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licomotor controller chassis LIGO DCC#
ItherCAT Adapters LIGO DCC#
Controller Serial #

Test Engineer:

Test Date:

Overall picomotor chassis testing;

_Signature/lnitials:

D1100323-v1

D1100419-v3

T s |, 61539

Zoch G

/22

[LYPASS [ ]FAIL

Reference:

https://awiki.ligo-wa.caltech.edu/aL.IGO/Picomotor%20Controller

Testing Schedule:

1. Front panel LEDs
2. Step sizes

3. Speeds

4. Temperature

5. Output terminals
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System requirements

Rardware:

e ———————

1

10
11

Software:

Picomotors (2)
Compatible models: Newport 8302

Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

LIGO standard 24V M-F-M DB3 power cable
EtherCAT adapter D1100419-v3 (1)
DB25 F/M cables (2)

Hook-up wires
Brown, Green, White, Black, Grey, Purple

IDC 20-pin cable assembilies (2)

Beckhoff EtherCAT boxes (5)

EK1100, EL3102, EL1014, EL1872, EL2872
(Figure 4 in Appendix A)

24V power supply for Beckhoff boxes (1)

Ethernet cable (1)

Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)

MS Windows XP/7, 32-bit

Beckhoff TwinCAT software bundle, v2.11.1551
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Setting up

Steps for setting up the picomotor:

1. Connect the EtherCAT adapter for controls to the left DB25 port on the rear panel of
the driver chassis

2. Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear panel
of the driver chassis

3. Using a ribbon cable, connect the EtherCAT adapter for controls to the EL.2872
Beckhoff box

4, Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box

5. Connect an Ethernet cable to the X1 IN port on the EK1100 Beckhoff box
6. Connect the EK1100 Beckhoff box to a DC power source (24V)

7. Connect the other end of the Ethernet cable to the PC through the realtime Ethernet
port

8. Connect the picomotor driver to a DC power source (24V) and turn the power switch
on
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Figure 1a: A connection diagram of the picomotor setup.
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Setting up

Steps for setting up the PLC controls:

1. Open up the TwinCAT System Manager software and go to:
File > Open > Picomotor_test.tsm

2. Open up the TwinCAT PLC Control software and go to:
File > Open > pmtestcode.pro

3. Go to the system tray, click on the TwinCAT icon and in the menu that pops up, go to:
(see Figure 5 in Appendix B for a screenshot)

Systern > Start

4. Go to the TwinCAT PLC Control window and go to:

_ Online > Login (F11)
! Click "Yes" at the dialog:

"No program on the controller! Download the new program?"
Online > Run (F5)

5. At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-click and open
"VIS_PICO", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:

in the "RAW" section, the "IDLE" indicator should be lit
in the "USER" section, the status should read "DRIVER DISABLED"

On the controller front panel:
the "IDLE" LED should be lit

the "Enable" LED should be off
the “ON” LED should be on
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l. Testing the front panel LEDs

After th?zomotor and the PLC controls are set up:
]

: . Check that the "ON" LED is lit if the power cable is connected and the power switch
' 1s on, and that it goes off when the power switch is off.

f heck that the “ON” indicator on the visualization also responds to the power switch.,

[ Check that the "Remote" LED turns off if the EtherCAT adapter for controls is
disconnected.

:}//Before the next step, check that the fan (rear panel) is off.
T

oggle the "ENABLE" button on the visualization screen and check that the following
LEDs respond to the picomotor status according to Table 1:

Status Chassis Front Panel LEDs Software Readbacks
IDLE Enable | FaultX | FaultY | IDLE | Enable | Power
DRIVER DISABLED|  on off off off (s | W |
STARTING UP... off on | flashes | flashes | ol | sn | om
READY off on of | off | -1 | A
Checkifpassed:| [ | | [T | [T | IV 1 LV

/able 1: LED response to picomotor status
[  Check that the “DUAL AXIS” indicator on the visualization lights up when the
picomotor is enabled.

[U/ Check that the temperature readouts on the visualization, under the “RAW” section,
are positive values near room temperature if motor was previously off.
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Enable the picomotor by pressing the "ENABLE" button on the visualization, wait until the
ricomotor status is "READY™", then do the following:

qﬂywck that the fan is running and blowing air out of the box (rear panel).

[ Check that the two LEDs for each output terminal are lit when that output terminal is
selected on the visualization (terminals 1-8 under the "USER" section):

Terminal LED

Left Right g
1 M _
2 [ [/
3 [ [ .
4 [:}}// [J/ L
5 £ [
6 [JI/ H/
7 [ [/
8 [-&/ [J/

Select output terminal 1 and do the following:

1  Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respond to the
selected direction according to Table 2:

Direction LEDs
Drive X | DriveY | CWX | CWY
DOWN off on * off on **
UP off on* off off
> on* off on *# off
< on* | off off off ,
Check ifpassed:| [ | [+ | (1 |

Table 2: LED response to picomotor direction

* (while motor is running)

** (stays on after motor is finished running, until opposite direction is selected)




2. Testing the step sizes

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
theck that output terminal 1 is selected, then select "SPRINT (500Hz)" under "SPEED". Selecta

tep size and then a direction. Check that the motor runs for a longer time (the motor clicks and turns
vhen it runs) as you increase the step size for each axis (X and Y):

Step Size Axis |
X ("<" or ">") Y ("UP" or "DOWN")
VERY SMALL (1) M cd
MEDIUM (100) 7 ~
MAGNUM (10000) " o |
3. Testing the speeds

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
check that output terminal 1 is selected, then select "SMALL (10)" under "STEP SIZE". Selecta
speed and then a direction. Listening for the 10 clicks, check that the motor runs faster as you

increase the speed for each axis (X and Y):

Speed Axis

X ("<" or ">") Y ("UP" or "DOWN")
CRAWL (1Hz) N 3
JOG (50Hz) [ [V
SPRINT (500Hz) [} LY
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4. Testing the temperature readout

On the visualization screen, make sure the picomotor is enabled and that the status is “READY", and

check that output terminal 1 is selected. Then under the “TEMPERATURE? section, click the ‘Reset

and read the temperature every minute for each axis (X and Y). Record the five temperatures inthe

|
| Values” button, then click the “Test” button, which will drive the motors continuously for 5 minutes,
E

table below:

Time (minutes)

Temperature

X (ﬂ<" or !I>l!)

Y ("UP" or "DOWN")

2%. 03

2190

2402

2% .94

0.0

32z

Dl

2] .to

A7 BRI N IR VS T B 5 T

575

32

Check if passed: [‘/]/

Cd

Check the “pass” box for each above if the temperature increases over time.
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Zlcle B ‘

3. Testing the output terminals

Make sure the picomotor is enabled and that the status is "READY". Connect the picomotor toone
of the 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50Hz)" under
'SPEED". For each terminal, check that the motor runs on each axis (X and Y):

Terminal

Axis

X ("(Il or ﬂ>'l)

Y ("UP" or "DOWN")

L2 <IN B I = N L VP O O 'S Y NG J ey

-
.
[3;,
A
[

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

Terminal

Axis

X ("<" or l|>ll)

I Y (ﬂUPu or "DOWN")

I~ | |db W —

SRNEERRAY

L B e B . N o |

[T
17
Lx~

e
td
¥

(7
4
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T i o

Testing Summary

Tor each test, indicate the results in the table below:

[] Fail

Front panel LEDs [ YPass

Step sizes [\-}‘Pﬁ [ ]Fail
Speeds [‘mls{ [ ]Fail
Output terminals [1433 [ ]Fail
_— ] e

Overall picomotor driver testing: [ ]és [ ]Fail

Test Engineer: <~ G

Test Date: ’f/7 V//

Additional Comments:
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Figure 2

Picomotor driver chassis rear panel

Figure 3
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EtherCAT configuration

Figure 4




Appendix B: PLC Controls

Figure 5: Step 3 of PLC controls setup
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licomotor controller chassis LIGO DCC#
ItherCAT Adapters LIGO DCC#
Controller Serial #

Test Engineer:

Test Date:

Overall picomotor chassis testing:

Signature/Initials:

D1100323-v]

D1100419-v3

S 5 S840

Lo (o

A/
/
[\ypﬁs [ ]1FAIL

Reference:

https://awiki.ligo-wa.caltech.edu/aLIGO/Picomotor%20Controller

Testing Schedule:

1. Front panel LEDs
2. Step sizes

3. Speeds

4. Temperature

5. Output terminals
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System requirements

Hardware:

1

10
11

Software:

Picomotors (2)
Compatible models: Newport 8302

Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

LIGO standard 24V M-F-M DB3 power cable
EtherCAT adapter D1100419-v3 (1)
DB25 F/M cables (2)

Hook-up wires
Brown, Green, White, Black, Grey, Purple

IDC 20-pin cable assemblies (2)

Beckhoff EtherCAT boxes (5)

EK1100, EL3102, EL1014, EL1872, EL2872
(Figure 4 in Appendix A)

24V power supply for Beckhoff boxes (1)

Ethernet cable (1)

Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)

MS Windows XP/7, 32-bit

Beckhoff TwinCAT software bundle, v2.11.1551
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Setting up

Steps for setting up the picomotor:

L.

Connect the EtherCAT adapter for controls to the left DB25 port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB2S5 port on the rear panel
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL 1872
Beckhoff box ' ‘

Connect an Ethernet cable to the X1 IN port on the EK1100 Beckhoff box
Connect the EK1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethernet cable to the PC through the realtime Ethemet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on
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Connect REAL-TIME
Ethernel cutput to the
Beckhoff box via
standard CATS {or better)
RJ45 networking cabie.

EL2872 To the Controls.

EL1872 o To the Resdbacks.

D1100323
Picomotor driver test assembly.
Connection diagram.

Picomotor driver FRONT panel
Figure 1a: A connection diagram of the picomotor setup.
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Setting up

Steps for setting up the PL.C controls:

Open up the TwinCAT System Manager software and go to:
File > Open > Picomotor_test.tsm

Open up the TwinCAT PLC Control software and go to:
File > Open > pmtestcode.pro

Go to the system tray, click on the TwinCAT icon and in the menu that pops up, go to:
(see Figure 5 in Appendix B for a screenshot)

System > Start
Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog:
"No program on the controller! Download the new program?”

Online > Run (F5)

At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-click and open
"VIS PICO", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)

In the "VIS _PICO" visualization window:

in the "RAW" section, the "IDLE" indicator should be lit
in the "USER" section, the status should read "DRIVER DISABLED"

On the controller front panel:

the "IDLE" LED should be lit
the "Enable" LED should be off
the “ON” LED should be on
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[. Testing the front panel LEDs

After the picomotor and the PLC controls are set up:

[‘]/ Check that the "ON" LED is lit if the power cable is connected and the power switch
is on, and that it goes off when the power switch is off.

[ Check that the “ON” indicator on the visualization also responds to the power switch,

[ 1/ Check that the "Remote" LED turns off if the EtherCAT adapter for controls is

disconnected.

A

Before the next step, check that the fan (rear panel) is off.

LEDs respond to the picomotor status according to Table 1:

[ / Toggle the "ENABLE" button on the visualization screen and check that the following

Status Chassis Front Panel LEDs Software Readbacks
IDLE Enable | FaultX | FaultY | IDLE | Enable | Power

DRIVER DISABLED'  on off of | of |y |p¥ilm
STARTING UP... off on flashes | flashes o OV
READY off on off off N o
Check ifpassed:| [1 | [¥ | I (] & -] &

Table 1: LED response to picomotor status

[ L]/ Check that the “DUAL AXIS” indicator on the visualization lights up when the
picomotor is enabled.

[ ‘]/Check that the temperature readouts on the visualization, under the “RAW” section,
are positive values near room temperature if motor was previously off.
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E_nable the picomotor by pressing the "ENABLE" button on the visualization, wait until the
ncomotor status is "READY", then do the following:

[14/ Check that the fan is running and blowing air out of the box (rear panel).

[ / Check that the two LEDs for each output terminal are lit when that output terminal is

selected on the visualization (terminals 1-8 under the "USER" section):

Terminal LED
Left Right

O
ST
SO

Z N =l
Tncd

S
o

ol |lwm|ipriw]w]—

cd
J/
T

Select output terminal 1 and do the following:

[]

Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respond to the
selected direction according to Table 2:

Direction LEDs
Drive X | DriveY | CWX Cwy
DOWN off on * off on **
8] 5 off on* off off
on * off on ** off
on * off off off
Check if passed:] [~ - [+ I

Table 2: LED response to picomotor direction

* (while motor is running)

*x (stays on after motor is finished running, until opposite direction is selected)




). Testing the step sizes

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
theck that output terminal 1 is selected, then select "SPRINT (500Hz)" under "SPEED". Selecta

tep size and then a direction. Check that the motor runs for a longer time (the motor clicks and turns
vhen it runs) as you increase the step size for each axis (X and Y):

Step Size Axis |
X ("<" or ">") Y ("UP" or "DOWN")
VERY SMALL (1) Ly~ T
MEDIUM (100) 'y’ ["I/
MAGNUM (10000) [q/ tel
3. Testing the speeds

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
check that output terminal 1 is selected, then select "SMALL (10)" under "STEP SIZE". Select a
speed and then a direction. Listening for the 10 clicks, check that the motor runs faster as you
increase the speed for each axis (X and Y):

Speed Axis
x (ll<|1 or li>ll) Y (HUPII or HDOW'NII)
CRAWL (1Hz) "

[y G
JOG (50Hz) cdl [
SPRINT (500Hz) I+ i
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4. Testing the temperature readout

On the visualization screen, make sure the picomotor is enabled and that the status is “READY", and
check that output terminal 1 is selected. Then under the “TEMPERATURE?” section, click the “Reset
Values” button, then click the “Test” button, which will drive the motors continuously for 5 minutes,
and read the temperature every minute for each axis (X and Y). Record the five temperatures inthe
table below:

Temperature
Y ("UP" or "DOWN")

Time (minutes)

X ("<II or ll>||)

20 (o

29,52

SR

A8.47

2293

£ b(,

%3. 9%

20 . 7).

L9 T [ S PSR I NG T Y

24 .90

3\.(@‘{

Check if passed:

[

Check the “pass™ box for each above if the temperature increases over time.
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5. Testing the output terminals

Wake sure the picomotor is enabled and that the status is "READY". Connect the picomotor to one
of the 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50Hz)" under
'SPEED". For each terminal, check that the motor runs on each axis (X and Y):

Terminal | Axis
X ("<" or ">") Y ("UP" or "DOWN")
| v Cd
5 od cd
3 A [ v}/
y cd [ v}/
5 ["( ['j/
6 [ [
; v [ i/
2 [ [ -]/ ]

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

Terminal Axis
X ("<" or ">") | Y ("UP" or "DOWN")
1 [? [ ;}j
2 I [
3 v’ [?
4 [ [
5 [ / S
6 [ q/ [ 4/
7 [ 1/ M/
8 H/ M/
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Testing Summary

for each test, indicate the results in the table below:

Front panel LEDs [‘}'és

Step sizes [ YPass
Speeds [ 4’{
Output terminals [ ]Pass

[ ] Fail
[ ]Fail
[ ] Fail

[ ]Fail

Overall picomotor driver testing: [ A

Test Engineer: IZACJ’\ C

Test Date: H/ U/

Additional Comments:

[ ] Fail
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Appendix A: Physical Components

Figure 2: Picomotor driver chassis front panel
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EtherCAT configuration

Figure 4
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Appendix B: PLC Controls

Figure 5: Step 3 of PLC controls setup
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Test Date:

Overall picomotor chassis testing:
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System requirements

Hardware:

1

10

11

Software:

1

2

Picomotors (2)
Compatible models: Newport 8302

Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

LIGO standard 24V M-F-M DB3 power cable
EtherCAT adapter D1100419-v3 (1)
DB25 F/M cables (2)

Hook-up wires
Brown, Green, White, Black, Grey, Purple

IDC 20-pin cable assemblies (2)

Beckhoff EtherCAT boxes (5)

EK1100, EL3102, EL1014, EL1872, EL2872
(Figure 4 in Appendix A)

24V power supply for Beckhoff boxes (1)
Ethernet cable (1)

Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)

MS Windows XP/7, 32-bit

Beckhoff TwinCAT software bundle, v2.11.1551
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Setting up

Steps for setting up the picomotor:

1,

Connect the EtherCAT adapter for controls to the left DB25 port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear panel
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the E1.2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box

Connect an Ethernet cable to the X1 IN port on the EK1100 Beckhoff box
Connect the EK1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethernet cable to the PC through the realtime Ethernet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on
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Cannect REAL-TIME .
Ethernet cutput to the ‘ Picomotor driver BACK panel

Beckhoff box via
standard CATS {or better)
RJ45 networking cabte.

To the Controls.
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EL1872 ' To the Readbachs.

D1100323
Picomotor driver test assembly.
Connection diagram.

Plcomotor driver FRONT panel
Figure 1a: A connection diagram of the picomotor setup.
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Setting up

Steps for setting up the PLC controls:

1.

Open up the TwinCAT System Manager software and go to:
File > Open > Picomotor_test.tsm

Open up the TwinCAT PLC Control software and go to:
File > Open > pmtestcode.pro

Go to the system tray, click on the TwinCAT icon and in the menu that pops up, go to:
(see Figure 5 in Appendix B for a screenshot)

System > Start
Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog:

"No program on the controller! Download the new program?"
Online > Run (F5)

At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-click and open
"VIS_PICO", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:

in the "RAW" section, the "IDLE" indicator should be lit
in the "USER" section, the status should read "DRIVER DISABLED"

On the controller front panel:
the "IDLE" LED should be lit

the "Enable" LED should be off
the “ON” LED should be on
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disconnected.

After the picomotor and the PLC controls are set up:

I, Testing the front panel LEDs

yBefore the next step, check that the fan (rear panel) is off,
]

{/( Check that the "ON" LED is lit if the power cable is connected and the power switch
is on, and that it goes off when the power switch is off.

E—{ Check that the “ON” indicator on the visualization also responds to the power switch.

[ Check that the "Remote” LED turns off if the EtherCAT adapter for controls is

Toggle the "ENABLE" button on the visualization screen and check that the following
LEDs respond to the picomotor status according to Table 1:

Status Chassis Front Panel LEDs Software Readbacks
IDLE Enable | Fault X | FaultY | IDLE | Enable | Power

DRIVER DISABLED|  on off off | off ‘om ([ |5

STARTING UP.., off on flashes | flashes | QC ;m N

READY off on _ off off o o~ Lo
Checkifpassed:| K1 | [ | I ol s

Table 1: LED response to picomotor status

[ Check that the “DUAL AXIS” indicator on the visualization lights up when the

icomotor is enabled.
[/:Jheck that the temperature readouts on the visualization, under the “RAW” section,
are positive values near room temperature if motor was previously off.
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E.nable the picomotor by pressing the "ENABLE" button on the visualization, wait until the
ficomotor status is "READY", then do the following;

[]
[]

Check that the fan is running and blowing air out of the box (rear panel).

Check that the two LEDs for each output terminal are lit when that output terminal is

selected on the visualization (terminals 1-8 under the "USER" section):

Terminal LED |
] Left Right
1 [uq; T
2 [ [+
3 Tt
4 [*’]/ [

: T
6 [ [

7 ST
8 o o

Select output terminal 1 and do the following:

[]

Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respond to the

selected direction according to Table 2:

Direction LEDs
Drive X | DriveY | CWX CWY
DOWN off on* off on **
UP off on* off off
on * off on ** off
< on * off off off |
T Check if passed: M/ g H/ H/ 'H/ 1

Table 2: LED response to picomotor direction

* (while motor is running)

i (stays on after motor is finished ranning, until opposite direction is selected)
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2. Testing the step sizes

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
theck that output terminal 1 is selected, then select "SPRINT (500Hz)" under "SPEED". Selecta

step size and then a direction. Check that the motor runs for a longer time (the motor clicks and turns
vhen it runs) as you increase the step size for each axis (X and Y):

Step Size | Axis |
X ("<" or ">") Y ("UP" or "DOWN")
VERY SMALL (1) 1 Bl
MEDIUM (100) ‘ [3/ 0
MAGNUM (10000) d [ ‘1/ |
3. Testing the speeds

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
check that output terminal 1 is selected, then select "SMALL (10)" under "STEP SIZE". Select a
speed and then a direction. Listening for the 10 clicks, check that the motor runs faster as you

increase the speed for each axis (X and Y):

Speed Axis

X (<" or *>") Y ("UP" or "DOWN")
CRAWL (1Hz) V4 e
JOG (50Hz) 7 Ny
SPRINT (500Hz) o [v~
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4. Testing the temperature readout

; On the visualization screen, make sure the picomotor is enabled and that the status is “READY”, and
; check that output terminal 1 is selected. Then under the “TEMPERATURE” section, click the “Reset
: Values” button, then click the “Test” button, which will drive the motors continuously for 5 minutes,
; and read the temperature every minute for each axis (X and Y). Record the five temperatures in the

; table below:

Time (minutes) I Temperature

X ("<"or ">") [ v ("UP" or "DOWN")
2.\ AL
20 (o2 X B
51715 84 -
39 .71 Iy
33 L0 S1.9%

! Check if passed: M/ [l\-]]/

L T N I % T B N Y

Check the “pass” box for each above if the temperature increases over time.
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3. Testing the output terminals

Make sure the picomotor is enabled and that the status is "READY™". Connect the picomotor to one
if the 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50Hz)" under
'SPEED". For each terminal, check that the motor runs on each axis (X and Y):

Terminal | Axis
X ("<" or ">") Y ("UP" or "DOWN")

! [{/ 7

2 [ 4l

3 [ v]/ [ t}/

4 s

5 [

6 o %8

7 [‘( .

8 [‘1/ [1/

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

Terminal Axis
X ("<" or ">") Y ("UP" or "DOWN")
1 [ 1
2 w L7
; L g
3 i e
5 [ ‘i/ [ /]/
6 vé Ly
7 [? ; ;
3 [ []
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Testing Summary

For each test, indicate the results in the table below:

Front panel LEDs [P’ﬁ’ass

Step sizes f nYéés
Speeds [ f‘é
Output terminals [ -!P/a;

Overall picomotor driver testing: [‘éss

Test Engineer: ’Z&C)L‘ C/
Test Date: 11/2/// /

Additional Comments:

[ ] Fail
[ ]Fail
[ ]Fail

[ ] Fail

[ ]Fail
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Appendix A: Physical Components

Figure 2: Picomotor driver chassis front panel
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Figure 4: EtherCAT configuration

14 of 15

e



Appendix B: PLC Controls

Figure 5: Step 3 of PLC controls setup
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licomotor controller chassis LIGO DCC#
ItherCAT Adapters LIGO DCC#
Controller Serial #

Test Engineer:

Test Date:

Overall picomotor chassis testing:

Signature/Initials:

D1100323-v]

D1100419-v3
B = ) | o512
e (

ll/éll'//(

["]/PASS [ ]FAIL

Reference:

https://awiki.ligo-wa.caltech.edu/aLIGO/Picomotor%20Controlier

Testing Schedule:

1. Front panel LEDs
2. Step sizes

3. Speeds

4. Temperature

5. Output terminals
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1

10
11

Software:

Hardware:

System requirements

Picomotors (2)
Compatible models: Newport 8302

Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

LIGO standard 24V M-F-M DB3 power cable
EtherCAT adapter D1100419-v3 (1)
DB25 F/M cables (2)

Hook-up wires
Brown, Green, White, Black, Grey, Purple

IDC 20-pin cable assemblies (2)

Beckhoff EtherCAT boxes (5)

EK1100, EL3102, EL1014, EL1872, EL2872
(Figure 4 in Appendix A)

24V power supply for Beckhoff boxes (1)
Ethernet cable (1)

Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)

MS Windows XP/7, 32-bit

Beckhoff TwinCAT software bundle, v2.11.1551
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Setting up

Steps for setting up the picomotor;

1.

Connect the EtherCAT adapter for controls to the left DB25 port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear panel
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box

Connect an Ethernet cable to the X1 IN port on the EK1100 Beckhoff box
Connect the EX1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethernet cable to the PC through the realtime Ethemet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on
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¥
f
{
i
!
i
I
|
|
f

Conrnect REAL-TIME
Ethernet output fo the
Beckhoff box via
standard CATE {or better)
RJ4§ networking cable.

Plcomotor driver BACK panel

Picomotor driver FRONT panel
Figure 1a: A connection diagram of the picomotor setup.

Figur

e 1b:

A

conne

ction

diagr

am of

the

Beckh to power supply
off
setup
(dotte

d

black
line =
white)

1

EL1872 ] To the Readbacks.

D1100323
- Picomotor driver test assembly.
Connection diagram.

therCAT adapter
t !!
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Setting up

Steps for setting up the PLC controls:

1. Open up the TwinCAT System Manager software and go to:

File > Open > Picomotor_test.tsm
Open up the TwinCAT PLC Control software and go to:
File > Open > pmtestcode.pro

Go to the system tray, click on the TwinCAT icon and in the menu that pops up, go to:
(see Figure 5 in Appendix B for a screenshot)

System > Start
Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog:
"No program on the controller! Download the new program?"

Online > Run (F5)

At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-click and open
"VIS_PICO", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:

in the "RAW" section, the "IDLE" indicator should be lit
in the "USER" section, the status should read "DRIVER DISABLED"

On the controller front panel:
the "IDLE" LED should be lit

the "Enable" LED should be off
the “ON" LED shouid be on
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[, Testing the front panel LEDs

After the picomotor and the PLC controls are set up:

['1/ Check that the "ON" LED is lit if the power cable is connected and the power switch
is on, and that it goes off when the power switch is off.

[ l‘]/ Check that the “ON” indicator on the visualization also responds to the power switch,

[‘/Check that the "Remote" LED tumns off if the EtherCAT adapter for controls is

djsconnected.
54/B:fore the next step, check that the fan (rear panel) is off.

