JeABJL L& | Re | (Record)

Serial No. T-3606 (Record)
Calibration Due Date None Required (Record)
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c.  Strip Chart Recorder
Manufacture/Model No.
Serial No.

Calibration Due Date

d. Digital Volt Meter
Manufacture/Model No.
Serial No.

Calibration Due Date

e. DC Power Supply
Manufacture/Model No.
Serial No.

Calibration Due Date

f.  Temperature Sensor
Manufacture/Model No.
Serial No.

Calibration Due Date

PSTMB M pal T (Record)

T — 2672, (Record)

2] = /6.2 (Record)

FLoke 139 (Record)
T=60S  (Record)
%} |2 /0&  (Record)

TEMNMMA 99-662% (Record)

g. True-RMS Data Acquistions Instrument

Manufacture/Model No.
Serial No.
Calibration Due Date

[=587  (Record)

None Required
(Record)
(Record)
(Record)

OAQBooK

FoTee 20&  (Record)
T=51] (Record)

121 /05 (Record)

3.2 VERTEXRSI SUPPLIED SPECIAL TEST EQUIPMENT
a. Three Phase Isolation Transformer
b. Data Acquisition Unit Host Computer
c. Anemometer Host Computer
3.3 EQUIPMENT UNDER TEST
PIN SIN
Mount Control Unit (MCU) DT -2 Jov~y) D2E
AZ/ALT Power Drive Unit (AZ/ALT PDU) gf%“ﬁz@@mﬂ OO
CASS Power Drive Unit (CASS PDU) 99-343-20l=0 O |
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4.0

Regeneration Cabinet
Portable Maintenance Unit (PMU)
AZ Drive Motor #1

AZ Drive Motor #2

AZ Drive Motor #3

AZ Drive Motor #4

CASS Drive Motor #1

CASS Drive Motor #2

CASS Cablewrap Drive Motor
Data Acquisition Unit

ALT FOG

Anemometer #1

Anemometer #2

Anemometer #3

ALT Drive Motor #1

ALT Drive Motor #2

Isolation Transformer

FIL SIN
g 3N3-Zossol es|
Q9-34z-Zom-al 147
17-343-ZFso-o! —
Fep DY 3-Zsm0-0| —
97343 -S5co-s( -
4G -242 -0 .
19-3Y43-3%e2-0v —
99-2Y3 50001 —_
49 -8yzg-E2se-s —
9 7-342 3200l
JoBeM SIz
[OBE M ST
9%-3Y43 -3Sol-of —
9g~343 ~2Sal of —_—
q4G~343-Yzen-of —

Record the revision and date of the MCU and AZ/ALT and CASS CCU Software
as observed on the Self-Test Screen at the MCU.

FUNCTIONAL TEST

MCU Software Revision /. 8¢. #. 7 (Record)

Date 20073/%/2 o(Record)

AZ/ALT CCU Software Revision _|. 2#% &. & (Record)

Date Z2oa</s @gag(Record)

CASS CCU Software Revision [.27%. ¢. ¢ (Record)

Date 22o&/i1/o8(Record)

The following tests will verify the functional operation of the servo system
equipment. In general, the tests will be performed in the order listed; however,
they may be performed in any order desired.
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K 4.1 POWER UP/SETUP
© 4.1.1 Power Up
8 4111 Verify that the equipment is configured per the System Schematic.
ﬁ i_’/iCheck)
8’; NOTE: A test transformer is used for conducting the Integrated Acceptance Test
due to unavailability of 400 VAC, 3 Utility Power at Mexia, Texas.
s (4112 Verify that the customer interfaces are as shown below.
5 Input 3@ to AZ/ALT PDU 230 VAC + 10% /
§ __ ¥ (Check)
Input 1@ Utility Power to CASS PDU 230 VAC + 10%
8 _i___"//?gCheck)
- Input 1@ to AZ/ALT PDU, CASS PDU, DAQ, and MCU 230 VAC £ 10%.
" (Check)
41.1.3 Verify power is applied to all system equipment under test. P
v~ (Check)
41.1.4 Verify that the MCU powers up in the LCU Mode.
/" (Check)
4.1.1.5 Enter Stop Mode at the MCU.
" (Check)
4.2 BRAKE FAULT
The PDU contains circuitry which will disable the motor drive if the brake fails to
enable. A fault message will be displayed if the brake fails to energize or if
remains enabled after the axis is disabled.
4.21 Enter an active mode and verify that the brakes are energized and motors are
enabled.
__jV__/(Check)
4.2.2 Verify proper AZ Brake Released indication to LCU per Table 1.
o~ (Check)
SIZE CAGE NO. DWG NO. REV
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4.2.3 Create a brake fault by temporarily disconnecting the brake pressure switch cable
from the AZ/ALT PDU (J61). Enter an active mode and verify that the axis
attempts to enable for about 1 sec and then disables the axis and issues a AZ
BRAKE Fault Message. Verify proper AZ BRAKE FLT indication to LCU per
Table 6.

AZ 1 Disconnect J61 L~ (Check)
Active Mode =~ (Check)
Axis Disables é%/y(/ﬂCheck)

Fault Reporting e (Check)

NOTE: Brake faults are latching faults that require cycling of the enable command
to clear them.

4.2.4 Reconnect the J61 Cable and clear faults.
;V_’/: (Check)
4.2.5 Repeat 4.2.1 through 4.2.4 for AZ #2, AZ #3 and AZ #4 brakes.
Active Mode .~ (Check)

AZ LCU Brake Released Stat __i;éfi (Check)
AZ2 Disconnect J62 _&i/_: (Check)

Active Mode _ L~ (Check)

AZ #2 Brake Fault__ &~ (Check)

AZ LCU Brake Fault __—~"{Check)
Reconnect J62 & Clear Faults __,~"(Check)
Active Mode 1~ (Check)

AZ LCU Brake Released Stat ;__Vi (Check)
AZ3 Disconnect J63 L~ (Check)

Active Mode __; _~{Check)

AZ #3 Brake Fault __; _~(Check)

AZ LCU Brake Fault_* (Check)
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4.2.6

4.2.7

Reconnect J63 & Clear Faults _Ef‘_/(Check)
Active Mode _ .~ (Check)

AZ LCU Brake Released Stat __ ~"{Check)
AZ4 Disconnect J64 -7 (Check)

Active Mode __ .-~ (Check)

AZ #4 Brake Fault __;_~" (Check)

AZ LCU Brake Fault_ ¥~ (Check)

e
Reconnect J64 & Clear Faults __ L~ (Check)

With the AZ Axis disabled, temporarily bypass the AZ Brake Status Switches to
simulate released brakes (apply +24 VDC to A1A9P44-11). Verify that the "AZ
BRAKE FAULT" Message is displayed at the MCU and to the AZ LCU.

s
" (Check)

Repeat 4.2.1 through 4.2.6 for Altitude Axis.

Active Mode _ ~~ (Check)

ALT LCU Brake Released Stat _MCheck)

ALT1, 3 Disconnect a Wire from TB3-72 __ +~"(Check)
Active Mode ;!«»/‘ (Check)

ALT #1,3 Brake Fault __ .~ (Check)

ALT LCU Brake FLT per Table 7 _____k__{i (Check)
Reconnect Wire & Clear Faults _+~ (Check)

Active Mode .~ (Check)

ALT LCU Brake Released Stat L~ (Check)

ALT2, 4 Disconnect the other Wire from TB3-72 _+~~ (Check)
Active Mode v+~ (Check)

ALT #2, 4 Brake Fault_“~_ (Check)
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4.2.8 Repeat 4.2.1 through 4.2.6 for Cassegrain Axis.

ALT LCU Brake FLT per Table 7 g""‘/yg(Chec:k)

Reconnect Wire & Clear Faults o _ Y (Check)

(NS PY Y ~fa
Bypass ALT Brake Status Switches / (Check)

ALT Brake Fault _+”" (Check)

ALT LCU Brake FLT per Table 7 v (Check)

Active Mode __i:!{/i/:_ (Check)
CASS LCU Brake Released Stat 1~ (Check)
CASS1 Disconnect J52 1+~ (Check)

Active Mode _v”_ (Check)

CASS #1 Brake Fault_~~__(Check)

CASS LCU Brake FLT per Table 8 ﬁ (Check)
Reconnect J52 & Clear Faults __j%{:_ (Check)
Active Mode " (Check)

CASS LCU Brake Released Stat ¢~ (Check)
CASS2 Disconnect J53 __,_~ (Check)

Active Mode ﬁ (Check)

CASS #2 Brake Fault _;_~ (Check)

CASS LCU Brake FLT per Table 8 .~ (Check)
Reconnect J53 & Clear Faults ___ 1~ (Check)
Active Mode _jf__/ (Check)

CASS LCU Brake Released Stat__ " (Check)
CASS C.W. Disconnect J54 ___K(Check)

Active Mode &~ (Check)
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4.3

4.3.1

CASS Cablewrap Brake Fault _v_i (Check)

CASS LCU Brake FLT per Table 8 __ﬁ (Check)
Reconnect J54 & Clear Faults _M/ (Check)
Bypass CASS Bra%gﬁﬁﬁmtmé ;w‘fff (Check)
CASS Brake Fault ;M/(Check)

CASS LCU Brake FLT per Table 8 ~ (Check)

LOOP TESTS

Each loop will be tested to verify its bandwidth and step response. The testing will
start with Rate Loop and proceed to the Position Loop (Appendix B). In each
case, the input to the loop will be removed and replaced with a controlled signal.
The loop feedback will be monitored for acceptable performance.

Running Current

The following test will measure the current required to move the telescope mount
at a constant velocity. This will be used as a baseline record of current mount
performance to be used for comparison against future tests.

The following test will cause the mount to slowly accelerate to full speed and then

to reverse full speed. The total distance traveled during the sweep is determined
by the equation below:

d = ¥ at® for acceleration.

d = at? for acceleration and deceleration.

f = Frequency of input triangle waveform.

Vmax
a —
t
d =Vmaxt

]
t= (A ()
d = (Vmax) () ()

For AZ and ALT = (2°/sec) (%) (%ﬁgg-) - 250
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4.3.1.1

4.3.1.2

4313

For CASS = (3.6°/ sec) (%) (16'_5«_3_29) — 45.0°

Before starting this test, place the mount axes at a position which will allow the
appropriate range of travel and record.

AZ Position @&E@ (Record)

. =)
ALT Position “S . (Record)

(=}
CASS Position OO0 (Record)

a. Switch off the normal rate command input to the Rate Loop Board (AZ,
CASS A14-1 (+) A14-2 (-) ALT C3-3 (+) C3-4 (-)) and connect the function
generator. Set the function generator to +10V peak, 0.02 Hz triangle wave.
This provides a rate command of full velocity.

b. Verify that Channel 1 of the strip chart recorder is connected to the function
generator.

c. Connect Channel 2 of the chart recorder to AZ, CASS (ALT, CASS C.W.).
Rate Loop Board A25-8 (C25-8), to monitor axis current command (10V =
Max overload motor current).

d. Using the PMU in the High Rate Mode, enable the axis under test and set
the chart recorder to convenient settings and record.

Channel 1 A 2.3V (Record)

+
Channel2 = 14.5° (Record)

Chart Speed - (Record)

Record one cycle of the triangle wave on the strip chart. Record the peak current
using the following scale factor. Record the approximate AZ, ALT and CASS
midpoint angle. Midpoint angle is the average of the two extreme angles.
Extreme angles are the angles where the axis changes direction.

AZ 10V =11.9A

ALT 10V = 20.4A
CASS 10V = 2.67A
CASS CW 10V = 1.73A

AZ Motor Rated Current  27.2 Amps
A . @@5 G 6é
f“\%\,‘& Plat- Az Running Current %% -<. 9% Amps (Record)

ALT Motor Rated Current  20.0 Amps
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S~ &L
S s
~&

o !‘}‘M '?"*
22 /T ALT Running Current M%5, -6.2%  Amps (Record)

CASS Motor Rated Current 5.3 Amps
" A esc (.15
= =< %&f@“g‘“ CASS Running Current g —1-.16  Amps (Record)

CASS C.W. Motor Rated Current 53  Amps
_—— <Y e /.=
2 Plot-  CASS C.W. Running Current e ). 2©  Amps (Record)

AZ Angle DS (Record)

ALT Angle 450 (Record)

CASSAngle  ©-©  (Record)

4.3.1.4 The running currents will be measured over the entire range of travel to
characterize the balance and/or friction. Remove the signal generator and switch

on the normal rate command inputs.
r” (Check)

4.31.5 Using the PMU in full LO Rate Mode, drive the mount 360° in the NEG direction
with the strip chart recording the current command (AZ, CASS A25-8, ALT, CASS
C.W. C25-8) with PMU in full low rate. Mark angles every 10° on the strip chart
recording. Record the average current below. Repeat in the opposite direction.

Y st AZ NEG Avg Current (Record)

A< @lst AZPOS Avg Current | . 2 Al (Record)

NG (“l=f~ ALT NEG Avg Current “"'% Qf\ (Record)

g @kt~ ALT POS Avg Current (Record)

7 st CASS POS Avg Current __ <& - Q‘*’f%ié& (Record)

A Plst CASS NEG Avg Current  —< -4 Ui (Record)

b= Hek cass cwpos Avg Current .S S A, (Record)

AR ©lvt CASS CW NEG Avg Current __— -2 A (Record)

4.3.2 Rate Loop

The Rate Loop is tested for bandwidth, step response, acceleration and Locked
Rotor Resonance.
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4.3.2.1

4.3.21.1

4.3.21.2

4.3.21.3

4.3.21.4

Rate Loop Bandwidth and Locked Rotor Resonance

This test demonstrates the Rate Loop's Bandwidth defined as the frequency at
which the feedback is 70% of the initial value.

a.

Replace the normal rate command with the function generator by switching
off the normal rate command input to the rate loop (A22-8 for AZ, CASS)
(C22-8 for ALT, CASS CW). Connect the function generator to the above
inputs and set to 0.22V peak-to-peak with a 0.1 VDC offset, 0.5 Hz, sine
wave.

Connect Channel 1 of the chart recorder to the function generator.
Connect the axis rate feedback at the Rate Loop Board A10-1 (AZ), B5-8
(CASS), C1-14 (ALT), C1-1 (CASS CW) to Channel 2 of the chart recorder
to monitor rate feedback. Record settings.

Channel 1 Gain - (Record)
Channel 2 Gain — (Record)
Chart Speed - (Record)

Using the PMU, enable the axis and set the chart recorder channels to
convenient settings for the peak-to-peak excursions of the rate signals.

Slowly increase the function generator frequency up through 100 Hz, while
marking convenient frequencies as they occur. Appropriate personnel shall
be stationed on the mount to monitor the mount structure while going
through the resonant frequency.

A Dynamic Signal Analyzer may be used for this test. Attach the analyzer's
test set-up printout to this procedure.

Drive ALT Axis to 45.0°. Record the frequency at which the feedback peak-to-
peak voltage is 70% of the initial value.

USRI Fst AZ 3 dB Bandwidth 4 6 .} Hz (Record)

Repeat Sections 4.3.2.1.1 and 4.3.2.1.2 for the ALT, CASS and CASS C.W. Axis
and record the results below.

&Jf’?ﬂ NS g%@%‘ ALT 3 dB Bandwidth E E g Hz (Record)
ALY AIS ©lst CASS 3dB Bandwidth 5 - Hz (Record)

16, N3 Plef~ CASS CW.3dB Bandwidth _ £.2-S  Hz (Record)

Verify that the 3 dB Bandwidths are >5 Hz.

Vo {éheck)
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4.3.21.5 Determine the Locked Rotor Resonance of the axis by looking for a definable dip
in the response recording. Record the function generator output frequency at this

CAGE
NO.

point.
< G )

§ éka&@ 1 é?@“‘%f”” AZ Locked Rotor Resonance f& 3 Hz (Record)

o

S (ALT = 45°) =

? %%&@&M@

o A Plst ALT Locked Rotor Resonance <z~ o Hz (Record)
LoaSe M g%"mum&

Py Y @g@% CASS Locked Rotor Resonance pJe T~ beTe=renHz (Record)
= )6 M@%’ CASS CW Locked Rotor Resonance MNMsT eveaxed Hz (Record)
=
(]

S 14.3.2.1.6 Repeat 4.3.2.1.5 in Azimuth for an Altitude look angle of 90° and 0°.

A= Pl AZ Locked Rotor Resonance ___ [ © . © Hz (Record)

(ALT = 90°)
AN & ég@“ﬁé’ AZ Locked Rotor Resonance 5%? e Hz (Record)

(ALT = 0°)

4.3.2.2 Rate Loop Step Response

This test demonstrates the Rate Loop's ability to respond to a step change in
commanded rate.

Max Value 1

Overshoot =| —
Final Value

j*100%

Settling Time = (Start Time) - (Time at which the feedback is within 5% of the final
value)

4.3.2.21 a. Drive the ALT Axis to 0° when performing this test.

b. With the setup unchanged from the bandwidth test, set the function
generator to 0.5V peak-to-peak, 0.05 Hz, square wave.

c. Enable the axis using the PMU and set the chart recorder channels to
convenient settings for the peak-to-peak excursions of the rate signals and
record.

A
Channel 1 Gain_# ©. _5"®v _ (Record)

Channel 2 Gain T <o (Record)

Chart Speed - (Record)
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4.3.2.2.2

4.3.2.2.3

4.3.2.2.4

4.3.2.2.5

4.3.3

4.3.3.1

4.3.3.2

43.3.3

Record the percent of overshoot. D o
ﬁ«hu J ﬁé@ﬁz @ngﬁiﬂw AZ Overshoot | S o (Record)

Repeat Sections 4.3.2.2.1 and 4.3.2.2.2 for the ALT, CASS and CASS C.W. Axis
and record the resulits below.

N R Els+ ALT Overshoot_ 255 L= (Record)

oy, pas elst- CASS Overshoot = 2%l>_ (Record)

NP YRS @/t CASS C.W. Overshoot O “l- (Record)
Verify all overshoots are < 45%, and that the 5% settling time is <1 sec.
(Check)
Reconnect the normal rate loop inputs.
._;é{”{éheck)

Maximum Rate Loop Acceleration

This test will demonstrate the loop's maximum acceleration capability, with the
acceleration limiter circuit, by commanding the motors from full rate one direction

to full rate the opposite direction.

Enable the axis using the PMU and command full rate in the POS direction, then
in the NEG direction, and set the chart recorder channels to convenient settings
for the peak-to-peak excursions of the rate signals and record. Connect the strip
chart recorder to the Rate Loop Board A10-1 (AZ), C1-14 (ALT), B5-8 (CASS).

Channel 1 Gain_ £ [2.5 \  (Record)

Chart Speed — (Record)
Record the acceleration.
AZ POSAcceleration [- 3 Deg/sec2 (Record)

AZ NEG Acceleration [« L0 Deg/sec? (Record)
Repeat 4.3.3.1 and 4.3.3.2 for the Altitude Axis.

Channel 1 Gain ﬁélxgv (Record)

Chart Speed — (Record)

ALT POS Acceleration [ S7. osec? (Record)

Nrg gkt

ALT NEG Acceleration L+ [ € °/sec? (Record)
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4.3.3.4

4.3.3.5

4.3.3.6

4.3.3.7

4.4

Ao Plst-

Verify the AZ and ALT acceleration values are equal to 1.0 deg/sec? + 40%, -0%.
v (Check)

Enable the CASS Axis using the PMU and command full rate in the UP direction,
then in the DN direction. Record the acceleration.

CASS POS Acceleration ST Deg/sec? (Record)

CASS NEG Acceleration % &f Deg/sec? (Record)
Verify the acceleration values are equal to 2.5 deg/sec2 + 40%, -0%. -
so ™ v~ (Check)

Verify that the CASS Cablewrap remained synchronized (didn't get CASS C.W.
Divergence fault) with the CASS Axis during the acceleration tests.
%/(Eheck)

TRAVEL RANGE/LIMITS

The following tests will verify the Travel Range of the mount and demonstrate the
hardware travel limit operation. The Azimuth Axis is capable of a minimum of
460° of travel (Refer to Figure 1). The Cassegrain axis is capable of a minimum
of 556° of travel (Refer to Figure 2). This results in an Azimuth overlap of 100°
and a Cassegrain overlap of 196°. To avoid uncertainty in the overlapping area,
an indication of POS/NEG zone operation is provided to the LCU and MCU. The
mount will have limit switches mounted at the extremes of travel in both axes. In
addition, Software Limits will prevent the mount from driving beyond the Travel
Range during MCU Position Loop operations.

Software Limit: The Software Limit is set at the MCU. The MCU monitors
commands and position feedback, initiating an alarm if either
exceeds the Software Limit. The Software Limits are tested
in Appendix B.

Velocity Limits: Axis slew speed is limited to 0.5°/sec of full capacity near
extremes of travel. Bi-directional control remains available
from MCU, PMU or LCU.

Vicinity Limit: The Vicinity Limit will be checked to verify that when
activated, the motors are inhibited from further travel into the
limit and automatically backs out of the Vicinity Limit Region.

Pre Interlock: The Pre-Interlock Limits will be checked to verify that, when
activated, the brakes are set, the motors disabled. This
condition can be overridden by depressing the Manual
Override Button at the PDU.

Interlock Limit: The Interlock Limits will be checked to verify that when
activated, the Interlock Chain is broken which results in motor
controller power removal.
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Figure 1, Azimuth Travel
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4.41
4.41.1

4.4.1.2

4.41.3

4414

4.41.5

441.6

4.4.1.7

44.1.8

441.9

4.41.10

4.41.11

AZIALT Limits - Hardware

Place the system in a Maintenance Mode and slowly drive POS into the AZ POS
Vicinity Limit.
" (Check)

Record the angle at which POS motion stops. Verify that the axis automatically
drives out of limit.

AZ (ALT) POS Vicinity Limit /Lﬂ@i 2 %g (Record)
Verify that commands do not allow further POS motion into the Vicinity Limit.
. .~ (Check)
Verify that the fault message, "AZ (ALT) POS VICINITY LIMIT", is displayed.
1.~ (Check)
Verify proper AZ (ALT) POS VICINITY LIMIT indication to LCU per Table 1;
1" (Check)

Drive the mount out of the limit by at least 5°. Using the PMU, command full

speed in the POS direction. Verify that only the POS Vicinity Limit is activated.
.~ (Check)

Bypass the POS Vicinity Limit and slowly drive the axis to the AZ (ALT) POS

Pre-Interlock Limit. Record the AZ (ALT) POS Pre-INTLK Limit Position. Verify
that the brakes are set and the motors disabled.

AZ POS Pre-INTLK Limit |42 .25 (Record)
v

e,

Motors Disabled (Check)
Verify that commands do not enable the motors. P
" (Check)

Verify that the fault message, "AZ (ALT) POS PRE-INTERLOCK LIMIT", is
displayed and the green LED next to the AZ (ALT) Limit Override Switch is ON.

