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WARNING!

The Equipment Solutions AC420 Autocollimator is equipped with a Class 2 laser,
which by definition emits radiation in the visible portion of the spectrum above
Class 1 levels, but not above 1 mW. Protection is normally afforded by the
normal human aversion response (blink reflex) to bright radiant sources. They
may be hazardous if viewed directly for extended periods of time. Do not permit
a person to stare continuously into the beam. Do not point the unit into an
individual’s eyes.

Note that internal to the autocollimator the laser power exceeds Class 2
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1 OPERATION

1.1 General Principals

The autocollimator is a precision optical instrument for measuring very small angular displacement with
very high sensitivity over a significant distance. They can be used for evaluating alignment of machine
surfaces, surface plate flatness, squareness of one surface to another, detection of angular movement,
straightness of shafts and a variety of other orientation measurements. Interferometers and Optical Flats are
also used for some of these evaluations. The measuring ranges of autocollimators vary with the design, but
they are typically used for angles of under 30 arc minutes (1/2 degree).

The basic function of an autocollimator is to detect and measure a deviation in the position of a reference
reflective surface. The autocollimator projects a collimated beam of light onto a reflective surface. When a
deviation in the position of that reflective surface occurs, a deviated beam of collimated light returns to the
autocollimator. The autocollimator measures the deviation between the emitted beam and the reflected
beam.

Electronic autocollimators use an electronic photo detector to detect the reflected beam. Equipment
Solutions autocollimators take advantage of the latest detector technology including advanced silicon-based
photo detectors. The detector signals are digitized and processed. The processing creates an angular
output. The angular data is retrieved using the RS-232 interface.

Equipment Solutions laser autocollimators have emitted beams as small as 1.0 mm in diameter. These
specialized instruments are designed for measuring small test parts including silicon components, miniature
mirrors and lenses, and fiber optic components.

Figure 1: Electronic Autocollimator Diagram

1.2 Auto Laser Shutdown

The AC400 Series Autocollimator has an onboard laser that has a finite lifetime. From a safety point of
view that emitted laser beam meets or exceeds Class Il laser specifications. Nonetheless to minimize
possible exposure and to extend system lifetime an auto laser shutdown feature is provided. The timer
associated with this function has a resolution of 10 milliseconds and a maximum duration of nearly 11
minutes. The timer is reset after power-up or a sample is taken using the Collimator Data Report function.
The user should be advised that there is a cost associated with this option. Whenever the laser is switched
from the OFF to ON state a 220 millisecond delay is imposed to allow internal electronics to stabilize. This
capability is further described in Communications Commands section of this manual.




1.3 Networking

The AC400 Series Autocollimators have the unique and potentially high useful ability to be networked
together. This peer-to-peer like architecture is depicted in Figure 2: AC400 Series Network. In this
configuration each autocollimator is given a unique address that it will respond to. The range of valid
address is between 129 and 255 inclusively. Address 128 is a global address that all autocollimators will
respond to. Since all autocollimators share the same RS232 transmit line a conflict can exist if multiple
collimators are on the network with the same address or the global address is used. At the precise moment
when a new autocollimator address is selected using the Controller ID command all collimators except the
one matching the included address will disconnect their transmit line from the network.
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Figure 2: AC400 Series Network

1.3.1 Configuring an AC400 Series Autocollimator Address

The following procedure outlines the process to configure a AC400 Series Autocollimator with a unique
network address.

1. With all other autocollimators disconnected from the host PC connect the AC400 Autocollimator
to be configured to the host.

2. Send the global address “128” to the autocollimator. In HyperTerminal this can be achieved by
pressing and holding the ALT key while pressing and releasing the keys 1,2 and 8 from the
numeric keypad.

3. Releases the autocollimators write protection by using the Password command as described in the
Communications Commands section.

4. Change the network address using the Controller ID command as described in the
Communications Commands section of this manual. Make sure that the address given is not the
same as another autocollimators already on the target network. Note that the address is
automatically saved within the autocollimator every time that it is updated.

1.3.2 Determining a AC400 Series Autocollimators Address

The following procedure describes a process for determining a AC400 Series Autocollimators network
address.

1. With all other collimators disconnected form the host PC connect the AC400 Autocollimator to be
evaluated to the host.
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2. Send the global address “128” to the autocollimator. In HyperTerminal pressing and holding the
ALT key while pressing and releasing each of the 1, 2 and 8 keys from the numeric keypad can
achieve this.

3. Send the Controller ID command to the autocollimator without the optional address. The
autocollimator will respond with its network address expressed as a hexadecimal value in a ASCII
string format.

1.4 Interpreting the Autocollimator Data

The AC400 Series Autocollimator offers several different ways to present its interpretation of the measured
pitch and yaw angles. The simplest and most easily understood form is described by setting the Reporting
Mode to zero (0). In this mode the string returned from a Collimator Data Report command contains three
values. The first value is a Signal Quality expression where a value of zero (0) represents good signal
quality. The second and third values are the pitch and yaw measurements scaled from the factory in units
of milliradians. Note that Mode three (3) is similar to Mode 0 in format except that the pitch and yaw data
is unscaled and uncompensated. As such neither the pitch or yaw values in Mode 3 should fall outside the
range of —1.0 to 1.0. The above two modes use the autocollimators floating point math capabilities to
provide the pitch and yaw data. The performance associated with the aforementioned floating-point
operations very modest in comparison to most of today’s PCs. To optimize measurement throughput of the
AC400 Series Autocollimators two additional Reporting Modes were developed. Both mode one (1) and
two (2) bypass the floating-point processing and present the four semi-raw pieces of data used to derive the
final pitch and yaw results.

Pitch = (ch0 —ch2) Equation 1
(ch0+ch2)
(chl—ch3) .
W=——"—"- Equation 2
(chl+ch3)

The above calculations do not include any treatment for inaccuracies or scale. As such when Mode 1 or 2
data is applied to the above equations the result should be very similar to that produced from a Mode 3
report.

1.5 Inaccuracy Compensation

The AC400 Series Autocollimators use a very high performance position sensing device to determine the
angular offsets of its laser beam. Like all physical things it is neither perfect nor identical from sensor to
sensor. Recognizing this and given ESI’s interest in providing the highest performance instrumentation the
firmware on board the autocollimator includes a compensation algorithm. This algorithm uses calibration
data collected during a calibration process to map out each autocollimators unique inaccuracies. The
calibration process exposes the autocollimator under test to an array of high accuracy angular offsets and
records the autocollimators responses to those offsets. A table of errors is then created and downloaded
into the autocollimators memory. In the process of the autocollimator reporting the angular offset it “Looks
Up” the error previously observed (during the above mentioned calibration process) at the current position
and adds it into the final answer. The autocollimators non-volatile Look Up Table (LUT) memory is of
sufficient size to form a 64 by 64 regions grid of eight-bit pitch and yaw compensation values. The
Memory Read and Memory Write commands are used to access and manipulate this LUT. Recall from that
unscaled pitch and yaw data values can extend from —1.0 to 1.0. With that understanding the following
equations can be used to determine which LUT memory indices that will be used for a given position.
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YawIndex=Yaw+1.0x 32 Equation 3

PitchIndex= Pitch+1.0x 32 Equation 4

The LUT memory is organized and accessed in 16-bit word format. As such the eight bit Pitch and Yaw
offset compensation values will be encapsulated in a single 16-bit word. The following expression
combines the Yaw and Pitch indices into a single unique address.