/T Toggle the "ENABLE" button on the visualization screen and check that the following
LEDs respond to the picomotor status according to Table 1:

Status Chassis Front Panel LEDs Software Readbacks
IDLE Enable | FaultX | FaultY | IDLE | Enable | Power

DRIVER DISABLED on off off off M o[ﬁ G\

STARTING UP... off on flashes | flashes | p w o | 6M

READY off on off off |i, onr on
Check if passed:| L+ T YT 3] [T [T (4

Table 1: LED response to plcomotor status

[1/]/ Check that the “DUAL AXIS” indicator on the visualization lights up when the
picomotor is enabled.

[ Check that the temperature readouts on the visualization, under the “RAW” section,
are positive values near room temperature if motor was previously off.
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E_nable the picomotor by pressing the "ENABLE" button on the visualization, wait until the
comotor status is "READY™, then do the following:

[:y:eck that the fan is running and blowing air out of the box (rear panel).

Check that the two LEDs for each output terminal are lit when that output terminal is
selected on the visualization (terminals 1-8 under the "USER" section):

[

Terminal | LED |
LeR | Right

1 [ q; [

2 [ [

3 N /]d‘;
4 [} [

5 v~
6 T v
7 H/ [xr
3 Cacd

Select output terminal 1 and do the following:

[ 1 Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respond to the
selected direction according to Table 2:

Direction LEDs
Drive X | DriveY | CWX CWY
DOWN off on* off on **
|9)4 off on* off off
on* off on ** off
on * off off off
Check if passed: M| (4 (4 [+

Table 2: LED response to picomotor direction

* (while motor is running)
** (stays on after motor is finished running, until opposite direction is selected)
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). Testing the step sizes

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
theck that output terminal 1 is selected, then select "SPRINT (500Hz)" under "SPEED". Selecta

tep size and then a direction. Check that the motor runs for a longer time (the motor clicks and tarns
vhen it runs) as you increase the step size for each axis (X and Y):

Step Size Axis 7
X ("<" or ">") Y ("UP" or "DOWN") |
VERY SMALL (1) [ bul
MEDIUM (100) s [+
MAGNUM (10000) (4 ey
3. Testing the speeds

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
check that output terminal 1 is selected, then select "SMALL (10)" under "STEP SIZE". Select a
speed and then a direction. Listening for the 10 clicks, check that the motor runs faster as you
increase the speed for each axis (X and Y):

Speed Axis

X ("<" or ">") Y ("UP" or "DOWN")
CRAWL (iHz) [ 3
JOG (50Hz) | ‘]/, [ ¢
SPRINT (500Hz) [ (7
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4. Testing the temperature readout

On the visualization screen, make sure the picomotor is enabled and that the status is “READY", and
check that output terminal 1 is selected. Then under the “TEMPERATURE?” section, click the “Reset
Values” button, then click the “Test” button, which will drive the motors continuously for 5 minutes,
and read the temperature every minute for each axis (X and Y). Record the five temperatures inthe
table below:

Time (minutes) Temperature
X ("<"or ™" Y ("UP" or "DOWN")
1 2D O] 29.97
2 Ja. \1 2| .o
3 G S 23 . 90
4 A A2 233 .17
5

=D .4 4 A
M -

Check if passed:

Check the “pass™ box for each above if the temperature increases over time.

100f 15




3. Testing the output terminals

Vake sure the picomotor is enabled and that the status is "READY". Connect the picomotor to one
of the 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50Hz)" under
'SPEED". For each terminal, check that the motor runs on each axis (X and Y):

Terminal Axis
X ("<" or ">") Y ("UP" or "DOWN")
I T -
2 [ Y
3 [ [}
4 [ ~]/ [v}/
5 [w]/ [$
p [.]/ [
7 M/ [ "]/
” [ 'j/ [']/ |

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

Terminal Axis
X ("<" or "™>") Y ("UP" or "DOWN?")

1 [y [

2 [ jj 1

3 [ 4

4 e (1

5 1 L~

5 A x~

7 f 7

8 g Ll

11of15




Testing Summary
For each test, indicate the results in the table below:

Front panel LEDs [} TFass

Sep sizes [ﬂ{ass
Speeds [/ﬁss

Cutput terminals [“] Pass

Overall picomotor driver testing; [/6&35

Test Engineer: 2“ /&\ C;

Test Date: /{/’2 ////

Additional Comments:

[ ]Fail
[ ] Fail
[ ] Fail

[ ]Fail

[ ]Fail

12 of 15



Appendix A: Physical Components

Figure 2: Picomotor driver chassis front panel




EtherCAT configuration

Figure 4




Appendix B: PLC Controls

Figure 5: Step 3 of PL.C controls setup
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Picomotor controller chassis LIGO DCC# DI1100323-vl

EtherCAT Adapters LIGO DCC# . D1100419-v3

Controller Serial # %5} |O‘_)\5(‘{ %
Test Engineer: Z a(.,ﬁ\ (7

Test Date: I/ 2t/ /7
s
Overall picomotor chassis testing: [ TPASS [ ]1FAIL
Signature/Initials:
Reference:

https://awiki.ligo-wa.caltech.eduw/aLIGO/Picomotor%20Controller

Testing Schedule:

1. Front panel LEDs
2. Step sizes

3. Speeds

4. Temperature

5. Output terminals
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System requirements

Hardware:

1 Picomotors (2)
Compatible models: Newport 8302

2 Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

3 LIGO standard 24V M-F-M DB3 power cable
4 EtherCAT adapter D1100419-v3 (1)
5 DB25 F/M cables (2)

6 Hook-up wires
Brown, Green, White, Black, Grey, Purple

7 IDC 20-pin cable assemblies (2)
8 Beckhoff EtherCAT boxes (5)
EK1100, EL3102, EL1014, EL1872, EL2872
(Figure 4 in Appendix A)
9 24V power supply for Beckhoff boxes (1)
10 Ethernet cable (1)
11 Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)
Software:

1 MS Windows XP/7, 32-bit

2 Beckhoff TwinCAT software bundle, v2.11.1551

'1LSC
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Setting up

Steps for setting up the picomotor:

1.

Connect the EtherCAT adapter for controls to the left DB2S port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear panel
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box

Connect an Ethernet cable to the X1 IN port on the EK1100 Beckhoff box
Connect the EK1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethernet cable to the PC through the realtime Ethernet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on
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Ethernet cutput to the

Cannect REAL-TIME Picomotor drivar BACK panel

Beckhoff box via
standard CATS {or better)
RJ4S networking cabie,

D1100323

Picomotor driver FRONT panal
Figure 1a: A connection diagram of the picomotor setup.,

¢ &im Nz ﬂ?ﬁ?? i)

Figur
e 1b:
A
conne
ction
diagr
am of

firei AT

Beckh to power supply

off e

01 o4 ahuip

setup

(dotte
d
black
line =
white)

EL1872 - To the Readbacks.

Plcomotor driver test assembly.
: Connection diagram.

the - A & ' 10 EtherCAT adspter
- i ) . ; L I 17
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Setting up

Steps for setting up the PLC controls:

1.

Open up the TwinCAT System Manager software and go to:
File > Open > Picomotor_test.tsm

Open up the TwinCAT PLC Control software and go to:
File > Open > pmtestcode.pro

Go to the system tray, click on the TwinCAT icon and in the menu that pops up, go to:
(see Figure 5 in Appendix B for a screenshot)

System > Start
Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog:

"No program on the controller! Download the new program?"
Online > Run (F5)

At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-click and open
"VIS_PICO", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)

In the "VIS PICO" visualization window:

in the "RAW" section, the "IDLE" indicator should be lit
in the "USER" section, the status should read "DRIVER DISABLED"

On the controller front panel:
the "IDLE" LED should be lit

the "Enable" LED should be off
the “ON” LED should be on

60of15
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1. Testing the front panel LEDs

After the picomotor and the PLC controls are set up:

[‘( Check that the "ON" LED is lit if the power cable is connected and the power switch
is on, and that it goes off when the power switch is off.

[’( Check that the “ON” indicator on the visualization also responds to the power switch.

['/{ Check that the "Remote” LED tumns off if the EtherCAT adapter for controls is
disconnected.

Before the next step, check that the fan (rear panel) is off.

[/( Toggle the "ENABLE" button on the visualization screen and check that the following
LEDs respond to the picomotor status according to Table 1:

Saws | ChasisFonPal LEDs | SofvareReadbocs
| " IDLE | Bnable | FaultX | FaultY | IDLE ‘Enable | Power |
mm@@ﬁmmlWﬁ“iyfm‘ ~
STATNG U | oo *“I¢ I N
READY off | off | off

%@@@Lﬁ_fﬁinTﬁ*Tﬁliuig

Table 1: LED response to picomotor status -

[" Check that the “DUAL AXIS” indicator on the visualization lights up when the
picomotor is enabled.

[V]/ Check that the temperature readouts on the visualization, under the “RAW” section,
are positive values near room temperature if motor was previously off.
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Enable the picomotor by pressing the "ENABLE" button on the visualization, wait until the
picomotor status is "READY", then do the following:

[]
[]

[]

Check that the fan is running and blowing air out of the box (rear panel).

Check that the two LEDs for each output terminal are lit when that output terminal is
selected on the visualization (terminals 1-8 under the "USER" section):

Terminal p ;E_Egi
| | Left 7[Right

Select output terminal 1 and do the following:

Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respond to the
selected direction according to Table 2:

. . 71 — = T T
Direction LEDs I
Drive X | DriveY | CWX | CWY

BOWN off ‘Jon* off on *d [
W _ g of | on* | off | off ,
> on*J off on ** off \
< on*__ 4 off off 7 off 1

Check if passed: [v]/ 0 v [{ [4/ {

Table 2: LED response to picoﬁtb;dh;ction

* (while motor is running)
o (stays on after motor is finished running, until opposite direction is selected)




2. Testing the step sizes

On the visualization screen, make sure the picomotor is enabled and that the status is "READY™", and
check that output terminal 1 is selected, then select "SPRINT (500Hz)" under "SPEED". Select a

step size and then a direction. Check that the motor runs for a longer time (the motor clicks and turns
when it runs) as you increase the step size for each axis (X and Y):

Step Size 1 Axis }

o ~ X(<or™) | Y(UP"or"DOWN" |

VERY SMALL (1) 17 S

MEDIUM (100) cd =

MAGNUM (10000) ¥ +
3. Testing the speeds

On the visualization screen, make sure the picomotor is enabied and that the status is "READY™", and
check that output terminal 1 is selected, then select "SMALL (10)" under "STEP SIZE". Select a
speed and then a direction. Listening for the 10 clicks, check that the motor runs faster as you

increase the speed for each axis (X and Y):

r_Spead

]

CRAWL (le)
\ JOG (5 OG (50Hz)
'SPRINT (500Hz)

Axis
X(<"or"™>" [ Y("UP"or"DOWN")
[ 8 |
[+ [T, |

vd

17
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4. Testing the temperature readout

On the visualization screen, make sure the picomotor is enabled and that the status is “READY”, and
check that output terminal 1 is selected. Then under the “TEMPERATURE?” section, click the “Reset
Values™ button, then click the “Test” button, which will drive the motors continuously for 5 minutes,
and read the temperature every minute for each axis (X and Y). Record the five temperatures in the

table below:

| Time (minutes)

_

'femperature

X V(II7<|I or ll>l') E

N7

22-37

9527

24.09

24.2%

]

: -
Y ("UP" or "DOWN")

L. Y2

5.59
5097

2014

Check if passed:

AT

b |

d

Check the “pass” box for each above if the temperature increases over time.
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5. Testing the output terminals

Make sure the picomotor is enabled and that the status is "READY". Connect the picomotor to one
of the 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50Hz)" under
"SPEED". For each terminal, check that the motor runs on each axis (X and Y):

Teominal | omks
L_, - 7‘ O X("<"or"™>") T Y ("UP"or "DOWN") ‘
1 M
oeed
i - | 4
T (1 [41? ‘
ﬁ___ - _{ LY [
CRN— vd 1
7 [V 1 |
s
Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:
Fl'ennm;l - r S Aks
}__ - _T_ X('<"or™>") | Y("UP"or"DOWN") ‘
L 1 T |
2 1 vé |
|
|



Testing Summary

For each test, indicate the results in the table below:

Front panel LEDs [ (ﬁass
Step sizes [ »]’fass
Speeds [ ,]/Pass
Output terminals [1 Pass

Overall picomotor driver testing: ['/ﬁ’ass

Test Engineer: Z@C)’\' G
Test Date: Wi/

Additional Comments:

[ ] Fail
[ ]Fail
[ ] Fail

[ ]Fail

[ ]Fail
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Appendix A: Physical Components

Figure 2: Picomotor driver chassis front panel

D1100323 @ | |
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Figure 4: EtherCAT configuration
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Appendix B: PLC Controls

Figure 5: Step 3 of PLC controls setup
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Hcomotor controller chassis LIGO DCC#

LtherCAT Adapters LIGO DCC#

Controller Serial #

Test Engineer:

Test Date;

Overall picomotor chassis testing:

Signature/Initials:

D1100323-v1

D1100419-v3

L= S|10754
2o (O
W2/ 11
[YFAsS [ JFALL

Reference:

https://awiki.ligo-wa.caltech.edu/aLIGO/Picomotor%20Controller

Testing Schedule:

1. Front panel LEDs
2. Step sizes

3. Speeds

4. Temperature

5. Output terminals
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System requirements

Hardware:

1 Picomotors (2)
Compatible models: Newport 8302

2 Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

3 LIGO standard 24V M-F-M DB3 power cable
4 EtherCAT adapter D1100419-v3 (1)
5 DB25 F/M cables (2)

6 Hook-up wires
Brown, Green, White, Black, Grey, Purple

7 IDC 20-pin cable assemblies (2)
8 Beckhoff EtherCAT boxes (5)
FK1100, EL3102, EL1014, EL1872, EL2872
(Figure 4 in Appendix A)
9 24V power supply for Beckhoff boxes (1)
10 Ethernet cable (1)
11 Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)
Software:

1 MS Windows XP/7, 32-bit

2 Beckhoff TwinCAT software bundle, v2.11.1551

Joflis



Setting up

Steps for setting up the picomotor:

1.

Connect the EtherCAT adapter for controls to the left DB25 port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear panel
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box

Connect an Fthernet cable to the X1 IN port on the EK1100 Beckhoff box
Connect the EK1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethernet cable to the PC through the realtime Ethernet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on

40of 15



Connect REAL-TIME
Etharnat output to the
Beckholf box via
standard CATS {or better}
RJ45 networking cable.

Picomotor driver BACK panel

Picomotor drivar FRONT panel

Figure 1a: A connection diagram of the picomotor setup.
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Setting up

Steps for setting up the PLC controls:

1.

Open up the TwinCAT System Manager software and go to:
File > Open > Picomotor_test.tsm

Open up the TwinCAT PLC Control software and go to:
File > Open > pmtestcode.pro

Go to the system tray, click on the TwinCAT icon and in the menu that pops up, go to:
(see Figure 5 in Appendix B for a screenshot)

System > Start
Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog:
"No program on the controller! Download the new program?"

Online > Run (F5)

At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-click and open
"VIS_PICO", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:

in the "RAW?" section, the "IDLE" indicator should be lit
in the "USER" section, the status should read "DRIVER DISABLED"

On the controller front panel:
the "IDLE" LED should be lit

the "Fnable"” LED should be off
the “ON” LED should be on
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[. Testing the front panel LEDs

After the picomotor and the PLC controls are set up:

]  Check that the "ON" LED is lit if the power cable is connected and the power switch
is on, and that it goes off when the power switch is off.

of
1

disconnected.

[/ Before the next step, check that the fan (rear panel) is off,

A

Check that the “ON” indicator on the visualization also responds to the power switch.

Check that the "Remote" LED turns off if the EtherCAT adapter for controls is

Toggle the "ENABLE" button on the visualization screen and check that the following
LEDs respond to the picomotor status according to Table 1:

Status Chassis Front Panel LEDs Software Readbacks
IDLE Enable | FaultX | FaultY | IDLE | Enable | Power
DRIVER DISABLED| on off off | off | o | | On
STARTING UP... off on flashes | flashes | off [ssvi oW
READY of | on | off off o6l s jom
Checkifpassed:| [ | M | 4 | W | & LY ]

Table 1: LED response to picomotor status

Check that the “DUAL AXIS” indicator on the visualization lights up when the
picomotor is enabled.

[L]/ Check that the temperature readouts on the visualization, under the “RAW” section,
are positive values near room temperature if motor was previously off.

7o0f15




Enable the picomotor by pressing the "ENABLE" button on the visualization, wait until the
jicomotor status is "READY", then do the following:

[‘/ Check that the fan is running and blowing air out of the box (rear panel).

[‘1/ Check that the two LEDs for each output terminal are lit when that output terminal is
selected on the visualization (terminals 1-8 under the "USER" section):

Terminal LED

Lef | Right
1 O
2 [+ [t
3 Iz
4 T
5 (1T [T
6 1 T
7 [T [’f
8 1 T

Select output terminal 1 and do the following:

[v/ Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respond to the
selected direction according to Table 2:

Direction LEDs
Drive X | DriveY | CW X CWY
DOWN off on * off on **
UP off on * off off
> on * off on ** off
< on* off off off
i
Check if passed: [’J{ [ i/ =d M/

Table 2: LED response to picomotor direction

* (while motor is running)

*x (stays on after motor is finished running, until opposite direction is selected)




L. Testing the step sizes

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
theck that output terminal 1 is selected, then select "SPRINT (500Hz)" under "SPEED". Select a

tep size and then a direction. Check that the motor runs for a longer time (the motor clicks and turns
wvhen it runs) as you increase the step size for each axis (X and Y):

Step Size | Axis \
X ("<" or ">") Y ("UP" or "DOWN")
VERY SMALL (1) w [+
MEDIUM (100) (¥ 04
| MAGNUM (10000) [+ (3 |
3. Testing the speeds

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
check that output terminal 1 is selected, then select "SMALL (10)" under "STEP SIZE". Select a
speed and then a direction. Listening for the 10 clicks, check that the motor runs faster as you
increase the speed for each axis (X and Y):

Speed Axis

X ("<" or ">") Y ("UP" or "DOWN")
CRAWL (1Hz) [F e
JOG (50Hz) &t [T
SPRINT (500Hz) P [+
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4. Testing the temperature readout

On the visualization screen, make sure the picomotor is enabled and that the status is “READY”, and
check that output terminal 1 is selected. Then under the “TEMPERATURE?” section, click the “Reset
Values” button, then click the “Test” button, which will drive the motors continuously for 5 minutes,
and read the temperature every minute for each axis (X and Y). Record the five temperatures in the
table below:

Time (minutes) Temperature
X (<" or ">") Y ("UP" or "DOWN")

1 2%-59 R

2 26.65 949 90

3 0. U DD

4 3. GO Sk

5 32.41 ) .77

Check if passed: Ly

Check the “pass” box for each above if the temperature increases over time.

100f 15
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5. Testing the output terminals

; Wake sure the picomotor is enabled and that the status is "READY". Connect the picomotor to one
! if the 8 terminals, then select "MEDIUM (100)" under-"STEP SIZE" and "JOG (50Hz)" under

f SPEED". For each terminal, check that the motor runs on each axis (X and Y):
J

Terminal ' Axis
X (ﬂ<" or ">") Y ("UP" OI' "DOWN")
(9 Gl

-
v
[+~
4 [+~
Ed 1

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

=R I = S L R I O Y S U [ NG )
o}

Terminal Axis
X ("<" or ">") | Y ("UP" or "DOWN")
1 1 [y
2 (1 v
3 1 r
4 L~ e
5 (Y o
6 (1 [ j:
7 % [
g 117 o
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Testing Summary

For each test, indicate the results in the table below:

Front panel LEDs [“] Pass [ ]Fail
Step sizes [“] Pass [ ]Fail
Speeds [7] Pass [ 1Fail
Gutput terminals [6&33 [ ] Fail
Overall picomotor driver testing:  [] Pass [ ]Fail

Test Engineer: Z“‘J’\ C}
Test Date: ”/2,////

Additional Comments:
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Appendix A: Physical Components

Figure 2: Picomotor driver chassis front panel
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Figure 4: EtherCAT configuration
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Appendix B: PLC Controls

Figure 5: Step 3 of PLC controls setup

et e ETD A Ml 7 1 e\ 2 1T 35 Ay T A
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Yicomotor controller chassis LIGO DCC# D1100323-v1

ItherCAT Adapters LIGO DCC# D1100419-v3
Controller Serial # 2= S04 S
Test Engineer: 20\ C;
Test Date: / // 7 / / /4
a4
Overall picomotor chassis testing: [M’{ASS [ ] FAIL
Signature/Initials;
Reference:

https://awiki.ligo-wa.caltech.edu/aLIGO/Picomotor%20Controller

Testing Schedule:

1. Front panel LEDs
2. Step sizes

3. Speeds

4. Temperature

5. Output terminals
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System requirements

Hardware:

1

9
10
11

Software:
1

2

Picomotors (2)
Compatible models: Newport 8302

Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

LIGO standard 24V M-F-M DB3 power cable
EtherCAT adapter D1100419-v3 (1)
DB25 F/M cables (2)

Hook-up wires
Brown, Green, White, Black, Grey, Purple

IDC 20-pin cable assemblies (2)

Beckhoff EtherCAT boxes (5)

EK1100, EL3102, EL1014, EL1872, EL2872
(Figure 4 in Appendix A)

24V power supply for Beckhoff boxes (1)
Ethernet cable (1)

Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)

MS Windows XP/7, 32-bit

Beckhoff TwinCAT software bundle, v2.11.1551

3o0f15
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Setting up

Steps for setting up the picomotor:

1.

Connect the EtherCAT adapter for controls to the left DB2S5 port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear panel
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box

Connect an Ethernet cable to the X1 IN port on the EK1100 Beckhoff box
Connect the EK 1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethernet cable to the PC through the realtime Ethernet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on




Connect REAL-TIME
Ethernet output to the
Backhoff box via
standard CATS {or better)
RJ4§ networking cable,

Picomotor driver FRONT panel
Figure 1a: A connection diagram of the picomotor setup.
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Setting up

Steps for setting up the PL.C controls:

1.

Open up the TwinCAT System Manager software and go to:
File > Open > Picomotor_test.tsm

Open up the TwinCAT PLC Control software and go to:
File > Open > pmtestcode.pro

Go to the system tray, click on the TwinCAT icon and in the menu that pops up, go to:
(see Figure 5 in Appendix B for a screenshot)

System > Start
Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog:
"No program on the controller! Download the new program?"

Online > Run (F5)

At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-click and open
"VIS_PICQ", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:

'in the "RAW" section, the "IDLE" indicator should be lit
in the "USER" section, the status should read "DRIVER DISABLED"

On the controller front panel:
the "IDLE" LED should be lit

the "Enable" LED should be off
the “ON” LED should be on
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l. Testing the front panel LEDs

After the picomotor and the PLC controls are set up:

[4/ Check that the "ON" LED is lit if the power cable is connected and the power switch
is.on, and that it goes off when the power switch is off.
[V}/Cl::ck that the “ON” indicator on the visualization also responds to the power switch.

["]/ Check that the "Remote" LED turns off if the EtherCAT adapter for controls is

disconnected.

[ Before the next step, check that the fan (rear panel) is off.

[]

LED:s respond to the picomotor status according to Table 1:

Toggle the "ENABLE" button on the visualization screen and check that the following

Status Chassis Front Panel LEDs Software Readbacks
IDLE Enable | FaultX | FaultY | IDLE | Enable | Power
DRIVER DISABLED| on off off off OnN |pfL |OM
STARTING UP... off on flashes | flashes OS’£ Con | o
READY off on off off | sl ﬁ ZS\«\ Sin
Checkifpassed:| [4—"| [T | [+ T [d—T [+ T [+ [+

Table 1: LED response to picomotor status

[\,}/Chcck that the “DUAL AXIS” indicator on the visualization lights up when the

comotor is enabled.
{ K;heck that the temperature readouts on the visualization, under the “RAW” section,
are positive values near room temperature if motor was previously off.




Enable the picomotor by pressing the "ENABLE" button on the visualization, wait until the
ticomotor status is "READY™, then do the following:

[i Check that the fan is running and blowing air out of the box (rear panel).

[\/ Check that the two LEDs for each output terminal are lit when that cutput terminal is
selected on the visualization (terminals 1-8 under the "USER" section):

Terminal LED
Left Right

1
1 (¥
4
~ v

v 17
[T X

17
T

Select output terminal 1 and do the following:

O |~ ||| W] D] =

[ ]  Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respond to the
selected direction according to Table 2:

Direction LEDs
Drive X | DriveY | CWX CWY
DOWN off on * off on **
UP off on * off - off
> on * off on ** off
< on * off off off
Checkifpassed:| [ [+ T [4@'/’// [+

Table 2: LED response to picomotor direction

* (while motor is running)
** (stays on after motor is finished running, until opposite direction is selected)
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2. Testing the step sizes

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
theck that output terminal 1 is selected, then select "SPRINT (500Hz)" under "SPEED". Select a

sep size and then a direction. Check that the motor runs for a longer time (the motor clicks and turns
vhen it runs) as you increase the step size for each axis (X and Y):

Step Size Axis
X ("<" or ">") Y ("UP" or "DOWN")
VERY SMALL (1) g M
MEDIUM (100) [3— M
MAGNUM (10000) [+ Iy~
3. Testing the speeds

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
check that output terminal 1 is selected, then select "SMALL (10)" under "STEP SIZE". Select a
speed and then a direction. Listening for the 10 clicks, check that the motor runs faster as you

increase the speed for each axis (X and Y):

Speed Axis

X ("<" or ">") Y ("UP" or "DOWN")
CRAWL (1Hz) (¥~ [+
JOG (50Hz) [+ (1~
SPRINT (500Hz) I+ (1T
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4. Testing the temperature readout

On the visualization screen, make sure the picomotor is enabled and that the status is “READY”, and
check that output terminal 1 is selected. Then under the “TEMPERATURE?” section, click the “Reset
Values” button, then click the “Test” button, which will drive the motors continuously for 5 minutes,
and read the temperature every minute for each axis (X and Y). Record the five temperatures in the
table below:

Temperature
Y ("UP" or "DOWN")

A 590

Time (minutes)

X (ll<l| or l|>")

X0

28.,¥

L2696

R0.579

2997

2K

22.97

| | W |

2139

32 .59 |
5%

Check if passed: [

Check the “pass™ box for each above if the temperature increases over time.
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5. Testing the output terminals

Yake sure the picomotor is enabled and that the status is "READY", Connect the picomotor to one
of the 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50Hz)" under
'SPEED". For each terminal, check that the motor runs on each axis (X and Y):

Terminal Axis
X ("<" or ">") Y ("UP" or "DOWN")
1 [ 1
5 (X [ 4/
3 [T [/]/
4 [+ [ ’J/
5 [ q/ [ﬂ/
p P [ ﬂ/
; w [ (
2 [ ~—}/ (1

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

Terminal Axis
X ("<" or ">" Y ("UP" or "DOWN")
1 117 (1
2 [ ﬂi [dfg
3 [ [
4 g Ly
s [ / vl
: £ -
7 [ 1
8 [ 1/ [ ]/
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Testing Summary

For each test, indicate the results in the table below:

Front panel LEDs
Step sizes
Speeds

Cutput terminals

Overall picomotor driver testing:

Test Engineer: 214)'\ (7
Test Date: U/Q—l//l

Additional Comments:

[ YFass
[ Yfass
[ s
[ A Pass

[7] Pass

[ ] Fail
[ ] Fail
[ ]Fail

[ ] Fail

[ ]Fail
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Appendix A: Physical Components

Figure 2: Picomotor driver chassis front panel
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Figure 4: EtherCAT configuration




Appendix B: PLC Controls

Figure 5: Step 3 of PLC controls setup
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Yicomotor controller chassis LIGO DCC#

ItherCAT Adapters LIGO DCC#

Controller Serial #

Test Engineer:

Test Date:

Overall picomotor chassis testing:

Signature/Initials:

D1100323-vi

D1100419-v3

275 S04y,

Zeon (.