.~ (Check)
Verify proper AZ (ALT) POS Pre-Interlock Limit indication to LCU per Table 1.
&
i~ (Check)

Press the AZ (ALT) Limit Override Switch and verify that the red LED is now ON,
the green LED is OFF, the fault message clears and the motor will enable from
the PMU.

v (Check)
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g 44112 With the motor enabled, release the AZ (ALT) Limit Override Switch and verify
that the motor disables, the green LED next to the override switch is ON, the red
© LED is OFF and the fault message is displayed.
o S
8 _ v~ (Check)
g 44113 Press the AZ (ALT) Limit Override Switch again and enable the motor. Verify that
& the motor will drive out of the POS Pre-Interlock Limit.
@ .~ (Check)
' 4.41.14 After clearing the POS Pre-Interlock Limit, verify that releasing the override switch
S does not cause an axis fault.
~ " (Check)
§ 4.41.15 Bypass the Pre-Interlock Limit and slowly drive POS to the POS/NEG Interlock
e Limit. Record the POS Interlock Limit Position. Verify that the AZ Interlock chain
is broken and 3@ power is removed from the AZ Motor Controllers.
POS INTLK Limit__ =]~ (Record)
//
INTLK Chain Broken __ v~ (Check)
4.4.1.16 Verify that the fault message, "AZ NEG/POS interlock®, is displayed and proper
LCU indication per Table 1.
v (Check)
4.41.17 Bypass the AZ POS/NEG Interlock Limit and reset CBs. Slowly drive to the
mechanical buffer. Record the point at which the structure contacts the buffer.
POS Buffer Position N/A (Record)
4.41.18 Clear all limits and remove all bypass jumpers. .
|~ (Check)
44119 Complete the following table for AZ NEG, ALT POS and NEG Travel Limits.
Follow instructions in the preceding paragraphs.
AZNEG ALTPOS ALTNEG
4.41.1) Activate Vicinity Limit v & v a/ (Check)
© @ @
4.41.2a) Vicinity Limit Position 2657 93  ~1.9" (Record)
4.4.1.2b) System Drives Out of Vicinity Limit @// W/f -~ (Check)
4.41.3 Commands into Limit Disabled N v " (Check)
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AZNEG ALTPOS ALTNEG

’ 4.41.4  Fault Message and Alarms ‘a/”{f v .~ (Check)
o | 4415  FaultReported to LCU el v o~ (Check)
§ 4.41.6  Full Speed Into Vicinity Limit N el +~~  (Check)
"g"’ 4.41.7a) Bypass Vicinity Limit v v +~"  (Check)
@ | 4.4.1.7p) Pre-Interlock Limit Position $3.955 9. SC7 | (55 (Record)

4.4.1.7c) Brakes Set, Motors Disabled e v ] " (Check)

I 4.41.8 Commands Disabled ) e v " (Check)

4419  Fault Message, Alarms and Green e P
S LED ON L v v~ (Check)
Z | 44410 LCU Fault Indication A .~ (Check)
4.4.1.11a) Press Limit Override Switch v Nl S (Check)
®s | 4.41.11b) Red LED ON, Green LED OFF v e .~ (Check)
4.4.1.11c) Fault Message Clears and Motor o .

Enables v v~ Ny (Check)
4.4.1.12a) Release Switch and Motor Disables g/} W/ v (Check)
4.4.1.12b) Green LED ON, Red LED OFF, and A

Fault Message v 'z;/ .~ (Check)
4.41.13 Press Limit Override Switch and ) 3

Drives Out v 1 v (Check)
4.4.1.14a) Clear Limit Switch L v " (Check)
4.4.1.14b) Release Override Switch and No P ~

Faults [V L | (Check)
4.4.1.15a) Bypass Pre-Interlock Limit — B ~—  (Check)
4.4.1.15b) Activate INTERLOCK Limit v v~ i~ (Check)
4.4.1.15¢) Interlock Limit Position O] PS )P (] (Record)
4.4.1.15d) Interlock Chain Broken .‘I, g v v~ (Check)
4.4.1.15e) Motor Controller Power Removed . L - v (Check)
4.41.16 Verify Fault indication @ MCU & @ s

LCU . Vv " (Check)
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AZNEG ALTPOS ALTNEG
4.4.1.17a) Bypass Interlock Limit N/A - — (Check)
4.4.1.17b) Mechanical Buffer Position N/A — =~ (Record)
4.41.18 Clear Limits & Remove Jumpers 1.7 — e (Check)

4.4.1.20 Verify that as AZ axis passes through zero from POS direction, cable wrap
indicating changes to NEG.
.~ (Check)
4.41.21 Verify proper AZ cablewrap indication to LCU per Table 1.
1~ (Check)
4.4.2 Cassegrain/Limits - Hardware
4.4.21 Complete the following table for Cassegrain travel limits. Follows instructions in

the preceding paragraphs.

4411 Activate Vicinity Limit
4.4.1.2a) Vicinity Limit Position

4.4.1.2b) System Drives Out of Vicinity Limit

4.4.1.3 Commands into Limit Disabled

4.41.4 Fault Message and Alarms
4.41.5 LCU Fault Indication

4.41.6 Full Speed Into Vicinity Limit
4.4.1.7a) Bypass Vicinity Limit
4.4.1.7b) Pre-Interlock Limit Position

CASS POS CASS NEG

e

i (Check)

[ e @, O
=
LT

v

= 2.7 ’ (Record)

v’ (Check)

o

v’ (Check)

.~ (Check)

(Check)

%

L~ (Check)

e
@yf

v (Check)

lala 9 3Y¢ £1° (Record)

4.41.7c) Brakes Set, Motors Disabled " L (Check)
4.41.8 Commands Disabled v .~ (Check)
4419 Fault Message, Alarms and Green P
LED ON L i~ (Check)
A
4.41.10 LCU Fault Indication v (Check)
4.4.1.11a) Press Limit Override Switch v el (Check)
4.4.1.11b) Red LED ON, Green LED OFF v v (Check)
4.4.1.11c) Fault Message Clears and Motor . p
Enables iy 17 (Check)
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44.2.2

44.2.3

4.4.3
4431

CASS POS CASS NEG

4.4.1.12a) Release Switch and Motor Disables e } .~ (Check)
4.4.1.12b) Green LED ON, Red LED OFF, and P P

Fault Message v = (Check)
4.41.13 Press Limit Override Switch and o

Drives Out v / e (Check)
4.4.1.14a) Clear Limit Switch v L (Check)
4.4.1.14b) Release Override Switch and No . )

Faults e 1% (Check)
4.4.1.15a) Bypass Pre-Interlock Limit f@/‘f e (Check)
4.4.1.15b) Activate INTERLOCK Limit v .~ (Check)
4.4.1.15c) Interlock Limit Position [95.5Y Sy, Y 1 (Record)
4.4.1.15d) Interlock Chain Broken v .~ (Check)
4.4.1.15e) Motor Controller Power Removed E// , e (Check)
4.41.16 Verify Fault indication @ MCU & @ / p

LCU L7 | (Check)
4.4.1.17a) Bypass Interlock Limit N/A N/A (Check)
4.4.1.17b) Mechanical Buffer Position N/A N/A (Record)
4.41.18 Clear Limits & Remove Jumpers 7 (Check

Verify that as CASS Axis passes through zero from POS direction, the cablewrap

indication changes to NEG.

Verify proper cablewrap indication to LCU per Table 3.

Cassegrain - Cablewrap Divergence Limit

. (Check)

__ﬁ_/_”'_’/{Check)

Simulate an LVDT Fault that will result in a POS CASS Cablewrap Divergence
Limit. Verify that the CASS Interlock chain is broken and motor controller power is
removed to the two CASS motor controllers and to the CASS C.W. Motor
Controller.

’22£f:3 Y e ooy heced L

[“rovep B8 -2, =28

TOAFEI o500 s /’i:: =L ___V/ (CheCk)
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4.4.3.2

4433

4434

4.4.3.5

4.4.3.6

4.4.4

4.4.41

4.4.4.2

4.4.4.3

4.4.4.4

4445

4.4.4.6

Verify that the fault message, "CASS CABLEWRAP DIVERGENCE LIMIT", gets

reported at the MCU. P

.~ (Check)
Verify proper CASS CABLEWRAP DIVERGENCE INTLK indication to LCU per
Table 3.

1L~ (Check)
Clear fault and reset Motor Controller circuit breakers.

2

1" (Check)

Simulate an LVDT fault that will result in a NEG CASS Cablewrap Divergence
Limit. Verify that the CASS Interlock chain is broken and motor controller power is
removed.

/“//
L~ (Check)

Verify that the fault message, "CASS CABLEWRAP DIVERGENCE LIMIT", gets
reported to the MCU and to the CASS LCU.

S
V"/(Check)

Velocity Limits

Velocity Limits add another level of protection to the mount by reducing its velocity
near the travel extremes. The maximum limited velocity was verified in the factory
to be approximately 0.5°/sec. This test verifies proper switch activation and
responses.

Drive the mount in AZ POS direction until the Velocity Switch is activated. Verify
the status message, "AZ VELOCITY LIMIT", appears at the MCU.

" (Check)
Verify proper AZ Velocity Limit indication to LCU per Table 1.

__~"(Check)
Record the angle of POS activation. -

AZ POS Velocity Limit_| 2. G- & (Record)

Repeat Section 4.4.4.1 for the AZ NEG direction. |

1”7 (Check)
Record the angle of NEG activation. Y RN
AZ NEG Velocity Limit 1 = S (Record)
Repeat Sections 4.4.4.1 through 4.4.4.5 for ALT and CASS.
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4.5

4.51

4.5.2

4.5.3

4.5.4

4.4.4.1a) Drive ALT Axis POS to VEL Limit ___M____ (Check)
4.4.4.1b) "ALT VELOCITY LIMIT" message P

@ MCU L (Check)
4.4.4.2 LCU Limit Indication Per Table 2 i ,,/" (Check)
4.4.4.3 ALT POS Velocity Limit o i &fﬁ_ °(Record)

]

4.4.4.4a) Drive ALT Axis NEG to VEL Limit " (Check)

4.4.4.4b) "ALT VELOCITY LIMIT" message

@ McU _~ (Check)
4.44.5 ALT NEG Velocity Limit R }ﬁ_ °(Record
4.4.4.1a) Drive CASS Axis POS to VEL Limit " (Check)
4.4.4.1b) "CASS VELOCITY LIMIT" message

@ McCU ¢~ (Check)
4.4.4.2 LCU Limit Indication Per Table 3 g/’ff(’ (Check)

4.44.3 CASS Pos Velocity Limit | 25_<" °(Record)

4.4.4.4a) Drive CASS Axis NEG to VEL Limit v~ (Check)
4.4.4.4b) CASS VELOCITY LIMIT" message P

@ MCU g __ (Check)
4.44.5 CASS NEG Velocity Limit Py _°(Record)

WARNING HORN ACTIVATION

The Warning Horn provides a 5 second delay before Azimuth, Altitude or CASS
Axis movement to provide personnel safety.

Place the Warning Horn Switch in the ON position on the AZ/ALT Control Board.
Place the Warning Horn Switch in the OFF position on the CASS Control Board.
.~ (Check)

From the STOP Mode, enter any active AZ/ALT Mode and verify that the Warning
Horn sounds for approximately 5 seconds and the motors are not enabled until
after the 5 second delay.

" (Check)

Enter STOP Mode. Enter any active CASS Mode and verify that the Warning
Horn is not sounded and the motors enable immediately.

7
_i”" (Check)
Enter the Maintenance or LCU Mode, activate the PMU or LCU, enable AZ or ALT

Axis, verify that the Warning Horn is activated and control is available after the
horn delay.

%//(Check)
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4.5.5

4.5.6

4.5.7

4.5.8

4.5.9

4.5.10

4.5.11

4.512

4.5.13

4514

Disable the PMU or the LCU and place the MCU in the STOP Mode. Verify that
the Warning Horn is activated indicating a change of the control state.

L (Check)

Place the AZ/ALT Warning Horn Switch in the OFF position. Enter any active
AZ/ALT Mode and verify that the Warning Horn is not sounded and the motors
enable immediately.

q / (Check)

Enter the Maintenance or LCU Mode, activate the PMU or LCU and enable AZ or
ALT Axis, verify that the Warning Horn is not activated and control is available
immediately.

v‘/

v (Check)

Place the Warning Horn Switch in the ON position on the CASS Control Board.

.~ (Check)

From the STOP Mode enter any active CASS Mode and verify that the Warning
Horn sounds for approximately 5 seconds and the motors are not enabled until
after the 5 second delay.

" (Check)

Enter STOP Mode. Enter any active AZ/ALT Mode and verify that the Warning
Horn is not sounded and the motors enable immediately.

" (Check)

Enter the Maintenance or LCU Mode, activate the PMU or LCU, select CASS
control and enable the CASS Axis, verify that the Warning Horn is activated and
control is available after the horn delay.

.~ (Check)

Disable the PMU or LCU and place the MCU in STOP Mode. Verify that the
Warning Horn is activated indicating a change of the control state. )
¥ (Check)

Place the CASS Warning Horn Switch in the OFF position. Enter any active
CASS Mode and verify that the Warning Horn is not sounded and the motors
enable immediately.

M/(Check)

Enter the Maintenance or LCU Mode, activate the PMU and enable the CASS
Axis, verify that the Warning Horn is not activated and control is available
immediately.

" (Check)
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4.6

4.6.1

4.6.2

4.6.3

4.6.4

4.6.5

4.6.6

4.6.7

4.6.8

4.6.9

4.6.10

ALT OVERSPEED DETECTION

The Overspeed Detection System is totally independent from the Mount Control
System. It provides Altitude overspeed protection by disabling the motors via dry
contact closure to the AZ/ALT PDU when axis velocities exceed 125% of slew
speeds. The AZ/CASS motor controller overspeed detection function was tested
at the factory. The ALT Velocity trip point was verified at the factory. This test
verifies proper activation and responses.

On MCU, set faults to latched.

J (Check)

a/’% (Check)
Remove CI IC from ALT RLB to simulate open rate loop condition.

pos L (Check)

Set the PMU rate knob to fully GWposition and enable the ALT axis. Verify that

the ALT INTLK Chain is broken and the ALT motors are disabled, and the fault,
"ALT OVERSPEED INTLK", is displayed at the MCU.

.~ (Check)

Verify proper ALT overspeed INTLK indication to LCU per Table 2.
v (Check)

Drive ALT axis to 45°.

Verify that the ALT motors remain disabled after the mount has come to a stop.
Verify that the fault message, "ALT OVERSPEED INTLK", has cleared at the
MCU and at the LCU.

(e A&(Check)
Reset the ALT Motor Controller Circuit Breakers.
2
NS __~ (Check)

Set the PMU rate knob to fully %%\K;position and enable the ALT Axis. Verify that
the ALT INTLK chain is broken and the ALT motors are disabled and the fault
message, "ALT OVERSPEED INTLK", is displayed at the MCU.

. (Check)
Verify proper ALT OVERSPEED INTLK indication to LCU per Table 2.

.~ (Check)

Verify that the ALT motors remain disabled after the mount came to a stop. Verify
that the fault message, "ALT OVERSPEED INTLK", has cleared at the MCU and

at the LCU.
[ " (Check)
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4.6.11

5.0

5.1
5.1.1

5.1.2

5.1.3

514

5.1.5

5.1.6

5.1.7

Reset the ALT Motor Controller circuit breakers and reinstall ALT RLB CI IC.
! g/ (Check)
LCU INTERFACE TESTING

The Interface between the AZ/ALT PDU and the CASS PDU will be verified in this
section. The following tests will be performed to verify that the interfaces are per
the customer's specifications.

1. Verification of the Handshaking between VertexRS| equipment and LCU
2. Verification of LCU Rate Demands/Feedback

3. LCU Status Monitoring

4. Verification of LCU (AZ, ALT and CASS) Interlock Limit Command

5. Verification of dual rate command

A test fixture will be used to verify the rate demands and feedback signals. Refer
to Figure 3 for a schematic diagram of the LCU Test Fixture.

AZ LCU INTERFACE VERIFICATION

Connect LCU test fixture to ABA cable and verify that Switch 1, Axis Enable Cmd
is in the UP position.

L~ (Check)
Verify that Switch 2, LCU INTLK Cmd is not in the INTLK position.
" (Check)
Vv

Verify that Switch 4, Track/Slew Cmd is set to the Slew position. Verify that an
open exists across TP7 (LCU Slew Enabled) and TP13 (Status Common). |

e
i+~ (Check)

Verify that no axis fault is present by measuring across TP8 (Axis Summary Flt)
and TP13 (Status Common) with an ohm-meter and verifying continuity between
TPs.

" (Check)

With an Ohm meter, measure across TP13 (Status Common) and TP12 (LCU
Available). Verify that continuity exists between TPs.

»

L~ (Check)
Cycle power to the MCU and verify that the MCU powers up in the LCU Mg,de.
v (Check)

Verify that the LCU is enabled by measuring a short across TP11 (LCU Enabled)
and TP13 (Status Common).

1~ (Check)
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5.1.8 With the AZ LCU not in Active Condition, verify that there exists an open across
TP10 (LCU Active) and TP13 (Status Common). o

" (Check)

5.1.9 Depress the AZ/ALT LCU Active Switch inside the AZ/ALT PDU. Verify that now
there exists a short across TP10 (LCU Active) and TP13 (Status Common).

" (Check)

5.1.10 Verify that LCU Test Fixture rate demands are not accepted by the AZ/ALT PDU.
.~ (Check)
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Figure 3, LCU Test Fixture

THIS DOCUMENT 1S FOR REFERENCE ONLY AND MAY NOT BE
INCORPORATED INTO A DESIGN OR USED FOR MANUFACTURE OR
PROCUREMENT FROM SOURCES OTHER THA GENERAL DYNAMICS
C4 SYSTEMS VERTEXRSI. THE CONTENTS OF THIS DOCUMENT MAY
BE DISCLOSED ONLY TO CUSTOMERS HAVING INTERFACE,
OPERATION OR MAINTENANCE REQUIREMENTS SPECIFIC TO THIS
EQUIPMENT.

A4 |OPON7

99-343-0006

[{e]
o LCU TEST FIKTURE
(=}
<
S
t‘? Sy R -
» P/0 P1) B/0 H ‘I _:/0 Pt
[
H 5V
s e i3
CuMD FOT
[= -4 , T
N~ ™
= -y
o
o s NG
S ot TE
-1l
w 2 N
29 R £q ,O—m m"’gmt
-1
- bed e/
® N
R
+1zv
- = PS1
Y POWER SUPPLY e
s ——I g w T = L [
1 - N N o
) T______,,, 56780 te
|  p— ¢ L.
12538
REV A
SIZE CAGE NO. DWG NO. REV

VPO DWG. NO.

VIS-PRO-VER-01001-9008

SCALE NONE

WEIGHT:

SHEET 35 OF 125




SH

36

DWG.
NO.

99-343-0006

CAGE
NO.

OPON7

5.1.11

5.1.12

5.1.13

5.1.14

5.1.15

5.1.16

5.1.17

5.1.18

5.1.19

) - E(\ 2y
T=38d
Issue an Axis Enable Cmd by tagging (DN position, UP Position) the S1 switch,
verify that short exists across TP9 (Axis Enabled) and TP13 (Status Common)

and that the Azimuth motors become enabled. e
" (Check)

Verify that the velocity and direction of the Azimuth motors can now be controlled
from the Rate Demand Pot.

‘?i//(Check)

Measure the bi-direction full speed of the motors. With the motors rotating at full
speed, record the travel over a 30 second period and calculate the axis velocity.

2 —
AZPOSDIR _ ¢ - C}f °/sec (Record)

ﬁf‘:\;z)ﬁ flst

R,
AZ NEGDIR __ =<i- “ & °/sec (Record)

Verify that the axis velocities are +2.0°/sec £10%. y
1+~ (Check)

With the motors running at full velocity, measure across TP14 (Sum Rate
Feedback) and TP2 (Analogue Common) and verify that the voltage reading is
+5 VDC £10% going in the NEG direction, and -5 VDC +10% going in the POS

direction.
k/(Check)

/V’/ (Check)

Place Switch 4, Track/Slew Cmd to the Track position. Verify that continuity exists
across TP7 (LCU Slew Enabled) and TP13 (Status Common).

Toggle S1 Switch to Disable the AZ axis.

.~ (Check)

Enable axis and measure the bi-directional full track speed of the motors. With
the motors rotating at full track speed, record the travel over a 30 second period
and calculate the axis velocity.

- ; AZPOSDIR (-2 2 °/sec (Record)
ﬁ&:%“z\ Plst
AZNEGDIR (.72 °[sec (Record)

Verify that the axis velocities are £0.2°/sec + 10%. e

V/ (Check)
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5.1.20 With the motors running at full track velocity, measure across TP14 (Sum Rate
Feedback) and TP2 (Analogue Common) and verify that the voltage reading is
+0.5 VDC + 10% going in NEG direction, and -0.5 VDC #* 10% going in the POS

direction. ~
e
v~ (Check)
5.1.21 Disable the Axis. Place Switch 2, LCU INTLK Cmd to the INTLK position. Verify
that the AZ Interlock chain is broken which results in the removal of motor
controller 3&J power. -
L~ (Check)
5.1.22 Verify that an open exists between TP8 (Axis Summary Fault) and TP13 (Status
Common). )
v (Check)
5.1.23 Place Switch 2 not in the INTLK Position and reset AZ Motor Controller Cg;s.
v~ (Check)
5.1.24 Simulate an LCU power failure by turning off the LCU simulator power switch.
Verify that the AZ Interlock chain is broken resulting in removal of motor controller
3 power.
.~ (Check)
5.2 AZ LCU MONITORING SIGNAL TESTING
5.21 Table 1 depicts the faults/status that are reported to the AZ LCU. It will be verified

that the appropriate contact action occurs per Table 1 when the fault/status is
simulated per other sections of this test procedure. Place a check (v) in the

verification column upon proper operation.
%Check)

Table 1, Azimuth LCU Monitor Signals

SIGNAL # | FAULT/STATUS OPEN ACROSS A6C-L AND: VERIFICATION
)

. z
1 AZ NEG VICINITY LIMIT A6C-U k/f
2 AZ POS VICINITY LIMIT A6C-T a//
3 AZ NEG PRE-INTLK LIMIT A6C-S . .
4 AZ POS PRE -INTLK LIMIT ABC-R |
5 AZ CABLEWRAP-NEG DIRECTION A6C-N -
6 AZ VELOCITY LIMIT ABC-P ~
7 AZ PARKED A6C-M )
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5.3
5.3.1

5.3.2

5.3.3

5.3.4

5.3.5

5.3.6

5.3.7

5.3.8

5.3.9

SIGNAL# | FAULT/STATUS OPEN ACROSS A6C-V AND: VERIF(I‘C/:/)\TION

DOME CRANE AZ INTLK ASC-W e
AZ BRAKES RELEASED A6C-b v

10 AZ/ALT CCU OFF A6C-Z 5 pd

11 YOKE ACCESS HATCH OPEN INTLK ABC-Y iy

12 AZ STOW PIN ENGAGED INTLK ABC-X o

13 AZ NEG/POS INTLK LIMIT A6C-a e

14 PIER ACCESS INTLK A6C-K \

15 MOBILE PLATFORM INTLK ABC-J W

ALT LCU INTERFACE VERIFICATION

Connect LCU test fixture to A7A cable and verify that Switch 1, Axis Enable Cmd
is in the UP position.