LutAddr = ((Yawlndex << 6) + PitchIndex) << 2 Equation 5

The stored eight-bit signed integer compensation values can be rescaled to the native —1.0 to 1.0 by the
following rule.

CompValue :LL;LBJUE Equation 6

50.0

Because the LUT compensation values are eight-bit signed integers their range is from —128 to 127
inclusively. That means that they can express a range of compensation between —128/850 to 127/850 or
approximately £0.15 in the native —1.0 to 1.0 sensing range of the autocollimator. Further this translates to
a maximum of 0.15/2.0 or 7.5% compensation of full scale.
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Figure 3: AC453 Autocollimator
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Figure 4: AC424 (Front View)
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Figure 5: AC424 (Rear View)
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1.6 General Specifications

Table 1: AC400 Series Autocollimator Specifications

Parameter Unit AC427 ACA453

Mechanical Measurement Range: ~ mrad +12 (€0.7°)
Sensitivity: urad 5
Accuracy (after cal.): urad +50
Laser Product Classification: 2 2
Laser Light Source: nm 670nm
Beam Diameter: mm >1mm
Optical Aperture Diameter: cm 7.4 (4.8in)
Size H-W-L (including base): in 6.9x5.5x14.0
Weight: Ibs 15




1.7 Mechanical Mounting

The AC453 autocollimator is supplied with a 5.5-inch wide, 14-inch long, half-inch thick aluminum base
plate. The Base plate includes a precision slot and three threaded holes to facilitate mounting. Refer to the
mechanical interface drawing Figure 14: AC453 Mechanical Layout Drawing in the appendix for
dimensions. The optical axis of the autocollimator is 4.125 inches up from the bottom of the base plate and
centered on the width of the base plate. Autocollimators are calibrated while referenced to the long axis of
the slot in the base plate. The autocollimator should be positioned to point at the nominal center of the
target mirror with the return beam retracing the light path to the nominal center of the optical aperture.



1.8 Electrical

The autocollimator has two electrical connectors. The 2.1mm power jack connector supplies DC power to
the autocollimator.  The second electrical connector is a standard DB9 male connector that directly
supports a RS232 serial computer interface.

System Power:  2.1mm coaxial power jack. Center pin is positive. A 9VDC @ 200mA output, 115vac
input “wall wart” supplied.

RS232 Data: Standard DB9 male connector as shown in Figure 6: Autocollimator DB9 Connector.
Strictly speaking this connector is properly described as a DE9 but nearly universally is
referred to as a DB9. For the balance of this manual this connector will be referred to as
the DB9 connector. A description of each pins function is provided in Table 2:
Autocollimator RS232 - DB9 Connector Pinout.

1 5

- ¥
\oocooo/

\oooo,/

—

L] g

Figure 6: Autocollimator DB9 Connector

Table 2: Autocollimator RS232 - DB9 Connector Pinout

Pin# Signal

1 CD

2 RD

3 TD

4 DTR

5 GND

6 DSR

7 +5VDC/DTE
8 CTS

9 +9VDC/RI




Figure 7: RS232 Cable Configurations

When using the RS232 interface as shown in Figure 8: Typical Desktop Computer Connector Diagram the
computer needs to be configured for 115,200 baud with 8 data bits, 1 stop bit, no parity and no handshaking
protocol. As such there are only three wires that typically need to be connected between the computer and
the remote unit, RD, TD, and GND. This electrical interface can be quickly established using an off-the-
shelf "straight cable” as depicted in Figure 7: RS232 Cable Configurations.

The PC typically has a DB9 male (D9M) connector for RS232 interfacing.
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Figure 8: Typical Desktop Computer Connector Diagram
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1.9 Communications Commands

The autocollimator provides a means to sample and process the two axis angular information with high-
resolution and high speed. Its' high-speed RS232 interface can be used to command the electronics to
sample all channels and report the results at nearly a 600Hz rate.

Each of the commands listed below except the control characters (indicated by a “** followed immediately
by a upper case alpha character) should be terminated with a Carriage Return (ASCII 13 decimal). Any
character transmitted to the autocollimator up to and including that Carriage Return character will
automatically suspend any messages from it. All characters sent to the autocollimator will be echoed back
to the originator as a form of acknowledgement. In the cases where a response has been elicited the result
will directly precede the Carriage Return being echoed back.



Command

Pneumonic

Description

Backspace

"H

This command produces a destructive backspace of all characters up to
and including the first character of the current message string.

Firmware
Reset

"C

This command will cause the AC400 Series Autocollimator firmware to
do a soft reboot. This action is predicated on the fact that the controller is
operating correctly and is responsive. A hardware reset (power cycle) of
the AC400 Series Autocollimator may be required if this command does
not produce the desired result.

This is one of the few commands that do not need to be terminated with a
Carriage Return character.

Collimator
Data
Report

On receipt of this command the AC400 Series Autocollimator will
immediately issues one of several different string responses as determined
by the “J” Report Format command.

Sample
Size

B[n]

Where optional n is a number of samples that will be averaged and taken
at each reporting period.  When n is not included the controller will
respond with the current number of samples in force. This parameter is
automatically saved within the AC400 Series Autocollimator whenever it
is changed. At Power-up or Reset this parameter will be restored to the
last setting prior to shutdown. When n is set to zero no data will be
collected. The maximum value for n is 65535. It is important to
recognize that as the sample size is increased the throughput of many of
the commands will directly decrease.

Sample
Rate

C[n]

Where optional n is a number of 10 millisecond time periods between
reports. When n is not included the controller will respond with the
currently set Sample Rate. This parameter is automatically saved within
the AC400 Series Autocollimator whenever it is changed. Theoretically
the sample rate can be set between zero and 65535. A setting of zero will
suspend this automatic sampling mode. Setting the Sample Rate to 65535
represents the slowest update rate possible of about once every 655
seconds. Note that any RS232 communications with the AC400 Series
Autocollimator when operating in this automatic mode will distort the
update interval.