!//;u[/ /

['ﬁASS [ 1FAIL

Reference:

https://awiki.ligo-wa.caltech.edu/aLIGO/Picomotor%20Controller

Testing Schedule:

1. Front panel LEDs
2. Step sizes

3. Speeds

4. Temperature

3. Output terminals
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System requirements

Hardware:

1

10

11

Software:

1

2

Picomotors (2)
Compatible models: Newport 8302

Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

LIGO standard 24V M-F-M DB3 power cable
EtherCAT adapter D1100419-v3 (1)
DB25 F/M cables (2)

Hook-up wires
Brown, Green, White, Black, Grey, Purple

IDC 20-pin cable assemblies (2)

Beckhoff EtherCAT boxes (5)

EK1100, EL3102, EL1014, EL1872, EL2872
(Figure 4 in Appendix A)

24V power supply for Beckhoff boxes (1)
Ethernet cable (1)

Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)

MS Windows XP/7, 32-bit

Beckhoff TwinCAT software bundle, v2.11.1551
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Setting up

Steps for setting up the picomotor:

1.

Connect the EtherCAT adapter for controls to the left DB25 port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear panel
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box

Connect an Ethernet cable to the X1 IN port on the EK 1100 Beckhoff box
Connect the EK1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethernet cable to the PC through the realtime Ethernet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on




Connect REAL-TIME
Ethernat output to the Picomotor driver BACK panel

Beckhoff box via
standard CATS {or better)
RJ46 nefworking cabie.

Ta the Controls.

To the Readbacks.

; D1100323
- Picomotor driver test assembly.
3 Connection diagram.

Picomotor driver FRONT panel
Figure 1a: A connection diagram of the picomotor setup.
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Setting up

Steps for setting up the PL.C controls:

Open up the TwinCAT System Manager software and go to:
File > Open > Picomotor_test.tsm

Open up the TwinCAT PLC Control software and go to:
File > Open > pmtestcode.pro

Go to the system tray, click on the TwinCAT icon and in the menu that pops up, go to:
(see Figure 5 in Appendix B for a screenshot)

System > Start
Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog:

"No program on the controller! Download the new program?”
Online > Run (F5)

At the bottom of the left sidebar in the TwinCAT PL.C Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-click and open

"VIS_PICO", and a visualization window should appear.
(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:

in the "RAW" section, the "IDLE" indicator should be lit
in the "USER" section, the status should read "DRIVER DISABLED"

On the controller front panel:
the "IDLE" LED should be lit

the "Enable" LED should be off
the “ON” LED should be on
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I, Testing the front panel LEDs

After the picomotor and the PLC controls are set up:

W/}/ Check that the "ON" LED is lit if the power cable is connected and the power switch
1s on, and that it goes off when the power switch is off.

[»]/ Check that the “ON” indicator on the visualization also responds to the power switch.

[ Check that the "Remote" LED turns off if the EtherCAT adapter for controls is

/scoxmected.
[ /é'ére the next step, check that the fan (rear panel) is off.

[ Toggle the "ENABLE" button on the visualization screen and check that the following

LEDs respond to the picomotor status according to Table 1:

Status Chassis Front Panel LEDs Software Readbacks
IDLE Enable | FaultX | FaultY | IDLE | Enable | Power
DRIVER DISABLED| on off off off |esn | (&F o
STARTING UP... off on flashes | flashes | (- | 50 | o
READY off on off off ‘:g,\:/ W | SN
Check if passed:| [ ] [] [] [} [] [] []

Table 1: LED response to picomotor status

[ Check that the “DUAL AXIS” indicator on the visualization lights up when the
picomotor is enabled.

[/ Check that the temperature readouts on the visualization, under the “RAW” section,
are positive values near room temperature if motor was previously off.
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Enable the picomotor by pressing the "ENABLE" button on the visualization, wait until the
Jicomotor status is "READY", then do the following:

[\,}/ Check that the fan is running and blowing air out of the box (rear panel).

[ Check that the two LEDs for each output terminal are lit when that output terminal is
selected on the visualization (terminals 1-8 under the "USER" section):

Terminal Lift(LTD R;‘g/]}il
§

)
o
T
a o]
11

—t

b

OO |~ On W B W

Select output terminal 1 and do the following:

[ 1  Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respond to the
selected direction according to Table 2:

Direction LEDs
Drive X | DriveY | CWX CWY
DOWN off on* off on **
UP off on * off off
on ¥ off on ** off
< on* | off off off
Checkifpassed:) [& | (1 | (¥ | A

Table 2: LED response to picomotor direction

* (while motor is running)
*x (stays on after motor is finished running, until opposite direction is selected)
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2. Testing the step sizes

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
theck that output terminal 1 is selected, then select "SPRINT (500Hz)" under "SPEED". Select a

tep size and then a direction. Check that the motor runs for a longer time (the motor clicks and turns
vhen it runs) as you increase the step size for each axis (X and Y):

Step Size | Axis
X('<"or™" | Y("UP"or "DOWN")
VERY SMALL (1) L1 [
MEDIUM (100) td vd 4
MAGNUM (10000) [/ M/ |
3. Testing the speeds

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
check that output terminal 1 is selected, then select "SMALL (10)" under "STEP SIZE". Select a
speed and then a direction. Listening for the 10 clicks, check that the motor runs faster as you
increase the speed for each axis (X and Y):

Speed Axis

X ("<" or ">") Y ("UP" or "DOAVN")
CRAWL (1Hz) e Cd
JOG (50Hz) [ [V
SPRINT (500Hz) ["( [ H/
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4. Testing the temperature readout

On the visualization screen, make sure the picomotor is enabled and that the status is “READY", and
check that output terminal 1 is selected. Then under the “TEMPERATURE” section, click the “Reset
Values” button, then click the “Test” button, which will drive the motors continuously for 5 minutes,

and read the temperature every minute for each axis (X and Y). Record the five temperatures inthe

table below:

Time (minutes)

Temperature

X ("<" or ">") Y ("UP" or "DOWN")
1 2.0 29-9Y
2 29.74 24,12
3 29 %9 EZN
4 04.%5 313

Check if passed:

Cal

94—

Check the “pass” box for each above if the temperature increases over time.
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3. Testing the output terminals

Make sure the picomotor is enabled and that the status is "READY". Connect the picomotor to one
if the 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50Hz)" under
'SPEED". For each terminal, check that the motor runs on each axis (X and Y):

Terminal

Axis

——

X (|I<1l or "‘>’")

Y ("UP" or "DOWN")

1
o

g
o
o

w|lalalun|alw k] —

v
o
[

T4
"
o
g
v
o
el

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

Terminal Axis
X ("<" or ">") Y ("UP" or "DOWN")
1 =d Ly
2 N [y
3 [ j; [ :1?
4 [ [
5 v o
6 (v v
7 M/ M/
8 m/ i
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Testing Summary

for each test, indicate the results in the table below:

Front panel LEDs
Step sizes
Speeds

Qutput terminals

[ A} Pass
s
[YPass

[ {Pass

[ ]Fail
[ ]Fail
[ ]Fail

[ ] Fail

Gverall picomotor driver testing:

Test Engineer:
Test Date:

Additional Comments:;

-/
e

[ ]Fail

12 of 15



Appendix A: Physical Components

Figure 2: Picomotor driver chassis front panel
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Appendix B: PLC Controls

Figure 5: Step 3 of PLC controls setup
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licomotor controller chassis LIGO DCC#

ItherCAT Adapters LIGO DCC#

Controller Serial #

Test Engineer:

Test Date:

Overall picomotor chassis testing:

Signature/Initials:

D1100323-v]

D1100419-v3

&S5 SNt

AN

W21/,
77

[ ﬂ,P:(SS [ ]FAIL

Reference:

https://awiki.ligo-wa.caltech.edu/aLIGO/Picomotor%20Controller

Testing Schedule:

1. Front panel LEDs
2. Step sizes

3. Speeds

4. Temperature

5. Output terminals
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System requirements

Hardware:

1 Picomotors (2)
Compatible models: Newport 8302

2 Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A}

3 LIGO standard 24V M-F-M DB3 power cable
4 EtherCAT adapter D1100419-v3 (1)
5 DB25 F/M cables (2)

6 Hook-up wires
Brown, Green, White, Black, Grey, Purple

7 IDC 20-pin cable assemblies (2)

8 Beckhoff EtherCAT boxes (5)
EXK1100, EL3102, EL1014, EL1872, EL2872
(Figure 4 in Appendix A)

9 24V power supply for Beckhoff boxes (1)

10 Ethernet cable (1)

11 Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)

Software:

1 MS Windows XP/7, 32-bit

2 Beckhoff TwinCAT software bundle, v2.11.1551




Setting up

Steps for setting up the picomotor;

1.

Connect the EtherCAT adapter for controls to the left DB25 port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear panel
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box

Connect an Ethernet cable to the X1 IN port on the EK1100 Beckhoff box
Connect the EK1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethernet cable to the PC through the realtime Ethernet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on




Ethernet output to the
Beckholt box via
standard CATS (or better)
RJ4E networking cable.

Connect REAL-TIME Picomotor driver BACK panel

Ta the Controls.

EL1872 To the Readbacks.

D1100323
- Picomotor driver test assembly.
Connection diagram.

Picomotar driver FRONT panel
Figure 1a: A connection diagram of the picomotor setup.
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Setting up

Steps for setting up the PLC controls:
L. Open up the TwinCAT System Manager software and go to:

File > Open > Picomotor _test.tsm
2. Open up the TwinCAT PLC Control software and go to:
File > Open > pmtestcode.pro

3. Go to the system tray, click on the TwinCAT icon and in the menu that pops up, go to:
(see Figure 5 in Appendix B for a screenshot)

System > Start
4, Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog:
"No program on the controller! Download the new program?"

Online > Run (F5)

5. At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-click and open
"VIS_PICO", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:

in the "RAW" section, the "IDLE" indicator should be lit
in the "USER" section, the status should read "DRIVER DISABLED"

On the controller front panel:
the "IDLE" LED should be lit

the "Enable" LED should be off
the “ON” LED should be on
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[. Testing the front panel LEDs

After the picomotor and the PLC controls are set up:

[\/ Check that the "ON" LED is lit if the power cable is connected and the power switch
is on, and that it goes off when the power switch is off.

[ yféck that the “ON” indicator on the visualization also responds to the power switch.

[j Check that the "Remote" LED turns off if the EtherCAT adapter for controls is

isconnected.
lZ\‘r/éefore the next step, check that the fan (rear panel) is off.
T

oggle the "ENABLE" button on the visualization screen and check that the following

LEDs respond to the picomotor status according to Table 1:

Status Chassis Front Panel LEDs Software Readbacks
IDLE Enable | Fault X | FaultY | IDLE | Enable | Power

DRIVER DISABLED| on off off off o | plf— o

STARTING UP... off on flashes | flashes @% S
READY off on |- off off bS] o |on |
Checkifpassed:| 1A~ | (1 | 1 | b1 | | 47 | (1

' Check that the “DUAL AXIS” indicator on the visualization lights up when the

/Table 1: LED response te picomotor status
[

{comotor is enabled.
[l‘,}/:}‘heck that the temperature readouts on the visualization, under the “RAW section,
are positive values near room temperature if motor was previously off.




Enable the picomotor by pressing the "ENABLE" button on the visualization, wait until the
picomotc?tus is "READY", then do the following:

Check that the fan is running and blowing air out of the box (rear panel).

[

/

, [“]  Check that the two LEDs for each output terminal are lit when that output terminal is
i selected on the visualization (terminals 1-8 under the "USER" section):
Terminal LED

Left | Right
1 e
2 v,
| 3 [ [ /
4 NS
5 CANTS
6 ¥ I
| 7 v [?
| 8 YO

Select output terminal 1 and do the following:

[1 Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respond to the
selected direction according to Table 2:

Direction LEDs
Drive X | DriveY | CWX | CWY
DOWN off on * off on **
UP off on * off off
on* off on ** off
< on* off off off
Check ifpassed:| [ | [I w | [+

Table 2: LED response to picometor direction

* (while motor is running)

** (stays on after motor is finished running, until opposite direction is selected)




L. Testing the step sizes

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
theck that output terminal 1 is selected, then select "SPRINT (500Hz)" under "SPEED". Selecta

fep size and then a direction. Check that the motor runs for a longer time (the motor clicks and turns
vhen it runs) as you increase the step size for each axis (X and Y):

Step Size Axis
X ("<" or">") Y ("UP" or "DOWN")
VERY SMALL (1) ™ Cd
MEDIUM (100) [‘]/ [¥
MAGNUM (10000) [ / [ ‘1/
3. Testing the speeds

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
check that output terminal 1 is selected, then select "SMALL (10)" under "STEP SIZE". Select a
speed and then a direction. Listening for the 10 clicks, check that the motor runs faster as you
increase the speed for each axis (X and Y):

Speed Axis

X ("<" or 1>") Y ("UP" or "DOWN")
CRAWL (1Hz) { e
JOG (50Hz) [/ ~ [lq/
SPRINT (500Hz) [/ [q/




4. Testing the temperature readout

On the visualization screen, make sure the picomotor is enabled and that the status is “READY”, and
check that output terminal 1 is selected. Then under the “TEMPERATURE” section, click the “Reset
Values” button, then click the “Test” button, which will drive the motors continuously for 5 minutes,
and read the temperature every minute for each axis (X and Y). Record the five temperatures in the
table below:

Time (minutes) Temperature

X ("<"or ">") Y ("UP" or "DOWN")
7.1 D 2 ¥
9% .41 23D

4 K53

20. 557 O (05

342~ 50.5F

N

Check if passed: [“‘]/

we|win =
%Q
A

Check the “pass” box for each above if the temperature increases over time.




3. Testing the output terminals

Make sure the picomotor is enabled and that the status is "READY". Connect the picomotor to one
tfthe 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50Hz)" under
SPEED". For each terminal, check that the motor runs on each axis (X and Y):

Terminal Axis
X ("<"or"™>") I Y ("UP" or "DOWN")
1 R [j;
2 e [
3 ¥ v
4 e 1y
5 o .
6 H/ [4/
7 7 [ %
8 [ / 2

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

Terminal

Axis

X ("<H or ">")

Y ("UP" or "DOWN")

0O | ~J | | bW | —

cd
[+
[4
[
[+
[

[+
(¥~

Ly

[

[/},1;

[
(r
T
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Testing Summary

Yor each test, indicate the results in the table below:

[]{ass

Front panel LEDs [ ]Fail
Step sizes [ @ [ ]Fail
Speeds [ ﬁe;ss
Cutput terminals [ 7] Pass
Overall picomotor driver testing: [ ] Pass

Test Engineer: chfa‘ -
Test Date: (yz/ / (

Additional Comments:




Appendix A: Physical Components

Figure 2: Picomotor driver chassis front panel
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EtherCAT configuration

Figure 4




Appendix B: PLC Controls

Figure 5: Step 3 of PLC controls setup
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licomotor controller chassis LIGO DCC#
ItherCAT Adapters LIGO DCC#
Controller Serial #

Test Engineer:

Test Date:

Overall picomotor chassis testing;

Signature/Initials:

D1100323-vl

D1100419-v3

Sllo54%

Zen G

W/

V{ PASS [ ] FAIL

Reference:

https://awiki.ligo-wa.caltech.edu/aLIGO/Picomotor%20Controller

Testing Schedule:

1. Front panel LEDs
2. Step sizes

3. Speeds

4. Temperature

5. Output terminals
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Hardware:

1

10
11

Software:

System requirements

R e St AR R R B et DAL kst g o b s DM it e b et e S e o i i AT s R s o SR R

Picomotors (2)
Compatible models: Newport 8302

Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

LIGO standard 24V M-F-M DB3 power cable
EtherCAT adapter D1100419-v3 (1)
DB25 F/M cables (2)

Hook-up wires
Brown, Green, White, Black, Grey, Purple

IDC 20-pin cable assemblies (2)

Beckhoff EtherCAT boxes (5)

EK1100, EL3102, EL1014, EL1872, EL2872
(Figure 4 in Appendix A)

24V power supply for Beckhoff boxes (1)

Ethernet cable (1)

Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)

MS Windows XP/7, 32-bit

Beckhoff TwinCAT software bundle, v2.11,1551

3ofls




Setting up

Steps for setting up the picomotor:

1.

Connect the EtherCAT adapter for controls to the left DB25 port on the rear pan¢l of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear panel
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box

Connect an Ethernet cable to the X1 IN port on the EK1100 Beckhoff box
Connect the EK1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethernet cable to the PC through the realtime Ethemnet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on

40f15




Connect REAL.THME
Ethernet sutpul to the
Beckhoff box via
standard CATS {or beatter)
RJ45 networking cabie,

Picomotor driver BACK panel

Picomotor driver FRONT panel

Figure 1a: A connection diagram of the picomotor setup.
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D1100323

Picomotor driver test assembly.

Connection diagram.
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Setting up

Steps for setting up the PL.C controls:

1.

Open up the TwinCAT System Manager software and go to:
File > Open > Picomotor_test.tsm

Open up the TwinCAT PLC Control software and go to:
File > Open > pmtestcode.pro

Go to the system tray, click on the TwinCAT icon and in the menu that pops up, go to:
(see Figure 5 in Appendix B for a screenshot)

System > Start
Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog:

"No program on the controller! Download the new program?"
Online > Run (F5)

At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-~click and open
"VIS_PICO", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:

in the "RAW" section, the "IDLE" indicator should be lit
in the "USER" section, the status should read "DRIVER DISABLED"

On the controller front panel:

the "IDLE" LED should be lit
the "Enabie" LED should be off
the “ON” LED should be on




¥ After the picomotor and the PLC controls are set up:

[, Testing the front panel LEDs

is on, and that it goes off when the power switch is off.

[./]/ Check that the "ON" LED is lit if the power cable is connected and the power switch

| ! [’{ Check that the “ON” indicator on the visualization also responds to the power switch,

[\-]/ Check that the "Remote" LED turns off if the EtherCAT adapter for controls is

disconnected.

[.z]/ Before the next step, check that the fan (rear panel) is off.

[ \}/ Toggle the "ENABLE" button on the visualization screen and check that the following

LEDs respond to the picomotor status according to Table 1:

Status Chassis Front Panel LEDs Software Readbacks
IDLE Enable | Fault X | FaultY | IDLE | Enable | Power
DRIVER DISABLED| on off off off o | | e~
STARTING UP... off on flashes | flashes epr S oW
READY off on off off | o o
Checkifpassed:| [T | [4 | M~ M| (] & | ¥

Table 1: LED response to picomotor status

[} Check that the “DUAL AXIS” indicator on the visualization lights up when the

icomotor is enabled.
[ }/:Jheck that the temperature readouts on the visualization, under the “RAW” section,
are positive values near rcom temperature if motor was previously off.

7o0fl15



Inable the picomotor by pressing the "ENABLE" button on the visualization, wait until the
ricomotor status is "READY?", then do the following:

[l.]/ Check that the fan is running and blowing air out of the box (rear panel).

[\4/ Check that the two LEDs for each output terminal are lit when that output terminal is

selected on the visualization (terminals 1-8 under the "USER" section):

rTerminal LED

Left | Right
1 v 0™
2 SRRt
3 [/ [?
4 [ [
: Sy
6 v |
7 v/ 7
8 [ [/

Select output terminal 1 and do the following:

(]

Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under

"SPEED" and then click each direction. Check that the following lights respond to the
selected direction according to Table 2:

Direction LEDs
Drive X | DriveY | CWX CwWY
DOWN off on* off on **
UP off on* off off
> on * off on ** off
on* off of 1 off
Check if passed:| | '-}/ [ ‘]/ [ T [ ‘i/

Table 2: LED response to picomotor direction

* (while motor is running)
*k (stays on after motor is finished running, until opposite direction is selected)

8ofls




). Testing the step sizes

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
theck that output terminal 1 is selected, then select "SPRINT (500Hz)" under "SPEED". Selecta
tep size and then a direction. Check that the motor runs for a longer time (the motor clicks and turns

vhen it runs) as you increase the step size for each axis (X and Y):

Step Size Axis
X ("<" or ">") Y ("UP" or "/DOWN")
VERY SMALL (1) w ul
MEDIUM (100) [“J/ [ 7/
MAGNUM (10000) 3 [+
3. Testing the speeds

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
check that output terminal 1 is selected, then select "SMALL (10)" under "STEP SIZE". Select 2
speed and then a direction. Listening for the 10 clicks, check that the motor runs faster as you

increase the speed for each axis (X and Y):

Speed Axis

X ("<" or ">") Y ("UP" or "DOWN")
CRAWL (1Hz) T ¥
JOG (50Hz) " [‘]/
SPRINT (500Hz) [ ]/ [4/
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4. Testing the temperature readout

On the visualization screen, make sure the picomotor is enabled and that the status is “READY", and
check that output terminal 1 is selected. Then under the “TEMPERATURE" section, click the “Reset
Values” button, then click the “Test” button, which will drive the motors continuously for 5 minutes,
and read the temperature every minute for each axis (X and Y). Record the five temperatures inthe
table below:

Time (minutes) Temperature
X ("<" or ">") Y ("UP" or "DOWN")
! 2, 01 29.1%
2 3(-<1 2. 12
3 30D 2 Y-
4 2D ) -7
3 23.5( %5350/
Check if passed: iy Ed

Check the “pass” box for each above if the temperature increases over time.
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3. Testing the output terminals

Make sure the picomotor is enabled and that the status is "READY". Connect the picomotor to one
+f the 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50Hz)" under

'SPEED". For each terminal, check that the motor runs on each axis (X and Y):

Terminal ! Axis
X ("<" or ">") Y ("UP" or "DOWN")
1 L [/
2 cd -
3 O [
4 [3; N
5 [ [
6 ol [ q/
7 v M/
8 [ [1/

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

Terminal Axis
X ("<" or ">") Y ("UP" or "DOWN")
1 [j; LY
2 [ S
3 o 1+
: 7 3
5 [ [
6 v [jj
7 [V [
8 H/ H/

110f15



Testing Summary

For each test, indicate the results in the table below:

Front panel LEDs [Pass
Sep sizes [ q'ﬁss
Speeds [ q’és

Cutput terminals [\,]/P{ss

[ ] Fail
[ ]Fail
[ ]Fail

[ ]Fail

Cverall picomotor driver testing: [és

Test Engineer: Z{C)’\ C7
Test Date: | yz%/

Additional Comments:

[ ] Fail
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Appendix A: Physical Components

Figure 2: Picomotor driver chassis front panel

Figure 3: Picomotor driver chassis rear panel
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EtherCAT configuration

Figure 4
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Appendix B: PLC Controls

Figure 5: Step 3 of PLC controls setup
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Yicomotor controller chassis LIGO DCC#
ltherCAT Adapters LIGO DCC#
Controller Serial #

Test Engineer:

Test Date:

Overall picomotor chassis testing:

Signature/Initials:

D1100323-v]

D1100419-v3

S (095

Ladn G

/82 /|]

[ 4PASS [ ]FAIL

Reference:

https://awiki.ligo-wa.caltech.edu/aL.IGO/Picomotor%20Controlier

Testing Schedule:

1. Front panel LEDs
2. Step sizes

3. Speeds

4. Temperature

5. Output terminals
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System requirements

Hardware:

1 Picomotors (2)
Compatible models: Newport 8302

2 Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

3 LIGO standard 24V M-F-M DB3 power cable
4 EtherCAT adapter D1100419-v3 (1)
5 DB25 F/M cables (2)

6 Hook-up wires
Brown, Green, White, Black, Grey, Purple

7 IDC 20-pin cable assemblies (2)
8 Beckhoff EtherCAT boxes (5)
EK1100, EL3102, EL1014, EL1872, EL2872
(Figure 4 in Appendix A)
9 24V power supply for Beckhoff boxes (1)
10 Ethernet cable (1)
11 Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)
Software:

1 MS Windows XP/7, 32-bit

2 Beckhoff TwinCAT software bundle, v2.11.1551
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Setting up

! Steps for setting up the picomotor:
1.