,;/f (Check)
Verify that Switch 2, LCU INTLK Cmd is not in the INTLK position.
" (Check)

Verify that Switch 4, Track/Slew Cmd is set to the Slew position. Verify that an
open exists across TP7 (LCU Slew Enabled) and TP13 (Status Common)./

" (Check)

Verify that no axis fault is present by measuring across TP8 (Axis Summary Flt)
and TP13 (Status Common) with an Ohm Meter and verifying continuity between
TPs. P

" (Check)
With a Ohm Meter, measure across TP13 (Status Common) and TP12 (LCU
Available). Verify that continuity exists between TPs. /,,»
Y (Check)
Cycle power to the MCU and verify that the MCU powers up in the LCU Mode.

o TCheck)

Verify that the LCU is Enabled by measuring a short across TP11 (LCU Enabled)
and TP13 (Status Common).

" (Check)
With the LCU not in Active Condition, verify that there exists an open across TP10
(LCU Active) and TP13 (Status Common).

" (Check)

Depress the AZ/ALT LCU Active Switch inside the AZ/ALT PDU. Verify that now
there exists a short across TP10 (LCU Active) and TP13 (Status Common/)},,/

1" (Check)
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5.3.10

5.3.11

5.3.12

5.3.13

5.3.14

5.3.15

5.3.16

5.3.17

5.3.18

5.3.19

Verify that LCU Test Fixture rate demands are not accepted by the AZ/ALT PDU.
i (Check)

Issue an Axis Enable Cmd by toggling the S1 Switch, verify that a short exists
across TP9 (Axis Enabled) and TP13 (Status Common) and that the Altitude
motors become enabled.

v (Check)

Verify that the velocity and direction of the Altitude motors can now be controlled
from the Rate Demand Pot.

.~ (Check)

Measure the bi-directional full speed of the motors. With the motors rotating at full
speed, record the travel over a 30 second period and calculate the axis velocity.

~ 7

ALT POSDIR . © < °/sec (Record)

3
ALTNEGDIR __ &~=%  °isec (Record)

Verify that the axis velocities are +2.0°/sec + 10%. P

v (Check)

With the motors running at full velocity, measure across TP14 (Sum Rate
Feedback) and TP2 (Analogue Common) and verify that the voltage reading is
+5VDC + 10% going in the NEG direction and -5 VDC + 10% going in the POS
direction. |

.~ (Check)
Toggle S1 Switch to disable the ALT Axis.

M//(Check)

Place Switch 4, Track/Slew Cmd to the Track position. Verify that continuity exists
across TP7 (LCU Slew Enabled) and TP13 (Status Common). P

7

" (Check)

Measure the bi-directional full track speed of the motors. With the motors rotating
at full track speed, record the travel over a 30 second period and calculate the
axis velocity.

ASY “ht o
ALTNEGDIR & . |7 °sec(Record)

Verify that the axis velocities are +0.2°/sec + 10%.

ALTPOSDIR (.72 % °/sec (Record)

e
" (Check)
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5.3.20

5.3.21

5.3.22

5.3.23

5.3.24

5.3.25

5.4
5.4.1

With the motors running at full track velocity, measure across TP14 (Sum Rate
Feedback) and TP2 (Analogue Common) and verify that the voltage reading is
+0.5 VDC + 10% going in the NEG direction and -0.5 VDC * 10% going in the
POS direction.

e
1~ (Check)
_J
Disable the Alt Axis.
L~ (Check)

Place the Switch 2, LCU INTLK Cmd to the INTLK position. Verify that the ALT
Interlock chain is broken which results in the removal of motor controller 3
power.

" (Check)

Verify that an open exists between TP8 (Axis Summary Fault) and TP13 (Status

Common). »
E// (Check)

Place Switch 2 not in the INTLK position and reset ALT motor controller CB's.
e
i~ (Check)

Simulate an LCU power failure by turning off the LCU simulator power supply.
Verify that the ALT interlock chain is broken resuiting in removal of motor

controller 3 power. P
g”/’féheck)

ALT LCU MONITOR SIGNAL TESTING

Table 2 depicts the faults/status that are reported to the ALT LCU. It will be
verified that the appropriate contact action occurs per Table 2 when the
fault/status is simulated per other sections of this test procedure. Place a check
(v') in the verification column upon proper operation.

Table 2, Altitude LCU Monitor Signals

SIGNAL# | FAULT/STATUS OPEN ACROSS A7C-L AND: | VERIFICATION
(v)
01 ALT NEG VICINITY LIMIT A7C-U v
02 ALT POS VICINITY LIMIT A7C-T o
03 ALT NEG PRE-INTLK LIMIT A7C-S .
04 ALT POS PRE -INTLK LIMIT A7CR L
05 ALT VELOCITY LIMIT A7C-P \ .
06 ALT PARKED A7C-M I
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SIGNAL # FAULT/STATUS OPEN ACROSS A7C-V AND: VERIFICATION
3 ()
07 DOME CRANE ALT INTLK A7C-W /
08 ALT BRAKES RELEASED A7C-b [y
© L2
8 09 AZ/ALT CCU OFF A7C-Z / -
°, 10 ALT STOW PIN ENGAGED INTLK A7C-X 1/’{
":-,-" 11 ALT NEG/POS INTLK LIMIT A7C-a V/
g 12 ALT OVERSPEED INTLK A7C-J /
o 13 ALT AUX DRIVE ENABLED INTLK A7C-K i
I s 5.5 CASS LCU INTERFACE VERIFICATION
~ [95.5.1 Connect LCU test fixture to ABA cable and verify that Switch 1, Axis Enable Cmd
Z is in the UP position.
0.
e v~ (Check)
. 5.5.2 Verify that Switch S2, LCU INTLK Cmd is not in the INTLK position.
2 s
°© = 4~ (Check)
5.5.3 Verify that Switch 4, Track/Slew Cmd is set to the Slew position. Verify that an
open exists across TP7 (LCU Slew Enabled) and TP13 (Status Common).
.~ (Check)
5.5.4 Verify that no axis fault is present by measuring across TP8 (Axis Summary Flt)
and TP13 (Status Common) with an Ohm Meter and verifying continuity between
TPs.
ol (Check)
5.5.5 With an Ohm Meter, measure across TP13 (Status Common) and TP12 (LCU
Available). Verify that continuity exists between TPs. ,
+” (Check)
5.5.6 Cycle power to the MCU and verify that the MCU powers up in the LCU Mode.
L~ (Check)
5.5.7 Verify that the LCU is Enabled by measuring a short across TP11 (LCU Enabled)
and TP13 (Status Common). )
. .~ (Check)
5.5.8 With the LCU not in Active condition, verify that there exists an open across TP10
(LCU Active) and TP13 (Status Common). ,
i~ (Check)
5.5.9 Depress the CASS LCU Active Switch inside the CASS PDU. Verify that now
there exists a short across TP10 (LCU Active) and TP13 (Status Common).
" (Check)
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5.5.10 Verify that LCU Test Fixture rate demands are not accepted by the CASS I?DU.
_~(Check)
5.5.11 Issue an Axis Enable Cmd by toggling the S1 switch, verify that a short exists

across TP9 (Axis Enabled) and TP13 (Status Common) and that the Cassegrain

motors become enabled.
1./ (Check)

5.5.12 Verify that the velocity and direction of the Cassegrain motors can now be
controlled from the Rate Demand Pot. L//

" (Check)

5.5.13 Measure the bi-directional full speed of the motors. With the motors rotating at full

speed, record the travel over a 30 second period and calculate the axis velocity.
e e CASS POSDIR _ < 7 °/sec (Record)
35 At ~

CASSNEGDIR _S - 77 °Isec (Record)
5.5.14 Verify that the axis velocities are +3.6°/sec + 10%.

A

7

1+~ (Check)

5.5.15 With the motors running a full velocity, measure across TP14 (Sum Rate
Feedback) and TP2 (Analogue Common) and verify that the voltage reading is
_#5VDC + 10% going in the POS direction and §5 VDC * 10% going in the NEG

/gy direction. N =

L~ (Check)

5.5.16 Place Switch 4, Track/Slew Cmd to the Track position. Verify that continuity exists
across TP7 (LCU Slew Enabled) and TP13 (Status Common).

. (Check)

5.5.17 Measure the bi-directional full track speed of the motors. With the motors rotating
at full track speed, record the travel over a 30 second period and calculate the
axis velocity.

CASS POSDIR . SR °/sec (Record)

p2E ¢ lest “ <2,
CASSNEGDIR . D& °/sec (Record)

5.5.18 Verify that the axis velocities are +0.36°/sec = 10%.

" (Check)

5.5.19 With the motors running at full track velocity, measure across TP14 (Sum Rate
Feedback) and TP2 (Analogue Common) and verify that the voltage reading is
_~+08:5 VDC +10% going in the POS direction and 0:5 VDC % 10% going in the

Q\NEG direction. ~ )

S +0.5 v (Check)
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¥ 5.5.20 Disable the axis.
/" (Check)
[{e}
S 15.5.21 Place Switch 2, LCU INTLK Cmd to the INTLK position. Verify that the CASS
< Interlock chain is broken which results in the removal of motor controller power.
Q A
® i~ (Check)
& |5.5.22 Verify that an open exists between TP8 (Axis Summary Fault) and TP13 (Status
Common). y
/
I ¥ (Check)
" |55.23 Place Switch 2 not in the INTLK position and reset CASS Motor Controller CB's.
% E/’/ (Check)
S |5.5.24 Simulate an LCU power failure by turning off the LCU Simulator power supply.
Verify that the CASS Interlock chain is broken resulting in removal of motor
w controller power. y
29 A
°F v~ (Check)
5.6 CASS LCU MONITOR SIGNAL TESTING
5.6.1 Table 3 depicts the fault/status that are reported to the CASS LCU. It will be
verified that the appropriate contact action occurs per Table 3 when the
fault/status is simulated per other sections of this test procedure. Place a check
(v ) in the verification column upon proper operation.
Table 3, Cassegrain LCU Monitor Signals
SIGNAL # | FAULT/STATUS OPEN ACROSS A8C-L AND: | VERIFICATION
()
1 CASS NEG VICINITY LIMIT A8C-U @/;9
2 CASS POS VICINITY LIMIT A8BC-T N
3 CASS NEG PRE-INTLK LIMIT A8C-S @//
4 CASS POS PRE -INTLK LIMIT A8C-R A // .
5 CASS CABLEWRAP-NEG DIRECTION ABC-N E//
6 CASS VELOCITY LIMIT A8C-P v d
SIGNAL # FAULT/STATUS OPEN ACROSS A8C-V AND: VERIFICATION
()
7 CASS BRAKES RELEASED A8C-b "
8 CASS CCU OFF ABC-Z v
9 CASS STOW PIN ENGAGED INTLK A8BC-X a//
10 CASS NEG/POS INTLK LIMIT A8C-a v
11 CASS CABLEWRAP DIVERGENCE INTLK A8C-W M/
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5.71

5.7.2

5.7.3

574

5.7.5

DATA ACQUISTION UNIT

The Data Acquisition Unit (DAQ) interfaces to 34 Resistance Temperature
Detectors (RTDs), 6 LVDTs and 6 analogue test points. The data Acquisition Unit
signal conditions the RTDs, Analogue and the LVDT signals and makes the
sensor readings available over a CanOpen Interface to a Host Computer. Three
(3) analogue test points are received from the AZ/ALT PDU and the remaining
three are received from the CASS PDU via selection from the MCU Signal Meters.

The Signal Meter readings by the DAQ will be tested in the MCU Signal Meter
section of this test procedure.

Verify that the DAQ Host Computer has been loaded with the TWINCAT PLC
Application Software. Record the version information.

(Record)

Annotate the BK5120 Coupler Network Address and baud rate setting below. DIP
Switches 1-6 are used to set up the coupler's node ID. DIP Switches 7 and 8 are
used to set up the coupler's baud rate.

Switch 1 (Record)

Switch 2 (Record)

Switch 3 (Record)

Switch 4 (Record)

Switch 5 (Record)

Switch 6 (Record)

Switch 7 (Record)

Switch 8 (Record)

Verify that the BK5120 Coupler Network Address and baud rate annotated above
is entered at the TWINCAT PLC application software.

(Check)

Verify that the Data Acquisition Unit Can Open Port (J41) is connected to the Host
Computer Can Open Port.

(Check)
Verify that the Host Computer has established communication with the DAQ.
(Check)
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z 5.7.6 Configure the Host Computer TWINCAT PLC Software to be able to retrieve data
information for the Beckhoff modules interfaced to the 34 RTD's, 6 LVDT's and 6
Analogue Test Points.
§ (Check)
2 5.7.7 Out of the possible thirty-four (34) RTD input ports, randomly select five (5) to be
e tested. Annotate the ones chosen for testing.
> DAQ Port
RTD 1 (Record)
[F2 RTD 2 (Record)
B~
§ RTD 3 (Record)
(=]
RTD 4 (Record)
g RTD 5 (Record)
5.7.8 For the five (5) selected RTD input ports, connect the RTD to the appropriate DAQ
rear panel port.
(Check)
5.7.9 From the DAQ Host Computer, obtain the RTD measured temperature and record
below. The scale factor for the RTD measurement is 100 bits/deg C reported on
the Beckhoff Twincat program.
RTD 1 °C (Record)
RTD 2 °C (Record)
RTD 3 °C (Record)
RTD 4 °C (Record)
RTD 5 °C (Record)
5.7.10 Alter the temperature sensed by the RTDs and verify that the temperature
displayed changes accordingly. Record the new temperature.
RTD 1 °C (Record)
RTD 2 °C (Record)
RTD 3 °C (Record)
RTD 4 °C (Record)
RTD 5 °C (Record)
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5.7.11 If a secondary temperature sensor is available, record the measured temperatures

for the five RTDs selected.

RTD 1 °C (Record)
RTD 2 °C (Record)
RTD 3 °C (Record)
RTD 4 °C (Record)
RTD 5 °C (Record)
5.712 If available, verify that the secondary temperature readings agree within +0.4°C
with those displayed on the Host Computer.
RTD 1 (Check
RTD 2 (Check
RTD 3 (Check
RTD 4 (Check
RTD 5 (Check
5.7.13 Connect the LVDTs to the DAQ.
(Check)
5.7.14 Put the LVDTs at a nominal position and record below the Host Computer

measured nominal displacement for the LVDTSs using the following scale factors:

LVDT Input: 15Vpp = 5.3 Vims

OSC/DEM Ot £0:8347 VDC
mm
A/D Output: + 3,276.8 bits
VDC

+2,734.97 bits

Displayed Output:

mm
LVDT 1 mm (Record)
LVDT 2 mm (Record)
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LVDT 3

LVDT 4

LVDT 5

LVDT 6

5.7.15 Change the LVDT position and record the new

displacement for the LVDTs.

mm (Record)
mm (Record)
mm (Record)

mm (Record)

Host Computer measured

LVDT 1 mm (Record)
LVDT 2 mm (Record)
LVDT 3 mm (Record)
LVDT 4 mm (Record)
LVDT 5 mm (Record)
LVDT 6 mm (Record)
5.7.16 Verify that the reported displacements changed accordingly.
LVDT1___ (Check)
LVDT2 __ (Check)
LVDT3___ (Check)
LVDT4 __ (Check)
LVDT5  (Check)
LVDT6 __ (Check)

5.8 ANEMOMETER TESTING

Three anemometers will be located on strategic locations on the mount for the
monitoring of the wind by the M1 Mirror Support Local Control Unit (CFE). The
anemometers will be serially connected (RS-422) to a Host Computer to retrieve
the anemometer's wind velocity information.

5.8.1 Load the utility software provided with the anemometer or Hyperterminal to a host
computer.
i
1~ (Check)
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g 5.8.2 Using a RS-422 cable, connect anemometer #1 to the host computer.
9 //(oCheck)
©
S 583 Verify that a communication link has been established between anemometer #1
< and host computer.
(2]
3. |~ “’(éheck)
& |5.8.4 Place a fan directly in front of anemometer #1. -
- , e
RClot NZ2% R3R _ 1~ (Check)
Es |5.85 Record the wind information from the host computer with the fan turned off. ﬂ@&‘?;
- o 0.53 PR (Ghesk)
§ 5.8.6 Turn on the fan. Set it to low. Record the wind information from the host
° computer.
Q ig %‘“{ AN (Record
s¢ |5.8.7 Verify that the wind measurement changed accordingly. y
"~ (Check)
5.8.8 Set the fan to Hi. Record the wind information from the host computer.
A7 e E PR (Record)
5.8.9 Verify that the wind measurement increased from previous measurement.
1=~ (Check)
5.8.10 Repeat Sections 5.8.2 - 5.8.9 for Anemometer #2 and #3.
@@ﬁ’ &%@’gm ;&x% /{ Connect Anemometer #2 to Host Computer v (Check)
Communication Established MCheck)
Place Fan in front of Anemometer .~ (Check)
Wind information with Fan Off .=~ ©,< [P (Record)
Wind information with Fan set to Low -2 /&, <[\ (Record)
o
Reported Wind Speed Increased ___ =" (Check)
Wind information with Fan set to Hi % 25 ke (Record)
Reported Wind Speed Increased V/(Check)
S - n Connect Anemometer #3 to Host Computer (Check)
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Communication Established __ (Check)

Place Fan in front of Anemometer __ (Check)

Wind information with Fan Off (Record)

Wind Information with Fan set to Low (Record)
Reported Wind Speed Increased _____ (Check)

Wind information with Fan set to Hi (Record)
Reported Wind Speed Increased ____ (Check)

5.9 BRAKE DECELERATION

This test will demonstrate the brake's deceleration capability.

5.9.1 Set the strip chart recorder channels to convenient settings for the peak
excursions of the rate signals and record. Connect the strip chart recorder to the
Rate Loop Board A1-1 (AZ), C1-1 (ALT) and A1-1 (CASS).

Channel 1 Gain = L ==V (Record)

Channel 1 Speed - (Record)
5.9.2 Enable the axis using the PMU and command AZ full rate in the POS direction.
. (Check)
5.9.3 While the AZ axis running at full velocity, create an Axis fault that would cause the
brakes to be set immediately.
1/ (Check)
5.94 From the strip chart recording, calculate the brake deceleration by dividing the

axis velocity by the time elapsed to bring the axis to a complete stop. Annotate
the calculated brake deceleration value.

@Mk 5§§@”€” AZ Brake Deceleration %w S deglsec? (Record)
5.9.5 Verify that the AZ Brake deceleration is between 4 to 60 deg/sec’.

L~ (Check)

5.9.6 Repeat Paragraph 5.9.1 through 5.9.5 tests for the Altitude axis.
Channel 1 Gain _ ~ 1SV (Record)

Chart Speed - (Record)

Enable Axis and Cmd Full Rate M% (Check)
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/s
Create Axis Fault v/ (Check)

© f?&@é/:}? g}j }@"‘}“ ALT Brake Deceleration 5 - g deg/sec?® (Record)
(=]
8 ALT Brake Deceleration between 8 to 60 deg/sec? (Check)
g 5.9.7 Repeat the above tests for the Cassegrain Rotator axis. )
3 Channel 1 Gain CIsv (Record)
Chart Speed ~ (Record)
= . _
Enable Axis and Cmd Full Rate (Check)
I~
§ Create Axis Fault v (Check)
=) - —
/&&%Lﬁ ?J ;@3’% CASS Brake Deceleration l 3.5 deg/sec’ (Record)
g ¢ CASS Brake Deceleration between 16 to 120 deg/sec? (Check)
5.10 M1 MIRROR RESTRAINING SYSTEM TEST
The M1 Mirror Support System implements a scheme where the M1 Mirror is
restrained when the ALT axis is below 20 degrees. For redundancy, two sets of
redundant switches monitor the position of the ALT axis. If it is detected that the
ALT axis is below 19 deg and the restraining system hasn't clamped the M1
mirror, the Altitude axis is Interlocked.
5.10.1 Position the ALT axis to 25 degrees.
(Check)
5.10.2 With the PMU in HI rate mode, drive the ALT axis in the NEG direction.
(Check)
5.10.3 Verify that as the axis passes 20 degrees, the ALT Velocity Limit is ON and slows
down the axis velocity and the Restraint System is activated.
ALT Velocity Limit ON (Check)
Restraint System activated (Check)
5.10.4 Continue driving in the NEG direction past 19 degrees.
(Check)
5.10.5 Verify that the M1 Mirror restraint system is fully activated and a M1 Mirror
Restraint Failure didn't occur.
(Check)
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5.10.6

5.10.7

5.10.8

5.10.9

5.10.10

5.10.11

5.10.12

5.10.13

5.10.14

Using the PMU, drive in the POS direction to 30 degrees.
__ (Check)
Verify that the M1 Mirror Restraint System is no longer restraining the M1 Mirror.
______ (Check)

Simulate a failure of the restraining system (actuator command originating from
FCC cabinet, actuator, or with any of the eight clamps that restrain the M1 Mirror)
by disconnecting the J18 cable to the Altitude junction-box coming from the
Maintenance Restraint distribution box. The J18 cable carries the feedback signal
from the eight clamps that are wired in series that provides positive indication that
the M1 Mirror Restraint system is working properly.

Disconnect J18 Cable (Check)

Using the PMU, drive the axis in the NEG direction between 20 and 19 degrees.
_____ (Check)
Verify that the M1 Mirror Restraint system has been activated.
_______ (Check)

Continue driving in the NEG direction. Verify that as the axis drives below 19
degrees, the ALT interiock Chain is broken causing the removal of a 3-Phase ALT
motor amplifier power.

(Check)

Verify that an M1 Mirror Restrained Failure fault is issued to the MCU and to the
ALT LCU (Table 7).

(Check)

Reconnect the J18 connector to the ALT junction-box and reset the ALT motor
controller circuit breakers.

(Check)

Drive the ALT axis to 30 degrees and verify that the M1 Mirror Restraint system is
no longer restraining the M1 Mirror.

(Check)
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APPENDIX A

PORTABLE MAINTENANCE UNIT
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5.11 PORTABLE MAINTENANCE UNIT

The Portable Maintenance Unit (PMU) can be selected to drive the AZ/ALT Axes
or the CASS Axes. It can be plugged in at either PDU or at the dedicated PMU
J-Boxes. The PMU can be enabled through the Maintenance MCU Screen or
when the MCU is not powered up.