ADC
Sample

This command will cause the AC400 Series Autocollimator to report the
average of n samples as set by the “B” Sample Size command for the
currently selected ADC channel as set by the “E” ADC Channel Select
command. The result returned is floating point value expressed in a
ASCII string.
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ADC
Channel
Select

E[n]

Where n is the ADC channel number that will be used in any future
Sample Reports as issued by the “D” command. There are a total of four
channels to select from on board the AC400 Series Autocollimator. The
valid values of n are zero (0) through three (3) inclusively. Channels 0
and 1 are associated with the “Y’ or pitch axis and channels 2 and 3 are
associated with the ‘X’ or yaw axis. Any value interpreted outside this
range will deselect all channels. In that case there will be no valid input to
the ADC and any subsequent reports will be invalid. On Power-up and
Reset the controller deselects all channels. When an “A” command is
issued the Autocollimator will cycle through and read each of the four (4)
channels then return the Channel Select back to its original value. The
selection of a new and different channel will cause a brief delay to allow
the new channel to settle. Therefore it is most efficient to set the ADC
channel number to zero (0) to achieve the highest throughput when using
the “A” command.

Password

Fn]

This procedure provides a means to remove write protection from many of
the autocollimators parameters. It also provides the ability to determine if
write protection is in force or not. In order to remove write protection a
value of n must be sent that corresponds to a value stored internally by the
autocollimator. That value can range from zero (0) to 65535. A value will
be returned immediately after the issuance of the command. The
collimator will return a value of zero (0) if the write protection is removed
or avalue of one (1) if it is enforce.

Laser
Power

G[n]

Where optional n is the state of the laser power switch. When n is non-
zero (and less than 255) power is applied to the laser. Conversely when n
is set to zero power to the laser is removed. Under power-up and reset
conditions this term is initialized to zero and thereby initializes the laser
power to the OFF state. Note that removing power to the laser will also
remove power to the detector assembly and render it inoperable.
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Ambient
Power

H[n]

Where optional n is the mode of the calibration switch. The
autocollimator normally measures the position of its reflected laser beam
to determine the angles. Unfortunately ambient light can influence this
analysis. The good news is that as long as the lighting conditions remain
substantially the same the autocollimators analysis should be valid. Once
the conditions have changed it may be advisable to run this quick and easy
calibration. Independent of mode the autocollimator will begin this
calibration process by turning off its’ laser, if it is on.

) Setting the mode n to zero will cause this routine to simply return
the current ambient light levels for each of the four channels.

) Setting the mode n to one (1) will cause this routine to sample,
apply, report and save each of the four (4) channel signals under
ambient lighting conditions.

) Setting the mode n to two (2) will cause a value of zero (0) to be
applied, reported and saved for each of the four (4) channels. A
value of zero will defeat any compensation for ambient lighting
influences.

) Setting the mode n to three (3) will cause all the signal levels for
the four channels to be sampled and reported but not applied.

At completion of the calibration the previously selected ADC channel will
be restored and the Laser Power returned to its original state. Each of the
four results are reported as sixteen bit unsigned levels in ASCII
hexadecimal format as found during the calibration process. Note that this
command is only available when the autocollimator is unlocked as
described in the “F” command.

Scale
Factor

I[n[.m]]

Where optional n.m is the floating point scale factor applied to some of the
more advanced Collimator Reporting Modes as set by the “J” command.
Normally the value of n is applied to the X or yaw data and m is applied to
the Y or pitch data. When m is not supplied the value of n is used for both
the pitch and yaw data. Typically you can think of these values having
units of milliradians but certainly other conversions are possible. For the
autocollimator to correctly interpret the data when it is included a decimal
point must be included. This scale factor is automatically saved
immediately after it is updated. On Power-up and Reset conditions the
last value is automatically restored. When the optional parameters are not
included the controller responds by returning the current scale factor in
force. Note that the returned value is a string representation of the
floating-point value in decimal radix. This command like several of the
others is set to read only unless the collimator is unlocked through the “F”
command.
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Reporting
Mode

JIn]

Where optional n is a integer number representing one of several different
reporting modes as used by the “A” Collimator Data Report command.

Mode 0: $ XX YYYY.YYYY 222277727

XX: is a bit mask of the comparison between each of the four
ADC channels and the Signal Threshold as set in the “K”
command. As an example when XX is 0C then ADC channels
two (2) and three (3) were sampled and determined to be below
the Signal Threshold.

YYYY.XYYYY and ZZZZ7.Z2Z7ZZ: floating point representation of
the collimator Pitch and Yaw in units as set by the “K” Scale
Factor command.

Mode 1: $ 0000AAAA 0000BBBB 0000CCCC 0000DDDD

Where each of the four strings (A thru D) represents each of the
four sampled ADC channels. Each of the four values are
presented in ASCII hexadecimal format. This mode allows the
user to perform the calculations done in Mode 0 externally by a
high-performance computer. This mode will potentially allow
data to be streamed to the host at a faster update rate.

Mode 2: $SAAAABBBBCCCCDDDD

This mode is very similar to Mode 1 except that the four channels
of data are blended into a single tightly packed string. This
compression can further enhance the rate at which data can be
streamed between the AC400 Series Autocollimator and the host.

Mode 3: $ XX Y.YYYY 2.27277

XX: is a bit mask of the comparison between each of the four
ADC channels and the Signal Threshold as set in the “K”
command. As an example when XX is 0C then ADC channels
two (2) and three (3) were sampled and determined to be below
the Signal Threshold.

YYYY.XYYYY and ZZZZ7.Z2Z7ZZ: floating point representation of
the collimator Pitch and Yaw in units as set by the “K” Scale
Factor command.

The mode value set through this command is automatically saved after
being changed and will be automatically restored under power-up and
reset conditions.

Signal
Threshold

K[n]

Where optional n is an unsigned sixteen bit decimal value representing the
threshold below which a signal is considered invalid. A typical value for
this parameter may be around 6500p. This threshold is used for
presentation purposes only and does not affect the process in any other
way. The result of the threshold analysis is presented in some of the “A”
commands as configured by the “J” command. In those cases the signal
threshold is used to calculate the Signal Quality.
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Controller
ID

L[n]

This procedure provides a means to assign or read a network address for
an autocollimator. For a complete discussion on this subject please refer
to XXXXXXX. The network address can be a value between 128 and
256. Note that address 128 is a global address so in reality the valid
address range begins at 129. This particular command is unique in that it
is sent in binary form for the benefit of efficiency. It also does not require
a carriage return following it. To send a binary value such as this from
HyperTerminal begin by pressing and holding the Alt key while at the
time pressing and releasing the “0” key then each of the three digits in the
autocollimators network address. To learn what network address an
autocollimator has been set to isolate it from the rest of the network and
send it network address 128. From there send the “L” command to
interrogate it for its particular network address.

Memory
Read

M[n m]

This command provides a means to read the autocollimators PSD Offset
Lookup Table (LUT) memory. The first parameter n describes the start
address to be read. The second parameter m describes the end address.
When m is not supplied it is assumed to be equal to the n parameter.
When n is not supplied the autocollimator automatically increments n to
the next logical address. There are several ways that this command can be
used. The values of n and m can extend from zero (0) to 4095 inclusively.
Each address holds a sixteen-bit piece of data.