Connect the EtherCAT adapter for controls to the left DB25 port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear panel
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box

Connect an Ethernet cable to the X1 IN port on the EK 1100 Beckhoff box
Connect the EK1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethemet cable to the PC through the realtime Ethemet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on
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Setting up

Steps for setting up the PL.C controls:

I. Open up the TwinCAT System Manager software and go to:
File > Open > Picomotor_test.tsm

2, Open up the TwinCAT PLC Control software and go to:
File > Open > pmtestcode.pro

3. Go to the system tray, click on the TwinCAT icon and in the menu that pops up, go to:
(see Figure 5 in Appendix B for a screenshot)

System > Start
4. Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog:

"No program on the controller! Download the new program?"
Online > Run (F5)

5. At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-click and open
"VIS_PICO", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)

In the "VIS PICO" visualization window:

in the "RAW" section, the "IDLE" indicator should be lit
in the "USER" section, the status should read "DRIVER DISABLED"

On the controller front panei:
the "IDLE" LED should be lit

the "Enable" LED should be off
the “ON” LED should be on
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[. Testing the front panel LEDs

After the picomotor and the PLC controls are set up:

[‘( Check that the "ON" LED is lit if the power cable is connected and the power switch
is on, and that it goes off when the power switch is off.

M/ Check that the “ON” indicator on the visualization also responds to the power switch.

[ ~}/ Check that the "Remote" LED turns off if the EtherCAT adapter for controls is

disconnected.

[‘/{ Before the next step, check that the fan (rear panel) is off.

(I Toggle the "ENABLE" button on the visualization screen and check that the following
LEDs respond to the picomotor status according to Table 1:

Status Chassis Front Panel LEDs Software Readbacks
IDLE Enable | Fault X | FaultY ; IDLE | Enable | Power
DRIVER DISABLED| on off of | off | m | 5|
STARTING UP.. off on flashes | flashes DX_ A0 |
READY off on off off |p ?C- By\ SN
Check ifpassed:) [¥ | [ 4 | [T | Y| 4+ (1

Table 1: LED response to picomotor status

[Y Check that the “DUAL AXIS” indicator on the visualization lights up when the
picomotor is enabled.

e

[7]  Check that the temperature readouts on the visualization, under the “RAW” section,
are positive values near room temperature if motor was previously off.
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E.nable the picomotor by pressing the "ENABLE" button on the visualization, wait until the
ncomotor status is "READY™, then do the following:

[( Check that the fan is running and blowing air out of the box (rear panel).

{ ‘/ Check that the two LEDs for each output terminal are lit when that output terminl is

selected on the visualization (terminals 1-8 under the "USER" section):

Terminal LED

Left Right
1 [ ¥
2 w1
3 v
4 SN
5 Y
p 1
7 v, ¥
3 N

Select output terminal 1 and do the following:

[]

Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respond to the
selected direction according to Table 2:

Direction LEDs
Drive X | DriveY | CWX CWY
DOWN off on * off on **
uUp off on * off off
> on* off on *#* off
< on * off off off
Check if passed: [ “‘]/ [V]/ [f b—]/

Table 2: LED response to picomotor direction

* (while motor is running)
ok (stays on after motor is finished running, until opposite direction is selected)
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4. Testing the temperature readout

On the visualization screen, make sure the picomotor is enabled and that the status is “READY", and
check that output terminal 1 is selected. Then under the “TEMPERATURE? section, click the ‘Reset
Values” button, then click the “Test” button, which will drive the motors continuously for 5 minutes,
and read the temperature every minute for each axis (X and Y). Record the five temperatures in the
table below:

Time (minutes)

Temperature

X ("<l|’ or II>")

Y ("UP" or "DOWN")

20 90

9%.10

AN, 59

AL

L9. |L

% §7

.05

.93

th || W] —

30.979

2y N

Check if passed:

M

e

Check the “pass” box for each above if the temperature increases over time.
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3. Testing the output terminals

Make sure the picomotor is enabled and that the status is "READY". Connect the picomotor toone
if the 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50Hz)" under
'SPEED". For each terminal, check that the motor runs on each axis (X and Y):

Terminal Axis
X ("<"or">") Y ("UP" or "DOWN")
1 % [+
2 cd -
3 [y o
4 ¥ [
5 (v (¥
6 [ [+
7 + o
g [ [+

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

Terminal Axis
X ("<" or ">") I Y ("UP" or "DOWN")

" [y T

2 [ =

3 [+ [+

4 = "

s ~ "

6 [ﬂ/ [’];

7 ( !
8 [+ [4/
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lesting Summary

for each test, indicate the results in the table below:;

Front panel LEDs [./]P/ass
Step sizes [Jﬁss

Speeds [ *Pgss
Output terminals [/éss

[ ]Fail
[ ] Fail
[ ] Fail

[ ] Fail

Overall picomotor driver testing: f"]{ass

Test Engineer: ?& C)'\C/
Test Date: ( MQ«% /

Additional Comments:

[ ] Fail
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Appendix A: Physical Components

Figure 2: Picomotor driver chassis front panel
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EtherCAT configuration

Figure 4
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Appendix B: PLC Controls

Figure 5: Step 3 of PLC controls setup
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Yicomotor controller chassis LIGO DCC#
ItherCAT Adapters LIGO DCC#
Controller Serial #

Test Engineer:

Test Date:

Overall picomotor chassis testing:

_Signature/lnitials:

D1100323-vl

D1100419-v3

SloT1&50
Zock (7
Lj/32/u

[4YPASS [ ]FAIL

Reference:

https://awiki.ligo-wa.caltech.edu/aLIGO/Picomotor%20Controller

Testing Schedule:

1. Front panel LEDs
2. Step sizes

3. Speeds

4, Temperature

5. Output terminals
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Hardware:

1

10
1

Software:

System requirements

Picomotors (2)
Compatible models: Newport 8302

Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

LIGO standard 24V M-F-M DB3 power cable
EtherCAT adapter D1100419-v3 (1)
DB25 F/M cables (2)

Hook-up wires
Brown, Green, White, Black, Grey, Purple

IDC 20-pin cable assemblies (2)

Beckhoff EtherCAT boxes (5)

EK1100, EL3102, EL1014, EL1872, EL2872
(Figure 4 in Appendix A)

24V power supply for Beckhoff boxes (1)
Ethemet cable (1)

Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)

MS Windows XP/7, 32-bit

Beckhoff TwinCAT software bundle, v2.11.1551
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Setting up

iteps for setting up the picomotor:

1.

Connect the EtherCAT adapter for controls to the left DB25 port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear panel
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box '

Connect an Ethernet cable to the X1 IN port on the EK1100 Beckhoff box
Connect the EK 1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethernet cable to the PC through the realtime Ethemet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on
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Setting up

Steps for setting up the PLC controls:
1. Open up the TwinCAT System Manager software and go to:

File > Open > Picomotor _test.tsm
2. Open up the TwinCAT PLC Control software and go to:
File > Open > pmtestcode.pro

3. Go to the system tray, click on the TwinCAT icon and in the menu that pops up, go to:
(see Figure 5 in Appendix B for a screenshot)

System > Start
4. Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog: :
"No program on the controller! Download the new program?"

Online > Run (F5)

5. At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-~click and open
"VIS_PICQO", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:

inthe "RAW" section, the "IDLE" indicator should be lit
in the "USER" section, the status should read "DRIVER DISABLED"

On the controller front panel:
the "IDLE" LED should be lit

the "Enable" LED should be off
the “ON” LED should be on
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7icle!

l. Testing the front panel LEDs

After the picomotor and the PLC controls are set up:

[v}/ Check that the "ON" LED is lit if the power cable is connected and the power switch
is on, and that it goes off when the power switch is off.

[

V,/d&sconnected.
[ Before the next step, check that the fan (rear panel) is off.

[ Toggle the "ENABLE" button on the visualization screen and check that the following
LEDs respond to the picomotor status according to Table 1:

Check that the "Remote” LED turns off if the EtherCAT adapter for controls is

[:I?beck that the “ON” indicator on the visualization also responds to the power switch.

Status Chassis Front Panel LEDs Software Readbacks
IDLE Enable | Fault X | FaultY | IDLE | Enable | Power
DRIVER DISABLED| on off off off (N | oSk o
STARTING UP... off on flashes | flashes ®§£\~ o or
READY off on off off L,g? N\ o
Checkifpassed:| ¥ | [& | [+ | &F 4+

Table 1: LED response to picomaotor status

[ Check that the “DUAL AXIS” indicator on the visualization lights up when the

picomotor is enabled.
P/Check that the temperature readouts on the visualization, under the “RAW” section,
are positive values near room temperature if motor was previously off.

Tofl5




Enable the picomotor by pressing the "ENABLE" button on the visualization, wait until the
ncomotor status is "READY", then do the following:

[ﬂ/ Check that the fan is running and blowing air out of the box (rear panel).

H/ Check that the two LEDs for each output terminal are lit when that output terminal is
selected on the visualization (terminals 1-8 under the "USER" section):

Terminal LED

Left | Right
1 g =
2 [+ 4
3 + (1
4 [+
5 SOENvd
6 ¥
7 VN
8 711

Select output terminal 1 and do the following:

[ Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respond to the
selected direction according to Table 2:

Direction LEDs
Drive X | DrveY | CWX CwWYy
DOWN off on* off on **
UP off on * off off
> on * off on ** off
< on ¥ off off off
Check if passed: [} [ [+ H

Table 2: LED response to picometor direction

* (while motor is running)
** (stays on after motor is finished running, until opposite direction is selected)
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L. Testing the step sizes

On the visualization screen, make sure the picomotor is enabled and that the status is "READY', and
theck that output terminal 1 is selected, then select "SPRINT (500Hz)" under "SPEED". Selecta

tep size and then a direction. Check that the motor runs for a longer time (the motor clicks and turns
¥hen it runs) as you increase the step size for each axis (X and Y):

Step Size Axis N
X("<"or™" | Y("UP"or "DOWN")
VERY SMALL (1) A [
MEDIUM (100) [’1/ =
MAGNUM (10000) o [+
3. Testing the speeds

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
check that output terminal 1 is selected, then select "SMALL (10)" under "STEP SIZE". Selecta
speed and then a direction. Listening for the 10 clicks, check that the motor runs faster as you

increase the speed for each axis (X and Y):

Speed Axis
X ('<" or ">") Y ("UP" or "DOWN")
CRAWL (1Hz) -1 C
JOG (50Hz) [ 3/ [+
| SPRINT (500Hz) " [+
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| 4. Testing the temperature readout

_ 5 On the visualization screen, make sure the picomotor is enabled and that the status is “READY”, and
L check that output terminal 1 is selected. Then under the “TEMPERATURE” section, click the ‘Reset
. Values” button, then click the “Test” button, which will drive the motors continuously for 5 minutes,
t and read the temperature every minute for each axis (X and Y). Record the five temperatures inthe

table below:
Time (minutes) Temperature
X ("<" or ">") Y ("UP" or "DOWN")
1 25.9%) 25.51
2 27 1Y 24 .97
3 24 20 o2
4 29- 35 23
| 5 2D, AD 5. 79
| Check if passed: | IS 3

Check the “pass” box for each above if the temperature increases over time.
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3. Testing the output terminals

Wake sure the picomotor is enabled and that the status is "READY". Connect the picomotor toone
of the 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50Hz)" under
'SPEED". For each terminal, check that the motor runs on each axis (X and Y):

Terminal Axis

x ("<ll 01. l!>") Y ("UP" or "DOWN")
! (4 (4
2 [~ (S
3 i [+
4 Cull [+
5 ¢ (o
6 T (+
7 M T
8 Cal L1

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

Terminal Axis
X ("<" or ">") Y ("UP" or "DOWN")
1 [ (X
5 [ (¥~
; i~ 1
p [ /]/ x
s [/I/ =d
6 [ ’]/ [+
7 A [
8

m/ [T
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Testing Summary

for each test, indicate the results in the table below:

Front panel LEDs [ l]’{ass [ ]Fail
Siep sizes [.]»@s [ ] Fail
Speeds [ q/és [ ]Fail
Qutput terminals [u}'éss [ ]Fail
Overall picomotor driver testing: [u}’éss [ ]Fail

Test Engineer: Zﬁ‘ ('}A O
Test Date: ”/ 7\% (

Additional Comments:
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Appendix A: Physical Components

Figure 2: Picomotor driver chassis front panel
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Figure 4: EtherCAT configuration
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Appendix B: PLC Controls

Figure 5: Step 3 of PLC controls setup
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Yicomotor controller chassis LIGO DCC#
ItherCAT Adapters LIGO DCC#
Controller Serial #

Test Engineer:

Test Date:

Overall picomotor chassis testing:

_Signaturellnitials:

D1100323-vil

D1100419-v3

Sio7 551

2o~ &

2./ /

M’{ASS [ ]FAIL

Reference:

https://awiki.ligo-wa.caltech.edu/aLIGO/Picomotor%20Controller

Testing Schedule:

1. Front panel LEDs
2. Step sizes

3. Speeds

4. Temperature

5. Output terminals




dystem requirements

Hardware:

1

10
11

Software:

Picomotors (2)
Compatible models: Newport 8302

Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

LIGO standard 24V M-F-M DB3 power cable
EtherCAT adapter D1100419-v3 (1)
DB25 F/M cables (2)

Hook-up wires
Brown, Green, White, Black, Grey, Purple

IDC 20-pin cable assemblies (2)

Beckhoff EtherCAT boxes (5)

EK1100, EL3102, EL1014, EL1872, EL2872
(Figure 4 in Appendix A)

24V power supply for Beckhoff boxes (1)

Ethernet cable (1)
Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)

MS Windows XP/7, 32-bit

Beckhoff TwinCAT software bundle, v2.11.1551
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Setting up

Steps for setting up the picomotor:

1.

Connect the EtherCAT adapter for controls to the left DB25 port on the rear pantl of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear panel
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box ‘

Connect an Ethernet cable to the X1 IN port on the EK 1100 Beckhoff box
Connect the EK1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethernet cable to the PC through the realtime Ethemet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on




H
§
B
i

Cannect REAL-TIME
Ethernat output to the
Beckholf box via
standard CATS [or better)
RJ46 networking cable,

Plcomotor driver BACK panel

Picomotor driver FRONT panel
Figure 1a: A connection diagram of the picomotor setup.
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Setting up

Steps for setting up the PLC controls:

Open up the TwinCAT System Manager software and go to;
File > Open > Picomotor_test.tsm

Open up the TwinCAT PLC Control software and go to:
File > Open > pmtestcode.pro

Go to the system tray, click on the TwinCAT icon and in the menu that pops up, go to:
(see Figure 5 in Appendix B for a screenshot)

System > Start
Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog: :

"No program on the controller! Download the new program?"
Online > Run (F5)

At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-~click and open
"VIS_PICO", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:;

in the "RAW" section, the "IDLE" indicator should be lit
in the "USER" section, the status should read "DRIVER DISABLED"

On the controller front panel:
the "IDLE" LED should be lit

the "Enable" LED should be off
the “ON” LED should be on




[. Testing the front panel LEDs

After the picomotor and the PLC controls are set up:

[’{ Check that the "ON" LED is lit if the power cable is connected and the power switch
is on, and that it goes off when the power switch is off.

\i/Check that the “ON” indicator on the visualization also responds to the power switch.

~}/ Check that the "Remote” LED turns off if the EtherCAT adapter for controls is

disconnected.

[ﬂ/ Before the next step, check that the fan (rear panel) is off.

[ i/ Toggle the "ENABLE" button on the visualization screen and check that the following
LEDs respond to the picomotor status according to Table 1:

Status Chassis Front Panel LEDs Software Readbacks
IDLE | Enable | FaultX | FaultY | IDLE Enable | Power

DRIVER DISABLED'  on off off off 'en |oft |4

STARTING UP... off on flashes | flashes (,Q‘- N o

IREADY off on off off oﬁﬁ s lam
Check if passed:| [N~"| [ [+ | [+ | 9T [+ B

Table 1: LED response to picomotor status

[“]/ Check that the “DUAL AXIS” indicator on the visualization lights up when the
picomotor is enabled.

["]/Check that the temperature readouts on the visualization, under the “RAW? section,
are positive values near room temperature if motor was previously off.

7o0f15



Enable the picomotor by pressing the "ENABLE" button on the visualization, wait until the
licomotor status is "READY", then do the following;

L+ Check that the fan is running and blowing air out of the box (rear panel).

[_,]/ Check that the two LEDs for each output terminal are it when that output terminal is
selected on the visualization (terminals 1-8 under the "USER" section):

Terminal LED

Left Right
O
w9
[ 4
4+
[+~ [+
¥
V1 cd
s e

=2 B B = T U, T [ N i PC T ) NG Y Y

Select output terminal 1 and do the following:

[ ‘]/ Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respond to the

selected direction according to Table 2:

Direction LEDs
Drive X | DriveY | CWX CwWY
DOWN off on* off on **
up off on * off off
> on ¥ off on ** off
< on*  off off off
Check if passed: | [ T (L1 11T [+

Table 2: LED response to picomotor direction

* (while motor is running)
*x (stays on after motor is finished running, until opposite direction is selected)
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4. Testing the temperature readout

On the visualization screen, make sure the picomotor is enabled and that the status is “READY", and
check that output terminal 1 is selected. Then under the “TEMPERATURE” section, click the ‘Reset
Values™ button, then click the “Test” button, which will drive the motors continuously for 5 minutes,
and read the temperature every minute for each axis (X and Y). Record the five temperatures inthe
table below:

Time (minutes)

Temperature

X (H<|’l or |l>")

Y ("UP" or "DOWN")

A525

lo. QO

2o .45

2 L5

2.5

24T

2% .52
i)}

| bt | | —

29.,5 .

4.
ﬂPI'C)Z’

Check if passed:

9

- [A//

Check the “pass” box for each above if the temperature increases over time.

|
|
10 of IS



5. Testing the output terminals

Wake sure the picomotor is enabled and that the status is "READY". Connect the picomotor toone
of the 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50Hz)" under

'SPEED". For each terminal, check that the motor runs on each axis (X and Y):

Terminal I Axis
X {"<" or ">") Y ("UP" or "DOWN")
1 i [T
2 =l [1
3 vd [+
4 [J [j;
5 [1 [
6 e LY
7 i T
8 [1/ e

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

Terminal Axis
X (l!<ll or ll,>'ll) Y ("UP" or IIDOWN")
Cd =d
cd <
- L

XV NI A nips| Wi —

vd
7
y

e
7
Y

11of 15




Testing Summary

for each test, indicate the results in the table below:

Front panel LEDs [v}’{ass

Sep sizes [“YPass

Speeds [ v}’ﬁss
Qutput terminals [ %s

[ ] Fail
[ ] Fail
[ ] Fail

[ ] Fail

Overall picomotor driver testing; ["]P/ass

Test Engineer: ZQC)’\ (7
Test Date: l %2 %// {

Additional Comments:

[ ] Fail

12 of 15
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Appendix A: Physical Components

Yigure 2: Picomotor driver chassis front panel
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Appendix B: PLC Controls

Figure 5: Step 3 of PLC controls setup
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ItherCAT Adapters LIGO DCC#

Controller Serial #

Test Engineer:

Test Date;

[ Overall picomotor chassis testing;

aE Signature/Initials:

licomotor controller chassis LIGO DCC#

D1100323-v1

D1100419-v3

silo585)L
2o O
ﬁM?;Z///

[ ‘réss [ ]FAIL

|
3 Reference:

‘ : hitps://awiki.ligo-wa.caltech.edu/aLIGO/Picomotor%20Controller

Testing Schedule:

1. Front panel LEDs
2. Step sizes

3. Speeds

4. Temperature

3. Output terminals
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System requirements

Hardware:

1

10
11

Software:

Picomotors (2)
Compatible models: Newport 8302

Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

LIGO standard 24V M-F-M DB3 power cable
EtherCAT adapter D1100419-v3 (1)
DB25 F/M cables (2)

Hook-up wires
Brown, Green, White, Black, Grey, Purple

IDC 20-pin cable assemblies (2)

Beckhoff EtherCAT boxes (5)

EK1100, EL3102, EL1014, EL1872, EL2872
(Figure 4 in Appendix A)

24V power supply for Beckhoff boxes (1)
Ethernet cable (1)

Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)

MS Windows XP/7, 32-bit

Beckhoftf TwinCAT software bundle, v2.11.1551

Jofis



Setting up

Steps for setting up the picomotor:

1.

Connect the EtherCAT adapter for controls to the left DB25 port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear panel
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the E1.2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box ‘

Connect an Ethernet cable to the X1 IN port on the EK 1100 Beckhoff box
Connect the EK1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethernet cable to the PC through the realtime Ethemet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on



3 it L Ty —

Connect REAL-TIME
Ethernet output to the
Beckhoff box via
standard CATS jor better)
RJ46 networking cabie,

Picomotor driver BACK pane!

Plcomotor driver FRONT panel
Figure 1a: A connection diagram of the picomotor setup.

Figur

e 1b:
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conne

ction

diagr

am of

the

Beckh to power supply
off
tetup
(dotte i
d e
black ' !
line =

white)

EL2872 To the Controls.

EL1872 To the Readbacks.

D1100323

. Ploomotor driver test assembly.

Connection diagram.

to EtherCAT adapter
sertrItYY

LS  §
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Setting up

Steps for setting up the PL.C controls:

1. Open up the TwinCAT System Manager software and go to:
File > Open > Picomotor_test.tsm

2. Open up the TwinCAT PLC Control software and go to:
File > Open > pmtestcode.pro

3. Go to the system tray, click on the TwinCAT icon and in the menu that pops up, go to:
(see Figure 5 in Appendix B for a screenshot)

System > Start
4, Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog: :

"No program on the controller! Download the new program?"
Online > Run (F5)

5. At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-click and open
"VIS_PICO", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:

in the "RAW" section, the "IDLE" indicator should be lit
in the "USER" section, the status should read "DRIVER DISABLED"

On the controller front panel:
the "IDLE" LED should be lit

the "Enable" LED should be off
the “ON” LED should be on

6ofl5



L. Testing the front panel LEDs

After the picomotor and the PLC controls are set up:

[-4/ Check that the "ON" LED is lit if the power cable is connected and the power switch
is on, and that it goes off when the power switch is off.

['-1/ Check that the “ON” indicator on the visualization also responds to the power switch.,

[V]/ Check that the "Remote" LED tumns off if the EtherCAT adapter for controls is

disconnected.

[‘/ Before the next step, check that the fan (rear panel) is off,

[/ Toggle the "ENABLE" button on the visualization screen and check that the following
LEDs respond to the picomotor status according to Table 1:

Status Chassis Front Panel LEDs Software Readbacks
IDLE Enable | FaultX | FaultY | IDLE | Enable | Power
DRIVER DISABLED| on off off off |om | |en
STARTING UP... off on | flashes | flashes | HfE [on [ ong
READY off P on off A off @{f &N o
Checkifpassed:\ M | & | M | T | 14| ¢T |

Table 1: LED response to picomotor status

[~/]/ Check that the “DUAL AXIS” indicator on the visualization lights up when the
picomotor is enabled.

[4/ Check that the temperature readouts on the visualization, under the “RAW” section,
are positive values near room temperature if motor was previously off.

Tof 15



inable the picomotor by pressing the "ENABLE" button on the visualization, wait until the
ficomotor status is "READY", then do the following:

[V( Check that the fan is running and blowing air out of the box (rear panel).

[V]/ Check that the two LEDs for each output terminal are lit when that output termindl is
selected on the visualization (terminals 1-8 under the "USER" section):

Terminal LED ]

Left Right )

[
SO
17

X0 | ~d || bW N~
Q
——

Select output terminal 1 and do the following:

[\]/ Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respond to the

selected direction according to Table 2:

Direction LEDs
Drive X | DriveY | CWX CWY
DOWN off on * off on **
UP off on * off off
> on ¥ off on ** off
< on * off off off
Check if passed:| (A~ [ [\ v

Table 2: LED response to picomotor direction

* (while motor is running}
** (stays on after motor is finished running, until opposite direction is selected)

§of 15




L. Testing the step sizes

On the visualization screen, make sure the picomotor is enabled and that the status is "READY', and
theck that output terminal 1 is selected, then select "SPRINT (500Hz)" under "SPEED". Selecta

tep size and then a direction. Check that the motor runs for a longer time (the motor clicks and turns
vhen it runs) as you increase the step size for each axis (X and Y):

Step Size Axis
X('<"or"™") | Y("UP"or "DOWN")
VERY SMALL (1) X T
MEDIUM (100) vd el
MAGNUM (10000) N e
3. Testing the speeds

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
check that output terminal 1 is selected, then select "SMALL (10)" under "STEP SIZE". Selecta
speed and then a direction. Listening for the 10 clicks, check that the motor runs faster as you

increase the speed for each axis (X and Y):

Speed Axis

X ("<" or ">") Y ("UP" or "DOWN")
CRAWL (1Hz) Cd (4
JOG (50Hz) (7 U
SPRINT (500Hz) [y [/]/




4. Testing the temperature readout

On the visualization screen, make sure the picomotor is enabled and that the status is “READY", and
check that output terminal I is selected. Then under the “TEMPERATURE” section, click the ‘Reset
Values™ button, then click the “Test” button, which will drive the motors continuously for 5 minttes,
and read the temperature every minute for each axis (X and Y). Record the five temperatures in the
table below:

Time (minutes) Temperature
X ("<"or ">") Y ("UP" or "DOWN")
2523 2.
30.%) 29.7
z|. 1o AT

7N,

2 >

W [ W b —

2 .Y

Check if passed:

23 Iy
Cad

Gl

Check the “pass” box for each above if the temperature increases over time.

i0ofl5




5. Testing the output terminals

¥ake sure the picomotor is enabled and that the status is "READY". Connect the picomotor toine
of the 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50Hz)" under
'SPEED". For each terminal, check that the motor runs on each axis (X and Y):

Terminal Axis
X("<"or™" | Y('UP"or"DOWN")
1 M w
2 [;]// H/
3 [ "
4 s H/
5 Tl =
6 o o
7 S vd
8 [ vd

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

Terminal Axis

X('<"or">") | Y("UP"or "DOWN")
9

1 Gl

1 M//

( [

[A/ [%I//
[ id

NERNNASRK




Testing Summary

for each test, indicate the results in the table below:

Front panel LEDs [ ﬂﬁss [ ]Fail
Sep sizes [ FPass [ ] Fail
Speeds (<] Pass [ ] Fail
Qutput terminals [‘]ﬁss [ ] Fail
Overall picomotor driver testing: [']/Pass [ ]Fail

Test Engineer:; _Zp (.}\ O

Test Date: ’ / 9‘% (

Additional Comments:

12 of 15



Appendix A: Physical Components

Figure 2: Picomotor driver chassis front panel
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EtherCAT configuration

Figure 4
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Appendix B

Step 3 of PLC controls setup

Figure 5§

Step 5 of PLC controls setup

Figure 6
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licomotor controller chassis LIGO DCC#
ItherCAT Adapters LIGO DCC#
Controller Serial #

Test Engineer:

Test Date:

Overall picomotor chassis testing:

Signatare/Initials:

D1100323-v1

D1100419-v3
5llons53
Zech G
VZYA

[VHA/SS [ 1 FAIL

Reference:

https://awiki.ligo-wa.caltech.edu/aLIGO/Picomotor%20Controller

Testing Schedule:

1. Front panel LEDs
2. Step sizes

3. Speeds

4. Temperature

5. Output terminals

20f15



System requirements

Hardware:

1

10
11

Software:

Picomotors (2)
Compatible models: Newport 8302

Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

LIGO standard 24V M-F-M DB3 power cable
EtherCAT adapter D1100419-v3 (1)
DB25 F/M cables (2)

Hook-up wires
Brown, Green, White, Black, Grey, Purple

IDC 20-pin cable assemblies (2)

Beckhoff EtherCAT boxes (5)

EK1100, EL3102, EL1014, EL1872, EL2872
(Figure 4 in Appendix A)

24V power supply for Beckhoff boxes (1)

Ethernet cable (1)

Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)

MS Windows XP/7, 32-bit

Beckhoff TwinCAT software bundle, v2.11,1551

Jofls




Setting up

Steps for setting up the picomotor;

1.