Plug in the PMU at the AZ/ALT PDU and give control to the AZ/ALT Axes (CASS
Control LED not lit).

é/

(Check)

5.11.1 Place the MCU in the STOP Mode. Verify that the POWER ON LED is iliuminated
on the PMU and verify the status message, "AZ/ALT PMU AVAILABLE", is
present at the MCU.

v (Check)
5.11.2 PMU Operations-AZ/ALT Axes

5.11.21 Enable the PMU through the MCU by executing the Maintenance Mode. Verify
that the ENABLE LED is illuminated on the PMU and that the CASS CONTROL
LED is not lit.

_ .~ (Check)

5.11.2.2 Take control with the PMU by pressing the ACTIVE Button and verify the ACTIVE
LED is lit and status message, "AZ/ALT PMU IN CONTROL", appears at the

MCU.
.~ (Check)
5.11.2.3 Verify proper AZ/ALT PMU IN CONTROL indication to AZ and ALT LCU per Table
6 and Table 7.
" (Check)

5.11.24 Select the HI Rate. Verify that the HI LED is lit and AZ and ALT do not display a

fault condition.
/ (Check)

5.11.2.5 Enable the AZ and then the ALT Axis by pressing the Axis Enable Button at the
PMU and measure the bi-directional full speed of the motor. With the motor
rotating at full speed, record the travel over approximately a 50-60° travel region
and calculate the axis velocity.

LENGTH OF TRAVEL AXIS
VELOCITY
TEST (Secs) (deg) (deglsec)
. _ ~ . ®
fUsAZPOS 2202 o 9.)¢  (Record)
ALSTAZNEG 79,52 €™ 2.03 (Record)
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LENGTH OF TRAVEL AXIS
: TEST (Secs) (deg) VELOCITY
(deg/sec)
o |pug ALTPOS _LT-TL Yo" 7 . oR  (Record)
(=] =
S |fLoTALTNEG _ 2o .54 Yo > &<  (Record)
[ar)
<
g 5.11.2.6 Verify the full speed is equal or greater than the desired speed.
5 AZ Desired Speed 2°/sec
Efe}
"= ALT Desired Speed 2°/sec
M~
3 AZ _1~" (Check)
[==]
ALT 1~ (Check)
85 15.11.2.7 Simulate an axis fault (limit, brake) for each axis and verify the PMU AXIS FAULT
LED is lit and only the corresponding axis is inhibited.
AZ  (Check)
S
ALT o+~ (Check)
5.11.2.8 Clear the fault and select the LO Rate and verify the LO LED is lit.
«_ (Check)
5.11.2.9 Enable each axis and measure the bi-directional full speed of the axis.
LENGTH OF TRAVEL AXIS
TEST (Secs) (deg) VELOCITY
(degl/sec)
jay3- AZPOS 6.5 2 o7 .S (Record)
PL=T A7 NEG =S%-F2 2 o. So  (Record)
ALTPOS S A R_R7F— wE>i >.<2  (Record)
AXU)=X ; — =
¢ls+ ALT NEG “YO- LY > ©. 5 (Record)
5.11.2.10  Verify the full speed is 20% to 30% of the speeds recorded in the HI Rate Mode.
AZ " (Check)
AT (Gheck)
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5.11.2.11

5.11.2.12

5.11.3
5.11.3.1

5.11.3.2

5.11.3.3

511.34

Aso

Attempt to change modes at the MCU or attempt to take control with the AZ and

ALT LCU and verify that the PMU remains in control. ~

L /(Check)

Disable the PMU, verify the ACTIVE LED is OFF and the MCU status message,
"AZ/ALT PMU IN CONTROL", clears.
v (Check)

PMU Operation-CASS Axis

Press the CASS Control Button at the PMU and verify that the CASS CONTROL
LED is lit, the "AZ/ALT PMU AVAILABLE" message clears and the "CASS PMU
AVAILABLE" message is displayed at the MCU.

L~ (Check)

Depress the ACTIVE Button at the Portable Maintenance Unit (PMU) and verify
the ACTIVE LED is lit and the status message, "CASS PMU IN CONTROL",

appears at the MCU.
[/ (Check)
Verify proper CASS PMU IN CONTROL indication to CASS LCU per Table 8.

L (Check)

Repeat Sections 5.11.2.4 through 5.11.2.10 for the CASS Axis and record results
below. Verify that CASS Cablewrap axis velocity follows the axis motors' velocity.

511.2.4 HI Rate Mzheck)
511.2.5 Record Speed
@ %/ 2] s CASSPOS _S-77  “fsec (Record)

- . CASSNEG _ %.G L °sec (Record)
O /42.:2.— SR Se e,
CASS Desired Speed 3.6°/sec

511.2.6 Verify Axis Velocity

~

L~ (Check)
511.2.7 Fault LED P
v (Check)
/
511.2.8 LO LED ¥ (Check)

5.11.2.9 Record Speed

— ) CASS POS ©-S7  °/sec (Record
Ze"/sc 5w ——=—— Tsec Record)

LT
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5.11.3.5

5.11.3.6

5.11.4
5.11.41

5.11.4.2

5.11.4.3

5.11.4.4

5.11.4.5

2, Q?%%” 3sy._  CASSNEG_©- S[ “fsec(Record)

5.11.2.10 Verify Speed (10% to 20% of Slew Speed) -
L~ (Check)

Verify that for all of the CASS Velocity tests above, the CASS Cablewrap remained
synchronized with the CASS axis.

+(Check)

Attempt to enter a new mode at the MCU or attempt to take control with the CASS
LCU and verify that the PMU remains in control.
v (Check)

Alternate PMU Connection Point

Connect the PMU at the CASS PDU and give control to the AZ/ALT axes. Verify
that the CASS Control LED is not lit.
w//’(Check)

Repeat Sections through 5.11.1 through 5.11.2.4 and record the results below.

5111 Messages L~ (Check)
5.11.2.1 Maintenance Mode /(Check)
5.11.2.2 PMU in Control " (Check)
511.2.4 HIRate .~ (Check)

Enable the AZ and then the ALT Axis by pressing the Axis Enable Button and
verify that bi-directional full speed of the motor is achieved.

A
AZ o+~ (Check)
ALT +~ (Check)

Simulate an axis fault (limit, brake) for each axis and verify the PMU Axis FAULT
LED is lit and only the corresponding axis is disabled.

Az L7 (Check)
ALT v (Check)
Clear the fault and select the LO Rate and verify the LO Rate LED is lit.

L~ (Check)
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5.11.4.6

5.11.4.7

5.11.4.8

5.11.4.9

5.11.4.10

5.11.4.11

5.11.4.12

5.11.4.13

Enable each axis and verify that bi-directional speed control of the motor is
achieved.

AZ é// (Check)
ALT &~ (Check)

M (Check)

Press the CASS Control Button at the PMU and verify that the CASS Control LED
is lit, the "AZ/ALT PMU AVAILABLE" message clears and the "CASS PMU
AVAILABLE" message is displayed.

@//?Check)

Depress the ACTIVE Button and verify the ACTIVE LED is lit and the status
message, "CASS PMU IN CONTROL", appears at the MCU.

Disable the AZ and ALT Axis.

v~ (Check)

Select the HI Rate. Verify that the HI LED is lit and CASS does not display a fault
condition.

e

L~ (Check)

Repeat Sections 5.11.4.3 through 5.11.4.7 for the CASS Axis and record the
results below.

5.11.4.3 Bi-directional Speed Control &,///(Check)

5.11.4.4 Axis Fault . (Check)

511.4.5 LOLED " (Check)

51146 LO Rate " (Check)

e
5.11.4.7 Disable the CASS Axis V/(Check)

Connect PMU at PMU J-Box No. 1 and verify that the PMU has complete control
and status capability.

v (Check)
Connect PMU at PMU J-Box No. 2 and verify that the PMU has complete control

and status capability.
1~ (Check)
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b 5.11.5 Power OFF Control
© 5.11.5.1 Power OFF the MCU and verify the PMU remains enabled and has complete
S control and status capabilities.
2 L~ (Check)
% 5.11.5.2 Power up the MCU and verify PMU remains in control.
[*2]
@ L.~ (Check)
5.11.5.3 Allow the MCU to take control and put the system in Stop Mode. /g
£ L~ (Check)
~ 5.11.5.4 At the PMU, select the AZ/ALT Axes, disconnect the MCU-AZ/ALT CCU Data Link
z (MCU cable A2J21), verify the fault message, "MCU-AZ/ALT CCU LINK DOWN",
a and verify that the ENABLED indicator at the PMU_js illuminated and AZ/ALT
control is available at the PMU and at the AZ/ALT LCLTIXM % o)LV Ly
8 (Check)
5% 151155  Reconnect the MCU-AZ/ALT CCU Data Link. )
v (Check)
5.11.5.6 At the PMU, select the CASS Axes by pressing the CASS Control Button. Verify
that the CASS Control LED is lit. Put the system in Stop Mode.
" (Check)
5.11.5.7 Disconnect the MCU-CASS CCU Data Link (MCU Cable J4), verify the fault
message, "MCU-CASS CCU Link Down", and verify that the ENABLED indicator
at the PMU is illuminated and CASS control is available at the PMU and at the
CASS LCU.\_ b opSe Lets
| S V’/(Check)
5.11.5.8 Reconnect the MCU-CASS CCU Data Link cable. B
1.~ (Check)
5.11.6 PMU Display
The PMU 2-line LCD displays AZ, ALT and CASS position angles as well as
hardware generated faults and status message. When the PMU display is set to
display faults/messages, the top line is dedicated for AZ/ALT and the bottom line
is dedicated for CASS.
5.11.6.1 At the MCU, turn all error corrections OFF. Verify that the PMU Display axes
angle readout agrees with the MCU readout.
L~"(Check)
5.11.6.2 Enable the AZ Axis with the LO Rate selected, drive POS and NEG, verify that the
PMU Display follows the MCU readout.
v (Check)
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5.11.6.3

5.11.6.4

5.11.6.5

5.11.6.6

5.11.6.7

5.11.6.8

5.11.6.9

Repeat 5.11.6.2 for the ALT and CASS Axes.
ALT v (Check)

CASS V"/(Check)

Depress the Rate Selection/Display Control Membrane Switch for approximately
5 seconds. Verify that the display readout changes to Status/Fault Messages.

/ (Check)

Verify that the messages being scrolled on the PMU Display agree with the MCU
Status and Fault Windows. Note that only hardware generated faults will appear

at the PMU Display.
L~ (Check)

Create a new fault and verify that the new message is being reported at the PMU
display and the MCU.
v~ (Check)

Reset the fault and verify that the message clears at the MCU and PMU dEpIay.
~~ (Check)

Disconnect the AZ/ALT CCU - CASS CCU PMU Display Link (AZ/ALT CCU
A7COM1). Verify the fault message, "PMU-PMU LINK DOWN?", is displayed at
the MCU and on the PMU display.

" (Check)

Create any CASS fault and verify that fault is reported to the MCU and not to the
PMU display.

" (Check)
Reconnect the AZ/ALT CCU - CASS CCU PMU Display Link Cable.

/ (Check)
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512

5121
5.12.1.1

5.12.1.2

5.12.1.3

5.12.1.4

5.12.1.5

5.12.1.6

5.12.1.7

5.12.1.8

FAULTS AND STATUS

Fault and status messages are displayed at the MCU and to the appropriate LCU
(via contact closure). Fault messages will flash and cause the audible alarm to
sound until they are acknowledged. Status messages remain steady state (not
flashing) as they occur.

Appropriate contact action verification to the LCU will be verified by Table 1
through Table 3 and Table 6 through Table 8 (Appendix C). Additional fault and
status sequences are detailed in the following paragraphs.

MCU Latching Faults

On the Site/Setup Screen, set latched faults ON. Py

v~ (Check)

Clear all fault conditions. While in an active mode, activate any system fault
condition (Emergency Stop) and verify the system is disabled, the flashing fault
indicator appears in top portion of screen, flashing message appears in the Fault
Screen, and audible alarm at MCU is active.

v (Check)

Acknowledge the fault. Verify that both the fault message and the fault indicator in
the top portion of the screen return to normal video (not flashing), and the audible
alarm is OFF.

.~ (Check)

Activate a second emergency condition and verify the new message and the fault
indicator on the top portion of the screen are flashing, the existing message is not
flashing and the audible alarm is active.

v (Check)

Clear both fault conditions (and reset motor controller circuit breakers) and verify
that the first fault message clears and the second remains. Y
v (Check)

Acknowledge the second fault message, verify that the fault message clears and
the system remains disabled.

e S ek
PN= Sfap riede, " (Check)

Enter an active mode?f Verify that the axes reenable. J
+~ (Check)
Execute the STOP Mode. On the Site/Setup Screen, set latched faults OFF.

.~ (Check)
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5.12.1.9

5.12.1.10

5.12.1.11

5.12.2
5.12.2.1

Repeat 5.12.1.2 through 5.12.1.4.

512.1.2 Activate Fault v (Check)
51213  Acknowledge Fault " (Check)
51214 Activate Second Fault v (Check)

Clear both faults, verify that the fault messages are no longer displayed and the

system is disabled. a» PP T

= Qe (Check)
Change the mode to an active mode! Verify that the axes reenable. p
1 (Check)
Faults

Fault Table

All fault messages shall be tested with the system in an active mode. The
following table lists the fault messages that will be activated with the appropriate
disabling/interlock action that should take place. Each test shall activate the
appropriate switch or mechanism. At the MCU, verify the appropriate disable
state and verify that the proper message is displayed. At the LCU Interface, verify
that the appropriate contact action occurs per Table 1 and Table 6 (AZ LCU),
Table 2 and Table 7 (ALT LCU) and Table 3 and Table 8 (CASS LCU). Place a
check (V') in the verification column upon proper operation. Some fault conditions
cause additional messages to appear.

SYSTEM DISABLING/INTLK DEFINITION:

Motor Level: Disables affected motor. Brakes are not set and non-disabled
motor continues to operate. Status message, "AZ, ALT or
CASS SINGLE MOTOR", appears when only one motor is
active for that axis.

Axis Level: Brakes are set and motors disabled in affected axis only.
Other axes continues to function in selected mode. Status
message, "AZ, ALT or CASS DISABLED", appears.

Axis Interlock: Breaks the appropriate axis interlock chain which results in
motor controller power removed and immediate setting of axis
brakes.

Non Disabling: All motors continue to function.
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Table 4, Fault Table

SYSTEM INTERLOCK )
4 FAULT MESSAGE FAULT LOCATION l\ﬁggﬁ LAE>\</ISL AXIS veg m%ﬁTQON
8, DISABLE| DisaBLE | 'NTERLOCK @ LCUINTERFACE
g EQUIPMENT ROOM EMERGENCY __|Activate E-Stop X (AZ/ALT/CASS) n/i
o CONE EMERGENCY Activate E-Stop X (AZIALTICASS) .

@ AZ MOTOR #1/#2 EMERGENCY Activate E-Stop X (AZIALT/CASS) v f ,
AZ MOTOR #3/#4 EMERGENCY Activate E-Stop X (AZIALT/CASS) o

g ALT MOTOR #1 EMERGENCY Activate E-Stop X (AZ/ALT/CASS) wﬁf’;

s = ALT MOTOR #2 EMERGENCY Activate E-Stop X (AZIALTICASS) k/ .
~ ALT PIER EMERGENCY Activate E-Stop X (AZ/ALT/CASS) L ,
§ M1 MIRROR RESTRAINT FAILURE _|Activate Switch X (ALT) v
© ALT AUX DRIVE EN INTLK Remove Handcrank X (ALT) e

g gg*srsn\l:gﬂﬁt}gfm Activate Switch X (ALT) v |

A
AZ/ALT REGEN OVERTEMP FLT E:g‘”?;’f ﬁeg:&e X (AZ/ALT) v
CASS REGEN OVERTEMP FLT A X (CASS ONLY) ( / i
AZ MOT 1 3-PHASE OFF AZ/ALT PDU Motor X e
AZ MOTOR CONTROL 1 FAULT Disconnect L~
A MOTOR CONTROL 2 FAULT __|Disconnect " x L
isconnect
AZ MOT 3 3-PHASE OFF AZ/ALT PDU Motor -
AZ MOTOR CONTROL 3 FAULT Disconnect X v
AZ MOT 4 3-PHASE OFF AZ/ALT PDU Motor X .
AZ MOTOR CONTROL 4 FAULT Disconnect |
ALT MOT 1 3-PHASE OFF AZ/ALT PDU Motor X Ve
ALT MOTOR CONTROL 1 FAULT Disconnect L
ALT MOT 2 3-PHASE OFF AZ/ALT PDU Motor X e
ALT MOTOR CONTROL 2 FAULT Disconnect i
AZ LUBE OVERFLOW Diconnect AZALT X @,//
DOME CRANE INTLK Activate Switch X (AZIALT) v
AZ LUBE PUMP CB OFF AZ/ALT PDU CB X v
AZ MOTOR 1 OVERTEMP Disconnect A2P17-1 Wire X L d
AZ MOTOR 2 OVERTEMP Disconnect A2P17-5 Wire X v’
AZ MOTOR 3 OVERTEMP Disconnect A2P17-9 Wire X g,//f i
AZ MOTOR 4 OVERTEMP Disconnect A2P17-10 Wire X ,;/
ALT MOTOR 1 OVERTEMP Disconnect A2P18-1 Wire X v
ALT MOTOR 2 OVERTEMP Disconnect A2P18-5 Wire X V’/
M2 UNIT NOT INSTALLED Activate Switch X (ALT) v
0SS NOT INSTALLED Activate Switch X (ALT) o/
YOKE ACCESS HATCH INTLK Activate Switch X (AZ) v
AZ LUBE PUMP PRESSURE LOW Turn OFF Pump Motor X w“”/
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SYSTEM INTERLOCK )

FAULT MESSAGE FAULT LOCATION MLg\’;gLR L/'\;\(/lgl_ AXIS VEg Fn;%ﬁTécN
pisABLE| DisasLe | 'NTERLOCK |@LCU INTERFACE

DSP BOOT FAILURE DSP BD X (ALT) v

CASS MOTOR 1 POWER OFF CASS PDU Motor .

CASS MOTOR CONTROL 1 FAULT __|Disconnect L~

CASS MOTOR 2 POWER OFF CASS PDU Motor v

CASS MOTOR CONTROL 2 FAULT __|Disconnect 7

CASS CABLEWRAP MTR POWER OFF|CASS PDU Motor X 7

CASS CABLEWRAP M/C FLT Disconnect b

CASS MOT 1 OVERTEMP Disconnect A2P17-1 Wire L

CASS MOT 2 OVERTEMP Disconnect A2P17-5 Wire /

CASS CABLEWRAP MTR OVERTEMP |Disconnect A2P17-2 Wire X L

PIER ACCESS INTLK Activate Switch X (AZ) v

MOBILE PLATFORM INTLK Activate Switch X (AZIALT) W

AZ FLOOR ACCESS INTLK Activate Switch X (ALT) I

5.12.3

Status

The following table lists the externally generated status messages.

(Status

messages that are generated internally are tested with the applicable test in the
procedure). At the MCU, verify that the proper message is displayed. Atthe LCU

interface, verify that the appropriate contact action occurs per Table 1

| through

Table 3, and Table 6 through Table 8. Place a (v') in the verification column upon
proper operation.

Table 5, Status Table

VERIFICATION (v)

STATUS MESSAGE STATUS LOCATION @ MCU AND @ LCU
INTERFACE

AZ Single Motor AZ Motor Disconnect %,/

ALT Single Motor ALT Motor Disconnect v

CASS Single Motor CASS Motor Disconnect

AZ Preload OFF ol w&;&m"

CASS Preload OFF

AZ Cablewrap Neg Dir

AZ Cablewrap in NEG Wrap

CASS Cablewrap Neg Dir
ALT Imbalance Pin Extended

CASS Cablewrap in NEG Wrap
Activate Switch

*AZ Parked Activate Switch M

*ALT Parked Activate Switch v

*AZ/ALT CCU OFF CCU Power Switch /

*CASS CCU OFF CCU Power Switch i

[(Z4
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5.13

5.13.1

5.13.2

* Status/Fault reported only to LCU.

POSITION LOOP TESTS

The Position Loop is tested for bandwidth and step response.

Record the Position Loop Parameters located on the Axis Loop Parameter Screen

via the Site/Setup Screen.

TYPE |
AZ AZ ALT ALT CASS CASS
SINGLE DUAL SINGLE DUAL SINGLE DUAL
Max Velocity . .<2 2. 2.9 2. 2. & J.E (Record)
Deadband Oy 9.9 O .o O O.O (Record)
Hysteresis [.S 1. /-5 . g [.S |.Z (Record)
lagBreak1 (J.02S O Do & D.95 .8  (Record)
Lead Break ©.0S A2Y o©.ag o.ay é.og D . 3(Record)
[C:::é);sover DJ? [0e 128 [ .28 | 2.5 (Record)
lagBreak2 OIS [D.o O .0 Y-To [©.O(Record)
Sqrt Trans Pt @ .O4Y O.QIT .Yy O.0QY D-0YY &, Y Y (Record)
Trans PtHyst |-Sa S.8a [.So [-So [/.Sa |.Zc(Record)
Max Accel ©.Sa O0.Se O.Ss O.5n .5 |- EO(Record)
Scan Accel [ e ©.So {90 oSs — —— (Record) -~
v~ (Check)

Position Loop Bandwidth

This test demonstrates the Position Loop's Bandwidth defined as the frequency at
which the feedback is 70% of the initial value.

a. Connect a function generator set at 2V peak-to-peak (£1V), 0.05 Hz, Sine
Wave to A4TP4 at the appropriate PDU and to Channel 1 of the chart

recorder.

b. Connect the ;;osition feedback, A4TP1 at the appropriate PDU to
Channel 2 of the chart recorder.
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NOTE:

5.13.3

5.13.4

5.13.5

NOTE:

c. At the MCU, select the Signal Meters Screen; select the Position FB output
for the axis under test. Verify that the range is set to +0.05° about the
commanded angle.

d. Select the Test Function Screen and, from there, select the Position Loop
Test Screen. Set the scale factor to .01°/V (this creates +0.010°
movement) and select Execute.

e. Verify that all error corrections are OFF.

f. Enable the axis to be tested and set the chart recorder channels to
convenient settings for the peak-to-peak excursions of the position signals
and record.

Disable all axes not currently being tested.

Channel 1 Gain - (Record)

Channel 2 Gain — (Record)

Chart Speed T (Record)

g- Slowly increase the function generator frequency up through 10 Hz while

marking convenient frequencies as they occur.

h. A dynamic signal analyzer may be used for this test. Attach the analyzer's
test set-up printout to this procedure.

Record the frequency at which the feedback peak-to-peak voltage is 70% of the
initial value.