Memory
Write

N[n m p]

This command provides a means to write to the autocollimators PSD
Offset Lookup Table (LUT) memory. The first parameter n describes the
data to be written to either the last address read if optional parameters are
not included or address m only if optional parameter p is not included or a
range of addresses between address m and p inclusive if all three
parameters are provided. The values of m and p can extend from zero (0)
to 4095 inclusively. The value for data n can extend from zero (0) to
65535 inclusively. This command is write protected. Refer to the “F”
command to learn how to disable this protection.

ADC Gain

o[n]

This command provides a means to adjust the hardware gain of the PSD
signals just prior to conversion to its digital representation. The gain value
associated with this command can be between zero (0) and 255. A higher
gain n value will directly cause a higher PSD signal level. Early
implementations of the autocollimator did not require this feature. In
those cases changing this value will have no effect on the autocollimator
performance. This command is normally write protected. Refer to the “F”
command to learn how to disable this protection. When interrogated the
autocollimator will return a single four character hexadecimal value
represented in an ASCII string.

ADC
Offset

P[n]

This command provides a means to adjust the hardware offset of the PSD
signals just prior to conversion to its digital representation. The offset
value associated with this command can be between zero (0) and 255. No
offset is expressed as a n value of 127. Early implementations of the
autocollimator did not require this feature. In those cases changing this
value will have no effect on the autocollimator performance. This
command is normally write protected. Refer to the “F” command to learn
how to disable this protection. When interrogated the autocollimator will
return a single four character hexadecimal value represented in an ASCII
string.
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Laser
Setpoint

QlIn]

This command provides a means to set or report the commanded Laser
temperature level. Since the autocollimator has no means to cool the laser
this setpoint should be set to a level higher than the highest ambient
temperature expected. The optional value of n can have an integer range
between zero (0) and 1023. Each count in this range causes about a 0.08
degree Celsius change in the setpoint. A typical value for this parameter
is 410 and corresponds to a temperature of 33.5 degrees Celsius. This
command is write protected. Refer to the “F” command to learn how to
disable this protection. When interrogated this command responds with an
averaged result that had a sample size described by the “B” command.

Laser
Temp.

This command provides a means to measure and report the Celsius
temperature of the autocollimators on board temperature-stabilized laser.
The reported temperature is an average having a sample size described by
the “B” command. The reported floating-point value is returned in an
ASCII string.

PSD
Setpoint

S[n]

This command provides a means to set or report the commanded PSD
temperature level. Since the autocollimator has no means to cool the PSD
this setpoint should be set to a level higher than the highest ambient
temperature expected. The optional value of n can have an integer range
between zero (0) and 1023. Each count in this range causes about a 0.08
degree Celsius change in this setpoint. A typical value for this parameter
is 350 and corresponds to a temperature of 28.0 degrees Celsius. This
command is write protected. Refer to the “F” command to learn how to
disable this protection. When interrogated this command responds with a
averaged result that had a sample size described by the “B” command.

PSD
Temp.

This command provides a means to measure and report the Celsius
temperature of the autocollimators PSD sensor. The result is averaged
using a Sample Size as described by the “B” command. The response is a
floating-point value expressed as an ASCII string.

Supply
Voltage

This command provides a means to measure and report the voltage being
delivered to the autocollimator. The voltage should always be greater than
9.7 volts in order to insure proper operation. The result reported is an
average that has a sample size described by the “B” command. The
response is a floating-point value expressed as an ASCII string.

Quad Cell
Report

The autocollimator has the ability to measure and report the position and
intensity of the on board lasers beam. An autocollimator not so equipped
will simply respond with a nonsensical report. This feature was
incorporated into the autocollimator at a very early stage when the
stability of the laser(s) where basically unknown. Providing this
capability at that time was an insurance policy for success. Since that time
the laser(s) have been certified to be sufficiently stable to ignore this
otherwise throughput degrading compensation process. Each of the four
results is an average that has a sample size described by the “B”
command. The response is a floating-point value expressed as an ASCII
string.
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Shutdown
Time

WI[n]

The autocollimators has the capability to automatically turn off its laser
after a prescribed period of inactivity. This command directly supports
that functionality. Through this command the user can set or get the
shutdown time in force. The time set or retrieved is expressed in units of
10 milliseconds. Therefore by sending the command “W 100 the
shutdown time is set to 1000 milliseconds (1 second). Under this
condition if interrogated the autocollimator would respond with a
hexadecimal string “64”. This command is write protected. Refer to the
“F” command to learn how to disable this protection. Note that the value
set by this command should be automatically saved upon change. Some
early versions of the firmware did not save this parameter.

PSD
Software
Offset
Mode

X[n]

This procedure provides a means set the PSD Software Offset Mode. It
also offers a method to interrogate the autocollimator for the pitch and
yaw offsets currently enforce. The modes of operation are described as
follows;

Mode 1: entered by setting n to one (1) causes the autocollimator
to sample the current PSD position and apply that position as an
offset to all future samples. Note that the autocollimator will
report the floating-point pitch and yaw offsets at the conclusion
of this process.

Mode 2: entered by setting n to two (2) causes the autocollimator
to set the pitch and yaw offsets to zero (0). Note that the
autocollimator will report the floating-point pitch and yaw offsets
at the conclusion of this process.

Undefined: entered by setting n to any value other than that
previously described or sending no value at all causes the
autocollimator to report the current pitch and yaw offsets enforce.

This command is write protected. Refer to the “F” command to learn
how to disable this protection.

PSD Offset
Test

Y[xyl

This function was created during the early development of the
autocollimator to test its internal firmware calculations of pitch and yaw
positions. The two required floating point parameters are used to describe
the pitch and yaw data in PSD units. Recall that PSD units allow the
either of the values to extend between —1 and +1. This function then
applies the fitted local and global offsets (refer to the “X” command) and
scales (refer to the “I” command) the reports the result as a pair of floating
point values.

Serial
Number

Z[n]

This command provides a means to either set or interrogate the
autocollimators unique serial number. The serial number is a unique
sixteen-bit value that has a range of between zero (0) and 65535. When
interrogated for this value the autocollimator will respond with the result
expressed as a four character ASCII based hexadecimal string. The serial
number is normally write protected. Refer to the “F” command to learn
how to disable this protection. The serial number sent to the collimator
should be expressed as a decimal based ASCII string. As an example;
sending the collimator a “Z 123” would cause the collimator to assume a
serial number 123. When asked for the serial number it would then report
“007B”.
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System
Temp.

This command provides a means for the autocollimator to report the
Celsius temperature of the environment near the autocollimator. Not all
autocollimators are configured with this feature. If this command is
issued to an autocollimator not so equipped the result will most likely be
nonsensical. This function uses the Sample Size as set by the “B”
command to average and report the temperature. The result is
communicated as a floating-point value.