Connect the EtherCAT adapter for controls to the left DB25 port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear panel
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL.2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box '

Connect an Ethernet cable to the X1 IN port on the EK 1100 Beckhoff box
Connect the EK1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethernet cable to the PC through the realtime Ethemet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on




Connect REAL-TIME i
Ethernet output to the Picomator driver BACK paﬂﬂ
Beckhoff box via
standard CATS {or better)
RJ45 networking cable.

EL1872 " Tothe Readbacks.

D1100323
' Picomotor driver test assembly.
Connection diagram.

Picomotor driver FRONT panel
Figure 1a: A connection diagram of the picomotor setup.

Flgur &
e 1b:

A

conne

ction

diagr

am of

the

Beckhto power supply
off
setup
(dotte
d
black
line =
white)
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Setting up

Steps for setting up the PL.C controls:

1.

Open up the TwinCAT System Manager software and go to:
File > Open > Picomotor _test.tsm

Open up the TwinCAT PLC Control software and go to:
File > Open > pmtestcode.pro

Go to the system tray, click on the TwinCAT icon and in the menu that pops up, go to:
(see Figure 5 in Appendix B for a screenshot)

System > Start
Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog: :

"No program on the controller! Download the new program?"
Online > Run (F5)

At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-click and open
"VIS_PICO", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:

in the "RAW" section, the "IDLE" indicator should be lit
in the "USER" section, the status should read "DRIVER DISABLED"

On the controller front panel:

the "IDLE" LED should be Lit
the "Enable" LED should be off
the “ON” LED should be on




l. Testing the front panel LEDs

After the picomotor and the PLC controls are set up:

{\/ Check that the "ON" LED is lit if the power cable is connected and the power svitch
is on, and that it goes off when the power switch is off.

M/ Check that the “ON” indicator on the visualization also responds to the power switch.

[J{ Check that the "Remote" LED turns off if the EtherCAT adapter for controls is

disconnected.

[ Before the next step, check that the fan (rear panel) is off.
[/

Toggle the "ENABLE" button on the visualization screen and check that the following

LEDs respond to the picomotor status according to Table 1:

Status Chassis Front Panel LEDs Software Readbacks
IDLE | Enable | FaultX | FaultY | IDLE | Enable | Power
DRIVER DISABLED|  on off of | off |gon plf | |
STARTING UP... off on flashes | flashes 0% M pen
READY off on off off Q@( N 25'7\
Checkifpassed:| [d— | [ | #1 | 4| B | b | [+

Table 1: LED response to picomotor status

[ / Check that the “DUAL AXIS” indicator on the visualization lights up when the
picomotor is enabled.

[]  Check that the temperature readouts on the visualization, under the “RAW” section,
are positive values near room temperature if motor was previously off.

7of15




E}lable the picomotor by pressing the "ENABLE" button on the visualization, wait until the
ficomotor status is "READY", then do the following:

[\J/ Check that the fan is running and blowing air out of the box (rear panel).

[J}/ Check that the two LEDs for each output terminal are lit when that output terminal is

selected on the visualization (terminals 1-8 under the "USER" section):

Terminal LED

Left Right
1 v [¥
2 COrd
3 CAN NS
4 [V ¥
5 iy v
6 S ?
7 ¥ [
8 LY H/

Select output terminal 1 and do the following:

selected direction according to Table 2:

[ -]/ Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respond to the

Direction LEDs
Drive X | DriveY | CWX | CWY
DOWN off on* off on **
Up off on * off off
> on * off on *#* off
< on * off off off
Check if passed:| [, 1~ [\J/ E/r [/]/

Table 2: LED response to picomotor direction

* (while motor is running)

* K (stays on after motor is finished running, until opposite direction is selected)
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4. Testing the temperature readout

5 On the visualization screen, make sure the picomotor is enabled and that the status is “READY", and
check that output terminal 1 is selected. Then under the “TEMPERATURE?” section, click the ‘Reset
' Values” button, then click the “Test” button, which will drive the motors continuously for 5 minutes,

- and read the temperature every minute for each axis (X and Y). Record the five temperatures in the

i ‘ table below:

‘ Time (minutes) Temperature

‘g J X ("<"or ">") Y ("UP" or "DOWN")
| ! 3155 0.
B 2 2L0( 2119

- 3 2 7 Ba 10

4 29§ 33 . 50

| E 25092 24. Y7

‘ Check if passed: [\,]/ [\/(

Check the “pass” box for each above if the temperature increases over time.

100f15




3. Testing the output terminals

Wake sure the picomotor is enabled and that the status is "READY". Connect the picomotor tomne
if the 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50Hz)" under
SPEED". For each terminal, check that the motor runs on each axis (X and Y):

== B B = N LU I - B U3 O SO [

.
ﬁ/

Terminal Axis
X ("<"or ") | Y ("UP" or "DQWN")
1 of e
2 o [y
3 vl ¥
4 (¥ (¥
s [ [ f
6 [ [
7 4 [/
E o4 i
Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:
Terminal Axis
X ("<" or ">") | Y("UP"or "DOWN")
4 T
Icd [
¢ N
cd S

+

-
L}/
s




Testing Summary

for each test, indicate the results in the table below:

Front panel LEDs Wus [ ] Fail
Sep sizes [ FPass [ ]Fail
Speeds [ ¥Pass [ ] Fail
Cutput terminals [ }Pass [ ] Fail
Overall picomotor driver testing: [ 3&4 [ 1Fail

Test Engineer: Z A (7
Test Date: / //2 7 / //

Additional Comments:

12 of 15
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Figure 4: EtherCAT configuration
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Step 3 of PLC controls setup

Figure 5

Step 5 of PLC controls setup

Figure 6
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ticomotor controller chassis LIGO DCC#
ItherCAT Adapters LIGO DCC#
Controller Serial #

Test Engineer:

Test Date:

Overall picomotor chassis testing;

_Signaturellnitials:

D1100323-v]

D1100419-v3

SO 554

Zedn (5

1/22/1/

[LYPASS [ ]FAIL

Reference:

Testing Schedule:

1. Front panel LEDs
2, Step sizes

3. Speeds

4. Temperature

5. Output terminals

https://awiki.ligo-wa.caltech.edu/aLIGO/Picomotor%20Controller
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System requirements

Hardware:

1

Picomotors (2)
Compatible models: Newport 8302

Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

LIGO standard 24V M-F-M DB3 power cable
EtherCAT adapter D1100419-v3 (1)
DB25 F/M cables (2)

Hook-up wires
Brown, Green, White, Black, Grey, Purple

IDC 20-pin cable assemblies (2)

Beckhoff EtherCAT boxes (5)

EK1100, EL3102, EL1014, EL1872, EL2872
(Figure 4 in Appendix A)

24V power supply for Beckhoff boxes (1)
Ethernet cable (1)

Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)

MS Windows XP/7, 32-bit

Beckhoff TwinCAT software bundle, v2.11.1551
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Setting up

Steps for setting up the picomotor;

1.

Connect the EtherCAT adapter for controls to the left DB2S5 port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear panel
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box '

Connect an Ethernet cable to the X1 IN port on the EK1100 Beckhoff box
Connect the EK1100 Beckheff box to a DC power source (24V)

Connect the other end of the Ethemet cable to the PC through the realtime Ethemet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on
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i
i
i ; Connect REAL-TIME
i Ethernet output to the
r Beckhoff box via
[ standard CATE {or beller)
i‘ : RJ46 networking cable.
B
X
P
: , To the Conticis.
I
F
i
i ELteT2 = To the Readbacks.
b
O
e
N D1100323
2 . Picomotor driver test assembly.
. ‘* | . U Connection diagram.
|
| [ I Plcomotor driver FRONT pansl
| | ‘ Figure 1a: A connection diagram of the picomotor setup.
1
N Figur ¢ i
i e 1b: i
| A
E ' conne ¥
‘ ction :
diagr
am of
the o EtherCAT sdapter
Beckhto power supply ;3902821110
| off . S : |
setup %5 ==
, (dotte S i e
i d
black
line= :
white) 3
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f Setting up

Steps for setting up the PLC controls:

1. Open up the TwinCAT System Manager software and go to:
File > Open > Picomotor test.tsm
2. Open up the TwinCAT PLC Control software and go to:

File > Open > pmtestcode.pro

3. Go to the system tray, click on the TwinCAT icon and in the menu that pops up, 2O to;
(see Figure 5 in Appendix B for a screenshot)

System > Start

) 4, Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
3 Click "Yes" at the dialog: |
"No program on the controller! Download the new program?"

Online > Run (F5)

5. At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-click and open
"VIS_PICO", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:

'in the "RAW" section, the "IDLE" indicator should be lit
in the "USER" section, the status should read "DRIVER DISABLED"

On the controller front panel:

the "IDLE" LED should be lit
the "Enable" LED should be off
the “ON’ LED should be on
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. Testing the front panel LEDs

After the picomotor and the PLC controls are set up:

Check that the "ON" LED is lit if the power cable is connected and the power switch
is on, and that it goes off when the power switch is off.

[\,}/ Check that the “ON” indicator on the visualization also responds to the power switch,

2 Check that the "Remote" LED turns off if the EtherCAT adapter for controls is
disconnected.

{ Before the next step, check that the fan (rear panel) is off.

[ Toggle the "ENABLE" button on the visualization screen and check that the following
LEDs respond to the picomotor status according to Table 1:

Status Chassis Front Panel LEDs Software Readbacks
IDLE Enable | FaultX | Fault Y | IDLE | Enable | Power
DRIVER DISABLED| on off off of | oN | &L | ow
STARTING UP... off on | flashes | flashes | §L | 50 | ow
|READY off | on off | off | A oWV
Checkifpassed:| (v | Y | (X | (A [ 17T ] 1|1

Table 1: LED response to picomotor status

f Check that the “DUAL AXIS” indicator on the visualization lights up when the
picomotor is enabled.

[ Check that the temperature readouts on the visualization, under the “RAW” section,
are positive values near room temperature if motor was previously off.
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Select output terminal 1 and do the following:

il A

E.nable the picomotor by pressing the "ENABLE" button on the visualization, wait until the
icomotor status is "READY", then do the following:

[-./]/ Check that the fan is running and blowing air out of the box (rear panel).

Check that the two LEDs for each output terminal are lit when that output termisal is

fl . selected on the visualization (terminals 1-8 under the "USER" section):
f

| Terminal LED 1
{ Left Right

| I M ¢
2 N

! 3 [ 7

i‘ 4 "

| 5 S j;
! 6 % [

7 N4
| 8 [4/ [’f

Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respondto the
selected direction according to Table 2:

T Direction LEDs |
: DriveX | DriveY | CWX | CWY
| DOWN off on * off on **
i Up off on* off off
F > on* off on ** off
< on * off off off )
Check if passed: [\—]/ [d/ [v]/ [

* (while motor is running)
*#

Table 2: LED response to picomotor direction

(stays on after motor is finished running, until opposite direction is selected)
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L. Testing the step sizes

On the visualization screen, make sure the picomotor is enabled and that the status is "READY', and
theck that output terminal 1 is selected, then select "SPRINT (500Hz)" under "SPEED". Selecta
tep size and then a direction. Check that the motor runs for a longer time (the motor clicks and farmng

vhen it runs) as you increase the step size for each axis (X and Y):

| Step Size Axis ]
§ X('<"or™" | Y('UP"or"DOWN")

| VERY SMALL (1) cd T4

g MEDIUM (100) iy Cé

I MAGNUM (10000) N v |
| 3. Testing the speeds

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
check that output terminal 1 is selected, then select "SMALL (10)" under "STEP SIZE". Selecta
speed and then a direction. Listening for the 10 clicks, check that the motor runs faster as you

increase the speed for each axis (X and Y):

Speed Axis
] X ("<" or ">") Y ("UP" or "DOWN")
CRAWL (1Hz) Cd T
| JOG (50Hz) L (7
SPRINT (500Hz) [ +
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4. Testing the temperature readout

On the visualization screen, make sure the picomotor is enabled and that the status is “READY”, and
check that output terminal 1 is selected. Then under the “TEMPERATURE” section, click the ‘Reset
Values” button, then click the “Test” button, which will drive the motors continuously for 5 minutes,
and read the temperature every minute for each axis (X and Y). Record the five temperatures in the

table below:

Time (minutes) Temperature
X("<"or"™") Y ("UP" or "DOWN")
1 24 .57 35,777
2 35. % 21 -4
3 o Y4 35 . 3!
4 59 Kl 26 . (u
|3 3‘) c” 7. A
Check if passed: Tl rd

Check the “pass” box for each above if the temperature increases over time.
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5. Testing the output terminals

Make sure the picomotor is enabled and that the status is "READY™. Connect the picomotortotne
if the 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50Hz)" undes
SPEED". For each terminal, check that the motor runs on each axis (X and Y):

Terminal Axis
X("<"or">") [ Y ("UP" or "DOWN")
v 7
r 1
W ¥

N ealwlol =]

vd
7 vl
8 LY

7
7
o

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

Terminal Axis |
X("<"ar®") | Y("UP"or "DOWN")

1 (1 7

2 1 e

3 o [ /](/

4 [ ¥ [

5 7 (7

6 [/? [ ¥

7 [ [V,

18 : [ ’( [ /
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Testing Summary

for each test, indicate the results in the table below:

Front panel LEDs [“] Pass [ ]Fail
Sep sizes [“] Pass [ ]Fail
Speeds [ 4 Pass [ ]Fail
Cutput terminals [4/Pass [ ]Fail
Overall picomotor driver testing; [ 1{ass [ ] Fail

| Zo G

Test Engineer:

I Test Date: (Vﬁy , (

| Additional Comments:

12 of 15




Appendix A: Physical Components

Figure 2: Picomotor driver chassis front panel

Fgure 3: Picomotor driver chassis rear panel
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EtherCAT configuration

-
»

Figure 4
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: PLC Controls

Appendix B

Step 3 of PLC controls setup

Figure 5

Step S of PL.C controls setup

Figure 6
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e —

licomotor controller chassis LIGO DCC#
ItherCAT Adapters LIGO DCC#
Controller Serial #

Test Engineer:

Test Date:

Overall picomotor chassis testing:

Signature/Initials:

D1100323-v1

D1100419-v3

o onB5H

*deﬁc?

a2/

["ﬁASS [ JFAIL

Reference:

https://awiki.ligo-wa.caltech.edu/aLIGO/Picomotor%20Controller

Testing Schedule:

1. Front panel LEDs
2. Step sizes

3. Speeds

4, Temperature

5. Output terminals
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System requirements

Hardware:

1

Picomotors (2)
Compatible models: Newport 8302

Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

LIGO standard 24V M-F-M DB3 power cable
EtherCAT adapter D1100419-v3 (1)
DB25 F/M cables (2)

Hook-up wires
Brown, Green, White, Black, Grey, Purple

IDC 20-pin cable assemblies (2)

Beckhoff EtherCAT boxes (5)

EK1100, EL3102, EL1014, EL1872, EL2872
(Figure 4 in Appendix A)

24V power supply for Beckhoff boxes (1)
Ethernet cable (1)

Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)

MS Windows XP/7, 32-bit

Beckhoff TwinCAT software bundle, v2.11.1551
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Setting up

Steps for setting up the picomotor:

1.

Connect the EtherCAT adapter for controls to the left DB25 port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear panel
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box '

Connect an Ethernet cable to the X1 IN port on the EK1100 Beckhoff box
Connect the EK1100 Beckhoff box te a DC power source (24V)

Connect the other end of the Ethernet cable to the PC through the realtime Ethemet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on
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T T B a2 i MR T T8 % ot 1 1 e e A

\

Connect REAL-TIME
Ethernet cutput to the
Beckhoff box via
standard CATS {or better)
RJ45 networking cable.

Picomator driver BACK pand

Picomotor driver FRONT panel
Figure 1a: A connection diagram of the picomotor setup.

Figur

elb:

A

conne

ction

diagr

am of

the

Beckh to power supply
off =
setup
{dotte

d

black
line =
white)

EL1872 To the Readbacks.

| D1100323
' Picomotor driver test assembly.
i Connectlon diagram.
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Setting up

Steps for setting up the PLC controls:
1. Open up the TwinCAT System Manager software and go to:

File > Open > Picomotor_test.tsm
2. Open up the TwinCAT PLC Control software and go to:
File > Open > pmtestcode.pro

3. Go to the system tray, click on the TwinCAT icon and in the menu that pops up, go to:
(see Figure 5 in Appendix B for a screenshot)

System > Start
4. Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog:

"No program on the controller! Download the new program?"
Online > Run (F5)

5. At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-click and open
"VIS_PICQ", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:

in the "RAW" section, the "IDLE" indicator should be lit
in the "USER" section, the status should read "DRIVER DISABLED"

On the controller front panel:
the "IDLE" LED should be lit

the "Enable" LED should be off
the “ON” LED should be on




L. Testing the front panel LEDs

After the picomotor and the PLC controls are set up:

[/( Check that the "ON" LED is lit if the power cable is connected and the power switch
is on, and that it goes off when the power switch is off,

[«]/ Check that the “ON” indicator on the visualization also responds to the power switch.

[ / Check that the "Remote" LED turns off if the EtherCAT adapter for controls is

disconnected.

v

Before the next step, check that the fan (rear panel) is off.

[ 1 Toggle the "ENABLE" button on the visualization screen and check that the following
LEDs respond to the picomotor status according to Table 1;
Status Chassis Front Panel LEDs Software Readbacks
IDLE Enable | Fault X | FaultY | IDLE | Enable | Power
DRIVER DISABLED| on off of | off |y | AL | On
STARTING UP... off on | flashes | flashes | off | ve | om
READY off on off off Q,Qr/ 7 er‘/ N
Checkifpassed:| [+ | (4 | (+ | 1 | 9| 11]1

Table 1: LED response to picomotor status

[ q/ Check thét the “DUAL AXIS” indicator on the visualization lights up when the
picomotor is enabled,

[ /]/ Check that the temperature readouts on the visualization, under the “RAW” section,
are positive values near room temperature if motor was previously off.
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Enable the picomotor by pressing the "ENABLE" button on the visualization, wait until the
licomotor status is "READY", then do the following:

[\4/ Check that the fan is running and blowing air out of the box (rear panel).

[‘/Check that the two LEDs for each output terminal are lit when that output terminl is
selected on the visualization (terminals 1-8 under the "USER" section):

Terminal LED

=
=3
&
s

SEARER

%

%

O I~3 ||| | w | po | —
T\ .
™t — —

~
o

Select output terminal 1 and do the following:

[\]/ Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respond to the
selected direction according to Table 2:

Direction LEDs
DriveX | DriveY | CWX | CWY
DOWN off on * off on *#
UP off on * off off
> on * off on ** off
< on* | off off off
Check if passed:| [ "]/ [+ [‘]/ [J—

Table 2: LED response te picomotor direction

* (while motor is running)
*k (stays on after motor is finished running, until opposite direction is selected)
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4. Testing the temperature readout

On the visualization screen, make sure the picomotor is enabled and that the status is “READY", and
check that output terminal 1 is selected. Then under the “TEMPERATURE” section, click the ‘Reset
Values” button, then click the “Test” button, which will drive the motors continuously for 5 minutes,
and read the temperature every minute for each axis (X and Y). Record the five temperatures in the

table below:

Time (minutes) Temperature
X ("<" or ">") Y ("UP" or "DOWN")
! 2794 99.499
2 28.90 K€
3 2.5.8 A2 4l
4 D425 29 40
5 949.99 29.99
Check if passed: [ Cd

Check the “pass™ box for each above if the temperature increases over time.
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5. Testing the output terminals

Wake sure the picomotor is enabled and that the status is "READY". Connect the picomotor totne
if the 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50Hz)" under
'SPEED". For each terminal, check that the motor runs on each axis (Xand Y):

Terminal Axis
X ("<" or ">") [ Y ("UP” or "DOWN")
1 | [j; [j
2 [ (17
3 v %8
4 1 1
5 Mq; (4
6 [ v}
7 i ‘s
8 % (

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

Terminal Axis
X{"<"or">" ] Y ("UP" or "DOWN")

1 [ (1
2 1+ 4B
3 [+ (7
4 [+ [r
5 1 (7
6 v (7
7 % 1
8 d 'l
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Testing Summary

For each test, indicate the results in the table below:

Test Engineer: -Z“‘ ('ﬁ &

Test Date: | /22/ //

Additional Comments:

Front panel LEDs ['ﬂ’fass [ 1Fail
Step sizes [ A Pass [ ] Fail
Speeds [ A Pass [ ]Fail
Gutput terminals [ A Pass [ ] Fail
Overall picomotor driver testing; [ ﬂ’ass [ 1Fail
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Appendix A: Physical Components
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| Figure 2: Picomotor driver chassis front panel

Figure 3: Picomotor driver chassis rear panel
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EtherCAT configuration

Figure 4
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Appendix B: PLC Controls

Figure 5: Step 3 of PLC controls setup

Figure 6: Step 5 of PLC controls setup
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licomotor controller chassis LIGO DCC#
ItherCAT Adapters LIGO DCC#
Controller Serial #

Test Engineer:
Test Date:
Overall picomotor chassis testing:

Signature/Initials:

D1100323-v]

D1100419-v3

Sl 5%

Zech G

20/
4

[LYPASS [ ]FAIL

Reference:

Jesting Schedule;

1. Front panel LEDs
2, Step sizes

3. Speeds

4. Temperature

5. Output terminals

https://awiki.ligo-wa.caltech.edu/aLIGO/Picomotor%20Controller
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System requirements

Hardware:

1 Picomotors (2}
Compatible models: Newport 8302

2 Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

3  LIGO standard 24V M-F-M DB3 power cable
4  EtherCAT adapter D1100419-v3 (1)
5 DB25 F/M cables (2)

6 Hook-up wires
Brown, Green, White, Black, Grey, Purple

7 IDC 20-pin cable assemblies (2)
8 Beckhoff EtherCAT boxes (5)
EK1100, EL3102, EL1014, EL1872, EL2872
(Figure 4 in Appendix A)
9 24V power supply for Beckhoff boxes (1)
10 Ethernet cable (1)
11 Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)
Software:
1 MS Windows XP/7, 32-bit

2 Beckhoff TwinCAT software bundle, v2.11.1551




Setting up

3teps for setting up the picomotor:

1.

Connect the EtherCAT adapter for controls to the left DB25 port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB2S5 port on the rear panel
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box

Connect an Ethernet cable to the X1 IN port on the EK1100 Beckhoff box
Connect the EK1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethernet cable to the PC through the realtime Ethemet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on




Connect REAL-TIME '

Ethernet output to the Pigomotar driver BACK pan8|
Beckhoff box via
standard CATS {or better)
RJ45 networking cable.

To the Controls.

EL1872 o " Tothe Readbacks.

| D1100323
. Plcomotor driver test assembly.
Connection diagram.

Picomotor driver FRONT panel
Figure 1a: A connection diagram of the picomotor setup.

Figur
e Ib:
A
conne
ction
diagr
am of
the

Bfefckh to power supply oy o m .E!therCAT:;iapter
[ L

setup L FF
(dotte e =i
d >
black
line =
white)

1 J

[
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Setting up

Steps for setting up the PLC controls:

I. Open up the TwinCAT System Manager software and go to:
File > Open > Picomotor _test.tsm

2. Open up the TwinCAT PLC Control software and go to:
File > Open > pmtestcode.pro

3. Go to the system tray, click on the TwinCAT icon and in the menu that pops
(see Figure 5 in Appendix B for a screenshot)

System > Start
4. Go to the TwinCAT PLC Control window and go to:
Online > Login (F11)
Click "Yes" at the dialog: :
"No program on the controller! Download the new program?"
Online > Run (F5)

5. At the bottom of the left sidebar in the TwinCAT PLC Control window, click

up, g0 to:

on the

"Visualizations” tab, and under the "Visualizations" folder, double-click and open

"VIS_PICO", and a visualization window should appear.
(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:

in the "RAW" section, the "IDLE" indicator should be lit
in the "USER" section, the status should read "DRIVER DISABLED"

On the controller front panel:
the "IDLE" LED should be lit

the "Enable" LED should be off
the “ON” LED should be on
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L. Testing the front panel LEDs

After the picomotor and the PLC controls are set up:

[ L}/ Check that the "ON" LED is lit if the power cable is connected and the power svitch
is on, and that it goes off when the power switch is off.