5’32‘1»%%2 NS PLST ~ AZ 3 dB Bandwidth Q ) Hz (Record)

Repeat Section 5.13.3 for the ALT and then for the CASS Axis and record the
results below.

A=y, ASS PLSTALT 3 dB Bandwidth 4. S Hz (Record)

LLS6, AS7 FLSTCASS 3 dB Bandwidth [« S Hz (Record)
I4
Verify that the bandwidths are >0.8 Hz and <2.5 Hz.
//(Check)

If the recorded AZ, ALT and CASS Position Loop Bandwidths are lower than
1.4 Hz, the Vista Telescope Control System Simulation will need to be re-
examined with the measured Position Loop BW data.
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Figure 4, Position Loop Filter
Type |l

GAIN
(dB)

CROSSOVER

ya LAG2

LOG 10

FREQUENCY
,

11168
REV -
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5.13.6

5.13.6.1

NOTE:

5.13.6.2

5.13.6.3

5.13.6.4

5.13.6.5

Position Loop Step Response

This test demonstrates the Position Loop's ability to respond to a step change in
commanded rate.
In the following tests:

MAX VALUE
FINAL VALUE

Overshoot = ( -1) *100%

Settling time = (Start time) - (Time at which the feedback is within 5% of the
final value)

a. With the setup unchanged from the bandwidth test, set the function
generator to 4V peak-to-peak (x2V), 0.02 Hz square wave. This creates
+0.02° position loop steps.

b. Enable the axis to be tested and set the chart recorder channels to
convenient settings for the peak-to-peak excursions of the position signals
and record.

Disable all axes not currently under test.

Channel 1 Gain ig \J (Record)

Channel 2 Gain i{;l <V (Record)

—

Chart Speed - (Record)

Record the percentage of overshoot.

ASQ (o AZ Overshoot Zgﬁf@ (Record)

Repeat Section 5.13.6.2 for the ALT and the CASS Axis and record the results
below. ’ o/

AST PlT ALT Overshoot S.C7= (Record)
~AGo PLST CASS Overshoot 2 AL Z- (Record)

Verify that overshoots are <40% and that the 5% settling time is <4 sec.

1~ (Check)

Set the function generator to 4V peak-to-peak (+2V), 0.02 Hz square wave and
the Pos Loop Scale Factor to 0.2°/V. This creates +0.4° position loop steps. At
the Signal Meters Screen, set the Position FB output range to +0.6° about the
commanded angle.

.

(Check)
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5.13.6.6

5.13.6.7

5.13.6.8

5.13.6.9

5.13.6.10

5.13.6.11

5.13.6.12

5.13.6.13

5.13.6.14

Enable the axis to be tested and set the chart recorder channels to convenient
settings for the peak-to-peak excursions of the position signals and record.

Channel 1 Gain _ 4 S v (Record)

R oY
Channel 2 Gain __— =V (Record)

Chart Speed — (Record)

Record the percentage of overshoot.
NG PlsT AZ Overshoot ii @f@ (Record)
Repeat Section 5.13.6.7 for the ALT and CASS Axis and record the results below.
(~6 L PL=T ALT Overshoot gli @/ g (Record)

G L Pl CASS Overshoot L (- (Record)
Verify that overshoots are <40% and that the 5% settling time is <6 secs.
" (Check)

Set the function generator to 1V peak-to-peak (+0.5V), 0.02 Hz square wave and
the Position Loop Scale Factor to 0.001°/V. This creates +0.0005° position loop
steps. At the Signal Meters Screen, set the Position FB output range to +£0.002°
about the commanded angle.

»—" (Check)

Enable the axis to be tested and set the chart recorder to convenient settings for
the peak-to-peak excursions of the position signals and record.

Channel 1 Gain_ - | \J (Record)

L
Channel 2 Gain _— =\ (Record)

Chart Speed — (Record)

Record the percentage of overshoot.
sy PLaT AZ Overshoot £ 8.2 /= (Record)
Repeat Section 5.13.6.12 for the ALT and CASS. Record the results below.
G S FLeT  ALT Overshoot_ /Y. 6 Q{é (Record)

R > &/
[~ 66 (FUST CASS Overshoot £, S.5 T (Record)
Verify the overshoots are <40% and that the 5% settling time is <3 secs.

£ (Check)
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5.13.6.15

5.14

5.14.1
5.14.1.1

5.14.1.2

5.14.1.3

Disable the Position Loop Test.

_~"(Check)

POINTING REPEATABILITY/ENCODER RE-REFERENCING

Due to a lack of a boresight tower or other forms of obtaining positive position
feedback verification (due to absence of optics), other means of measuring
pointing performance were sought. Pointing repeatability will be tested, using high
precision measuring devices that establish a mechanical reference point. After
the mechanical reference point has been established, the axis is driven away from
the reference point positions and then commanded back to the reference point,
using the MCU Position Designate Mode. It will be verified that the axis drives
precisely back to the mechanical reference position.

The Azimuth, Altitude and Cassegrain encoders are pseudo-absolute encoders
that have an incremental track and a reference track. Upon CCU power-up, in
order to ensure that the absolute position of the axis has not been lost (due to
possible axis movement while the PDU CCU was powered down), an encoder
referencing procedure occurs where the axis is manually slowly driven through
three reference pulses and the absolute position is then calculated and registered.

Azimuth Pointing Repeatability

Record below the measuring device to be used for this test.

Measuring Device Type /BT (Record)
L="\9
Manufacturer/Model No. _[\ ), (AVL_(Record)

.o ool @ LSS

Device Resolution (& <t (Record)
= 0618 ave-Sec

Serial No. G083 086 (Record)

Calibration Due Date (Record)

Lock down the measuring device on a stationary surface in such a way that good
consistent measurements can be obtained when the rotating axis is driven to this
reference position.

v (Check)

Record the Azimuth reference position.

AZ Ref Position (. 9 5 .75%¢ (Record)
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5.14.1.4 Using the PMU or the MCU, drive approximately 1.0° from the reference posmon
v (Check)
[{ed
S |5.14.1.5 Allow the MCU to take control of the MCS. Record the Azimuth Position.
o - — g
o 2.0 Y . 7590 (Record)
g 5.14.1.6 Using the appropriate EN/DIS Function of the MCU, disable the axes not under
@ test.
.~ (Check)
Es [5.14.1.7 Using the Position Designate Mode, command the AZ Axis to the reference
position annotated above. )
~ -~
§ v~ (Check)
© 15.14.1.8 Verify that the AZ Axis is driven back to the reference position and once it reaches
the reference position it holds position.
£ 'M/(Check)
5.141.9 Verify that the axis was driven back to the mechanical reference posmon within
0.28 arc-sec pk (0.2 arc-sec rms). o.0062 0 <
Pointing Repeatability _ = ©. 1L &% (Record)
Pointing Repeatability w/i 0.28 arc-sec pk v . (Check)
5.14.1.10 Using the PMU, drive approximately 60° away from the reference position.
&// (Check)
5.14.1.11 Allow the MCU to take control of the MCS. Record the Azimuth Position.
2900 .©0 °(Record)
514.1.12  With the MCU in control, using the Position Designate Mode, command the AZ
Axis to the reference position noted above.
/ (Check)
5.14.1.13  Verify that the AZ Axis is driven back to the reference position and once it reaches
the reference position it holds position.
a/‘/ (Check)
5.14.1.14  Verify that the axis was driven back to the mechanical reference position W|thm
2.8 arc-sec pk (2 arc-sec rms oo
P ) o ﬁg@ avt—Jes_
Pointing Repeatabnllty (Record)
Pointing Repeatability w/i 2.8 arc-sec pk / (Check)
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5.14.2 Azimuth Pointing Accuracy

Within the high precision measuring device field of view, the axis will be
commanded from the MCU to small incremental positions from the reference
point. It will be verified that the axis moves by the commanded amount by
comparing the MCU encoder position delta to the angular displacement of the hig
precision measuring device.

5.14.2.1 With the measuring device locked down per the Azimuth Pointing Repeatability
test, record the Azimuth reference position.
AZ Ref Position )& 2~ =+ 58° (Record)

5.14.2.2 Using the MCU, command the axis 0.17° from the AZ Ref Position. Verify that the
measuring device is still within its field of view, if not, command the MCU to a
smaller delta position. Record the delta position commanded.

MCU Commanded AZ Delta Position _© . © © S °(Record)
5.14.2.3 Verify that the AZ is holding position.

.~ (Check)

5.14.2.4 Record the measuring device delta position. Convert the position change to axis
. angular displacement from the mechanical reference position. {c
o = =S - o 44
%Q%j;@ O &J%ﬁ%g =™ Measuring Device AZ Position 20 T=riA__ (Record)
o s 19. o o/ S-see
= Measuring Device AZ Axis Angular Displacement .©¢ <29  °(Record)

5.14.2.5 Calculate the AZ axis Pointing Accuracy by subtracting the MCU Commanded
Delta Position from the Measuring Device Axis Angular Displacement.

AZ Pointing Accuracy (2. G237  ° (Record)

5.14.2.6 Convert the AZ Pointing Accuracy to XALT Pointing Accuracy by multiplying by
COS (ALT angle). Use ALT angle of 20° which is the lowest ALT operational
angle.

XALT Pointing Accuracy & - ©2c3% ° (Record)

5.14.2.7 The above AZ Pointing Accuracy error will be used to calculate the overall Beam
Radial Error (BRE) for AZ and ALT.

(Check)
5.14.3 Azimuth Encoder Re-referencing Procedure
5.14.3.1 Lock down the Measuring Device on a stationary surface as done in Paragraph
5.14.1.2.
i (Check)
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5.14.3.2 Record the Azimuth reference position.
AZ Ref Position .& 2. 52 (Record)
©0
S 15.14.3.3 Power down the AZ/ALT PDU Central Control Unit (CCU). p
o 7
5:1-"’ 1~ (Check)
g 5.14.3.4 From the PMU, drive the AZ Axis approximately 20° POS from the reference
o position. ﬂ
" (Check)
Es |5.14.35 Power Up the AZ/ALT CCU. a
= + (Check)
§ 5.14.3.6 Verify that the MCU issues an AZ and ALT TAPE UNREFERENCED FAULT,
e indicating that encoder re-referencing is necessary.
. +~_(Check)
g ¢ 5.14.3.7 From the PMU, re-reference the AZ Encoder. Verify that the AZ TAPE
N ) -
UNREFERENCED FAULT clears RN RITT ,
& 2BS o ] /" (Check)
5.14.3.8 After the AZ Axis Encoder calibrates, drive to the previously recorded mechanical
reference position using the Position Designate mode of operation.
(Check)
5.14.3.9 Verify that the axis has precisely driven back to the reference position.
Joel s (= | . |53 Qe (Check)
5.14.4 Altitude Pointing Repeatability
5.14.41 Repeat Paragraphs 5.14.1.1 through 5.14.1.14 for the Altitude Axis.
5.14.11 Measuring Device Type (Record)
Mfg/Model No. (Record)
Device Resolution (Record)
Serial No. (Record)
Cal Due Date (Record)
5.14.1.2 Lock Down Meas Device (Check)
514.1.3 ALT Ref Position ° (Record)
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% 514.1.4 Drive 1.0° off _____ (Check)
© 514.1.5 (a.) MCU Takes Control ____ (Check)
% 51415 (b.) ALT Position ° (Record)
§ 5.14.1.6 Disable Axes not under test ______ (Check)
” 51417 Commanded to ALT Ref Pos ______ (Check)

£g 5.14.1.8 (a.) Drives to Ref Pos ______ (Check)
% 514.1.8 (b.) Holds Position ____ (Check)
S 5.14.1.9 (a.) Pointing Repeatability (Record)

8 514.1.9 (b.) Pointing Repeatability w/i 0.28 arc-sec pk

° e ______ (Check)

5.14.1.10 Drive 20° off _____ (Check)
5.14.1.11 (a.) MCU Takes Control ____ (Check)
5.14.1.11 (b.) ALT Position ° (Record)
5.14.1.12 Command to ALT Ref Pos ______ (Check)
5.14.1.13 (a.) Drives to Ref Pos _____ (Check)
5.14.1.13 (b.) Holds Position _____ (Check)
5.14.1.14 (a.) Pointing Repeatability (Record)
5.14.1.14 (b.) Pointing Repeatability w/i 2.8 arc-sec pk
____ (Check)
5.14.5 Altitude Pointing Accuracy
5.14.51 Repeat Paragraphs 5.14.2.1 through 5.14.2.7 for the Altitude Axis.
5.14.2.1 ALT Ref Position ° (Record)
5.14.2.2 MCU Cmd ALT Delta Pos ° (Record)
514.2.3 ALT Holding Position __ (Check)
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514.2.4 (a.) Meas Device ALT delta pos (Record)
5.14.2.4 (b.) Meas Device ALT Ang. Displ (Record)
5.14.2.5 ALT Pointing Accuracy (Record)

5.14.5.2 Calculate the Beam Radial Error (BRE) of the XALT and ALT Pointing Errors.

BRE Pointing Error = (XALT Error? + ALT Error?)'? (Record)

5.14.5.3 Verify that the BRE Pointing Error is < 0.14 arc sec pk.

_____ (Check)
5.14.6 Altitude Encoder Re-Referencing Procedure
5.14.6.1 Repeat Paragraphs 5.14.3.1 through 5.14.3.9 for the Altitude Axis.
5.14.3.1  Lock-down Measuring Device ____ (Check)
5.14.3.2  Alt Ref Position ° (Record)
5.14.3.3  Power-down CCU ____ (Check)
5.14.3.4  Drive 20° POS ____ (Check)
5.14.3.5 Power UP CCU ______ (Check)
5.14.3.6 AZ and ALT TAPE UNREFERENCED FAULT issued.
______(Check)
5.14.3.7 Re-reference ALT Encoder ___ (Check)
5.14.3.8  Drive to Ref Position _____ (Check)
5.14.3.9  Axis Drives Precisely to Ref Position _____ (Check)

5.14.7 Cassegrain Pointing Repeatability

5.14.71 Repeat Paragraphs 5.14.1.1 through 5.14.2.7 for the Cassegrain Axis.

51411  Measuring Device Type D;‘wﬁli&{a;‘c?%f (ijcord)
1 [
Mfg/Model No. U estiane @!/ S1at|Record)

{
Device Resolution & coay) ﬁ@ 0. )7 1y, (Record)

\ - S oy ﬂ
rad 2 GGy \%@z/’f .
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Serial No. (Record)

Cal Due Date - (Record)
5.14.1.2 Lock Down Meas Device ;V_/?Check)
51413 CASS Ref Position T os o (Record)
5.14.1.4  Drive 1.0° off L/y(Check)
51415 (a.) MCU Takes Control K{ZCheck)
51415  (b.) CASS Position 1Y, S7 + (Record)
5.14.1.6 Disable Axes not under test _ i~ (Check)
5.14.1.7 Commanded to CASS Ref Pos V/?%heck)
5.14.1.8 (a.) Drives to Ref Pos 2~ (Check)
514.1.8 (b.) Holds Position __g_fffaeck)
5.14.1.9 (a.) Pointing Repeatability O Qv'c-s=._(Record)
5.14.1.10 Drive 60° off g///(Check)
5.14.1.11 (a.) MCU Takes Control &~ (Check)
5.14.1.11 (b.) CASS Position 26©. 872 °(Record)
5.14.1.12 Command to CASS Ref Pos ﬁ (Check)
5.14.1.13 (a.) Drives to Ref Pos _M(Check)
514.1.13 (b.) Holds Position _L—"(Check)
5.14.1.14 Pointing Repeatability >/ Y ot | Hh (Record)

> Y. FAYC Sec
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i 5.14.8 Cassegrain Pointing Accuracy

o |5-14.8.1 Repeat Paragraphs 5.14.2.1 through 5.14.2.5 for the CASS axis.

[=}

(=]

(=) -

Ql 5.14.2.1  CASS Ref Position 21°5.0cp 0 (Record)

(32

e 5.14.22 MCU Cmd Cass Delta Pos O . D ZE °(Record)
51423 CASS Holding POS =" (Check)
5.14.2.4 (a.) Meas Device CASS delta Pos 2.0.5 %4% (Record)

~ (2. 6F V< -SBec

§ 51424 (b.) Meas Device CASS Ang. Displ _= ¢, O73& <(Record)

o

5.14.2.5 CASS Pointing Accuracy O. @@@%@%@(Record)

=T 0 F owe g,
5.14.9 CASS Encoder Re-Referencing Procedure CT OV

5.14.91 Repeat Paragraphs 5.14.3.1 through 5.14.3.9 for the CASS Axis.

A

5.14.3.1  Lock-down Measuring Device B.//(Check)
514.32 CASS Ref Position 2] & Do (Record)
5.14.3.3 Power-down CCU __ 1+~ (Check)
514.3.4  Drive 20° off _ 1.~ (Check)
5.14.3.5 Power UP CCU 1+~ (Check)

5.14.3.6 CASS TAPE UNREFERENCED FAULT issued.
" (Check)

@
5.14.3.7 Re-reference CASS Encoder Z2- 20O, < S 1~~~ (Check)
5.14.3.8  Drive to Ref Position .~ (Check)
5.14.3.9  Axis Drives Precisely to Ref Position " (Check)

O avt —see

SIZE | CAGE NO. DWG NO. REV

THIS DOCUMENT IS FOR REFERENCE ONLY AND MAY NOT BE A4 OPON7 99‘343"0006 =

INCORPORATED INTO A DESIGN OR USED FOR MANUFACTURE OR

PROGUREMENT FROM SOURCES OTHER THA GENERAL DYNAMIcs | VPO DWG. NO.

5 "DISGLOSED ONLY TO_ CUSTOMERS. HAVING INTERFACE, VIS-PRO-VER-01001-9008

OPERATION OR MAINTENANCE REQUIREMENTS SPECIFIC TO THIS

EQUIPMENT.
SCALE NONE WEIGHT: SHEET 80 OF 125




SH

81

DWG.
NO.

99-343-0006

CAGE
NO.

OPON7

5.16

5.15.1

5.15.11

5.15.1.2

5.15.1.3

TRACKING ACCURACY

The following test will verify the tracking accuracy (or jitter) while the MCS is in the
MCU Velocity Test Mode of Operation. The AZ, ALT and CASS Position Loop
error signals from the Signal Meter will be used to measure the position loop
tracking error or jitter. Since the Velocity Test does not allow for independent
velocities between the axes, individual Velocity tests will be run. The Axes
Position Loop errors will be captured with true-RMS Data Acquisition Instrument
and with a strip chart recorder (for Reference only). The data will be analyzed to
determine the tracking error or jitter. The Cassegrain position errors will be
mapped (converted) from the Cassegrain error to the On-Sky absolute pointing
errors as described on the Pointing and Tracking Analysis Report. The Azimuth
errors will be converted to be On-Sky (cross-altitude) errors by multiplying the
Azimuth errors by the cosine of the Altitude angle. The strip chart recorder
captured peak position errors will be converted to rms assuming a 3-Sigma
Gaussian distribution. The Beam Radial Error (BRE) will be computed from the
three (3) axis errors by performing an RSS calculation. It will be verified that the
open loop tracking will be accurate to within 0.1 arc-sec rms over 15 seconds of
tracking and to within 0.2 arc-sec rms over 5 minutes of tracking.

The Cassegrain Rotator axis position loop error data captured will be reduced. It
will be verified that the CASS tracking is accurate to within 31 arc-sec rms.

Tracking Accuracy Test #1

This test measured the Tracking Accuracy (over 15 seconds) when AZ, CASS are
traveling at maximum tracking velocity (0.133°/sec) while ALT is holding position.

Connect true RMS data acquisition instrument Channel 1 input to A4TP1 of the
AZ/ALT PDU. Connect Channel 2 of the input to A4TP2 of the AZ/ALT PDU.
Connect Channel 3 of the input to A4TP1 of the CASS PDU.

\ g”ibheck)

At the MCU, select the Signal Meters Screen, select the AZ Position Error output
for Signal Meter #1, ALT Position Error output for Signal Meter #2 and CASS
Position Error output for Signal Meter #4. Set the range of the signal meters
selected to £0.001°.

" (Check)

Set the recorder to convenient settings and record.
Channel 1 Gain

Yy
)
<

(Record)

Channel 2 Gain (Record)

Vi
<

Channel 3 Gain C Yy (Record)

Chart Speed — (Record)
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% 5.15.1.4 Select the Velocity Test Screen from the Test Functions Menu Screen. Set the
parameter to the following values and store.
(Lo
S % of Max Velocity 0.067
> Length of Test 30 sec
3 AZ Axis Enable/Dir POS
o ALT Axis Enable/Dir OFF
@ CASS Axis Enable/Dir ~ OFF
L (Check)
¢ 5.156.1.5 Execute the preview at the bottom of the Velocity Test Screen. Verify that the
- following values are calculated.
P
S AZ ALT CASS
° Velocity 0.134 0.134 0.241 deg/sec
w Travel 4.02 0.00 0.00 deg .
8y 1 .~ (Check)
5.15.1.6 Record the Altitude starting angle.
T €D e
OBl (Record)
5.15.1.7 Execute the test mode and record the Azimuth and Altitude position errors on the
strip chart recorder and on the true-RMS Data Acquisition Instrument.
.’ (Check)
5.15.1.8 Record the AZ and the ALT Position Errors from the true-RMS Data Acquisition
Instrument.
AZ Position Error 7, ©©©%] [ Y Deg rms (Record)
QL@{%? - L
ALT Position Error C. 00000 S Deg rms (Record)
5.15.1.9 Convert the position errors to arc-secs by multiplying by 3600. Convert the AZ
position error to XALT position error by multiplying by Cos (ALT angle).
AZ Position Error i&;%ﬁ ©Y arc-sec rms (Record)
ALT Position Error (5.7 [ L arc-sec rms (Record)
XALT Position Error_J.©1"% __ arc-sec rms (Record)
5.15.1.10  Select the Velocity Test Screen from the Test Functions Menu Screen. Set the
parameter to the following values and store.
% of Max Velocity 0.037
Length of Test 30 sec
AZ Axis Enable/Dir OFF
ALT Axis Enable/Dir OFF
CASS Axis Enable/Dir POS Y
!g” (Check)
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5.15.1.11 Execute the preview at the bottom of the Velocity Test Screen. Verify that the
following values are calculated.

AZ ALT CASS
Velocity | 0.074 0.074 0.133 deg/sec
Travel | 0.00 0.00 4.00 deg

v (Check)

5.15.1.12 Execute the test mode and record the Cassegrain position errors on the true-RMS
Data Acquisition Instrument. y

P

S
I~ (Check)
5.15.1.13 Record the CASS Position Error from the true-RMS Data Acquisition Instrument.
CASS Position Error _C .oeoiyly Deg rms (Record)

5.15.1.14  Convert the CASS Position Error to arc-secs by multiplying by 3600. Convert the
CASS Position Error to the On-Sky pointing error by dividing the position error by
54.5, giving the peak focal plane error to the time-RMS rotary error. Finally,

convert time-RMS rotary error to RMS focal plane error by multiplying by (1/6)"2,

CASS Position Error @cﬁé%% arc-sec time rms (Record)

On-Sky CASS Position Error O.o0n 7St arc-sec time rms (Record)

On-Sky Entire Focal Plane Position Error _O. © 0o %ﬁﬁ’ arc-sec time & space rms (Record)
5.15.1.15  Verify that the CASS Position Error above is less than 31 arc-sec rms.