Test:

b[ab c]

This command provides a means to evaluate the autocollimators on-board
ADC converter performance. The required a parameter is used to describe
which of the four channels (0..3) will be analyzed. The optional b
parameter is used to change the time delay between each sample. If b is
not specified or is set to zero the samples will be given as quickly as
possible without regard to time. The ¢ parameter has a valid range of
between 0 and 255. The optional ¢ parameter is used to change the
number of samples that will be reported. If ¢ is not specified the value is
assumed to be 100. Valid values for the ¢ parameter are between 1 and
100.

Equipment Solutions Inc. e 461 East Evelyn Avenue o Sunnyvale ¢ CA 94086 e Phone (408) 245-7161 e Fax (408) 245-7160

25




1.10Interfacing Through HyperTerminal

Communications between the autocollimator and a Windows based system can be easily achieved using the
Windows supplied HyperTerminal application. Note that sometimes this application is not loaded as part
of the “Normal” Windows build process. Refer to the Control Panel “Add/Remove Programs” section if
the application is not present.

The first screen presented during the HyperTerminal startup process is the “Connect To” screen as shown
in Figure 9: HyperTerminal "Connect To™" Screen. The only item of interest on this screen is the “Connect
using” list box. Select the Serial Communications port number that is connected to the autocollimator from
the list. Make sure that no active application such as “HotSync” is using the target port, as it will prevent a
successful connection to the autocollimator. When done click on the “OK” button.

Figure 9: HyperTerminal "*Connect To" Screen

The HyperTerminal application will then display the “Properties” screen as shown in Figure 10:
HyperTerminal "Properties” Screen. Every field within this screen is relevant and critical to the successful
communications with the autocollimator. The “Bits per second” should be set to 115200, the “Data bits”
set to 8, the “Parity” set to None, the “Stop bits” set to 1 and finally the “Flow control” set to None. Figure
10: HyperTerminal "Properties" Screen shows the proper settings. Once all settings have been properly set
the “OK” button should be pressed.



Figure 10: HyperTerminal "Properties™ Screen

The HyperTerminal application will then present its “Terminal” page as shown in Figure 11:
HyperTerminal "Terminal™ Screen. The application will also automatically connect the assigned serial port
to the autocollimator. At this point communications with the autocollimator should be possible. The
autocollimator has the capability to exist on a network. An address is given to each autocollimator on the
network. Valid addresses are between the values of 128 and 255. Each of the collimators responds to
commands after its address has been sent out over the network. The address 128 is a universal address that
all autocollimators respond to. As a quick test of the communications link a character can be typed at the
PC. If the communications link is valid the autocollimator should receive that character and echo it back to
the PC. The HyperTerminal application should intercept that character and display it on its Terminal
screen.
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Figure 11: HyperTerminal ""Terminal Screen

If the entered character is not displayed the failure can be explained by several possibilities including; the
physical port connected to the PC does not match the port just selected, the port was not properly
configured, another application is using the port, the serial cable is not wired correctly, the autocollimator is

not powered up or functional.
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Figure 12: ASCII Table (0 - 127)
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Figure 13: ASCII Table (128-255)
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1.11 CLIE Palm Desktop Software Installation Procedure

This procedure should be followed to install the Palm Desktop on to a Microsoft Windows based PC. This
application is necessary to synchronize the PC with the CLIE. It also provides the conduit to download applications
such as the AC400 in to the CLIE.

1.

2.

9.

Insert CLIE CD disc into computer. It is assumed here that the application will auto-start.
Click on NEXT in lower-right hand corner of first page of CLIE Installation Application
Click of INSTALL button for Palm Desktop for CLIE PC

Click on NEXT button in lower-right corner of Palm Desktop Install Shield Wizard.

Click on COMPLETE radio button (if not already selected) when on Setup Type page then click on NEXT
button in lower-right corner of form.

In the User Name Field of the “Create User Account” page enter “Equipment Solutions” then click on the
NEXT button in the lower-right corner of the form.

When at the “Ready to Install the Program” page click on the INSTALL button in the lower-right corner of
the form.

When at the “Install Shield Wizard Completed” page click on the FINISH button in the lower-right corner
of the form.

Follow instructions on CLIE Registration as directed.

10. Click on the FINISH button in the lower-left hand corner of the CLIE Installation Application.

11. Remove the CLIE Installation CD and return it to its CD jacket.

1.12 CLIE to Non-Decuma Input Mode Procedure

This procedure provides instructions on how to place the CLIE into the “Non-Dacuma” Input Mode. The “Non-
Decuma” is the preferred mode by Equipment Solutions and its AC400 application software.

1.

2.

Turn the CLIE power ON

Tap on the HOME icon in the Graffiti writing area.

Tap on the Decuma application icon.

Tap on the Shortcuts pulldown menu in the upper-right hand corner.

Tap on the Settings menu item.

If the “Enable Decuma Latin as Default Input Method” is checked then tap on the check box to uncheck it.

Tap on the DONE button in the lower-left corner.
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1.13 CLIE to Standard View Procedure

This procedure provides instructions on how to place the CLIE into the “Standard View”. The “Standard View” is
the preferred view by Equipment Solutions and helps in guidance and instruction.

1. Turnthe CLIE power ON

2. Tap onthe HOME icon in the Graffiti writing area.

3. Tap onthe OPTIONS icon in the Graffiti writing area.

4. Tap on the Options menu located along the top of the display area.

5. Tap onthe “Go to Standard View” menu item if present. If the CLIE is already in Standard View the menu
list may read “Go to CLIE Launcher View”.

1.14 CLIE AC400 Application Software Loading Procedure

This procedure provides instructions on how to retrieve the latest AC400/PSD2 application software for the CLIE.
Please contact the factory first before installing new versions of the software. Certain levels of AC400/PSD2
firmware may be incompatible.

1. Go to http://www.equipsolutions.com/ac400.htm

2. Click on the “AC400 Handheld Interface Software Version 1.0” hyperlink..
3. Click on the OPEN button.

4. From the WinZip application double click on the AC400.prc file.

5. From the WinZip application double click on the AC400_Install.OS5.prc file.

6. Follow the Hot Sync procedure.

1.15 CLIE Hot Syncing Procedure

This procedure provides instructions on the method to synchronize the CLIE with a Microsoft Windows based PC.
This procedure should be executed on a routine basis to safeguard against loss of data and application information.
This procedure also provides a method for downloading into the CLIE new versions of the AC400 application.

1. Plugthe CLIE USB cable into the USB plug of the PC.

2. Plug the other end of the cable in to the CLIE.

3. Turnthe CLIE on by using the switch located on the right side of the CLIE.

4. With the touch pen tap on the HOME icon in the upper-left corner of the Graffiti writing area.

5. Locate and tap on the Hot Sync Application.

6. To launch the Hot Sync process tap on the large Arrows icon in the center of the display. If this is the first
time the CLIE is being synchronized the Palm Desktop Application will ask the user to select a user name
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from a list. IF the CLIE Palm Desktop Installation Procedure was followed a user name “Equipment
Solutions” should be visible. Select the appropriate user name and click the OK button to proceed. The
Palm Desktop Application should then proceed to synchronize with the CLIE.