{'-i/ Check that the “ON” indicator on the visualization also responds to the power switch,

[4,}/ Check that the "Remote™ LED turns off if the EtherCAT adapter for controls is

disconnected.

[l/}/ Before the next step, check that the fan (rear panel) is off,

[/ Toggle the "ENABLE" button on the visualization screen and check that the foliowing
LEDs respond to the picomotor status according to Table 1:

Status Chassis Front Panel LEDs Software Readbacks
IDLE Enable | Fault X | FaultY | IDLE | Enable | Power
DRIVER DISABLED| on off of | off | on |8 b~
STARTING UP.. off on | flashes | flashes | 5% | o | om
READY off on off off o,(’«g’ O o
Checkifpassed:| ¥~ | LY | [+ | [+ | [ (1] &7

Table 1: LED response to picomotor status

[ u]/ Check that the “DUAL AXIS” indicator on the visualization lights up when the
picomotor is enabled.

[/ Check that the temperature readouts on the visualization, under the “RAW” section,
are positive values near room temperature if motor was previously off.
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Enable the picomotor by pressing the "ENABLE" button on the visualization, wait until the
ricomotor status is "READY", then do the following;

[‘( Check that the fan is running and blowing air out of the box (rear panel).

[L]/Check that the two LEDs for each output terminal are lit when that output terminal is

selected on the visualization (terminals [-8 under the "USER" section):

Terminal | LED
Left | Right

"
L
( [
-

Wi~ ||| W o] —

S
[ e
o

Select output terminal 1 and do the following:

[]

Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respond to the
selected direction according to Table 2:

Direction LEDs
Drive X | DriveY [ CWX | CWY
DOWN off on* off on **
UP off on* off off
> on * off on ** off
< on* off | off off
Check if passed: M [ ]/ f/] [’]/

Tabie 2: LED response to picomotor direction

* (while motor is running)

* (stays on after motor is finished running, until opposite direction is selected)




] ] (ZH00S) LNT4dS
jLH //‘{"] (zH0s) DOf
pa s (ZHI) TAVO

(HNMOIGN Jo u(Iﬂu) A (II<II .IO ||>n) X
SIXY peedg

(A pue X) sIxe yora I0j paads oy asea10U]

NOA 5% I9)SJ SUMI JOJOUI 3} J8Y} Yoo ‘SHOIO (] 91 JOf SUTuSISIT "UOOSIIP © USY) PUB padds
8199188 ", HZIS LS. B3PUR ,(01) TTVIAIS. 109195 U Pa3oafos st | [eurud) Jndino ey 4oatp

pue XAvay, SISIe)s oY J8T PUB PI[qEUD ST J0J0WO0Id 9Y) 3INS INBW ‘USI0S UONBZITENSIA 3Y) U

spaads ay) Sunsay, °¢
/H /H (00001} WNNDVIN
e pg (001) WNIIW
P hl (1) TIVINS A¥FA
(NMOG ©.dNDA | (<ud0,>)X
STXY sz1§ daig

‘(X pue X) stxe yoes 10] 9218 dajs 3y} asealour 1ok se (Suni j usya
STLImy e SYO1[0 JOJOL SU}) W} 103UO] B 10 SUNLI I0JOW ST} JBL YOYD) "UONISIIP € Uy} pue azis dag

e P3[eS ", AT S, 2pun ,(ZHO0S) LNIIdS, 109188 Uay} ‘pajosfas st { [euruus) Jndino jeys yoemp
PU® ¢ (TVEY, ST SIS 31} 8L} PUE PA[qRUS S| 1030W00Id A1) 2MS SYBW ‘U108 UOHEZI[ENSIA SY) UQ

saz1s dajs ay) Supsay




4. Testing the temperature readout

On the visualization screen, make sure the picomotor is enabled and that the status is “READY", and
check that output terminal 1 is selected. Then under the “TEMPERATURE” section, click the ‘Reset
Values” button, then click the “Test” button, which will drive the motors continuously for 5 minutes,
and read the temperature every minute for each axis (X and Y). Record the five ternperatures in the

table below:

Time {minutes) Temperature
X ("<" or ">") Y ("UP" or "DOWN")
I 2 Y7 Q6.0
2 22 9 0. LT
3 2 57 SIS
4 325 46 29 LA
5 ?Jﬂ - 50 5_%, “f ] /

Gl 1

Check the “pass” box for each above if the temperature increases over time.

Check if passed:;
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5. Testing the output terminals

Make sure the picomotor is enabled and that the status is "READY". Connect the picomotorteone
if the 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50Hz)" under
'SPEED". For each terminal, check that the motor runs on each axis (X and Y):

?erminal Axis ]
L X(<"or™9) | Y("UP* or "'DOWN")

: [ T

}? M r7

3 Cd (1"

4 [+ [}

5 [ / [+
E [ ’]/ [}

7 T [}

8 [( [/]/

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

Terminal Axis
X ("<" or ">") ] Y ("UP" or "DOWN")

" T (1

5 1 /]/ [ (

3 [ / [ /}/

4 [/( %8

5 [ f]; [4;

6 [ [

2 [ ( ‘ [
E [/]/ P
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Testing Summary

for each test, indicate the results in the table below:

Front panel LEDs [ '/}'{ass

[ Fail
Step sizes [ J/P{ss [ ] Fail
Speeds [ 4 Pass [ ] Fail
Qutput terminals [{{ass [ 1Fail
Overall picomotor driver testing: [ /j Pass [ ] Fail

Test Engineer: Zc C/A'\ C’
Test Date: /V 2 y//

Additional Comments:
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Appendix A: Physical Components

Figure 2: Picomotor driver chassis front panel

Figure 3: Picomotor driver chassis rear panel
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Figure 4: EtherCAT configuration
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Appendix B: PLC Controls

Figure 5: Step 3 of PLC controls setup
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licomotor controller chassis LIGO DCC# D1100323-v]

ItherCAT Adapters LIGO DCC# D1100419-v3

Controller Serial # 2llen55)

Test Engineer: ZLCD’\ 67

Test Date: { V 2?// {

Overall picomotor chassis testing: ["]@S [ JFAIL
_Signaturellnitials:

;Ieference:

https://awiki.ligo-wa.caltech.edw/aLIGO/Picomotor%20Controller

Testing Schedule:

1. Front panel LEDs
2. Step sizes

3. Speeds

4. Temperature

5. Output terminals
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System requirements

Hardware:

1 Picomotors (2)
Compatible models: Newport 8302

2 Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

3 LIGO standard 24V M-F-M DB3 power cable
4 EtherCAT adapter D1100419-v3 (1)
s DB25 F/M cables (2)

6 Hook-up wires
Brown, Green, White, Black, Grey, Purple

7 IDC 20-pin cable assemblies (2)

8 Beckhoff EtherCAT boxes (5)
EK1100, EL3102, EL1014, EL1872, EL2872
(Figure 4 in Appendix A)

9 24V power supply for Beckhoff boxes (1)

10  Ethernet cable (1)

11 Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)

Software:
1 MS Windows XP/7, 32-bit

2 Beckhoff TwinCAT software bundle, v2.11.1551
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Setting up

Steps for setting up the picomotor:

1.

Connect the EtherCAT adapter for controls to the left DB25 port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear panel
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box ‘ '

Connect an Ethernet cable to the X1 IN port on the EK 1100 Beckhoff box
Connect the EK1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethernet cable to the PC through the realtime Ethemet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on

40f 15
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Setting up

Steps for setting up the PLC controls:

1. Open up the TwinCAT System Manager software and go to:
File > Open > Picomotor _test.tsm
2. Open up the TwinCAT PLC Control software and go to:

File > Open > pmtestcode.pro

3. Go to the system tray, click on the TwinCAT icon and in the menu that Pops up, go to:
(see Figure 5 in Appendix B for a screenshot)

System > Start
4. Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog: :
"No program on the controller! Download the new program?"

Orline > Run (F5)

5. At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations” tab, and under the "Visualizations" folder, double-click and open

"VIS_PICQ", and a visualization window should appear.
(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:

in the "RAW" section, the "IDLE" indicator should be lit
in the "USER" section, the status should read "DRIVER DISABLED"

On the controller front panel:
the "IDLE" LED should be lit

the "Enable" LED should be off
the “ON” LED shouid be on
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[ Testing the front panel LEDs

After the picomotor and the PLC controls are set up:

b M/ Check that the "ON" LED is lit if the power cable is connected and the power switch
1s on, and that it goes off when the power switch is off.

[l/]/ Check that the “ON” indicator on the visualization also responds to the power switch.

| [ “]/ Check that the "Remote" LED turns off if the EtherCAT adapter for controls is
" disconnected.

il , [ V]/ Before the next step, check that the fan (rear panel) is off.

N [u]/ Toggle the "ENABLE" button on the visualization screen and check that the following
1 LEDs respond to the picomotor status according to Table 1:

|

¥ Status Chassis Front Panel LEDs Software Readbacks

3 IDLE | Enable | FaultX | FaultY | IDLE | Enable 'Power

! DRIVER DISABLED| on of | of | of |pn | O o

STARTING UP... off on flashes | flashes | 0 & | o | g

. READY off on off off | ol | ;A | 00
Checkifpassed:| [ | [T | [+ | [+ | (| H | 5]

Table 1: LED response to picomotor status

{ *-]/ Check that the “DUAL AXIS™ indicator on the visualization lights up when the
picomotor is enabled.

[ 'j/ Check that the temperature readouts on the visualization, under the “RAW” section,
are positive values near room temperature if motor was previously off.




Epable the picomotor by pressing the "ENABLE" button on the visualization, wait until the
ncomotor status is "READY", then do the following:

[H/Check that the fan is running and blowing air out of the box (rear panel).

[M/Check that the two LEDs for each output terminal are lit when that output terminal is

selected on the visualization (terminals 1-8 under the "USER" section):

Terminal | LED
Left | Right

v Y
~
[+

T
S
e

5
o Eﬁ/

O
[

od
CanTd

Select output terminal 1 and do the following:

[]

Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respondto the

selected direction according to Table 2:

Direction LEDs
Drive X | DriveY | CWX | CWY
DOWN off on * off on **
UP off on * off off
> on* off on ** off
< on* off off off B
Checkifpassed:| [~ | [+¥ | [V | -F1

Table 2: LED response to picomotor direction

* {while motor is running)
ok (stays on after motor is finished running, until opposite direction is selected)
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4. Testing the temperature readout

On the visualization screen, make sure the picomotor is enabled and that the status is “READY", and
check that output terminal 1 is selected, Then under the “TEMPERATURE” section, click the ‘Reset
Values™ button, then click the “Test” button, which will drive the motors continuously for 5 minutes,
and read the temperature every minute for each axis (X and Y). Record the five temperatures in the

table below:

Time (minutes)

Temperature

X (H<H or II>II)

Y ("UP” or "/DOWN")

Ny .26

AIEs}

24 57

Ay .5

20 (7]

24 <

2| b

(G alwwo] =

<

200y
=)

Check if passed:

30 L
it

av;
¢4

Check the “pass™ box for each above if the temperature increases over time.
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5. Testing the output terminals

Make sure the picomotor is enabled and that the status is "READY". Connect the picomotortoine
of the 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50Hz)" under
'SPEED". For each terminal, check that the motor runs on each axis X and Y):

Earminal Axis

X("<"or™) | Y("UP"or DOWN")
L i 1
=R
3 [ @
4 '+ ol
5 (¥ (7
6 od (3
7 1 1
3 1 1

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

Terminal Axis
X ("<" or ">") | Y ("UP" or "DOWN")

1 T ve

2 11 (7

3 (X [V

2 (1 [A

5 [+ [ ]/

6 [¥ (1

- 7 [¥

s [V~ [ {
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Testing Summary

for each test, indicate the results in the table below:

Front panel LEDs [*TPass [ ]Fail
Step sizes [ A Pass [ ]Fail
Speeds [ 4 Pass [ ]Fail
COutput terminals [/]gass [ ]Fail

[ ]Fail

Overall picomotor driver testing: [ ] Pass

Test Engineer: ZA C/ﬂ Cj
Test Date: V;Z// (

Additional Comments:

12 0f 15
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Figure 4: EtherCAT configuration

14 0f 15



: PLC Controls

Appendix B

Step 3 of PLC controls setup

Figure §

Step 5 of PLC controls setup

Figure 6
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licomotor controller chassis LIGO DCC#
itherCAT Adapters LIGO DCC#
Controller Serial #

Test Engineer:

Test Date:

Overall picomotor chassis testing:

Signature/Initials:

D1100323-v1

D1100419-v3

SHOHS D

Lo (&

i

[urgss [ ]1FAIL

Reference:

https://awiki.ligo-wa.caltech.edw/aL.IGO/Picomotor%20Controller

Testing Schedule:

1. Front panel LEDs
2. Step sizes

3. Speeds

4. Temperature

5. Output terminals
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System requirements

Hardware:

1

10

11

Software:

Picomotors (2)
Compatible models: Newport 8302

Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

LIGO standard 24V M-F-M DB3 power cable
EtherCAT adapter D1100419-v3 (1)
DB25 F/M cables (2)

Hook-up wires
Brown, Green, White, Black, Grey, Purple

IDC 20-pin cable assemblies (2)

Beckhoff EtherCAT boxes (5)

EK1100, EL3102, EL1014, EL1872, EL2872
(Figure 4 in Appendix A)

24V power supply for Beckhoff boxes (1)

Ethernet cable (1)
Computer equipped with TwinCAT-Inte! PCI Ethernet Adapter (100BASE-T)

MS Windows XP/7, 32-bit

Beckhoff TwinCAT software bundle, v2.11.1551

Jofls



Setting up

Steps for setting up the picomotor:

1.

Connect the EtherCAT adapter for controls to the left DB25 port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB2S5 port on the rear panel
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box B

Connect an Ethernet cable to the X1 IN port on the EK1100 Beckhoff box
Connect the EK1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethernet cable to the PC through the realtime Ethernet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on

40f 15
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\

Connect REAL-TIME
Ethernet output to the
Beckhoff box via
standard CATS (or betler)
RJ45 networking cable.

Pieomotor driver FRONT panel
Figure 1a: A connection diagram of the picomotor setup.

Figur
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£l1872 To the Readbacks,

’ | Picomotor driver test assembly.

i
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Connection diagram.

to EtherCAT adapter
Jeee 1]
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Setting up

Steps for setting up the PLC controls:
I. Open up the TwinCAT System Manager software and go to:

File > Open > Picomotor_test.tsm
2. Open up the TwinCAT PLC Control software and go to:

File > Open > pmtestcode.pro

3. Go to the system tray, click on the TwinCAT icon and in the menu that pops up, go to:
(see Figure 5 in Appendix B for a screenshot)

System > Start

4. Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog: :
"No program on the controller! Download the new program?"

Online > Run (F5)

5. At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-click and open
"VIS_PICO", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:

in the "RAW" section, the "IDLE" indicator should be kit
in the "USER" section, the status should read "DRIVER DISABLED"

On the controller front panel:

the "IDLE" LED should be lit
the "Enable" LED should be off
the “ON> LED should be on




. Testing the front panel LEDs

After the picomotor and the PLC controls are set up:

M/ Check that the "ON" LED is lit if the power cable is connected and the power switch
is on, and that it goes off when the power switch is off,

I;‘V?Gheck that the “ON™ indicator on the visualization also responds to the power switch_

Check that the "Remote" LED turns off if the EtherCAT adapter for controls is

disconnected.

[ u}/ Before the next step, check that the fan (rear panel) is off,

[ J/I‘ oggle the "ENABLE" button on the visualization screen and check that the follwing

LED:s respond to the picomotor status according to Table 1:

Status Chassis Front Panel LEDs Software Readbacks
IDLE | Enable | FaultX | FaultY | IDLE | Enable | Power
DRIVER DISABLED| on off off off | o\ | o o
STARTING UP... off on | flashes | flashes | §t | . o
READY off on  off . off 9@ e |
Checkifpassed:| [ | 11 | [T | I tulcdits

Table 1: LED response to picomotor status

[\J/Check that the “DUAL AXIS” indicator on the visualization lights up when the
picomotor is enabled.

[ Check that the temperature readouts on the visualization, under the “RAW” section,
are positive values near room temperature if motor was previously off.
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inable the picomotor by pressing the "ENABLE" button on the visualization, wait until the

ficomotor status is "READY", then do the following:;

[ \I/Check that the fan is running and blowing air out of the box (rear panel).

[q/ Check that the two LEDs for each output terminal are lit when that output terminal is

selected on the visualization (terminals 1-8 under the "USER" section):

Terminal 1 LED

Left Right
1 & |
2 [-’/ H/
3 H/ [
4 [ =
5 4
6 VS
7 [A m/
8 A f

Select output terminal 1 and do the following;

[/ Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respond o the

selected direction according to Table 2:

Direction LEDs
Drive X | DriveY | CWX CWY
DOWN off on* off on **
|18) 5 off on * off off
> on* off on ** off
< on* off , off } off
Checkifpassed:) [+~ | [T | (¥ | 1

Table 2: LED response to picomotor direction

* (while motor is running)

*k (stays on after motor is finished running, until opposite direction is selected)




$1J06

] /H (ZHO00S) INTHdS
4

] VI (ZH0S) DO

L 1 (ZHD) TMVED
(.NMOQ. 10 ,dNw) A (< 20 4> X

SIXY peadg

(X pue X) s1x® yord JIoj peads oy aseslou

NOA S I3)SBJ SUNI JOJOW 3Y) 18U} JooUo *SHOI (] o) 0J SuTua)STT "UOTIOSIIP B USY) pue paods
819338 ", HZIS dALS. P ,{(01) TTVINS, 109108 UsT]) ‘PaJ03[os 81 | [elmiLIa) Indino jeyy ooy

pue ‘ XAV, ST SNIBIS U} I8} puB pajqeus 1 J0j0w0old oY) SIns SNUUI “USAIOS UOTIBZI[BNSIA 3Y) U()

spaads 3y} Sunsyy ‘¢
/L ] /[_] (00001) WANDVIN
/{'] /k] (001) WNIGaN
A A (1) TIVINS AMEA
(NMO, © ,d(1) A (410 ,>,) X
SIXY az1g daig

'(A pue X) Sixe yoes 10j oz1s da)s oy asuoIoul NOA SB (SUTL )1 Uay4
SWrng g YO0 J0)OL Sy} ST} J2FUO] B 10} SUNT I0JOUI 31} JBY} 29U "UOIITIP © USY) pue 5zis doys

BPI[A§ ", QAAJS,, 1°pun ,(ZHO0S) LNTIJS, 199195 UL PaI0d[es st | [euiuald) dino jey) yoay
Pue ¢ (T, St SJRIS o1 J8Y) PUB PO[qRUS §1 10j0UI00Id OU} 2INS SYBUI ‘U22I08 UOUEBZI[ENSIA 1) Ug

saz1s days oy} BUPSIT g




4. Testing the temperature readout

On the visualization screen, make sure the picomotor is enabled and that the status is “READY”, and
check that output terminal 1 is selected. Then under the “TEMPERATURE” section, click the ‘Reset
Values™ button, then click the “Test” button, which will drive the motors continuously for 5 minutes,
and read the temperature every minute for each axis (X and Y). Record the five temperatures it the

table below:

Time (minutes) Temperature
X ("<" or ">") Y ("UP" or "DOWN")
1 33 D =4 M4 |
2 3299 3502
3 549.97 3(,.09
4 5501 . 59
5 Aol 37.57
Check if passed: Gl o

Check the “pass™ box for each above if the temperature increases over time.
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5. Testing the output terminals

Make sure the picomotor is enabled and that the status is "READY". Connect the picomotortoone
if the 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG {50Hz)" under

'SPEED". For each terminal, check that the motor runs on each axis (X and Y):

Terminal Axis ]
L X ("< or ">") Y ("UP" or "DOWN")
I T [}

5 Cd [+

3 (3 [+

4 o [~

5 o T~

6 H/ [j:

7 [J [

2 [/]/ [ Y~

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

Terminal Axis
X("<"or™" | Y("UP"or "DOWN")

1 M [+

2 Itd [4—

3 y” 17

4 (¥ [7

5 [+ td

6 o [r

7 [+ 1
B [+ 1

110of15




Testing Summary

For each test, indicate the results in the table below:

Front panel LEDs [\]»Pgs [ ] Fail
Sep sizes [ )‘P/ass [ ]Fail
Speeds [ 7} Pass [ ]Fail
Qutput terminals [ A Pass [ ]Fail
Overall picomotor driver testing: [ T{ass [ ] Fail

Test Engineer: Z - :_j\ (7
Test Date: |/ / 7 %/

Additional Comments:
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Appendix A: Physical Components

Hgure 2: Picomotor driver chassis front panel
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Figure 4: EtherCAT configuration
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Step 3 of PLC controls setup

Figure 5

Step S of PL.C controls setup

[
*

Figure 6
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Yicomotor controller chassis LIGO DCCH#
ItherCAT Adapters LIGO DCC#
Controller Serial #

Test Engineer:

Test Date;

Overall picomotor chassis testing:

_Slgnature/lnitials:

D1100323-v]

D1100419-v3

SHo7859

Zodn G

i{l/;gf/; [

[ 4PASS [ ]FAIL

Reference:

Testing Schedule:

1. Front panel LEDs
2. Step sizes

3. Speeds

4, Temperature

5. Output terminals

https://awiki.ligo-wa.caltech.edu/aLIGO/Picomotor%20Controller
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System requirements

Hardware:

I Picomotors (2)
Compatible models: Newport 8302

s 2 Picomotor driver D1100323-v2 (1)
- (Figures 2 and 3 in Appendix A)

3 LIGO standard 24V M-F-M DB3 power cable
4 EtherCAT adapter D1100419-v3 (1)
" 5  DB25F/M cables (2)

6 Hook-up wires
Brown, Green, White, Black, Grey, Purple

1l 7 IDC 20-pin cable assemblies (2)
8 Beckhoff EtherCAT boxes (5)
EK1100, EL3102, EL1014, EL1872, EL2872
(Figure 4 in Appendix A)
9 24V power supply for Beckhoff boxes (1)

10 Ethernet cable (1)

11  Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)

Software:
1 MS Windows XP/7, 32-bit

2 Beckhoff TwinCAT software bundle, v2.11.1551
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Setting up

Steps for setting up the picomotor:

1.

Connect the EtherCAT adapter for controls to the left DB25 port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear panel
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL2871
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box '

Connect an Ethernet cable to the X1 IN port on the EK1100 Beckhoff box
Connect the EK1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethemet cable to the PC through the realtime Ethemet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on
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Figure 1a: A connection diagram of the picomotor setup.
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Setting up

Steps for setting up the PLC controls:

1. Open up the TwinCAT System Manager software and go to:
File > Open > Picomotor_test.tsm
2. Open up the TwinCAT PLC Control software and go to:

File > Open > pmtestcode.pro

3. Go to the system tray, click on the TwinCAT icon and in the menu that pops up, go to:
(see Figure 5 in Appendix B for a screenshot)

Systemn > Start
4, Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog:
“"No program on the controller! Download the new program?"

Online > Run (F5)

5. At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-click and open
"VIS_PICO", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:

in the "RAW" section, the "IDLE" indicator should be lit
in the "USER" section, the status should read "DRIVER DISABLED"

On the controller front panel:
the "IDLE" LED should be lit

the "Enable" LED should be off
the “ON” LED should be on
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. Testing the front panel LEDs

After the picomotor and the PLC controls are set up:

[} Check that the "ON" LED is lit if the power cable is connected and the power svitch
is on, and that it goes off when the power switch is off.

[ (.]/ Check that the “ON” indicator on the visualization also responds to the power sWitch

[ -}/ Check that the "Remote" LED turns off if the EtherCAT adapter for controls is

disconnected.

[ ¢~ Before the next step, check that the fan (rear panel) is off.

[ .}/ Toggle the "ENABLE" button on the visualization screen and check that the folbwing

LED:s respond to the picomotor status according to Table 1:

Status Chassis Front Panel LEDs Software Readbacks j
IDLE Enable | Fault X | FaultY | IDLE | Enable | Power
DRIVER DISABLED| on off off of | O | ol | &
STARTING UP... off on flashes | flashes 0% N | o
READY off | on off off | o\ o | o
Checkifpassed:| [T~ | [+ L | U7 | 4| 7] 1

Table 1: LED response to picomotor status

[‘( Check that the “DUAL AXIS" indicator on the visualization lights up when the
picomotor is enabled.

[ / Check that the temperature readouts on the visualization, under the “RAW™ section,
are positive values near room temperature if motor was previously off.
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E}lable the picomotor by pressing the "ENABLE" button on the visualization, wait until the
ncomotor status is "READY", then do the following:

f’( Check that the fan is running and blowing air out of the box (rear panet).