1.”” (Check)

5.156.1.16  Calculate the Beam Radial Error (BRE).

BRE = ((XALT Error)? + (ALT Error)? + (On-Sky Focal Plane CASS Error))"? _ ©“4{5 arc-sec rms (Record)

5.15.1.17  Verify that the BRE error is less than 0.1 arc-sec rms.

2

" (Check)

5.15.2 Tracking Accuracy Test #2

This test measures the Tracking Accuracy (over 15 seconds) when AZ, CASS are
traveling at half their maximum tracking velocity (0.067°/sec) while ALT is traveling
at half its maximum tacking velocity (0.0024°/sec).

5.15.2.1 Connect the True-RMS Data Acquisition Instrument Channel 1 input to A4TP1 of
the AZ/ALT PDU, connect Channel 2 of the recorder input to A4TP2 of the
AZ/ALT PDU, and connect Channel 3 of the recorder input to A4TP1 of the CASS
PDU.

/
v/ (Check)

SIZE | CAGE NO. DWG NO. REV

THIS DOCUMENT IS FOR REFERENCE ONLY AND MAY NOT BE A4 OPON7 99-343'0006 -

INCORPORATED INTO A DESIGN OR USED FOR MANUFACTURE OR
PROCUREMENT FROM SOURCES OTHER THA GENERAL DYNAmics | VPO DWG. NO.

CiSTI Eo T Coos o s e VIS-PRO-VER-01001-9008

OPERATION OR MAINTENANCE REQUIREMENTS SPECIFIC TO THIS

EQUIPMENT.
SCALE NONE WEIGHT: SHEET 83 OF 125




84

DWG.
NO.

99-343-0006

CAGE
NO.

OPON7

5.156.2.2

5.15.2.3

5.15.2.4

5.15.2.5

5.15.2.6
5.15.2.7

5.15.2.8

5.15.2.9

At the MCU, select the Signal Meters Screen, select the AZ Position Error Output
for Signal Meter #1, ALT Position Error output for Signal Meter #2 and CASS
Position Error output for Signal Meter #4. Set the range of the signal meters
selected to £0.001°.

&//(Check)
Set the recorder to convenient settings and record.

Channel 1 Gain _~~ S\ (Record)
i

Channel 2 Gain_— ) (Record)
+
Channel 3 Gain __-

=

() (Record)

Chart Speed — (Record)

Select the Velocity Test Screen from the Test Functions Menu Screen. Set the
parameter to the following values and store.

% of Max Velocity 0.034
Length of Test 30 sec
AZ Axis Enable/Dir POS
ALT Axis Enable/Dir OFF

CASS Axis Enable/Dir OFF
v (Check)

Execute the preview at the bottom of the Velocity Test Screen. Verify that the
following values are calculated.

AZ ALT CASS
Velocity | 0.068 0.068 0.122 deg/sec
Travel | 2.04 0.00 0.00 deg -
v~ (Check)
Record the Altitude starting angle. "%Q yE e (Record)

Execute the test mode and record the Azimuth position errors on the true-RMS
Data Acquisition Instrument.

L~ (Check)
Record the AZ position error from the true-RMS Data Acquistion Instrument.
ﬁ@@‘fr P67 AZ Position Error _O .CoooS58Deg rms (Record)

Convert the position error to arc-secs by multiplying by 3600. Convert the AZ
position error to XALT position error by multiplying by Cos (ALT angle).

AZ Position Error _ ©.LOE S arc-sec rms (Record)

XALT Position Error <0 .1 2.2 arc-sec rms (Record)
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5.15.2.10

5.15.2.11

5.15.2.12

5.15.2.13

5.15.2.14

5.15.2.16

5.15.2.16

Select the Velocity Test Screen from the Test Functions Menu Screen. Set the
parameter to the following values and store.

% of Max Velocity 0.001
Length of Test 30 sec
AZ Axis Enable/Dir OFF
ALT Axis Enable/Dir POS
CASS Axis Enable/Dir OFF

ya
v (Check)

Execute the preview at the bottom of the Velocity Test Screen. Verify that the
following values are calculated.

AZ ALT CASS
Velocity | 0.002 0.002 0.004 deg/sec
Travel | 0.00 0.06 0.00 deg e

V" (Check)

Execute the test mode and record the Altitude position errors on the true-rms Data
Acquisition Instrument.

+" (Check)
Record the ALT position error from the true-RMS Data Acquistion Instrument.
PloT AZO
Convert the position error to arc-secs by multiplying by 3600.
YUY

Select the Velocity Test Screen from the Test Functions Menu Screen. Set the
parameter to the following values and store.

ALT Position Error ¢y ©oeonis Deg rms (Record)

ALT Position Error _ ¢ arc-sec rms (Record)

% of Max Velocity 0.019
Length of Test 30 sec
AZ Axis Enable/Dir OFF
ALT Axis Enable/Dir OFF
CASS Axis Enable/Dir POS

[ f(C heck)

Execute the preview at the bottom of the Velocity Test Screen. Verify that the
following values are calculated.

AZ ALT CASS
Velocity | 0.038 0.038 0.068 deg/sec y,
Travel | 0.00 0.00 2.04 deg [
(Check)
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5.15.2.17 Execute the test mode and record the Cassegrain position errors on the true-RMS
Data Acquisition Instrument.

" (Check)
5.15.2.18 Record the CASS position error from the true-RMS Data Acquisition Instrument.
ﬁmmzw jg'%’zg’ CASS Position Error .co0 o9 2. Deg rms (Record)

5.15.2.19  Convert the CASS position error to arc-secs by multiplying by 3600. Convert the
CASS position error to the On-sky pointing error by dividing the position error by
54.5, giving the peak focal plane error to the time-RMS rotary error. Finally,
convert time-RMS rotary error to RMS focal plane error by multiplying by (1/6)"2.

CASS Position Error . ﬁigﬁ arc-sec time rms (Record)

On-Sky CASS Position Error &2 -© 95 gre-sec time rms (Record)

On-Sky Entire Focal Plane Position Error & . ©©Z2-5S arc-sec time & space rms (Record)
5.15.2.20  Verify that the CASS Position Error above is less than 31 arc-sec rms.
" (Check

5.156.2.21 Calculate the Beam Radial Error (BRE).

BRE = ((XALT Error)? + (ALT Error)? + (On-Sky Focal Plane CASS Error)?)'? OO0 arcsec rms
(Record)

5.15.2.22  Verify that the BRE error is less than 0.1 arc-sec rms.
.~ (Check)

5.15.3 Tracking Accuracy Test #3

6 minotes

This test measures the Tracking Accuracy (over 155’”§§co'nds) when AZ,CASS are
holding position while ALT is traveling at maximum tracking velocity (0.0047°/sec).

5.15.3.1 Connect true-RMS Data Acquisition Instrument Channel 1 input to A4TP1 of the
AZ/ALT PDU, Connect Channel 2 of the recorder input to A4TP2 of the AZ/ALT
PDU, and Connect Channel 3 of the recorder input to A4TP1 of the CASS PDU.

./~ (Check)

5.15.3.2 At the MCU, select the Signal Meters Screen, select the AZ Position Error output
for Signal Meter #1, ALT Position Error output for Signal Meter #2 and CASS
Position Error output for Signal Meter #4. Set the range of the signal meters
selected to £0.001°.

.~ (Check)
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5.16.3.3

5.16.3.4

5.15.3.5

5.15.3.6

5.15.3.7

5.15.3.8

5.15.3.9

o

Set the recorder to convenient settings and record.
Channel 1 Gain _+ 5/ (Record)

I ﬂ
Channel 2 Gain — [ V (Record)
-+ \
Channel 3Gain_— Y U (Record)

Chart Speed - (Record)

Select the Velocity Test Screen from the Test Functions Menu Screen. Set the
parameter to the following values and store.

% of Max Velocity 0.0024

Length of Test 30 sec

AZ Axis Enable/Dir POS

ALT Axis Enable/Dir OFF

CASS Axis Enable/Dir OFF .

v (Check)

Execute the preview at the bottom of the Velocity Test Screen. Verify that the
following values are calculated.

AZ ALT CASS
Velocity | 0.0048 0.0048 0.0086 deg/sec
Travel | 0.00 0.144 0.00 deg

" (Check)

Record the Altitude starting angle.

o g o

oh - 7{5 (Record)
Execute the test mode and record the Azimuth, Altitude and CASS position errors
on the true-rms Data Acquisition Instrument.

Eiff"”(é/Check)

Record the AZ and ALT position errors from the true-rms Data Acquisition
Instrument.

AZ Position Error & .oocoo'f Deg rms (Record)
PL=T R~

ALT Position Error & cyooolR Deg rms (Record)

Convert the position errors to arc-secs by multiplying by 3600. Convert the AZ
position error to XALT positioin error by multiplying by Cos (ALT angle).

AZ Position Error ©. 0 1Y 5{ arc-sec rms (Record)

ALT Position Error &.0o&Y S arc-sec rms (Record)

XALT Position Error ©.0O0< &f arc-sec rms (Record)
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5.15.3.10

5.16.3.11

On-Sky Entire Focal Plane Position Error

5.15.3.12

5.16.3.13

5.15.3.14

5.15.4

5.16.4.1

5.15.4.2

Record the CASS position error from the true-rms Data Acquisition Instrument.
CASS Position Error — Deg rms (Record)

Convert the CASS position error to arc-secs by multiplying by 3600. Convert the
CASS position error to the On-Sky pointing error by dividing the position error by
54.5, giving the peak focal plane error to the time-rms rotary error. Finally,

convert time-rms rotary error to RMS focal plane error by multiplying by (1/6)">.

CASS Position Error D arc-sec time rms (Record)

On-Sky CASS Position Error - arc-sec time rms (Record)

arc-sec time & space rms (Record)

Verify that the CASS Position Error above is less than 31 arcsec rms.

"~ (Check)
Calculate the Beam Radial Error (BRE).
BRE = ((XALT Error)? + (ALT Error)? + (On-Sky Focal Plane CASS Error)?)'"?

.06 YH  arc-sec rms (Record)

Verify that the axis BRE error is less than 0.1 arc-sec rms.

1~ (Check)
Tracking Accuracy Test #4

This test measures the Tracking Accuracy (over 5 minutes) when AZ,CASS are
traveling at half their maximum tracking velocity (0.067°/sec) while ALT is traveling
at half its maximum tracking velocity (0.0024°/sec).

Connect the true-RMS Data Acquisition Instrument Channel 1 input to A4TP1 of
the AZ/ALT PDU, connect Channel 2 of the recorder input to A4TP2 of the
AZ/ALT PDU, and connect Channel 3 of the recorder input to A4TP1 of the CASS
PDU.

.~ (Check)

At the MCU, select the Signal Meters Screen, select the AZ Position Error output
for Signal Meter #1, ALT Position Error output for Signal Meter #2 and CASS
Position Error output for Signal Meter #4. Set the range of the signal meters
selected to +0.001°.

" (Check)

SIZE | CAGE NO. DWG NO. REV

THIS DOCUMENT IS FOR REFERENCE ONLY AND MAY NOT BE A4 OPON7 99"343‘0006 =

INCORPORATED INTO A DESIGN OR USED FOR MANUFACTURE OR

PROCUREMENT FROM SOURCES OTHER THA GENERAL DYNAMICs | VPO DWG. NO.

C4 SYSTEMS VERTEXRSI. THE CONTENTS OF THIS DOCUMENT MAY
BE DISCLOSED ONLY TO CUSTOMERS HAVING INTERFACE,
OPERATION OR MAINTENANCE REQUIREMENTS SPECIFIC TO THIS
EQUIPMENT.

VIS-PRO-VER-01001-9008

SCALE NONE WEIGHT: SHEET 88 OF 125




SH

89

99-343-0006

NO.

CAGE
NO.
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5.15.4.3

5.15.4.4

5.156.4.5

5.15.4.6

5.15.4.7

5.15.4.8

5.15.4.9

Set the recorder to convenient settings and record.

o L M
Channel 1 Gain_— - U (Record)
L .
Channel 2 Gain_— |V (Record)
%%' /
Channel 3 Gain _ — 5% V (Record)
Chart Speed — (Record)

Select the Velocity Test Screen from the Test Functions Menu Screen. Set the
parameter to the following values and store.

% of Max Velocity 0.034

Length of Test 360 sec

AZ Axis Enable/Dir POS

ALT Axis Enable/Dir OFF

CASS Axis Enable/Dir OFF B/
~__(Check)

Execute the preview at the bottom of the Velocity Test Screen. Verify that the
following values are calculated.

AZ ALT CASS
Velocity | 0.068 0.068 0.122 deg/sec
Travel | 24.48 0.00 0.00 deg

" (Check)
Record the Altitude starting angle.

amn Y s
4

6. & (Record)

Execute the test mode and record the Azimuth position errors on the true-rms
Data Acquisition Instrument.

/ / (Check)
Record the AZ position errors from the true-rms Data Acquisition Instrument.
{}5) LT &?{S AZ Position Error ©_c&ooo ¥~ Deg rms (Record)

Convert the position errors to arc-secs by multiplying by 3600. Convert the AZ
position error to XALT position error by multiplying by Cos (ALT angle).

AZ Position Error (.. SZ.  arc-sec time rms (Record)

XALT Position Error =< 65?';% arc-sec time rms (Record)
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5.15.4.10 Select the Velocity Test Screen from the Test Functions Menu Screen. Set the
parameter to the following values and store.
2 % of Max Velocity 0.001
b= Length of Test 360 sec
@' AZ Axis Enable/Dir OFF
] ALT Axis Enable/Dir NEG
2 CASS Axis Enable/Dir OFF /
)/ (Check)
_ 5.15.4.11 Execute the preview at the bottom of the Velocity Test Screen. Verify that the
¥ following values are calculated.
= AZ ALT CASS
[
P Velocity | 0.002 0.002 0.004 deg/sec
Travel | 0.00 -0.72 0.00 deg -
. " (Check)
52 15.15.4.12 Execute the test mode and record the Altitude position errors on the true-rms Data
Acquisition Instrument.
" (Check)
5.156.4.13 Record the ALT position error from the true-rms Data Acquisition Instrument.
QL@T 5&%%’ ALT Position Error & .Ooeeo4& Deg rms (Record)
5.15.4.14  Convert the position error to arc-secs by multiplying by 3600.
ALT Position Error _C¢i/ /& arc-sec rms (Record)
5.15.4.15 Select the Velocity Test Screen from the Test Functions Menu Screen. Set the
parameter to the following values and store.
% of Max Velocity 0.019
Length of Test 360 sec
AZ Axis Enable/Dir OFF
ALT Axis Enable/Dir OFF )
CASS Axis Enable/Dir POS V/
v~ (Check)
5.15.4.16 Execute the preview at the bottom of the Velocity Test Screen. Verify that the
following values are calculated.
AZ ALT CASS
Velocity | 0.038 0.038 0.068 deg/sec
Travel | 0.00 0.00 24.62 deg ;
‘/ (Check)
5.15.4.17 Execute the test mode and record the Cassegrain position errors on the true-rms
Data Acquisition Instrument.
" (Check)
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5.15.4.18 Record the CASS position error from the true-rms Data Acquisition Instrument.

DWG.
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NO.

OPON7

@L,,@T &?’%ﬂ CASS Position Error & -©<o o7 Deg rms (Record)

5.15.4.19 Convert the CASS position error to arc-secs by multiplying by 3600. Convert the
CASS position error to the On-Sky pointing error by dividing the position error by
54.5, giving the peak focal plane error to the time-rms rotary error. Finally,
convert time-rms rotary error to RMS focal plane error by multiplying by (1/6)".

CASS Position Error <>~ 5L arc-sec time rms (Record)

On-Sky CASS Position Error _®-“25 7 arc-sec time rms (Record)

On-Sky Entire Focal Plane Position Error _+> .o 2arc-sec time & space rms (Record)
5.15.4.20  Verify that the CASS Position Error above is less than 31 arc-sec rms.
" (Check)

5.15.4.21 Calculate the Beam Radial Error (BRE).
BRE = ((XALT Error)? + (ALT Error)® + (On-Sky focal plane CASS Error)?)"?

.26 arc-sec rms (Record)

5.15.4.22  Verify that the BRE error is less than 0.1 arc-secs rms. :
.~ (Check)
5.15.5 Tracking Accuracy Test #5

This test measures the Tracking Accuracy when the AZ, ALT and CASS axes are
position commanded to follow a triangular wave of £0.02° having a 0.02 Hz
frequency. This test demonstrates the tracking performance at very low tracking
rates and through direction reversals for each axis.

Set up the tests as follows:

a. Connect a function generator set at 4V peak-to-peak (x2V), 0.02 Hz,
triangular wave to AZ/ALT PDU and CASS PDU A4TP4 and to Channel 1
of the chart recorder.

b. Connect the AZ Position Error, A4TP1 at the AZ/ALT PDU to Channel 2 of
the chart recorder.

c. Connect the ALT Position Error, A4TP2 at the AZ/ALT PDU to Channel 3 of
the chart recorder.

d. Connect the CASS Position Error, A4TP1 at the CASS PDU to Channel 4
of the chart recorder.

e. At the MCU, select the Signal Meters screen. Select AZ Position Error for
Meter No. 1, ALT Position Error for Meter No. 2 and CASS Position Error
for Meter No. 4. Set the range of the signal meters selected to £0.001°.
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5.15.5.1

5.15.5.2

5.15.5.3

5.15.5.4

5.15.5.5

5.156.5.6

PLsT RZEC A7R

f. Select the Test Function Screen, and from there, select the Position Loop

Test Screen. Set the scale factor to 0.01°/V (this creates +0.020°
movement) and select Execute.

g. Verify that all error corrections are OFF.

h. Set the chart recorder channels to convenient settings for the peak-to-peak
excursions of the position signals and record.

Channel 1 Gain ﬁ: ;1 v (Record)

Channel 2 Gain -~ | VU (Record)

efimen N
25N ;

&

Channel 3 Gain _— @.5 V. (Record)

Channel 4 Gain ﬁw Vv __ (Record)

Chart Speed - (Record)

Record the Altitude starting angle. o
L‘f D (Record)

Enable the axes and record the Azimuth, Altitude and Cassegrain Position errors
on the true-rms Data Acquisition Instrument.

o~ (Check)

Record the AZ and ALT position errors from the true-rms Data Acquisition
Instrument.

AZ Position Error ). e~ Deg rms (Record)

ALT Position Error O . ©caso® Deg rms (Record)

Convert the position errors to arc-secs by multiplying by 3600. Convert the AZ
position error to XALT position error by multiplying by Cos (ALT angle).

AZ Position Error ¢©.©6 Y 8 arc-sec time rms (Record)

ALT Position Error _ ©. OULEH'R arc-sec time rms (Record)

XALT Position Error ©. OY <&  arc-sec time rms (Record)
Record the CASS Position Error from the true-RMS Data Acquisition Instrument.

Pl=T 76, Nz CASS Position Error (O, O©out&Deg rms (Record)

Convert the CASS Position Error to arc-secs by multiplying by 3600. Convert the
CASS Position Error to the On-Sky pointing error by dividing the position error by
54.5, giving the peak focal plane error to the time-RMS rotary error. Finally,

convert time-RMS rotary error to RMS focal plane error by multiplying by (1/6)"%.

CASS Position Error . [£2.5 & arc-sec time rms (Record)
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On-Sky CASS Position Error & .<« 24 _arc-sec time rms (Record)

On-Sky Entire Focal Plane Position Error oo 7 F-arc-sec time & space rms (Record)

5.15.5.7 Verify that the CASS Position Error above is less than 31 arc-sec rms.

L~ (Check)
5.15.5.8 Calculate the Beam Radial Error (BRE).

BRE = ((XALT Error)? + (ALT Error)? + (On-Sky Focal Plane CASS Error)?)"

.05 q;*/ arc-sec rms (Record)

5.15.5.9 Verify that the BRE error is less than 0.1 arc-sec rms.

e

" (Check)
5.16 TRACKING TEST #6 - STAR TRACK MODE
The Star Track Mode of Operation generates pointing angles based upon:
1. Stored parameters describing targets
2. Real Time
3. Location of station

The MCU has the capability to store up to 10 Star Track data sets. The data for
10 common radio-source stars is loaded in the MCU as default. Different pointing
trajectories can be defined by changing the Right Ascension and Declination
parameter values.

5.16.1 Connect the true-RMS Data Acquisition Instrument recorder Channel 1 input to
A4TP1 of the AZ/ALT PDU, connect Channel 2 of the recorder input to A4TP2 of
the AZ/ALT PDU, and connect Channel 3 of the recorder to A4TP1 of the CASS
PDU.

L~ (Check)

5.16.2 At the MCU, select the Signal Meters Screen, select the AZ Position Error output
for Signal Meter #1, the ALT Position Error output for Signal Meter #2 and the
CASS Position Error output for Signal Meter #4. Set the range of the signal

meters selected to +0.001°C AT/l ) CIAS T + Qe .
v~ (Check)
5.16.3 Set the recorder to convenient settings and record.

Channel 1 Gain ji 5 ‘vj (Record)

Channel 2 Gain = ©. SV (Record)

A € .

Channel 3 Gain _—- . \/ _ (Record)
Chart Speed T (Record)
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5.16.4

5.16.5

5.16.6

5.16.7

5.16.8

5.16.9

5.16.10

Select Star Track Set #1, enter and record below the appropriate Right Ascension
and Declination values that would result in a trajectory traveling at approximately
half sidereal rate for the Azimuth and Altitude Axes. :

Right Ascension /&5 .63 77 (Record)

Declination 9. 5175 (Record)

Epoch 5715 <=.© (Record)

Set the appropriate site location values needed for being able to track on the star.
Latitude — < ©.2  (Record)

Longitude 7= - ©  (Record)

Altitude < Foe  (Record)

Select the Self-Test Function and set and record the Real Time Clock to the
appropriate time and date for conducting this test.

Time ©2718+2.0 (Record)

Date ”/?“‘Zé@f; (Record)

Execute the Preview Function and verify that the star is visible for the current
MCU time.

_”_ (Check)
From the previewed information, calculate the approximate AZ and ALT axis
velocities for the selected trajectory. Record below.

o,
P

AZ Target Velocity _© . O = °/sec (Record)

ALT Target Velocity ¢ . (%Y $°/sec (Record)

On the Slave Screen, turn on Slaving for Cassegrain. Enter a Slave Reference
Position for CASS to the starting AZ angle position for the Star Track Test.