1.16 CLIE Memory Backup Procedure

This procedure provides instructions on how to copy the CLIE environment to a Memory Stick. The CLIE like most
PDA’s place non-standard applications in RAM that requires power to maintain. If the CLIE battery dies the RAM
and all the applications and data in it will be lost. The AC400 application is an example of a non-standard
application that will be lost on loss of power. The memory stick provides a convenient non-volatile environment to
backup and restore to and from.

1. Turnthe CLIE power ON

2. Tap onthe HOME icon in the Graffiti writing area.

3. Tap onthe MS Backup application icon.

4. Tap on the top most entry. The line identified as #1 should become highlighted..

5. Tap on the Backup icon in the lower-left corner.

6. Ifa message “Do you want to overwrite...” appears answer the question in the affirmative by tapping on
the YES button..

7. A message box asking “Backup all files from handheld to...” should appear. Respond to the prompt by
tapping on the OK button.

8. Tap onthe “HOME” icon when the copy process has completed.

1.17 CLIE Memory Restore Procedure

This procedure provides instructions on how to copy a Memory Stick to a CLIE. The CLIE like most PDA’s place
non-standard applications in RAM that requires power to maintain. If the CLIE battery dies the RAM and all the
applications and data in it will be lost. The AC400 application is an example of a non-standard application that will
be lost on loss of power. The memory stick provides a convenient non-volatile environment to backup and restore
to and from.

1. Turnthe CLIE power ON.

2. Tap onthe HOME icon in the Graffiti writing area.

3. Tap onthe MS Backup application icon.

4. Tap on the top most entry. The line identified as #1 should become highlighted..

5. Tap on the Restore icon in the lower-right corner.

6. When a message “Restore all files to handheld...” appears answer the question in the affirmative by
tapping on the OK button..

7. A message box saying “The CLIE handheld will be reset...” should appear. Respond to the prompt by
tapping on the OK button.
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2 MAINTENANCE

2.1 Environment and Cleaning

The autocollimator is a precision optical instrument for measuring very small angular displacements with using a
laser beam. The primary need for maintenance results from accumulation of dust on the critical optical elements,
the main lens and the target mirror. The environment should be kept as clean as possible. The temperature and
humidity should be kept moderately cool, dry and stable. Water condensing conditions can cause internal fogging of
optical elements, which won’t permanently harm the autocollimator but, will severely degrade performance with the
fog persists. The main lens of the autocollimator can be cleaned with water, alcohols, or acetone using a very soft
cloth or lens cleaning tissue.

2.2 Replacement Parts

The average user can successfully replace few of the component parts of the autocollimator. Opening either the
optics or the electronics sections of the autocollimator will void the warranty. Only the diode laser has a finite
lifetime. Its expected lifetime is approximately 20,000 hours of operation. If the main lens gets scratched or broken
it is relatively easy to replace. The electronics are also relatively easy to replace. The microprocessor firmware in
the autocollimator is easy to reprogram. Equipment Solutions Inc. should do all significant repairs, including any
optical realignment. Any significant repair will require recalibration of the autocollimator.

3 CALIBRATION

3.1 General Principals

An uncalibrated autocollimator has inaccuracies due to offsets, scale errors and distortions. Offsets and scale errors
are relatively easy to calibrate to near the noise limit. The total distortions due to the PSD and the optics are typical
greater than +£10% of full-scale over the field. These distortions contain high order and even random components.

Equipment Solutions eliminates these distortions by calibration using computer controlled moveable mirrors
mounted on high accuracy digital rotary encoders to reflect the beam from the autocollimator back to the
autocollimator. The mirrors are moved incrementally in the two angular axis to create a grid of data that covers the
measurement range of the autocollimator. At each point of the grid the autocollimator reports it perceives as the
beam angle. A PC is used to compare the autocollimator data with the true angles, as witnessed by the encoders, to
produce a correction matrix for the autocollimator under test. The correction matrix can then be loaded into non-
volatile memory in the autocollimator. Subsequently the autocollimator uses the correction matrix to modify data
from its angle measurements so that it reports accurate angular data. The calibration matrix is typically a 32 by 32
matrix of error pairs scaled over the full-scale range of the autocollimator.

3.2 Apparatus Description

The autocollimator calibration fixture is built on a 2 foot by 3 foot by 4-inch thick granite base, which in turn is
mounted on pneumatic vibration isolation mounts on a steel stand. The autocollimator under test is mounted to the
granite base. Also mounted on the granite base is a pair of precision optical fold mirrors and the computer
controlled mirror head. The fold mirrors allow the autocollimator to be physically close to the mirror head while
allowing for an effective optical separation of 84 inches so that the full optical aperture can be tested.
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The mirror head is a monolithic aluminum structure with two mirrors mounted on two 360,000 count per revolution
optical encoders which are in turn mounted to two micro-stepped motors by rotary flexures to eliminate moments.
The power supply and motor drivers are also mounted to the granite.

A common PC controls both the autocollimator under test and the mirror head through two RS232 ports. The
calibration routine is fully automated. A calibration application on the PC controls the calibration mirrors and reads
the autocollimator to create the calibration data set and ultimately produce the calibration matrix described above.
The calibration application then downloads the matrix into the memory of the autocollimator.

3.3 Procedure

The autocollimator calibration procedure simply involves the following steps.

1. Install an autocollimator on the calibration stand, straddling the rail, and secure it with the three ¥%-20
thumbscrews provided.

2. Apply power to the calibration stand and the autocollimator. Also connect the autocollimator to the

designated PC RS232 port. The other port is for the mirror motors.

Start the PC. Start the calibration application. The application will start the autocollimator.

Wait 5 minutes for the autocollimator to stabilize.

Run the calibration routine. Wait until it indicates that it is done. While it’s running do not disturb the

calibration stand.

6. Remove the calibrated autocollimator. View, store or print the error map.

ok w

3.4 Sample Output

The autocollimator

4 SPECIFICATION VERIFICATION

4.1 Design Specifications

The following sections are excerpts from the design specifications

4.1.1 Control System Interface

The electronic autocollimator’s RS-232 serial protocol shall support the following modes of providing data:

) Mode A (Output Current Data On Request)

Return current azimuth and elevation angles and quality of signal (QOS) bit on receipt of a command string
from buyer’s AMS computer. The unit must support a baud rate and command response time that can be
run continuously at a 30 Hz rate from the buyer's computer

) Mode B: (Broadcast Data at 30 Hz Rate)

Readout current azimuth and elevation angles and QOS bit independently at a minimum 30 Hz rate on
receipt of a command string to start the mode. Terminate this automatic broadcast mode on receipt of a
command string.
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41.2 Technical Performance

The performance specifications for the two-axis electronic autocollimator are given in Table 3-1.