M/ Check that the two LEDs for each output terminal are lit when that output terminal ig
selected on the visualization (terminals 1-8 under the "USER" section):

Terminal LED |

[j? Rfjvg
[ |
/ ¥
[ L/
H/ [']/
L
/ (v

Select output terminal 1 and do the following:

[ Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respond o the

selected direction according to Table 2:

=B N N I N L O I S i SO Y NG

Direction LEDs
Drive X | DriveY | CWX CWY
DOWN off on* off on **
UpP off on * off off
> on* off on ** off
< on* off . off | off |
Check if passed: [‘]/ d 1y [4/

Table 2: LED response to picomotor direction

* (while motor is running)
*k (stays on after motor is finished running, until opposite direction is selected)
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L. Testing the step sizes

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and

theck that output terminal 1 is selected, then select "SPRINT (500Hz)" under "SPEED". Selecta

tep size and then a direction. Check that the motor runs for a longer time (the motor clicks and turng

vhen it runs) as you increase the step size for each axis (X and Y):

Step Size Axis
X ("<" or ">") Y ("UP" or 'DQWN")
VERY SMALL (1) M =l
MEDIUM (100) M/ M/
MAGNUM (10000) M/ H/
3. Testing the speeds

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
check that output terminal 1 is selected, then select "SMALL (10)" under "STEP SIZE". Selecta
speed and then a direction. Listening for the 10 clicks, check that the motor runs faster as you

increase the speed for each axis (X and Y):

Speed Axis

X ("<" or ">") Y ("UP" or "DOWN")
CRAWL (1Hz) (¢ (¥
JOG (50Hz) ¥ e
SPRINT (500Hz) [+ [
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4. Testing the temperature readout

On the visualization screen, make sure the picomotor is enabled and that the status is “READY”, and
check that output terminal 1 is selected. Then under the “TEMPERATURE” section, click the "‘Reset
Values” button, then click the “Test” button, which will drive the motors continuously for 5 mitutes,

and read the temperature every minute for each axis (X and Y). Record the five temperaturesit the

table below:

Time (minutes) Temperature
X (ll(ll’ or ﬂ>ll) Y ("UPN 01' "DOWN!I)

OTHI 377,

1

2 29 .45 2% .4

3 241 §2 29 65

4 20.99 =0 Lo

5 3’. r—, Ll 3' - 6‘7 pa
Check if passed: [-}/ [

Check the “pass” box for each above if the temperature increases over time.




5. Testing the output terminals

Make sure the picomotor is enabled and that the status is "READY". Connect the picomotorteone
tf the 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50Hz)" unde:
SPEED". For each terminal, check that the motor runs on each axis (X and Y):

FTerminal [J Axis
X("<"or">") I Y ("UP" or "DOWN")

1 e g

2 [j// [

3 [ Ly

4 S (L

5 v C

6 e 1

7 -7 Ly
E [+ v~

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

Terminat Axis

X ("<"or n>1r) Y ("UP" or "DOWN")
1 [ S
2 ¥ [+
3 [y [
4 (7 [+
5 [f}; [+
6 [ (1
7 (r S
8 A~ ctal
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Testing Summary

for each test, indicate the results in the table below:

Front panel LEDs %s
Sep sizes [ ‘i’@
Speeds [ FPass
Output terminals [ Baas

[ ] Fail
[ ]Fail
[ ]Fail

[ ] Fail

Overall picomotor driver testing; [ /IP/ass

Test Engineer: 7‘{&\ Cj
Test Date: / W—Z// 4

Additional Comments:

[ ] Fail
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licomotor controller chassis LIGO DCC# D1100323-vl

ItherCAT Adapters LIGO DCC# D1100419-v3

Controller Serial # SHoTTH (0

Test Engineer: Lecd~ (.

Test Date: l {/Z 2{// /

Overall picomotor chassis testing; [ﬂﬁSS [ JFAIL
Signature/lnitials:
Reference;

https://awiki. ligo-wa.caltech.edu/aLIGO/Picomotor%20Controller

Testing Schedule:

1. Front panel LEDs
2. Step sizes

3. Speeds

4. Temperature

5. Output terminals
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System requirements

Hardware:

1 Picomotors (2)
Compatible models: Newport 8302

2 Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

3 LIGO standard 24V M-F-M DB3 power cable
4  BtherCAT adapter D1100419-v3 (1)
5 DB25 F/M cables (2)

6 Hook-up wires
Brown, Green, White, Black, Grey, Purple

7 IDC 20-pin cable assemblies (2)

8 Beckhoff EtherCAT boxes (5)
EK1100, EL3102, EL.1014, EL1872, EL2872
(Figure 4 in Appendix A)

9 24V power supply for Beckhoff boxes (1)

10 Ethernet cable (1)

11 Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)

Software:
1 MS Windows XP/7, 32-bit

2 Beckhoff TwinCAT software bundle, v2.11.1551
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Setting up

Steps for setting up the picomotor:

1.

Connect the EtherCAT adapter for controls to the left DB25 port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear panel
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box

Connect an Ethernet cable to the X1 IN port on the EK1100 Beckhoff box
Connect the EK1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethemet cable to the PC through the realtime Ethemet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on
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Setting up

Steps for setting up the PLC controls:

L.

Open up the TwinCAT System Manager software and go to:
File > Open > Picomotor_test.tsm

Open up the TwinCAT PLC Control software and go to:
File > Open > pmtestcode.pro

Go to the system tray, click on the TwinCAT icon and in the menu that pops up, g0 to:
(see Figure 5 in Appendix B for a screenshot)

System > Start
Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog: :
"No program on the controller! Download the new program?"

Online > Run (F5)

At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-click and open
"VIS_PICO", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:

in the "RAW" section, the "IDLE" indicator should be lit
in the "USER" section, the status should read "DRIVER DISABLED"

On the controller front panel:

the "IDLE" LED should be lit
the "Enable" LED should be off
the “ON” LED should be on




. Testing the front panel LEDs

After the picomotor and the PLC controls are set up:

["‘}/ Check that the "ON" LED is lit if the power cable is connected and the power switch
is on, and that it goes off when the power switch is off.

[u/ Check that the “ON” indicator on the visualization also responds to the power switch_

[ Check that the "Remote™ LED turns off if the EtherCAT adapter for controls is
disconnected.

[ / Before the next step, check that the fan (rear panel) is off.

[ /]/ Toggle the "ENABLE" button on the visualization screen and check that the following
LEDs respond to the picomotor status according to Table 1:

Status Chassis Front Panel LEDs Software Readbacks
IDLE Enable | FaultX | FaultY | IDLE | Enable | Power
DRIVER DISABLED| on off off of |[On L |on |
STARTING UP... off on flashes | flashes (QQ(-' VA N
READY off on off off Qﬂ/ | O
Checkifpassed:| ¥~ | [ (1 (T | &7 7] 1

Table 1: LED response to picomotor status

[A~ Check thét the “DUAL AXIS” indicator on the visualization lights up when the
icomotor is enabled,

[ ] Check that the temperature readouts on the visualization, under the “RAW” section,
are positive values near room temperature if motor was previously off.




|
|
|
E E_nable the picomotor by pressing the "ENABLE" button on the visualization, wait until the
IJ plcomotcy'us is "READY", then do the following:

!

Check that the fan is running and blowing air out of the box (rear panel).

[
(// Check that the two LEDs for each output terminal are lit when that output terminal is
selected on the visualization (terminals 1-8 under the "USER" section):

Terminal LED
Left 1 Right

ARG

AN
G

W Nl (lw o] —
L | L |
AR

]

Select output terminal 1 and do the following:

i
| [ 1  Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz2)" under
"SPEED" and then click each direction. Check that the following lights respond to the

selected direction according to Table 2:

| i Direction LEDs
| DriveX | DriveY | CWX | CWY
! DOWN off on* off on **
j UP off on * off off
| ! > on* off on ** off
1 < on* /| off | off | off
¥ Check if passed: [/]/ M, [/]/ [1’

Table 2: LED response to picomotor direction

! * (while motor is running)
i *x (stays on after motor is finished running, until opposite direction is selected)
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4. Testing the temperature readout

On the visualization screen, make sure the picomotor is enabled and that the status is “READY", and
check that output terminal | is selected. Then under the “TEMPERATURE” section, click the ‘Reset
Values” button, then click the “Test” button, which will drive the motors continuously for 5 mitutes,
and read the temperature every minute for each axis (X and Y). Record the five temperatures i the

table below:

Time (minutes) Temperature
X ("<"or ">") Y ("UP" or "DOWN")

1 24 4% 4.7k

2 25. 50 2. 16

3 99. 0| 2. <%

4 Lok S 28 .76

5 89.09 28 9

Check if passed: B/ [

Check the “pass” box for each above if the temperature increases over time.
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3. Testing the output terminals

Make sure the picomotor is enabled and that the status is "READY". Connect the picomotortoone
ifthe 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50Hz)" under
'SPEED". For each terminal, check that the motor runs on each axis Xand Y):

rTerminaI Axis
X ("<" or ">") Y ("UP" or "DOWN")
1 v [
5 v B
3 L,}/ [/(
4 ;/r MJ: |
5 [ [
6 e 4
7 1 A
8 8 e

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

Terminal Axis
X (n<n or u>u) l Y (nUPrl or "DOWN")
1 % v
2 ISd 7
3 ce +
4 cd -+
5 g [ ‘J/
5 N H;
7 [V =
8 3+ v
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Testing Summary

For each test, indicate the results in the table below:

Front panel LEDs [ {Pass { ] Fail
Sep sizes [/I{ass [ ] Fail
Speeds [s—}/I{aSS [ ] Fail
Qutput terminals [ 4Pass [ ] Fail
Overall picomotor driver testing; [ﬂ’és [ ] Fail

Test Engineer: Za ()’\ (7
Test Date: i / 12U/

Additional Comments:
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Appendix A: Physical Components

Figure 2: Picomotor driver chassis front panel
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Figure 4: EtherCAT configuration
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Step S of PLC controls setup
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ticomotor controller chassis LIGO DCC#

HherCAT Adapters LIGO DCC#

Controller Serial #

Test Engineer:

Test Date;

Overall picomotor chassis testing:

Signature/Initials:

D1100323-vi

D11004]19-v3

Sl 18!

Zedr G

L/ 22/}
[%s [ ]FAIL

Reference:

Testing Schedule:

1. Front panel LEDs
2. Step sizes

3. Speeds

4. Temperature

5. Output terminals

https://awiki.ligo-wa.caltech.edu/aLIGO/Picomotor%20Controller
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System requirements

Hardware:

1 Picomotors (2)
Compatible models: Newport 8302

2 Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

3 LIGO standard 24V M-F-M DB3 power cable
4 EtherCAT adapter D1100419-v3 (1)
5  DB25 F/M cables (2)

6 Hook-up wires
Brown, Green, White, Black, Grey, Purple

i 7 IDC 20-pin cable assemblies (2)
8 Beckhoff EtherCAT boxes (5)
EK1100, EL3102, EL1014, EL1872, EL2872
(Figure 4 in Appendix A)
9 24V power supply for Beckhoff boxes (1)
10 Ethernet cable (1)
11 Computer equipped with TwinCAT-Inte! PCI Ethernet Adapter (100BASE-T)

1 MS Windows XP/7, 32-bit
1‘ 2 Beckhoff TwinCAT software bundle, v2.11.1551
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Setting up

Steps for setting up the picomotor:

1.

Connect the EtherCAT adapter for controls to the left DB25 port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear panel
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL.2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box ‘

Connect an Ethernet cable to the X1 IN port on the EK1100 Beckhoff box

Connect the EK 1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethernet cable to the PC through the realtime Ethemet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on
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Connect REAL-TIME
Ethernat outpunt to the
Batkhoff box via
standard CATS lor better)
RJ4§ networking cable,

Plcomator driver BACK pantt

Picomotor driver FRONT panel
Figure 1a: A connection diagram of the picomotor setup.
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Setting up

Steps for setting up the PLC controls:

1 Open up the TwinCAT System Manager software and go to:
File > Open > Picomotor_test.tsm
2. Open up the TwinCAT PLC Control software and go to:

File > Open > pmtestcode.pro

3. Go to the system tray, click on the TwinCAT icon and in the menu that pops up, go to:
(see Figure 5 in Appendix B for a screenshot)

System > Start

4. Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog:
"No program on the controller! Download the new program?"

Online > Run (F5)

5. At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-click and open
"VIS_PICO", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:

‘in the "RAW" section, the "IDLE" indicator should be lit
in the "USER" section, the status should read "DRIVER DISABLED'

On the controller front panel:
the "IDLE" LED should be it

the "Enable" LED should be off
the “ON” LED should be on
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[ Testing the front panel LEDs

After the picomotor and the PLC controls are set up:

[N]/Check that the "ON" LED is lit if the power cable is connected and the power s¥itch
is on, and that it goes off when the power switch is off.

[ j/Check that the “ON” indicator on the visualization also responds to the power switch,

[ / Check that the "Remote" LED turns off if the EtherCAT adapter for controls is

(

disconnected.

Before the next step, check that the fan (rear panel) is off.

['j'/ Toggle the "ENABLE" button on the visualization screen and check that the folowing
LEDs respond to the picomotor status according to Table 1:

Software Readbacks |

e

heck that the “DUAL AXIS” indicator on the visualization lights up when the

[]

Status Chassis Front Panel LEDs
IDLE Enable | FaultX | FaultY | IDLE | Enable | Power
DRIVER DISABLED| on off of | of o | &b s
STARTING UP... off on | flashes | flashes | L | | o
BEADY off on _t off off @@ con iy
Check ifpassed:| [Y¥| [ | I [+ ] 1+l

picomotor is enabled.

ble 1: LED response to picomotor status

Check thaf the temperature readouts on the visualization, under the “RAW” section,
are positive values near room temperature if motor was previously off.
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E_nable the picomotor by pressing the "ENABLE" button on the visualization, wait until the
fcomotor status is "READY", then do the following:

["}/ Check that the fan 1s running and blowing air out of the box (rear panel).

[

Check that the two LEDs for each output terminal are lit when that output termiral is
selected on the visualization (terminals 1-8 under the "USER" section):

Terminal | LED ’

Left Right >

u’7 17

1
[ td

Ejj (7

[ v
(17

o | wvmibslwol —

e [[/I/
1y

Select output terminal 1 and do the following:

[

Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respond to the

selected direction according to Table 2:

Direction LEDs
Drive X | DriveY | CWX CWY
DOWN off on* off on **
UP off on * off off
> on* off on ** off
< on* | off off off
Checkifpassed:| [ | (4 | | -1

Table 2: LED response to picomotor direction

* (while motor is running)
**  (stays on after motor is finished running, until opposite direction is selected)
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4. Testing the temperature readout

On the visualization screen, make sure the picomotor is enabled and that the status is “READY", and
check that output terminal 1 is selected. Then under the “TEMPERATURE” section, click the ‘Reset
Values” button, then click the “Test” button, which will drive the motors continuously for 5 mnutes,

and read the temperature every minute for each axis (X and Y). Record the five temperatures it the

table below:

Time {minutes) Temperature
X (ll<" or ">Il) Y (HUPI' or "DOWNM)

23592 RD%]
_26”3 25 L{Ci
26 . 26 . %Y
9792 AR O
2€. 49 2529
Check if passed: 1T ' e

h | I | W | B | e

Check the “pass™ box for each above if the temperature increases over time.
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5. Testing the output terminals

Vake sure the picomotor is enabled and that the status is "READY". Connect the picomotortcone
if the 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50Hz)" unde:
SPEED". For each terminal, check that the motor runs on each axis (Xand Y):

[ Terminal | Axis -
X (l|<lf or l{!>") ' Y ("UPII or "DOWN“)

1 7 [
12 [ [}

3 N r

4 o cd

5 H/ 4

6 S [d;

7 - [

8 [-}/ =

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

Terminal Axis
X ("<" or ">") Y ("UP" or "DOWN")
1 [ [+
2 19 (L
3 [V (1
p [ ]/ [r
5 [ j// [j//
6 [ L
7 7 H,//
8 & [
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lesting Summary

Tor each test, indicate the results in the table below:

Front panel LEDs [%ss [ ]Fail
Step sizes [ Tgss [ ] Fail
Speeds [ JPass [ ]PFail
Qutput terminals [ ]/Iés [ ] Fail
Overall picomotor driver testing: [ ]-P@ [ ] Fail

Test Engineer: Zcé)\ C’

Test Date: | Vz 1 / (/

Additional Comments:
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Appendix A: Physical Components

Figure 2: Picomotor driver chassis front panel
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Figure 4: EtherCAT configuration
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Yicomotor controller chassis LIGO DCC#
ItherCAT Adapters LIGO DCC#
Controller Serial #

Test Engineer:

Test Date:

Overall picomotor chassis testing:

Signature/Initials:

DI1100323-v1

D1100419-v3

SUOISCR
2£J¥ (~

| ;/,21// if

[H{Ass [ ]FAIL

Reference:

Testing Schedule;

1. Front panel LEDs
2. Step sizes

3. Speeds

4. Temperature

5. Output terminals

https://awiki.ligo-wa.caltech.edu/aLIGO/Picomotor%20Controller
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System requirements

Hardware:

1

10
11

Software:

Picomotors (2)
Compatible models: Newport 8302

Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

LIGO standard 24V M-F-M DB3 power cable
EtherCAT adapter D1100419-v3 (1)
DB25 F/M cables (2)

Hook-up wires
Brown, Green, White, Black, Grey, Purple

IDC 20-pin cable assemblies (2)

Beckhoff EtherCAT boxes (5)

EK1100, EL3102, EL1014, EL1872, EL2872

(Figure 4 in Appendix A)

24V power supply for Beckhoff boxes (1)

Ethernet cable (1)

Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)

MS Windows XP/7, 32-bit
Beckhoff TwinCAT software bundle, v2.11.1551

Jofis




Setting up

Steps for settinpg up the picomotor:

1.

Connect the EtherCAT adapter for controls to the left DB25 port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear panel
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box '

Connect an Ethernet cable to the X1 IN port on the EK1100 Beckhoff box
Connect the EK 1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethernet cable to the PC through the realtime Ethemet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on
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Plcomotor driver FRONT panel

Cennect REAL-TIME
Ethernat output to the
Beckhoff box via
standard CATR (or better)
RJ45 networking cable.

Flgure 1a: A connection diagram of the plcomotor setup.
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Setting up

Steps for setting up the PLC controls:

1. Open up the TwinCAT System Manager software and go to:
File > Open > Picomotor test.tsm
2. Open up the TwinCAT PLC Control software and go to:

File > Open > pmtestcode.pro

3. Go to the system tray, click on the TwinCAT icon and in the menu that Pops up, 20 to:
(see Figure 5 in Appendix B for a screenshot)

System > Start
4, Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog: :
"No program on the controller! Download the new program?"

Online > Run (F5)

5. At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-click and open
"VIS_PICO", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:

‘in the "RAW™" section, the "IDLE" indicator should be lit
in the "USER" section, the status should read "DRIVER DISABLED"

On the controller front panel:
the "IDLE" LED should be lit

the "Enable" LED should be off
the “ON” LED should be on
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L. Testing the front panel LEDs

After the picomotor and the PLC controls are set up:

[\4]/ Check that the "ON" LED is lit if the power cable is connected and the power switch
is on, and that it goes off when the power switch is off,

[\z]/ Check that the “ON” indicator on the visualization also responds to the power s¥itch.

[ u}/ Check that the "Remote" LED turns off if the EtherCAT adapter for controls is
disconnected.

[V/ Before the next step, check that the fan (rear panel) is off.

[J/ Toggle the "ENABLE" button on the visualization screen and check that the following
LEDs respond to the picomotor status according to Table 1:

Table 1: LED response to picomotor status

Status Chassis Front Panel LEDs Softwere Readbacks |

IDLE Enable | Fault X | FaultY | IDLE | Enable | Power

; DRIVER DISABLED| on off off off |4 e o

| STARTING UP... off on flashes | flashes | A~ | oy [

i READY off on off off OL o | oo,
S Checkifpassed:| (L] [ [+ | | /] &

| ‘ |
: [g,]/ Check that the “DUAL AXIS” indicator on the visualization lights up when the
: icomotor is enabled.

. P
1 [ 14:01( that the temperature readouts on the visualization, under the “RAW” section,
are positive values near room temperature if motor was previously off.
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E_nable the picomotor by pressing the "ENABLE" button on the visualization, wait until the
Acomotor status is "READY", then do the following:

[LJ/ Check that the fan is running and blowing air out of the box (rear panel).

[ Check that the two LEDs for each output terminal are lit when that output termiral is
selected on the visualization (terminals 1-8 under the "USER" section):
Terminal LED |
Left | Right

1 Tt

2 N T

3 v acd

4 v

3 [ [

6 SN o

7 S

8 (L~ [ ‘}/

Select output terminal 1 and do the following:

[ ]  Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respondto the

selected direction according to Table 2:

Direction LEDs
Drive X | DriveY | CWX CWY
DOWN off on* off on **
UP off on * off off
> on* off on *¥ off
< on* off off off
Check ifpassed:| (1| [+T [M—| N

Table 2: LED response to picomotor direction

* (while motor is running)
** (stays on after motor is finished running, until opposite direction is selected)
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L. Testing the step sizes

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
theck that output terminal 1 is selected, then select "SPRINT (500Hz)" under "SPEED". Seleta

tep size and then a direction. Check that the motor runs for a longer time (the motor clicks ad turns
vhen it runs) as you increase the step size for each axis (X and Y):

Step Size Axis
X('<"or™") | Y("UP"or"DOWN")
VERY SMALL (1) W [
| MEDIUM (100) [ 7/ =
| MAGNUM (10000) [ [
|
! 3. Testing the speeds

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
check that output terminal 1 is selected, then select "SMALL (10)" under "STEP SIZE". Selecta
speed and then a direction. Listening for the 10 clicks, check that the motor runs faster as you
increase the speed for each axis (X and Y):

Speed Axis

X ("<" or ">") Y ("UP" or "DOWN")
CRAWL (1Hz) N [
JOG (50Hz) (+ (v~
SPRINT (500Hz) [ )/ [+
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4. Testing the temperature readout

On the visualization screen, make sure the picomotor is enabled and that the status is “READY”, and
check that output terminal 1 is selected. Then under the “TEMPERATURE” section, click the ‘Reset
Values” button, then click the “Test” button, which will drive the motors continuously for 5 minutes,
and read the temperature every minute for each axis (X and Y). Record the five temperaturesin the

table below:

Time (minutes) Temperature
X (<" or ">") Y ("UP" or "DOWN")

1 2. WM 97 b
2 28 Pt 2€ .79
3 20.00 A1.49
4 3] .00 3| . O5
5 3.9l 2 - Ol

Check if passed: [\']/ [L]/

Check the “pass” box for each above if the temperature increases over time.
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. Testing the output terminals

Make sure the picomotor is enabled and that the status is "READY". Connect the picomotortoone
if the 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50Hz)" under
SPEED". For each terminal, check that the motor runs on each axis (Xand Y):

r?em:linal Axis B
L X("<"or™" | Y("UP" or "DOWN")
w N
ol =i
(g~ Ly~

w|a]o mF.;TF,TF\TT

L
1y~
T
3

—

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

Terminal Axis
X ("<" or ">") Y ("UP" or "DOWN™)
1 1 [r_
2 17 1
3 v [/);
4 v [m]/
5 Ly
6 L~ [1//
7 ¥ (1~
8 vd []
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lesting Summary

Ior each test, indicate the results in the table below:

Front panel LEDs [qugs [ ]Fail
Step sizes [ }Pass [ ]Fail
Speeds [ YPass [ ]Fail
Output terminals [ TPass [ ] Fail
Overall picomotor driver testing: [ Ass [ ]Fail

Test Engineer: Zuh" C
Test Date: ‘ VZ o/ /

Additional Comments:
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Figure 4: EtherCAT configuration
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Figure 5: Step 3 of PLC controls setup

Step S of PLC controls setup

Figure 6
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Yicomotor controller chassis LIGO DCCH
FtherCAT Adapters LIGO DCC#
Controller Serial #

Test Engineer:

Test Date:

Overall picomotor chassis testing:

Signature/Initials:

D1100323-v1

D1100419-v3

Sl ON5L2
Zo~
|L/25/7/
r=7

[LTPASS [ ]FAIL

Reference: :
https://awiki.ligo-wa.caltech.edu/aLIGO/Picomotor%20Controller

Testing Schedule:

1. Front panel LEDs
2. Step sizes

3. Speeds

4. Temperature

5. Output terminals
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System requirements

Hardware:

1 Picomotors (2)
Compatible models: Newport 8302

2 Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix 4)

3 LIGO standard 24V M-F-M DB3 power cable
4 EtherCAT adapter D1100419-v3 (1)
5 DB25 F/M cables (2)

6 Hook-up wires
Brown, Green, White, Black, Grey, Purple

7 IDC 20-pin cable assemblies (2)

8 Beckhoff EtherCAT boxes (5)
EK1100, EL3102, EL1014, EL1872, EL2872
(Figure 4 in Appendix A)

9 24V power supply for Beckhoff boxes (1)

10  Ethernet cable (1)

11 Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)

Software:
1 MS Windows XP/7, 32-bit

2 Beckhoff TwinCAT software bundle, v2.11.1551

Jofls



Setting up

Steps for setting up the picomotor:

1.

Connect the EtherCAT adapter for controls to the left DB2S port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear panel
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box '

Connect an Ethernet cable to the X1 IN port on the EK1100 Beckhoff box
Connect the EK1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethernet cable to the PC through the realtime Ethemet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on

4of15




Lt TP

Connecl REAL-TIME driver
Ethernat outpu! to the Picomatet BACK pﬂ“
Beckhoff box via B
standard CATE {or better)
RJ4% networking cadle.

To the Controls.

To the Readbacks.

D1100323
% Picomotor driver test assembly.
' Connection diagram. ‘

I
L

Picomotar driver FRONT panel
Figure 1a: A connection diagram of the picomotor setup.

Figur
e 1b: o
A

conne

ction

diagr

am of :
the 5 . to EtherCAT adapter
Beckh to power supply 2. geee 11

off " } J
setup & =
(dotte i °
d
black
line =
white)

50f15




Setting up

Steps for setting up the PLC controls:

I. Open up the TwinCAT System Manager software and go to:
File > Open > Picomotor_test.tsm

2. Open up the TwinCAT PLC Control software and go to:
File > Open > pmtestcode.pro

3. Go to the system tray, click on the TwinCAT icon and in the menu that pops up, go to:
(see Figure 5 in Appendix B for a screenshot)

System > Start
4, Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog: :

"No program on the controller! Download the new program?"
Online > Run (F5)

‘5. Atthebottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visuvalizations” tab, and under the "Visualizations" folder, double-click and open
"VIS_PICO", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)
In the "VIS_PICO" visualization window:

.in the "RAW™" section, the "IDLE" indicator should be lit
in the "USER" section, the status should read "DRIVER. DISABLED"

On the controller front panel:
the "IDLE" LED should be Lt

the "Enable”" LED should be off
the “ON” LED should be on
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Status Chassis Front Panel LEDs Software Readbacks
IDLE Enable | FaultX | FaultY | IDLE | Enable | Power
DRIVER DISABLED| on off off of o | % |ow |
| STARTING UP... off on flashes | flashes | ., 9@ N A
| | READY off on | off | off | & |. ..\ | ;4
| Checkifpassed:| [T | [T | (7| ¥T | B (4 &

l. Testing the front panel LEDs

After the picomotor and the PLC controls are set up:

{i/}/ Check that the "ON" LED is lit if the power cable is connected and the power s¥itch
is on, and that it goes off when the power switch is off.