(Check)

Execute the Star Track Test and record the Azimuth, ALT and CASS position
errors on the strip chart recorder and on the true-rms Data Acquisition Instrument.
Run the test for approximately 10 minutes. Record the position at the start and at
the end of the test. Calculate the amount traveled and the axis velocities.

AZ 7525  ALT o so  CASS

Start Positon  #==5° BT JES. ) o (Record)
End Position 4. 12%° 27.004¢° JEG6.FF e (Record)

Travel /. Yo /. RS Y /. L (Record)
TestTime 55 ¢ o= <, <  sec (Record)

Velocity O, © © 2 O.00 2R @ o=  °/sec  (Record)
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5.16.10.1 - Record the AZ and the ALT Position Errors from the true-RMS Data Acquisition
Instrument.

AZ Position Error £2.C02r> 2. Deg rms (Record)

ALT Position Error ©.05<o 1Y Deg rms (Record)

5.16.10.2 Convert the position errors to arc-secs by multiplying by 3600. Convert the AZ
position error to XALT position error by multiplying by Cos (ALT angle).

PLoT AN A e AZ Position Error & 57— arc-sec rms (Record)

ég\é LT = 2sT ALT Position Error _¢& - :@ng arc-sec rms (Record)

XALT Position Errorc=. <2504 7 arc-sec rms (Record)

5.16.10.3 Record the CASS Position Error from the true-RMS Data Acquisition Instrument.
CASS Position Error (0 .oo<G  Deg rms (Record)

5.16.10.4 Convert the CASS Position Error to arc-secs by multiplying by 3600. Convert the
CASS Position Error to the On-Sky pointing error by dividing the position error by
54.5, giving the peak focal plane error to the time-RMS rotary error. Finally,

convert time-RMS rotary error to RMS focal plane error by multiplying by (1/6)".

CASS Position Error _ 2 - 22 arc-sec time rms (Record)

On-Sky CASS Position Error _©-© 4 | arc-sec time rms (Record)

On-Sky Entire Focal Plane Position Error _£2 O F  arc-sec time & space rms (Record)

5.16.11 Calculate the Beam Radial Error (BRE).

BRE = ((XALT Error)” + (ALT Error)” +(On-Sky Focal Plane CASS Error)?) 2
Q08 W arc-sec rms(Record)

5.16.12 Verify that the axis BRE error is less than 0.1 arc-sec rms.
EV/ (Check)
6.0 Ka MEASUREMENT

The following tests will measure the Ka of the MCU Position Loop with and without
velocity feed forward. The Ka of the system determines the amount of steady
state error present when following a constantly accelerating target. The test will
be performed at or above the maX|mum tracking velocities and acceleratlons (AZ,
CASS 0.133°/sec, 0.00275°/sec?, ALT 0.0047°/sec, 0. 000143°/sec?).
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6.1

6.1.1

6.1.2

6.1.3

6.1.4

6.1.5

Ka MEASUREMENT SET-UP

a. Connect Channel 1 of the strip chart recorder to AZ/ALT PDU A4TP1 and
connect Channel 2 to A4TP2 and record the settings.

Channel 1 Gain tZ.5v (Record)

Channel 2 Gain = 2.5V (Record)

Chart Speed — (Record)

b. At the MCU, select the axis velocity (Rate CMD) and Position Error to be
output on Signal Meters 1 and 2 and record the settings.

CHANNEL SIGNAL MINIMUM MAXIMUM

1 AZRateCMD  —15 £L1<t  (Record)

2 AZ Pos Error — e | <o e (Record)

At the MCU, select the Acceleration Test with the % Max Accel to 0.003
(0.003°/sec?), 90% Velocity Feed Forward (VFF) and % Max Velocity of 0.067
(0.134°/sec). Record the velocity and position error on the strip chart recorder.

~~{Check)
Record the steady state error.
PLST FQ‘%‘?% O.©2oxY2_ (Record)

Calculate the Ka using the following formula and record.

Ka = Acceleration / Error

Ka = +/ (Record)

Verify that the Ka is greater than 60.
Ka >60 __ .—{Check)
Repeat the Ka test set without Velocity Feed forward and record the results below.

1.  SetUp Rate CMD = | S *lo (Record)

-+ S
POS Error — &~=2 ] (Record)
2. 0% VFF __~(Check)

PlaT ABo 3, Steady State Error O-T20L72  (Record)

4.  Ka Jo./  (Record)

5. Ka>6 = ’/(Check)
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6.1.6 Repeat the Ka Tests for the Altitude axis.

With 90% Velocity Feed Forward
= j @?f
1. Set Up Rate CMD — g {= (Record)

A ,©
POS Error _— &1 (Record)

2. Ka Test at 90% VFF
% Max Accel .006 (0.003°/s7)

% Max Vel .067 (0.134°/sec) .~ (Check)

@ LT AR 5 3. Steady State Error O.oeo a1 (Record)
4. Ka } zﬂg (Record)

5.  Ka>60 L~ (Check)

With 0% Velocity Feed Forward
1. Set Up Rate CMD

+ | S=(o (Record)

Foy oy @
POS Error _— ©-U05|  (Record)

2. Ka Test at 0% VFF
% Max Accel .006 (O.OO3°/32)

% Max Vel .067 (0.134°/sec) w/ (Check)
PlaT A2 5 Steady State Error .o 2 (Record)
4.  Ka 7.4 (Record)
5. Ka>6 +«" _ (Check)
6.1.7 Repeat the Ka Tests for the Cassegrain axis.

With 90% Velocity Feed Forward
1. Set Up Rate CMD — /“<7/¢ (Record)

4
POS Error — Q.o (Record)

2. Ka Test at 90% VFF
% Max Accel .0.002(0.036°/s?)

% Max Vel 0.037 (0.133°/sec) " (Check)
QQLAST A2 3. Steady State Error O .00D0YS (Record)
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LT ARY

6.2

6.2.1
6.2.1.1

6.2.1.2

6.2.1.3

4. Ka (2~ 5 (Record)
"
5. Ka > 60 ~ _(Check)
With 0% Velocity Feed Forward n
7 -~
1.  SetUp Rate CMD - /975 (Record)

POS Errori)- e 1% (Record)

2. Ka Test at 0% VFF
% Max Accel .002 (0.036°/s?)

% Max Vel .037 (0.133°/sec) v /ECheck)
3. Steady State Error O .2 F-€ (Record)
4.  Ka L (Record)
5. Ka>6 _;i}?jﬁl_;y{éheck)

MANUAL POSITION MODE

The Manual Position Mode is a Closed Position Loop Mode, with the means to
adjust the position incrementally. The amount of a movement produced by each
keystroke can be adjusted by the increment parameters. The operator has the
capabilities of four independently adjustable increment steps.

AZIALT Axes

Enter the Manual Position Mode and verify that the commanded position is equal
to the current position +0.001°. Record the commanded position. y.

Command = Current £ 0.001° o (Check)

AZ Command 2.¢&S . O gZ?Record)

ALT Command (8 W“fzaﬁf’l“%@v{@’ (Record)

Command the Azimuth Axis POS 0.100° using the AZ "+" Increment Function and
verify that the axis drives to the initial command plus 0.100° and that the total AZ

Offset is 0.1000°.
Z//{Check)

Command the Azimuth Axis NEG 0.200° by first changing any increment step size
to 0.2000° and using the AZ "-" Function.

.~ (Check)
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6.2.1.4

6.2.1.5

6.2.1.6

6.21.7

6.2.1.8

6.2.1.9

6.2.1.10

Verify that the Azimuth Axis drives to -0.100° from the initial position and that the
total AZ Offset is -0.1000°.

. (Check)

Execute the Manual Offset Store Function and verify that the stored offset is
-0.1000°.

yd

" (Check)

Command the Azimuth Axis POS 1.000° using the AZ "+" Function and verify that
the axis drives to + 0.900 from the initial position, the total offset is 0.9000° and
the stored offset remains -0.1000°.

.~ (Check)

Execute the Recall Stored Function. Verify that the axis drives to -0.100° from the
initial position, the total offset is -0.1000° and the stored offset remains -0.1000°.

v (Check)

Enter 0.000° into the Azimuth Total Offset. Verify that the axis drives to the initial
position and that the stored offset remains -0.1000°.

v (Check)

Execute the Manual Offset Store Function. Verify that the stored offset now reads
0.000¢. :

///
¥ (Check)
Repeat Paragraphs 6.2.1.2 through 6.2.1.9 for the Altitude Axis.
6.2.1.2__ L~ (Check)

6213 1~ (Check)
6214 4 (Check)
6215 ~ (Check)
6.2.16__,_~(Check)
6.2.17 m_ii/f?Check)
6.2.1.8 L/ (Check)

e
6.2.1.9 1~ (Check)
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6.2.2 CASS Axes
o |6-2.2.1 Enter the Manual Position Mode and verify that the commanded position is equal
2 to the current position £0.01°. Record the commanded position.
o ;
@ Command = Current £ 0.01°__/(Check)
)
* CASS Command _| (£, X 2 (Record)
6.2.2.2 Command the CASS 4 Axis POS 0.10° using the CASS "+" Increment Function
R and verify that the axis drives to the initial command plus 0.10° and that the total
CASS Offset is 0.1000°.
z .”~_ (Check)
S |6.2.2.3 Command the CASS Axis NEG 0.20° by first changing any increment step size to
0.2000° and using the CASS "-" Function.
v (Check)
6.2.2.4 Verify that the CASS Axis drives to -0.10° from the initial position and that the total
CASS Offset is -0.1000°.
" (Check)
6.2.2.5 Execute the Manual Offset Store Function and verify that the stored offset is
-0.1000°.
.~ (Check)
6.2.2.6 Command the CASS Axis POS 1.00° using the CASS "+" Function and verify that
the axis drives to +0.90° from the initial position, the total offset is 0.9000° and the
stored offset remains -0.1000°.
v (Check)
6.2.2.7 Execute the Recall Stored Function. Verify that the axis drives to -0.10° from the
initial position, the total offset is -0.1000° and the stored offset remains -0.1000°.
.~ (Check)
6.2.2.8 Enter 0.000° into the CASS Total Offset. Verify that the axis drives to the initial
position and that the stored offset remains -0.1000°. P
v (Check)
6.2.2.9 Execute the Manual Offset Store Function. Verify that the stored offset now reads
0.000-°.
.~ (Check)
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6.3 PRESET POSITION MODE
The Preset Position Mode has the capability for storing the position coordinates
for forty pointing angles. These pointing angles are normally the locations of
frequently used signal sources.
Use of the Preset Position Detail allows the user to modify and store the position
coordinates and name each individual position.
6.3.1 AZIALT Axes
6.3.1.1 Select the Preset Position Function detail and randomly choose any position(s)
(1 - 40). Enter and store position coordinates for the Azimuth and Altitude Axes
and input a name for the selected position.
v (Check)
6.3.1.2 Select AZ/ALT Axis in the Preset Position Detail Screen. Execute the chosen
Preset Position(s) and verify that the system drives to the stored position
coordinate and that the names were stored. Record the information as follows:
Pos. Pos. AZ ALT Drives To
No. Name Preset . Preset Preset +0.001°
/ Fec|lew oy 278 545 TS50 _ (Record) M ~ (Check)
5 sy SRFZ 36137 %g;mm (Record) 1~ (Check)
[& fi';g“‘“g/ 3 < oame SB.oes” (Record) /__(Check)
§ J F " 4o - > p
B Test+ Y 2000 _ [p.oos” (Record) @:/ ~ (Check)
6.3.1.3 Recall the Manual Offset Screen. P
+~~ (Check)
6.3.1.4 Verify that offsets may be added to the base mode. B
7
¥~ (Check)
6.3.2 CASS Axes
6.3.2.1 Select the Preset Position Function detail and randomly choose any position(s)

(1- 40).

Enter and store position coordinates for the CASS Axes and input a
name for the selected position.

z/{Check)
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6.3.2.2 Select CASS Axis in the Preset Position Detail Screen. Execute the chosen
Preset Position(s) and verify that the system drives to the stored position
© coordinate and that the names were stored. Record the information below:
(=]
S
Q CASS Drives To
2 Preset Preset +0.01°
N o
o [ _25-©<  (Record) " (Check)
s % (Record) .~ (Check)
5 I Caor lefb2 _O.00e™  (Record) _J_,gi_ (Check)
/ % ooy Wf‘fﬁf‘i‘ Y Soes® (Record) ~ .~ (Check)
Z
S |6.3.2.3 Recall the Manual Offset Screen. P
/ (Check)
£s |6.3.2.4 Verify that offsets may be added to the base mode.
v (Check)
6.4 STOW MODE/ALT MANUAL BRAKE RELEASE
The Stow Mode is another form of Preset Positioning. Four stow positions are
available.
6.4.1 Stow Mode Functional Test
6.4.1.1 Select the Stow Detail Window and enter position coordinates and names for the
four stow positions.
NAME AZ . ALT CASS
No. 1 Tfeee | 225 3ns R7.86!  O.co (Record)
No.2 e 777 amn 7 ° /& (Record)
No.3 <725 3 78-S 70° ~..~ _ (Record)
No.4 Sfa Y RSece Fo.5” 20" (Record)
6.4.1.2 Select AZ/ALT/CASS Axis in the Stow 1 Detail Window. Execute Stow No. 1 and
verify the AZ, ALT and CASS Axes drive towards the stored coordinates.
.~ (Check)
6.41.3 Verify that when the axes reach the stored position the brakes are set.
.~ (Check)
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B3 6.4.1.4 Depress the Manual Brake Released Button and verify that the ALT Brakes are
not disengaged. )
© Lf_ (Check)
(=]
8 }|6.4.1.5 Remove the Azimuth stow pin from its cradle and verify the fault message, "AZ
g' STOW PIN ENGAGED INTLK", is displayed, and that the AZ INTLK chain is
) broken. Verify that the AZ INTLK chain cannot be reestablished with the AZ Stow
2 Pin Extended INTLK Fault present.
L”_ (Check)
I 6.4.1.6 Verify proper AZ STOW PIN ENGAGED fault indication to LCU per Table 1.
.~ (Check)
% 6.4.1.7 Remove either Altitude stow pin from its cradle and verify the fault message, "ALT
% STOW PIN ENGAGED INTLK", is displayed, and that the ALT INTLK chain is
broken.
g . .~ (Check)
6.4.1.8 Verify that the ALT INTLK chain cannot be reestablished with the ALT Stow Pin
extended INTLK Fault present.
%// (Check)
6.4.1.9 Depress the Manual Brake Released Button and verify that the ALT Brakes
disengage. .
" (Check)
6.4.1.10 Verify that the message, ALT MANUAL BRAKE RELEASED, is displayed at the
MCU and reported to the LCU per Table%. - ,
7 " (Check)
6.4.1.11 Verify proper ALT STOW PIN ENGAGED fault indication to LCU per Table 2.
e
v~ (Check)
6.4.1.12 Activate the CASS stow pin and verify that the fault message, "CASS STOW PIN
ENGAGED INTLK", is displayed, and that the CASS INTLK chain is broken.
e
L (Check)
6.4.1.13 Verify that the CASS INTLK chain cannot be reestablished with the CASS Stow
Pin Extended INTLK Fault present.
i~ (Check)
6.4.1.14 Verify proper CASS STOW PIN ENGAGED Fault indication to LCU per Table 3.
./~ (Check)
6.4.1.15 Verify that the status message, "AZ STOWED", is issued to the MCU and to the
CASS LCU (per Table 8).
i~ (Check)
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6.4.1.16

6.4.1.17

6.4.1.18

6.4.1.19

6.4.1.20

6.4.1.21

6.4.1.22

6.4.1.23

6.4.2
6.4.2.1

Execute STOP Mode. Enter Position Designate Mode, command AZ, ALT and
CASS Axes to another position. Verify axes remain disabled. Execute STOP
Mode.

.~ (Check)

Insert the AZ and ALT Stow Pins in the stowed position and verify the status
messages, "AZ STOWED" and "ALT STOWED", are issued.

AZ v (Check)

s

ALT _,_~ (Check)

Verify proper AZ and ALT Stowed message indication to LCUs per Table 6 and
Table 7, appropriately.

AZ 1~ (Check)
ALT +~ (Check)

Remove the Stow Pin from their stowed position and verify the status messages,
"AZ STOWED" and "ALT STOWED", clear.
AZ .~ (Check)

ALT 1~ (Check)

Return the AZ, ALT and CASS Stow Pins to their cradle and verify that the
messages, "AZ STOW PIN ENGAGED INTLK", "ALT STOW PIN ENGAGED
INTLK", and "CASS STOW PIN ENGAGED INTLK" clear.

" (Check)

Verify that the AZ, ALT and CASS Interlock chain can now be reestablished.
Reset the motor controller CBs.

" (Check)
Verify that the CASS STOWED message clears.
. (Check)

Enter Position Designate Mode and command the axes to another position. Verify
that the mount drives to this new position. Execute STOP Mode.

/
\1// (Check)
Stow No. 2, 3. 4

Select AZ/ALT/CASS axis in the Stow 2 Detail Window. Execute Stow No. 2 and
verify that the mount drives to the stored position coordinates, sets the brakes and
disables the motors.

L~ (Check)
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K 6.4.2.2 Repeat 6.4.2.1 for Stow No. 3 and Stow No. 4. ,
. 2~ (Check)
8 &
§ 6.5 POSITION DESIGNATE MODE
<
? The Position Designate Mode provides closed position loop operation on axis
b4 pointing angles as they are received.
6.5.1 AZIALT Axes
52 16.5.1.1 Select AZ/ALT Axis. Execute the Position Designate Mode and verify that the
~ mount is driven to the commanded position +0.001°.
= e
S v~ (Check)
© 16.51.2 Verify that after reaching the commanded position, the motors remain enabled.
8 _s__(Check)
°* 16.51.3 Recall the Manual Offset Screen. J
(Check)
6.5.1.4 Verify that offsets may be added to the base mode. P
V' (Check)
6.5.2 CASS Axes
6.5.2.1 Select CASS Axis. Execute the Position Designate Mode and verify that the
mount is driven to the commanded position £0.01°. f,
_ 1/ (Check)
6.5.2.2 Verify that after reaching the commanded position, the motors remain enabled.
e
./ (Check)
6.5.2.3 Recall the Manual Offset Screen.
/"
./ (Check)
6.5.2.4 Verify that offsets may be added to the base mode. e
v (Check)
6.6 SOFT STOP MODE
The STOP Mode disables the drives and sets the brakes after a controlled
deceleration.
6.6.1 Select AZ/ALT/CASS Axis. Execute any active mode (such as Position
Designate) which will cause the motors to drive at full velocity. P
__ v (Check)
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6.6.2

6.7

6.7.1

NOTE:

While the motors are rotating at full velocity execute the STOP Mode. Verify that
the motors decelerate, the brakes are set and the motor controller is disabled after
the deceleration period.

/’f
AZ Y (Check)

- ey <y = <
Pt ABS ALT __+~_(Check)
CASS (Check)
SIGNAL METERS

The MCU can display eight signals simultaneously in a bar graph format. Each
signal has a minimum and maximum range selection. The first three signals are
output to the AZ/ALT PDU analog test points located on the PMU bracket. The
4th, 5th and 6th signals are output to the CASS PDU analog test points located on
the PMU bracket. The outputs are limited to +5 VDC. The Data Acquisition Unit
interfaces to the 3 AZ/ALT and to the 3 CASS PDU Analogue test points and
makes the information available over the DAQ's Can Open interface. The scale
factor for the DAQ's Analogue test points is +10V = £32,768 bits reported on the
Beckhoff Twincat program.

At the Signal Meter Detail Window, select the following available signals and store
the data below.

Only AZ/ALT signals may be output to the AZ/ALT PDU test points and only
CASS signals may be output to the CASS test points.

SIGNAL NAME STORE AS MIN. MAX. TWINCAT VAR

AZ Rate Command

-100 100 Box 2, Var 74

ALT Rate Command

-100 100 Box 2, Var 73

AZ Position FB

10.000 50.000 Box 2, Var 72

CASS Rate Command

-100 100 Box 2, Var 71

+15V (CASS CCU)

0 20 Box 2, Var 70

CASS Position FB

50 90 Box 2, Var 69

-15V (AZ/ALT CCU)

-20 0 -

ALT Position FB

INjOjO DWW IN] >

40.000 80.000 -

6.7.2

Using the Position Designate Mode, drive AZ Axis full speed in the POS direction
and verify that the AZ Rate Command Meter displays the commanded rate of
+100% + 5% and the voltage at AZ/ALT TP1 and at the DAQ Host Computer is
+5V + 0.2V. Reverse the direction and verify that the meter reads -100% + 5%
and the voltage is -5V + 0.2V.

AZ Rate Cmd Meter (Check)

Voltage at AZ/ALT TP1 (Check)

Reported Voltage at DAQ Host Computer (Check)
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6.7.3

6.7.4

6.7.5

6.7.6

6.7.7

6.7.8

Repeat Section 6.7.2 with ALT, measuring the voltages at TP2 in the AZ/ALT PDU
and the voltage reported to DAQ Host Computer.

ALT Rate Cmd Meter (Check)
Voltage at AZ/ALT TP2 (Check)
Reported Voltage at DAQ Host Computer (Check)

Repeat Paragraph 6.7.2 with CASS, measuring the voltages at TP1 in the CASS
PDU and the voltage reported to DAQ Host Computer.

CASS Rate Cmd Meter (Check)
Voltage at CASS TP1 (Check)
Reported Voltage at DAQ Host Computer (Check)

Verify that +15V meter registers 75% + 5% toward the right and the voltage at
TP2 in the CASS PDU and the voltage reported to DAQ Host Computer is +2.5V
+0.2V.

+15V Meter (Check)
Voltage at CASS TP2 (Check)
Reported Voltage at DAQ Host Computer (Check)

Using the Position Designate Mode drive the mount to AZ = 40.000°, ALT =
50.000°, CASS = 80.000°.

(Check)

Verify the AZ Position meter registers 75% + 5% towards the right and the voltage
at TP3 in the AZ/ALT PDU and the reported voltage at the DAQ Host Computer is
2.5V £0.2V.

AZ Position Meter (Check)
Voltage at AZ/ALT TP3 (Check)
Reported Voltage at DAQ Host Computer (Check)

Verify the CASS Position meter registers 75% * 5% towards the right and the
voltage at TP3 in the CASS PDU and the reported voltage at the DAQ Host
Computer is 2.5V £ 0.2V.

CASS Position Meter (Check)

Voltage at CASS TP3 (Check)

Reported Voltage at DAQ Host Computer (Check)
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e
DWG.
NO.

99-343-0006

6.7.10

6.8
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NO.
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6.8.1

6.8.1.1

Verify that the AZ/ALT CCU -15V meter registers 25% + 5% towards the left from
center.