Table 3-1: Performance and Designh Requirements

Characteristic Specification
Azimuth l Elevation
Autocollimator Type Two simultaneous orthogonal axes with electronic
readout —

Number of Axes 2
Laser Frequency (color) Laser beam must be visible (red is preferable)
Angle Readout Units Milliradians
Measurement Range (i.e., angular +/- 8.00 milliradians +/- 8.00 milliradians

rotation range of antenna mounted
mirror for each axis)

Combined Azimuth and Elevation + /- 11.00 milliradians.
Overall Measurement Range (i.e.,
combined azimuth and elevation
angular rotation of antenna
mounted mirror)

Measurement Distance 84 inches
Measurement Accuracy (Design +/- 0.06 milliradians for +/- 0.06 milliradians for
Goal) angles <= +/- 7 milliradians | angles > +/- 7 milliradians
Combined Azimuth Elevation +/-0.085 milliradians for angles <= +/- 7 milliradians
Overall Measurement Accuracy +/- 0.17 milliradians for angles > +/-7 milliradians
(Design Goal)
Measurement Accuracy +/- 0.0707 milliradians for | +/- 0.0707 milliradians for
angles <= +/- 7 milliradians | angles > +/- 7 milliradians
Combined Azimuth Elevation +/-0.1 milliradians for angles <= +/- 7 milliradians
Overall Measurement Accuracy +/- 0.2 milliradians for angles > +/-7 milliradians
(Measurement Accuracy Note) The measurement accuracy shall include at least the effects of sensor

linearity, temperature drift , axes cross talk, A/D resolution, noise,
etc. Calibration may be used to correct systematic errors.

Remote Readout

e Interface RS 232 or RS 422
e Minimum Data Update 30 Hz
Rate
e Data Noise Bandwidth 8 Hz (low pass filter; - 3 dB at 8 Hz)
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) Output Data

Output the following data to buyer’s AMS computer in response to
query over serial link.
e Azimuth angle (in milliradians)
e Elevation angle (in milliradians)

) Quality of signal (QOS) bit (Note: The QOS bit shall
indicate if the angle output data is valid. 1 = valid; 0 =
invalid)

) Readout Resolution

0.0017 milliradians ] 0.0017 milliradians

) Readout Error Correction

The azimuth and elevation angle readouts shall be corrected as
needed to achieve above accuracy requirements prior to sending data
to buyer’s AMS computer.

\  Data Transfer Modes

Mode A: Return current azimuth and elevation angles and quality of
signal (QOS) bit on receipt of a command string from buyer’s AMS
computer. The unit must support a baud rate and command response
time that can be run continuously at a 30 Hz rate from the buyer's
computer

Mode B: Readout current azimuth and elevation angles and QOS bit
independently at a minimum 30 Hz rate on receipt of a command
string to start the mode. Terminate this automatic broadcast mode on
receipt of a command string.

Power Input

1 phase, 115 VAC, 50/60 Hz

Equipment Configuration

The optical function and the control display readout function may be
two separate units connected by supplier’s cable. It is desirable that
the two functions be included in one unit.

Optical Unit Size (maximum)

5.5 inches wide x 7.00 inches high x 14 inches long. Must be
compatible with installation in the light module assembly, drawing
249563, with minimum modification to the light module unit. Must
also be mounted in such a way that the spacing between the four
optical paths is compatible with the mirror system, drawing 33695.

Mechanical Mounting Interface

The mechanical mounting interface of the autocollimator shall be as
defined in Figure 4.

Optical Unit Weight

TBS

Buyer Supplied Optical Flat Mirrors

Mirror Installation

Each of the four mirrors is mounted in a 0.875-inch diameter cavity
that is 0.22 inches deep. The mirror mounting plate is coated with a
“flat black™ coating.

Mirror Description
e Manufacturer

Oriel

e Mfg. Part No.

4413

4.1.3 Calibration

Calibration of the electronic autocollimator may be used to meet its measurement accuracy requirements. The
correction coefficients and algorithms shall reside within the autocollimator. If periodic re-calibration is required, a
calibration kit and detailed calibration procedure shall be provided. Under normal operating conditions, calibration
(with the exception of offset) shall not be needed more than once every three months. The procedure shall identify
all test equipment and fixtures needed for on-site calibration at the buyer’s facility.

The buyer has the following test equipment that is available for on-site bench or system calibration.
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4.1.4 Electrical Wiring and Interfaces

The supplier shall provide all cabling and wiring between the optical unit, control / display unit and any needed
power supply adapter. The wiring for each position sensor device between the optical unit and the control / display
unit shall be twisted and shielded. The electronic autocollimator shall not be susceptible to RF / IF transmissions,
power supply and motor drive switching signals, mobile telephones walky-talkies, etc, within the test chamber.

415 Mechanical Mounting Interface

4.1.6 Environmental Requirements

Must be able to survive air transport or truck transport. Additionally it must be able to survive without any damage a
full wetting that may occur should a sprinkler system be activated. Disassembly re-assembly and calibration shall be
permitted if needed to quickly dry the unit. The operational, transport, and survive environmental requirements for
the electronic autocollimator are given in Table 3-3.

Table 3-3: Environmental Requirements

) Functional

) Operational with full
accuracy

21 deg. C +/-2.222 deg. C

Environmental Operational Transport, Storage/
Condition Survive
Temperature 0to37deg.C - 40 to 70 degrees C

Humidity
) Functional
) Operational with full

0to 90 % RH (no condensing)
40% +/- 10 % RH

100 % RH

accuracy
Elevation 10,000 feet above MSL 15,000 feet above MSL
Shock Foundation is isolated from 50 G’s for 11 milliseconds
ground vibration, shock and
acoustic noise
Vibration Foundation is isolated from 5t0200 Hz at 20 G’s
ground vibration, shock and
acoustic noise
Fungus NA As experienced in normal

transport and shipment within
USA.

AC Power Input UL 81J1, E81356 NA
CSALR99169
ESD 16 KV NA
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4.1.7 Other Design Requirements
4.1.7.1 Markings and Labels

A data plate / label shall be installed on the electronic autocollimator. It shall include at least the following
)\ Manufacturer’s name
)\ Manufacturer’s part number
) Serial number
) Date of manufacture

4.1.7.2 Availability (MTBF and MTTR)

The electronic autocollimator shall be designed to have a useful operating life of 15 years.

The electronic autocollimator, including the laser and electronics, shall have a mean time between failures (MTBF),
including laser failure, of at least 15,000 hours. The laser shall have a rated life of at least 20,000 hours. The
autocollimator mean time to repair (MTTR), including the time to re-calibrate the unit, shall be less than 4 hours.

4.1.7.3 Selection of Materials

Dissimilar materials shall be avoided to the greatest extent possible to mitigate corrosion.

41.7.4 Finishes

The exterior of the autocollimator shall be finished with a suitable flat black finish.

4.1.7.5 CE Compliance

CE compliance is desirable but not required.