____ (Check)
Verify the ALT Position meter registers 25% + 5% towards the right.

_____ (Check)
TEST TRAJECTORIES-AZ/ALT

The MCU has the following three test trajectory algorithms.

1. Acceleration
2. Velocity
3. Flyby

These test trajectories screens are accessed via the Test Functions menu
selection. The Acceleration and Velocity Tests have been performed on other
sections of this test procedure.

Flyby Trajectory Test

The Flyby Trajectory Test simulates a target trajectory which causes the mount to
point at high Altitude angles. This test the mount's capability to continue tracking
a target as it passes near keyhole, requiring high Azimuth velocities.

This test is used to demonstrate near zenith passes, so it will be tested at the
upper limit.

For the following test, select the Azimuth rate feedback and the Altitude rate
feedback to be output on AZ/ALT PDU Analog Test Points 1 and 2. Setup the
strip chart recorder to monitor TP1/TP2. Record the following meter signal
parameters and strip chart settings.
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TP1 TP2
(AZ Sum Rate) (ALT Sum Rate)
Signal Min -50 -50 (Record)
Signal Max +50 +50 (Record)
Strip Chart Scale 2V/cm 2Vicm (Record)
Strip Chart Speed 250 mm/min 250 mm/min  (Record)
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6.8.1.2

6.8.1.3

6.8.1.4

6.8.1.5

6.8.1.6

Select the Flyby Test Screen. Set the parameters to the following values and
store.

Max EL (att = 0) 86.000°
Range AT Max EL 15,000 km
Target Velocity 10 km/sec
Length of Test 100 sec
% Feed Forward Vel 1.0

AZ Axis Enable/Dir POS

ALT Axis Enable ON

(Check)

Execute the Preview Function at the bottom of the Flyby Test Screen. Verify that
the following values are calculated for velocity and acceleration. Record the
values for Azimuth travel and the minimum Altitude angle.

AZ ALT
Max Velocity 0.548 0.016 (Check)
Max Acceleration 0.003 0.000 (Check)

Travel 51.082°
Min ALT 85.568°

Drive the mount to the Altitude angle 10° below the minimum Altitude calculated in
the preview menu. Drive Azimuth to an angle which will allow the full travel
required for the test and record.

(Check)

Starting Azimuth (Record)

Place the system in the STOP Mode and execute the Flyby Trajectory Test.
Verify that the mount is driven to the minimum Altitude angle while holding the
current Azimuth position. Record the time at which the minimum Altitude angle is
reached.

Drives to Min ALT, Holds AZ (Check)

Time of Min ALT (Record)

Allow the system to run through the test. Verify that the system goes to the
maximum Altitude angle and returns to the minimum ALT angle and stops.
Record the maximum Altitude angle and the time at which the minimum Altitude
angle is returned to. Record the final Azimuth position.
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Max ALT Angle (Record)
Min ALT Time (Record)
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6.8.1.7

6.8.1.8

6.8.1.9

6.9

6.9.1

6.9.2

6.9.3

6.9.4

Min ALT & Stop (Check)

Final AZ (Record)

From the strip chart recordings, calculate the peak velocity and acceleration and
record below.

AZ Max Velocity (Record)

AZ Max Acceleration (Record)

Calculate the test time by taking the differences between the time at the two
minimum Altitude points. Calculate Azimuth travel.

Test Time (Record)

AZ Travel (Record)

Verify that the following parameters meet the predicted value within the tolerance
specified.

AZ Max Velocity £ 0.1°/sec ___ (Check)

AZ Max Acceleration £ 0.005°/sec2 __ (Check)
AZ Travel £3.0° _ (Check)

Test Time+10sec __ (Check)

IMAGE JITTER

The Image Jitter compensates for Azimuth induced rotary jitter by feeding the
Azimuth error signal into the active Cassegrain Axis to counter rotate the image.

With the MCU in control, using the Position Designate Mode, command AZ to
125°, ALT to 45°, and CASS to 50°. Enter STOP Mode. Disable AZ Motors #1,
#2, and #3.

o (Check)
Verify that the Image Jitter correction is enabled. )

. (Check)
Place the MCU in Manual Position Mode.

__1Z(Check)

While in Manual Position Mode, disable the Azimuth Axis by removing AZ #4
Motor Controller, command, C3-8.

e\ Llg .~ (Check)

é‘:{\}{%‘*%
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6.9.5 Command the Azimuth Axis POS 0.100° using the AZ "+" Increment Function.
_“”fi (Check)
é 6.9.6 Verify that the CASS position command changes to 49.93°. )
% _ v (Check)
2 6.9.7 Command the Azimuth Axis NEG —0.200° from the present position.
> __ " (Check)
g 6.9.8 Verify that the CASS position command changes to 50.07°.
£ _ .~ (Check)
= 16.9.9 Reenable the Azimuth Axis by reconnecting the motor controller enable command
g wire.
° »
./ (Check)
5, 16.9.10 Verify that the CASS position command now becomes 50.000°. .
- v (Check)
6.9.11 Enter STOP Mode. Command the ALT Axis UP 10.000° using the Position
Designate Mode.
_L/ (Check)
6.9.12 Enter STOP Mode. Place the MCU in Manual Position Mode. Verify that the
CASS position command remains at 50.000°. y
v~ (Check)
6.9.13 While in Manual Position Mode, disable the Azimuth Axis by removing motor
controller enable command wire.
___gﬁ_/ (Check)
6.9.14 Command the Azimuth Axis POS 0.200° using the AZ "+" Increment Function.
_ﬁ,;/__ (Check)
6.9.15 Verify that the CASS position command changes to 49.89°. P
L~ (Check)
6.9.16 Command the Azimuth Axis NEG 0.400° from the present position.
.~ (Check)
6.9.17 Verify that the CASS position command changes to 50.12°. P
_;j/j/; (Check)
6.9.18 Rgenable the Azimuth Axis by reconnecting the motor controller enable command
wire.
____ (Check)
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6.9.19 Verify that the CASS position command now becomes 50.000°. )
" (Check)
©
8 [6.9.20 Disable the Image Jitter correction.
c e
& t”” (Check)
< EE—
("l)
& |6.10 CASSEGRAIN SLAVE MODE
_ In the Slave Mode, the CASS Axis motion is generated based on the Azimuth and
| RS Altitude Trajectories.
— | NOTE: Slave Mode is disabled when executing STOP Mode.
§ 6.10.1 On the Slave screen, verify that slaving for Cassegrain is OFF. P
° .~ (Check)
w 16.10.2 Using the Position Designate Mode, command AZ to 160°, ALT to 25° and CASS
5 2 to 100°.
~~_(Check)
6.10.3 On the Slave Screen, turn on slaving for Cassegrain. Enter a Slave Reference
Position for CASS to an Azimuth position of 160°.
+~ (Check)
6.10.4 Using the Position Designate Mode, command AZ to 160° and ALT to 25°. Verify
that CASS position remains at 100°.
v~ (Check)
6.10.5 Command AZ to 165° and ALT to 20°. /
“" (Check)
6.10.6 Verify that the CASS Axis drives from 100° to 95.30° as the Azimuth and Altitude
Axes reach their commanded position.
e
v~ (Check)
6.10.7 Enter Stop Mode. |
+_(Check)
6.10.8 In the Preset Detail Window, configure a Preset to AZ 135.5° and ALT 55.8°.
Enter the Preset Position Mode and execute the slave mode.
L~ (Check)
6.10.9 Verify that the CASS Axis drives from 95.30° to 109.07° as the Azimuth and
Altitude Axes reach their commanded positions.
E//(Check)
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6.10.10

6.11

6.11.1

6.11.1.1

6.11.1.2

6.11.1.3

6.11.1.4

6.11.1.5

Enter Stop Mode. P

!

[ /(Check)

SOFTWARE TRAVEL LIMITS

The MCU Monitors commands and position feedback, initiating an alarm if either
exceeds the software limit. The hardware travel limit testing is done at another
section of this test procedure.

AZ POS Limits - Software

Set the Software Limits to 0.1° beyond the specified travel range as follows:
AZ POS 136.1°

AZ NEG 43.9° (-316.1°)
ALT POS 91.1°

ALT NEG -1.1°

CASS POS 188.1°

CASS NEG 11.0° (-349.0°)  /
v/ (Check)

Use the Position Designate Mode, command the Azimuth Position to the POS
Travel Limit (136.0° POS). Verify that the mount drives to the commanded
position and indication is POS. The Software Limit may appear due to position
overshoot. Clear the fault message if it appears.

.~ (Check)

Command 0.001° past the POS Software Limit (136.101° POS) and verify that the
brakes are set and the fault message, "COMMAND > REGION AZ+", appears.

+~~ (Check)

Enter Maintenance Mode and slowly drive the mount into the Software Limit.
Verify that the fault message, "AZ + SOFTWARE LIMIT", appears as the position

passes through the Software Limit (136.1°). /
_ (Check)

With the axis in the limit condition, enter the Position Designate Mode and verify
that commands out of the limit are executed.

/
" (Check)
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6.11.2
6.11.2.1

6.11.2.2

6.11.2.3

6.11.2.4

6.11.3
6.11.3.1

6.11.3.2

6.11.3.3

6.11.3.4

6.11.4
6.11.4.1

AZ NEG Limits - Software

Using the Position Designate Mode, command the Azimuth Position to the NEG
Travel Limit (44° NEG) and verify the command is executed and the position
display changes in 0.001° increments.

" (Check)

Command 0.001° past the Software Limit (43.899° NEG) and verify that the
brakes are set and the fault message, "COMMAND>REGION AZ-", appears.

L~ (Check)

Enter Maintenance Mode and slowly drive the mount into the Software Limit.
Verify that the fault message, "AZ - SOFTWARE LIMIT", appears as the position
passes through the NEG Software Limit (43.9°).

,4/’&7

e

" (Check)
Verify that commands out of the limit are accepted. S
" (Check)

ALT NEG Limits - Software

Using the Position Designate Mode, command the Altitude Position to the NEG
Travel Limit (-1.0°). Verify that the mount drives to the commanded position. The
Software Limit may appear due to position overshoot. Clear the fault if it appears.

.~ (Check)

Execute a command of 0.001° past the NEG Software Limit (-1.101°) and verify
that the brakes are set and the fault message, "COMMAND > REGION ALT-",
appears.

‘é//
(Check)

Enter the Maintenance Mode and slowly drive the mount into the Software Limit.
Verify that the fault message, "ALT - SOFTWARE LIMIT", appears as the position
passes through the Software Limit (-1.10°).

" (Check)

With the mount in the Software Limit condition, enter the Position Designate Mode
and verify that commands out of the limit are executed.

‘i}/ (Check)
ALT POS Limits - Software

Using the Position Designate Mode, command the mount to the POS Travel Limit
(91.0°). Verify that the mount drives to the commanded position. Verify that the
Altitude Display increments from -1.0° to 91° with 0.001° resolution.

v (Check)
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6.11.4.2

6.11.4.3

6.11.4.4

6.11.5
6.11.5.1

6.11.5.2

6.11.5.3

6.11.5.4

6.11.6
6.11.6.1

Execute a command of 0.001° past the POS Software Limit (91.101°) and verify
that the brakes are set and the fault message, "COMMAND > REGION ALT+",

appears. P

" (Check)

Enter the Maintenance Mode and slowly drive the mount into the Software Limit.
Verify that the fault message, "ALT + SOFTWARE LIMIT", appears as the position
passes through the Software Limit (91.1°).

_ " (Check)

With the mount in the limit condition, enter the Position Designate Mode and verify
that commands out of the limit are executed.

. (Check)
CASS NEG Limits - Software

Using the Position Designate Mode, command the CASS Position to the NEG
Travel Limit (11.1° NEG). Verify that the mount drives to the commanded
position. The Software Limit may appear due to position overshoot. Clear the
fault if it appears.

" (Check)
Execute a command of 0.01° past the NEG Software Limit (10.99° NEG) and

verify that the brakes are set and the fault message, "COMMAND > REGION
CASS-", appears.

V’/ (Check)

Enter the Maintenance Mode and slowly drive the mount into the Software Limit.
Verify that the fault message, "CASS - SOFTWARE LIMIT", appears as the
position passes through the Software Limit (11.0° NEG).

7
“/ (Check)

With the mount in the Software Limit condition, enter the Position Designate Mode
and verify that commands out of the limit are executed.

+/(Check)

CASS POS Limits - Software

Using the Position Designate Mode, command the CASS Position to the POS
Travel Limit (188° POS). Verify that the mount drives to the commanded position.
Verify that the CASS Display increments with 0.01° resolution.

= (Check)
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6.11.6.2 Execute a command of 0.01° past the POS Software Limit (188.11° POS) and
verify that the brakes are set and the fault message, "COMMAND > REGION
© CASS+", appears.
[=}
S . (Check)
g 6.11.6.3 Enter the Maintenance Mode and slowly drive the mount into the Software Limit.
o Verify that the fault message, "CASS + SOFTWARE LIMIT", appears as the
@ position passes through the Software Limit (188.1° POS). ,
" (Check)
Ec 16.11.6.4 With the mount in the limit condition, enter the Position Designate Mode and verify
that commands out of the limit are executed. .
'\ 5
n%_ v (Check)
© 16.12 AXIS DISABLE
8 The MCU has three commands which will allow the operator to disable an
°= individual axis without affecting the other axis.
6.12.1 Enter any active mode and verify that motors are enabled and the brakes
released.
w/ (Check)
6.12.2 Select the AZ EN/DIS Function at the MCU. Verify that the Azimuth Axis is
disabled and the status messages, "DISABLE AZ KEY DEPRESSED" and "AZ
DISABLED", are displayed.
.~ (Check)
6.12.3 Verify proper AZ DISABLED indication to LCU per Table 6.
.~ (Check)
6.12.4 Select the AZ EN/DIS Function again and verify that the axis is enabled and the
messages clear.
@// (Check)
6.12.5 Select the ALT EN/DIS Function at the MCU and verify that the Altitude Axis is
disabled and the status messages, "DISABLE ALT KEY DEPRESSED" and "ALT
DISABLED", are displayed.
. (Check)
6.12.6 Verify proper ALT DISABLED indication to LCU per Table 7.
" (Check)
6.12.7 Select the ALT EN/DIS Function again and verify that the axis is enabled and the
messages clear. ,
g// (Check)
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6.12.8 Select the CASS EN/DIS Function at the MCU. Verify that the Cassegrain Axis is
disabled and the fault message, "DISABLE CASS KEY DEPRESSED", and the
© status message, "CASS DISABLED", are displayed. .
o 7
3 L (Check)
g 6.12.9 Verify proper CASS DISABLED indication to LCU per Table 8. o
% (Check)
6.12.10 Select the CASS EN/DIS Function again and verify that the axis is enabled and
. the messages clear.

[F ¢ ./ (Check)
s |6.12.11 Verify that each time the Axis Disable Function was executed the other axes were
o not affected and the current mode remained active.

o ‘/
. (Check)
w 1613 PARAMETER STORAGE
6.13.1 Store the data base parameters to a floppy disk and attach to this document.
(Check)
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& 6.14 AZ LCU MONITORING SIGNAL TESTING
o |6-14.1 Table 6 depicts the faults/status that are reported to the AZ LCU via the CCU
S Relay Board. It will be verified that the appropriate contact action occurs per
g Table 6 when the fault/status is simulated per other sections of this test
3 procedure. Place a check (v') in the verification column upon proper operation.
@ .~ (Check)
5 Table 6, Azimuth LCU Monitor Signals
I ¢ SIGNAL# | FAULT/ISTATUS OPEN ACROSS A6B-H AND: | VERIFICATION
()
z 1 AZ CURRENT CLAMPED ABB-s
§ 2 AZ SINGLE MOTOR A6B-b v
3 AZ MOTOR CONTROLLER 1 FAULT A6B-p v
u 4 AZ MOTOR CONTROLLER 2 FAULT ABB-n v
g ¢ 5 AZ MOTOR CONTROLLER 3 FAULT A6B-m ~
6 AZ MOTOR CONTROLLER 4 FAULT A6B-k P
7 AZ MOTOR CONTROLLER 1 3@ OFF ABB-f v
8 AZ MOTOR CONTROLLER 2 3@ OFF A6B-e v _
9 AZ MOTOR CONTROLLER 3 3@ OFF A6B-d v
10 AZ MOTOR CONTROLLER 4 3@ OFF A6B-c e
11 AZ MOTOR 1 OVERTEMP A6B-j L
12 AZ MOTOR 2 OVERTEMP ABB-i v
13 AZ MOTOR 3 OVERTEMP A6B-h v
14 AZ MOTOR 4 OVERTEMP AGB-g v
15 AZ LUBE OVERFLOW A6B-Y v
16 AZ DISABLED A6B-X v
17 AZ BRAKE FAULT ABB-t v
18 AZ PRELOAD OFF ABB-r L7
19 AZ LUBE PUMP CB OFF A6B-a v
20 AZ LUBE PUMP PRESSURE LO A6B-Z W
21 AZ STOWED ABB-W v
22 *AZ/ALT CONTROL BD FAULT ABB-V i
23 *AZ/ALT STATUS BD FAULT A6B-U i
24 AZIALT PMU IN CONTROL A6B-T g//
25 AZ/ALT REGEN OVERTEMP FAULT A6B-S /
26 AZ MOTOR 1/2 E-STOP A6B-R v
27 AZ MOTOR 3/ 4 E-STOP A6B-P v
28 ALT MOTOR 1 E-STOP A6B-N e
29 ALT MOTOR 2 E-STOP A6B-M v
30 ALT PIER E-STOP ABB-L L
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SIGNAL # | FAULT/STATUS OPEN ACROSS A6B-H AND: VERIFICATION
(V)
7
31 EQUIPMENT ROOM E-STOP ABB-K é/’//
32 CONE E-STOP A6B-J ?w’/

*Removel102 on Control Board and create a PLD fault (i.e. AZ Lube Pump CB off).
**Remove U16 on Status Board.

6.15 ALT LCU MONITOR SIGNAL TESTING

6.15.1 Table 7 depicts the faults/status that are reported to the ALT LCU. It will be
verified that the appropriate contact action occurs per Table 7 when the
fault/status is simulated per other sections of this test procedure. Place a check
(v) in the verification column upon proper operation.

Table 7, Altitude LCU Monitor Signals

SIGNAL# | FAULT/STATUS OPEN ACROSS A7B-H AND: | VERIFICATION

(v)

1 ALT CURRENT CLAMPED A7B-s v

2 ALT SINGLE MOTOR A7B-b yd

3 ALT MOTOR CONTROLLER 1 FAULT A7B-p [

4 ALT MOTOR CONTROLLER 2 FAULT A7B-n v A

5 ALT MOTOR CONTROLLER 1 3@ OFF A7B-f L ’

6 ALT MOTOR CONTROLLER 2 3@ OFF A7B-e v

7 ALT MOTOR 1 OVERTEMP A7B4 v

8 ALT MOTOR 2 OVERTEMP A7B-i v

9 ALT DISABLED A7B-X L

10 ALT BRAKE FAULT A7B-t v

11 ALT STOWED A7BW e

12 DSP BOOT FAILURE A7B-D v

13 M1 MIRROR RESTRAINT FAILURE A7B-A v

14 M2 UNIT NOT INSTALLED A7B-F [

15 CASS INSTRUMENT NOT INSTALLED A7B-E v

16 ALT IMBALANCE PIN CRADLE A7B-C —

17 ALT MANUAL BRAKE RELEASED A7B-G v

18 *AZ/ALT CONTROL BD FAULT A7B-V L/

19 *AZ/ALT STATUS BD FAULT A7B-U i

20 AZ/ALT PMU IN CONTROL A7B-T .

21 AZ/ALT REGEN OVERTEMP FAULT A7B-S v

22 AZ MOTOR 1/2 E-STOP A7BR v ;

23 AZ MOTOR 3/ 4 E-STOP A7B-P v

24 ALT MOTOR 1 E-STOP A7B-N i’

25 ALT MOTOR 2 E-STOP A7B-M y

26 ALT PIER E-STOP A7B-L %,/:

27 EQUIPMENT ROOM E-STOP A7BK v
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SIGNAL# | FAULT/ISTATUS OPEN ACROSS A7B-H AND: vemp(u/:;mon
3
28 CONE E-STOP A7B-J v
© 29 0SS NOT INSTALLED A7B-B v ;
S 30 AZ FLOOR ACCESS INTLK A7B-Y [
Q 31 MOBILE AGCESS PLATFORM INTLK A7B-Z v
pe: 32 SPARE 4 —
¢
o
6.16 CASS LCU MONITOR SIGNAL TESTING
s 16.16.1 Table 8 depicts the fault/status that are reported to the CASS LCU. It will be
F 2 verified that the appropriate contact action occurs per Table 8 when the
= fault/status is simulated per other sections of this test procedure. Place a check
ng_ (v') in the verification column upon proper operation.
o
. Table 8, Cassegrain LCU Monitor Signals
g ¢ SIGNAL# | FAULT/STATUS OPEN ACROSS A8B-H AND: | VERIFICATION
(V)
1 CASS CURRENT CLAMPED A8B-s v
2 CASS SINGLE MOTOR A8B-b v
3 CASS MOTOR CONTROLLER 1 FAULT ABB-p L /t ‘
4 CASS MOTOR CONTROLLER 2 FAULT A8B-n v’
5 CABLEWRAP MOTOR CONTROLLER FAULT ABB-a v
6 CASS MOTOR CONTROLLER 1 10 OFF ABB-f v
7 CASS MOTOR CONTROLLER 2 12 OFF A8B-e v
8 CASS CABLEWRAP MOTOR CONTROLLER 12 OFF A8B-c e
9 CASS MOTOR 1 OVERTEMP A8B4 /
10 CASS MOTOR 2 OVERTEMP ABB-i v
11 CASS CABLEWRAP MOTOR OVERTEMP ABB-d v
12 CASS DISABLED A8B-X v/
— 13 CASS BRAKE FAULT ABB-t g
14 CASS PRELOAD OFF ABB-r L
15 CASS STOWED ABB-W oy
16 *CASS CONTROL BD FAULT ABB-V v
17 *CASS STATUS BD FAULT A8B-U e
18 CASS PMU IN CONTROL A8B-T v
19 CASS REGEN OVERTEMP FAULT ABB-S i
20 AZ MOTOR 1 /2 E-STOP ABB-R vl
21 AZ MOTOR 3 /4 E-STOP A8B-P v
22 ALT MOTOR 1 E-STOP A8B-N v
23 ALT MOTOR 2 E-STOP A8B-M v
24 ALT PIER E-STOP A8B-L -
25 EQUIPMENT ROOM E-STOP ABB-K { /’;
26 CONE E-STOP A8B-J v
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SIGNAL# | FAULT/STATUS OPEN ACROSS A8B-H AND: | VERIFICATION

()
27 SPARE 1 —
28 SPARE 2 -
29 SPARE 3 o
30 SPARE 4 —
31 SPARE 5 —
32 SPARE 6 —_
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