4.1.8 Verification

4.1.8.1 Responsibilities and Verification Matrix

It is the supplier’s responsibility to verify the requirements in this document. Requirements shall be verified via
analysis, inspection, and demonstration and / or testing as indicated in the verification matrix in Table 5-1. Analysis
shall be submitted at the design review or attached to the test report for those requirements verified by analysis.
Analysis may include comparison with similar equipment in similar environments.

Table 5-1 Verification Matrix
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Requirement Verification Method
Inspection | Analysis Demo Test
Scope °
Reference Documents Supplied by buyer
Data transfer requirements e
Technical performance See paragraph 5.2
Calibration ° ° °
Electrical wiring °
Mechanical interface °
Environmental requirements °
Markings and labels °
MTBF and MTTR °
Documentation °

4.1.8.2 Technical Performance Verification

Specifications in Table 3-1 shall be physically tested by ESI to determine compliance and actual performance,
except for Data Noise Bandwidth, which shall be verified by analysis. The specifications shall also be analyzed for
probable performance for review at the critical Design Review. The “Operational with full accuracy” temperature
effects of Table 3-3 shall also be verified by testing. It shall be done by checking calibration at multiple
temperature points over the specified tolerance range above the laboratory ambient temperature by localized heating
of the instrument under test. Accuracy includes the effects of short-term noise, orthogonality, and magnitude and
linearity of scale, over the specified operational temperature range. It does not include offset, which can be
eliminated by “zeroing” before a measurement, and long term drifts which shall be periodically reset by calibration.
The various components of accuracy shall be tested at multiple points over their range. The effects of the other
items in Table 3-3 shall not be analyzed or tested. Their effects of the product shall be discussed during the Design
Review.

4.2 Verification Demonstration
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4.2.1 Data transfer requirements

The command structure of the autocollimator is documented in section 1.5 of this document. Compliance with the
two data modes A, B can demonstrated through HyperTerminal with the “J0” command and “C” set to “300 ?
for streaming data at 30sps, or “C” set to “0” and individual samples requested using “A”. This specification is
verified through a demonstration process.

4.2.2 Technical performance

All of the items in Table 3.1 down to “Power Input” will be demonstrated by a successful calibration. The rest of
Table 3.1 is established by design and has been previously defined in interface drawings. Data Noise Bandwidth has
been verified by analysis of the PSD preamp electronics design. This specification is verified in accordance to the
specification documentation.

4.2.3 Calibration

Refer to section 3. CALIBRATION of this document. This specification is verified through an inspection, testing
and demonstration process.

4.2.4 Electrical Wiring

The electrical interface has been previously defined in section 1.4 and earlier interface definition documents. The
RS232 serial communications wiring external to the autocollimator units is supplied by the user. This specification
is verified through inspection.

42,5 Mechanical interface

The mechanical interface has been previously defined in section 1.3 and earlier interface definition documents. This
specification is verified through inspection.

4.2.6 Environmental requirements

The effects have been previously analyzed and presented in design reviews and earlier documents. The
“Operational with full accuracy” temperature effects of Table 3-3 shall be verified by testing using the calibration
system repeatedly over a range of ambient temperature conditions as described above in Spec. Paragraph 5.2. As
stated in 5.2 above, the effects of the other items in Table 3-3 shall not be analyzed or tested. Their effects on the
autocollimator have been discussed during the Design Review. This specification is verified through analysis.

4.2.7 Markings and labels
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The required labels and markings are clearly visible on the autocollimator. Further, labeling has been included to
meet federal FDA laser safety requirements. This specification is verified through inspection.

428 MTBFand MTTR

The expected reliability has been previously analyzed and presented in earlier documents. This specification is
verified through analysis.

4.2.9 Documentation

This document is expected to satisfy the requirement. This specification is resolved through this document.
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1. APPENDICIES
5.1 CALIBRATION DATA FOR EACH AC420

Calibration data for each AC420 autocollimator is attached in order of serial number.

5.2 DRAWINGS
The following drawing titles are attached in the following order (chronologically):

collimator6a3mechlintrfc.dwg
collimator_cal_fixture6a3.dwg

5.3 SUPPORT DOCUMENTS
The following drawing titles are attached in the following order (chronologically):
MIT_response2a3.doc
Autocollimator_errors2a3.xls
MITechConceptReview5a3.doc
ReliabilityPrediction5a3.xls
StructuralStrength5a3.xIs
5.4 CALIBRATION FIXTURE RE-ASSEMBLY PROCEEDURE

Calibration fixture re-assembly procedure
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Figure 14: AC453 Mechanical Layout Drawing
Table 3: Angular Conversion
Seconds Minutes Degrees Milliradians Microradians

1 second (sec.) 1 0.016667 0.000277 0.004848136 4.848136817
1 minute (min.) 60 1 0.016667 0.290888 290.888292541
1 degree (deg.) 3600 60 1 17.453293 17453.292541
1 milliradian (mrad.) 206.264806 3.437746771 0.057295783 1 1000
1 microradian («frad.) 0.206264806 0.003437747 0.000057296 0.001000 1

Table 4: Linear Conversion (Inches to Metric)

Nanometers (nm) Micrometers (<) Millimeters (mm)
1 microinch (0.000001”) 2540 0.02540 0.00002540
1 Thousandth (0.001) 25400 2540 0.02540
1 inch (1.000™) 25400000 25400 2540

Table 5: Linear Conversion (Metric to Inches)

Microinches («n.) Thousandths (0.001”) Inches (in.)

1 millimeter (1x10°m) 39370 39.370 0.039370
1 micrometer (1x10°m) 39.370 0.039370 0.000039370
1 nanometer (1x10~m) 0.039370 0.000039370 0.000000039370
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Table 6: Angularto Linear Conversion

Per 1inch Per 3 inches Per 4 inches Per 1 foot Per1yard
1 second 0.000004848 0.000014544 0.000019393 0.000058178 0.0001745329
6 seconds 0.000029088 0.000087266 0.000116355 0.000349066 0.0010471975
10 seconds 0.000048481 0.000145444 0.000193925 0.000581776 0.0017453290
30 seconds 0.000145444 0.000436332 0.000581776 0.001745328 0.005235987
1 minute 0.000290888 0.000872667 0.001163553 0.003490656 0.0104719758
1 microradian 0.000001000 0.000003000 0.000004000 0.000012000 0.0000360000
1 milliradian 0.001000000 0.003000000 0.004000000 0.012000000 0.0360000000

Table 7: Common Wavelengths
Element Designation <~(nm) «# AIR (inch)

Red Helium Line He r 706.5188 0.000013908
Red Hydrogen Line H C 656.2725 0.000012919
Helium-Neon Gas Laser | He-Ne 632.8 0.000012457
Yellow Sodium Line Na D 589.2938 0.000011600
Yellow Helium Line He d 587.5618 0.000011566
Green Mercury Line Hg e 546.0740 0.000010749
Blue Hydrogen Line H F 486.1327 0.000009570
Blue Mercury Line Hg g 435.8343 0.000008579
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