[V]/ Check that the “ON” indicator on the visualization also responds to the power s¥itch.

[v}/ Check that the "Remote" LED tumns off if the EtherCAT adapter for controls is
-disconnected.

;7 Before the next step, check that the fan (rear panel) is off.

Toggle the "ENABLE" button on the visualization screen and check that the folbowing
LEDs respond to the picomotor status according to Table 1:

Table 1: LED response to picomotor status

[-/}/Check thﬁt the “DUAL AXIS” indicator on the visualization lights up when the

icomotor is enabled.
| [&/;heck that the temperature readouts on the visualization, under the “RAW” section,

are positive values near room temperature if motor was previously off.

70f15




Enable the picomotor by pressing the "ENABLE" button on the visualization, wait until the

?icomoty\ﬁs "READY", then do the following:
[ Check that the fan is running and blowing air out of the box (rear panel).

["/Check that the two LEDs for each output terminal are lit when that output terminal ig
selected on the visualization (terminals 1-8 under the "USER" section):

Terminal 1 LED
Left Right ,

7
w [[4/ -
[ E/

v

Sy
S e
A

Select output terminal 1 and do the following:

Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respondfo the

selected direction according to Table 2;

w| J3inlwmrlolw] —
—

Direction LEDs
DriveX | DriveY | CWX | CWY
DOWN off on* off on **
UP off on * off off
> on * off on ** off
< on* | off off off
Check if passed:| [ M MYl T

Table 2: LED response to picomotor direction

* {while motor is running)
ok (stays on after motor is finished running, until opposite direction is selected)

8of15



L. Testing the step sizes

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and

theck that output terminal 1 is selected, then select "SPRINT (500Hz)" under "SPEED". Selta

tep size and then a direction. Check that the motor runs for a longer time (the motor clicks and turng

vhen it runs) as you increase the step size for each axis (X and Y):

Step Size l Axis
| X(<o™) | Y(UP'or "‘DOWN")
VERY SMALL (1) 17 =
MEDIUM (100) cd .l
|MAGNUM (10000) [} [+ |
3. Testing the speeds

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
check that output terminal 1 is selected, then select "SMALL (10)" under "STEP SIZE". Selecta
speed and then a direction. Listening for the 10 clicks, check that the motor runs faster as you

increase the speed for each axis (X and Y):

Speed Axis

X ("<" or "3“) Y ("UP"or "DO)VN")
CRAWL (1Hz) M T
JOG (50Hz) cd M
SPRINT (500Hz) H/ Sl
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4. Testing the temperature readout

On the visualization screen, make sure the picomotor is enabled and that the status is “READY”, and
check that output terminal 1 is selected. Then under the “TEMPERATURE” section, click th¢ “‘Reset
Values” button, then click the “Test” button, which will drive the motors continuously for 5 mitutes,
and read the temperature every minute for each axis (X and Y). Record the five temperaturesin the

table below:

Time (minutes)

Temperature

-

X (|'1<" 01' !l>!l)

Y ("UP" or "DOWN")

26515

24.83

28 653

Lo - 275

29. 19

27T

SO Y

LY G5

W AW -

Sl 719

Check if passed: ["']/

24,61
[+

Check the “pass” box for each above if the temperature increases over time.
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5. Testing the output terminals

Wake sure the picomotor is enabled and that the status is "READY". Connect the picomotortcone
if the 8 terminals, then select "MEDIUM ( 100)" under "STEP SIZE" and "JOG (50Hz)" unde!
SPEED". For each terminal, check that the motor runs on each axis (X and Y):

Terminal Axis
X ("<" or ">") ( Y ("UP" or "DOWN")
1 [] T
2 M o
3 [T (3
4 [ [+
5 % g
6 70 o
17 e LY
8 Ly 1
Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:
Terminal | Axis
X ("<" or ">") Y ("UP" or "DOWN")
! [+ [;1’/
2 v [
3 v (7
4 [ vd
5 1T L7
6 [ Ly
7 ZBn LY
B [ e

11of 15



lesting Summary

Tor each test, indicate the results in the table below:

Front panel LEDs

[MFass
Step sizes ['\}'Pg
Speeds [ J,Pa/ s
Gutput terminals [ 43

/L e

[ ]Fail
[ ) Fail
[ ] Fail

[ ]Fail

Overall picomotor driver testing; [z}és

Test Engineer: 2 & ‘/L\ &
Test Date: V ;%// [

Additional Comments:

[ ] Fail

12 of 15
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Figure 4: EtherCAT configuration
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: PLC Controls

Appendix B

Figure 5: Step 3 of PLC controls setup

Step 5 of PLC controls setup

Figure 6
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Hicomotor controller chassis LIGO DCC# D1100323-v]

ItherCAT Adapters LIGO DCC# D1100419-v3

Controller Serial # 5 Ho%) o

Test Engineer: 76—()/\ (-

Test Date: /{//Z/X///

Overall picomotor chassis testing: M@s [ ] FAIL
Signature/Initials:

Reference: \
https://awiki.ligo-wa.caltech.edu/aLIGO/Picomotor%20Controller

Testing Schedule;

1. Front panel LEDs
2. Step sizes

3. Speeds

4, Temperature

5. Output terminals

20f 15




System requirements

Hardware;

1 Picomotors (2)
Compatible models: Newport 8302

2 Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix 4)

LIGO standard 24V M-F-M DB3 power cable

(7]

E 4 EtherCAT adapter D1100419-v3 (1)
5 DB25 F/M cables (2)

6 Hook-up wires
Brown, Green, White, Black, Grey, Purple

| 7 IDC 20-pin cable assemblies (2)

) 8  Beckhoff EtherCAT boxes (5)
L EK1100, EL3102, EL1014, EL1872, EL2872
‘ (Figure 4 in Appendix A)

9 24V power supply for Beckhoff boxes (1)

10 Ethernet cable (1)
11 Computer equipped with TwinCAT-Inte! PCI Ethernet Adapter (100BASE-T)

1 MS Windows XP/7, 32-bit

2 Beckhoff TwinCAT software bundle, v2.11.155]




e e

1.

Setting up

Steps for setting up the picomotor:

Connect the EtherCAT adapter for controls to the left DB25 port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear panel
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box ' '

Connect an Ethernet cable to the X1 IN port on the EK1100 Beckhoff box
Connect the EK1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethemet cable to the PC through the realtime Ethernet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on
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Setting up

Steps for setting up the PLC controls:

I

Open up the TwinCAT System Manager software and go to:
File > Open > Picomotor_test.tsm
Open up the TwinCAT PLC Control software and go to:

File > Open > pmtestcode.pro

Go to the system tray, click on the TwinCAT icon and in the menu that pops up, go to:
(see Figure 5 in Appendix B for a screenshot)

System > Start

Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog: :
"No program on the controller! Download the new program?"

Online > Run (F5)

At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations” folder, double-click and open
"VIS_PICO", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:

‘in the "RAW" section, the "IDLE" indicator should be kit
in the "USER" section, the status should read "DRIVER DISABLED'

On the controller front panel:
the "IDLE" LED should be lit

the "Enable" LED should be off
the “ON” LED should be on
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[. Testing the front panel LEDs

After the picomotor and the PLC controls are set up:

M/Check that the "ON" LED is lit if the power cable is connected and the powers¥itch
is on, and that it goes off when the power switch is off.

[4/ Check that the “ON" indicator on the visualization also responds to the powerswitch

[ / Check that the "Remote" LED tumns off if the EthchAT adapter for controls is

disconnected.

[ .,}/ Before the next step, check that the fan (rear panel) is off.

[ J/ Toggle the "ENABLE" button on the visualization screen and check that the folowing
LEDs respond to the picomotor status according to Table 1:

Status Chassis Front Panel LEDs Software Readbacks
IDLE Enable | Fault X | Fault Y | IDLE | Enable | Pewer
DRIVER DISABLED| on off off off (e | |
STARTING UP... off on | flashes | flashes o C |00 o
LRBADY off on off ) off c@ AN
Checkifpassed:) [1 | [4 | 11 | (T | (¥ | 71 | \r

Table 1: LED response to picomotor status

[]/ Check that the “DUAL AXIS” indicator on the visualization lights up when the
picomotor is enabled.

.

[']  Check that the temperature readouts on the visualization, under the “RAW” section,
are positive values near room temperature if motor was previously off.
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e

E.nable the picomotor by pressing the "ENABLE" button con the visualization, wait antil the
Aicomotor status is "READY", then do the following:

["( Check that the fan is running and blowing air out of the box (rear panet).

M/Check that the two LEDs for each output terminal are lit when that output termiial is
selected on the visualization (terminals 1-8 under the "USER" section):

Terminal LED
Left Right
1 Co
2 Col
3 sBNcd
4 [j; [ jj
5 [c [ »
6 TR >
7 4
8 3 1

Select output terminal 1 and do the following:

[ Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respondto the

selected direction according to Table 2:

Direction LEDs
Drive X | DriveY | CWX | CWY
DOWN off on* off on **
UP off on * off off
> on* off on ** off
< on* of |- off off
Checkifpassed:] [W | [T | [+ (¥

Table 2: LED response to picomotor direction

* (while motor is running)
b (stays on after motor is finished running, until opposite direction is selected)

3of15




L. Testing the step sizes

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and

theck that output terminal 1 is selected, then select "SPRINT (500Hz)" under "SPEED". Selet @

tep size and then a direction. Check that the motor runs for a longer time (the motor clicks & farng

vhen it runs) as you increase the step size for each axis (X and Y):

—n

Step Size Axis
X("<"or"™") | Y("UP"ar'DOWN")
VERY SMALL (1) [ A"
MEDIUM (100) [V ve
MAGNUM (10000) [’f vd |
3. Testing the speeds

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and

check that output terminal 1 is selected, then select "SMALL (10)" under "STEP SIZE". Selecta
speed and then a direction. Listening for the 10 clicks, check that the motor runs faster as you

increase the speed for each axis (X and Y):

Speed Axis

X ("<" or ">") Y ("UP" or "DOWN")
CRAWL (1Hz) C L
1OG (50Hz) [y~ v
SPRINT (500Hz) 3 [+

9of15




4. Testing the temperature readout

: On the visualization screen, make sure the picomotor is enabled and that the status is “READY”, and
check that output terminal | is selected. Then under the “TEMPERATURE?” section, click th "R eset
Values” button, then click the “Test” button, which will drive the motors continuously for 5 ninutes,
and read the temperature every minute for each axis (X and Y). Record the five temperaturesit the
fi‘ table below:

3 Time (minutes) ‘Temperature
e X ("<" or ">") Y ("UP" or "DOWN")
e ! 25,2 25 16
;l 2 NE DD L Yo
3 20 4O 790
i 4 2.4 K .44
5 N 30 0L
|1 Check if passed:| e o

D Check the “pass” box for each above if the temperature increases over time,
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5. Testing the output terminals

Make sure the picomotor is enabled and that the status is "READY". Connect the picometorto one
if the 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50Hz)" under
SPEED". For each terminal, check that the motor runs on each axis (X and Y):

—

Terminal L Axis |
J X ("<" or ™" ! Y ("UP" or "DOWN") J

i | [4 )

2 e =4

| [
*d 4
1 v
s i % [
— 7 v
| =4 o

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

Terminal f Axis ]
L X ("< :])r/">") | Y ("UP"or "DOWN") |
I 7 [+

: | ‘I? T

3 [ [

4 ] cd 1

5 } [+ [/41:

6 [ [

7 . [ i/ [/ |

8 i [ﬁ/

[1of15




lesting Summary

for each test, indicate the results in the table below:

Front panel LEDs
Sep sizes
Speeds

Qutput terminals

[ “] Pass

[Pass
(fpas
s

[ ] Fail
[ ]Fail
[ ]Fail

[ ] Fail

Overall picomotor driver testing:

Test Engineer: Zé()/\ C/
Test Date: "[/‘Qj///

Additional Comments:

[ s

[ ]Fail

12 of 15
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Yicomotor controller chassis LIGO DCC#

ltherCAT Adapters LIGO DCC#

Controller Serial #

Test Engineer:

Test Date:

Overall picomotor chassis testing:

Signature/Initials:

D1100323-v]

D1100419-v3

SWeH 5

o G

5%/
/ (4

[ ]PASS [ ] FAIL

Reference:

Testing Schedule:

1. Front panel LEDs
2. Step sizes

3. Speeds

4. Temperature

5. Output terminals

https://awiki.ligo-wa.caltech.eduw/aLIGO/Picomotor%20Controller
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System requirements

Hardware:

1 Picomotors (2)
Compatible models: Newport 8302

2 Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

3 LIGO standard 24V M-F-M DB3 power cable
4 EtherCAT adapter D1100419-v3 (1)
5  DB25F/M cables (2)

6 Hook-up wires
Brown, Green, White, Black, Grey, Purple

7 IDC 20-pin cable assemblies (2)
8  Beckhoff BtherCAT boxes (5)
EK1100, EL3102, EL1014, EL1872, EL2872
(Figure 4 in Appendix A)
9 24V power supply for Beckhoff boxes (1)
10  Ethernet cable (1)
1 Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BAS E-T)

1 MS Windows XP/7, 32-bit
2 Beckhoff TwinCAT software bundle, v2.11.1551

3of1s




Setting up

Steps for setting up the picomotor:

1

Connect the EtherCAT adapter for controis to the left DB25 port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear pane]
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL2872
Beckhoff box
Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872

Beckhoff box
Connect an Ethernet cable to the X1 IN port on the EK1100 Beckhoff box
Connect the EK1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethernet cable to the PC through the realtime Ethernet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on

40f15
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Setting up

Steps for setting up the PLC controls:

1.

Open up the TwinCAT Systemn Manager software and go to:
File > Open > Picomotor_test.tsm
Open up the TwinCAT PLC Control software and go to:

File > Open > pmtestcode.pro

Go to the system tray, click on the TwinCAT icon and in the menu that pops up, go to:

~ (see Figure 5 in Appendix B for a screenshot)

System > Start

Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog:
"No program on the controller! Download the new program?"

Online > Run (F5)

At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-click and open
"VIS_PICO", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:

.in the "RAW" section, the "IDLE" indicator should be lit
in the "USER" section, the status should read "DRIVER DISABLED®

On the controller front panel:
the "IDLE" LED should be lit

the "Enable" LED should be off
the “ON” LED should be on
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L. Testing the front panel LEDs

After the picomotor and the PLC controls are set up:

[L¥” Check that the "ON" LED is lit if the power cable is connected and the powers¥itch
1s on, and that it goes off when the power switch is off,

[‘VI/Check that the “ON" indicator on the visualization also responds to the powersitch.

f 1/Check that the "Remote" LED turns off if the EtherCAT adapter for controls is
disconnected.

[/ Before the next step, check that the fan (rear panel) is off.

[4/ Toggle the "ENABLE" button on the visualization screen and check that the folbwing
LEDs respond to the picomotor status according to Table 1:

Status Chassis Front Panel LEDs Software Readbacks [
IDLE Enable | Fault X { FaultY | IDLE Enable | Power
DRIVER DISABLED| on of | of | off [ || A
STARTING UP... off on | flashes | flashes | o | oW | >y
READY off on off off | ofF | o |. ;,J
Checkifpassed:| [ | ¥T | 11 | ¥T | BT | b7 | T

Table 1: LED response to picomotor status

[ '1/ Check that the “DUAL AXIS” indicator on the visualization lights up when the

picomotor is enabled.

[/{ Check that the temperature readouts on the visualization, under the “RAW” section,
are positive values near room temperature if motor was previously off.
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i_nable the picomotor by pressing the "ENABLE" button on the visualization, wait until the
acomotor statug is "READY", then do the following:

{//ueck that the fan is running and blowing air out of the box (rear panel).
C

f heck that the two LEDs for each output terminal are lit when that output terminal is
selected on the visualization (terminals 1-8 under the "USER" section):

Terminal | LED

Left Right
I M
2 CO
3 S /]4:
4 S
5 3 [ﬂ/
6 1
7 SNV d
8 [¥ (X

Select output terminal 1 and do the following:

[ 1  Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respondto the

selected direction according to Table 2:

Direction LEDs
Drive X | DriveY | CWX CWY
DOWN off on* off on **
UP off on * off off
> on* off | on** off
< on * off off off
Checkifpassed:| [ | [+ | [V | (1

Table 2: LED response to picomotor direction

* (while motor is running)
** (stays on after motor is finished running, until opposite direction is selected)
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4. Testing the temperature readout

’ On the visualization screen, make sure the picomotor is enabled and that the status is “READY”, and
¥ check that output terminal 1 is selected. Then under the “TEMPERATURE” section, click th "Reset
f : Values” button, then click the “Test” button, which will drive the motors continucusly for 5 mnutes,
¥ and read the temperature every minute for each axis (X and Y). Record the five temperaturesit the

P table below:

3 -

Time (minutes) Temperature

X (1l<ll or H>II)

Y ("UP" or "DOWN")

A4

9

S

5. LY

2721

6 -9

28

9% .09

LT I I - S S I N T

] 94 43 2417 _
e " Check if passed: T 1 M

Check the “pass” box for each above if the temperature increases over time.

3 10 of 15



5. Testing the output terminals

Make sure the picomotor is enabled and that the status is "READY". Connect the picomotorto one
if the 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50Hz)" under
SPEED". For each terminal, check that the motor runs on each axis (Xand Y):

—

E‘ erminal [I AXxis ]
‘F |

X("<"or™") | Y("UP"or "DOWN")

o M
2 B vd 1
][ 1

&
o’ e
d (17

6 7
; 'd e
—

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

[«
S

Terminal | Axis |
[ | X(<"ar™) | Y(UP"or 'DOWN") |
}1_ | (1 (1 1
2 | o m;

3 [T [

4 17 [ 1//

5 (1 []

6 ¥ 17

7 v (1

3 (1 (1~

l1of 15



Testing Summary

for each test, indicate the results in the table below:

Front panel LEDs [’]ﬁss [ ]Fail
Step sizes [ ] Pass [ ]Fail
Speeds [ {Pass [ ]Fail
Qutput terminals [ s [ ] Fail
Overall picomotor driver testing:  [.}¥Pass [ ] Fail

Test Engineer: 705),\ &
Test Date: | j/ p?g// /

Additional Comments:

12 of 15



Appendix A: Physical Components

| Figure 2: Picomotor driver chassis front panel

Figure 3; Picomotor driver chassis rear panel
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Figure 4: EtherCAT configuration
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Appendix B: PLC Controls

Figure 5: Step 3 of PLC controls setup
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Yicomotor controller chassis LIGO DCC# D1100323-v1

D1100419-v3

SHOTS U

ItherCAT Adapters LIGO DCC#

Controller Serial #

Test Engineer: Z‘C/L C7

Test Date: / /'/ ,23:/ i ?

Overall picomotor chassis testing: [‘1458 [ ]FAIL
Signature/Initials:

Reference:

https://awiki.ligo-wa.caltech.edw/aLIGO/Picomotor%20Controller

Jesting Schedule:

1. Front pane] LEDs
2. Step sizes

3. Speeds

4. Temperature

5. Output terminals




System requirements

Hardware:

1 Picomotors (2)
Compatible models: Newport 8302

i 2 Picomotor driver D1100323-v2 (1)
: (Figures 2 and 3 in Appendix 4)

3 LIGO standard 24V M-F-M DB3 power cable
I 4 EtherCAT adapter D1100419-v3 (1)

5  DB25F/M cables (2)

6 Hook-up wires
Brown, Green, White, Black, Grey, Purple

~1

IDC 20-pin cable assemblies (2)

o 8  Beckhoff EtherCAT boxes (5)

! EK1100, EL3102, EL1014, EL1872, EL2872
(Figure 4 in Appendix A)

9 24V power supply for Beckhoff boxes (1)

10  Ethernet cable (1)

Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)

| 1 MS Windows XP/7, 32-bit
2 Beckhoff TwinCAT software bundle, v2.11.1551
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Setting up

Steps for setting up the picomotor:

1.

Connect the EtherCAT adapter for controls to the left DB25 port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear pane]
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box '

Connect an Ethernet cable to the X1 IN port on the EK1100 Beckhoff box

Connect the EK1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethernet cabie to the PC through the realtime Ethemet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on
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Setting up

Steps for setting up the PLC controls:

I Open up the TwinCAT System Manager software and go to:
File > Open > Picomotor_test.tsm
2. Open up the TwinCAT PLC Control software and go to:

File > Open > pmtestcode.pro

Go to the system tray, click on the TwinCAT icon and in the menv that pops up, go to:
(see Figure 5 in Appendix B for a screenshot)

System > Start
4, Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog:
"No program on the controller! Download the new program?"

Online > Rua (F5)

At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-click and open
"VIS_PICO", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:;

in the "RAW" section, the "IDLE" indicator should be lit
in the "USER" section, the status should read "DRIVER DISABLED®

On the controller front panel:
the "IDLE" LED should be lit

the "Enable" LED should be off
the “ON” LED shouid be on
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[. Testing the front panel LEDs

s e
e e o 1 1 g

After the picomotor and the PLC controls are set up:

[nd/ Check that the "ON" LED is lit if the power cable is connected and the powers¥itch
is on, and that it goes off when the power switch is off.

[D}/ Check that the “ON” indicator on the visualization also responds to the powersvitch,

M/ Check that the "Remote” LED turns off if the EtherCAT adapter for controls is
disconnected.

[V}/Before the next step, check that the fan (rear panel) is off.

Ef [/ Toggle the "ENABLE" button on the visualization screen and check that the folowing
LEDs respond to the picomotor status according to Table 1:

i Status Chassis Front Panel LEDs Software Readbacks
IDLE Enable | Fault X | FaultY | IDLE | Enable | Power
| DRIVER DISABLED| on off off off |om | ot [ |
Hi STARTING UP... off on flashes | flashes @.,FG o\ | om

iy READY off on | off off o@ s | o
o Checkifpassed:| [+~ | (1T | 1 | T | & ¥ | |

Table 1: LED response to picomotor status

[ Check that the “DUAL AXIS” indicator on the visualization lights up when the
picomotor is enabled.

1 [4/ Check thaf the temperature readouts on the visualization, under the “RAW” section,
T are positive values near room temperature if motor was previously off.
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inable the picomotor by pressing the "ENABLE" button on the visualization, wait until the
licomotor status is "READY", then do the following:

[d/ Check that the fan is running and blowing air out of the box (rear panel).

M/Check that the two LEDs for each output terminal are lit when that output terminal is
selected on the visualization (terminals 1-8 under the "USER" section):

' Terminal LED
Left Right

1 1Y

2 [$ ?

3 (1 [

4 1 m;

5 A

6 7

7 G

8 1 f

Select output terminal 1 and do the following:

[ ‘j/Selec_t "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respond io the

selected direction according to Table 2:

Direction LEDs
Drive X | DriveY | CWX | CWY
DOWN off on* off on **
UP off on* off off
> on* | off on ** off
< on * off off off
Checkifpassed:| [4~ | (1T | [T | [T

Table 2: LED response to plcomotor direction

* (while motor is running)
¥ (stays on after motor is finished running, until opposite direction is selected)
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L. Testing the step sizes

On the visualization screen, make sure the picomotor is enabled and that the status is "READY"s and

theck that output terminal 1 is selected, then select "SPRINT (500Hz)" under "SPEED". Sekdta

tep size and then a direction. Check that the motor runs for a longer time (the motor clicks d turng

vhen it runs) as you increase the step size for each axis (X and Y):

Step Size 1 Axis
X ("<" or ">") Y ("UP" or "DOWN")
VERY SMALL (1) v (-}
MEDIUM (100) Cdl te
IMAGNUM (10000) [ T
3. Testing the speeds

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
check that output terminal 1 is selected, then select "SMALL (10)" under "STEP SIZE", Selecta
speed and then a direction. Listening for the 10 clicks, check that the motor runs faster as you

increase the speed for each axis (X and Y):

Speed 1 Axis

X ("<" or ">") Y ("UP" or "DOWN')
CRAWL (1Hz) N 1
JOG (50Hz) = ¥~
SPRINT (S00Hz) | d e
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4. Testing the temperature readout

On the visualization screen, make sure the picomotor is enabled and that the status is “READY”, and
check that output terminal 1 is selected. Then under the “TEMPERATURE” section, click it ‘Reset
Values” button, then click the “Test” button, which will drive the motors continuously for 5 nitutes,

and read the temperature every minute for each axis (X and Y). Record the five temperaturesit the

table below:

Time (minutes) Temperature
X ("<Il or ﬂ>1l) Y (HUPH or |IDOWNI|)

A3 4 43
K291 25,7
26 15 [ 2695
29, 12 2y .07
2% 1T 2309
Check if passed: Gl [ ¢

Check the “pass” box for each above if the temperature increases over time.

—

W P w0 -
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3. Testing the output terminals

Make sure the picomotor is enabled and that the status is "READY". Connect the picomotorte one
ifthe 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50H2)" under
'SPEED". For each terminal, check that the motor runs on each axis (Xand Y):

?erminal !_ Axis ]
L X('<"or™" | Y("UP"or 'DOWN")
i o L1

2 Sl (T~

E | (. 1

F l e (7

5 | (7 (1~

6 e (¥

|7 1 [V

8 ] [+~ [+

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

Axis ]

Terminal |
X('<"or™" | Y("UP"or "DOWN")

1 [q}; [T

2 I [

B | cd Y

4 cd (1

5 & v

6 (3 Ly

7 v (¥

s 24 1Y
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lesting Summary

for each test, indicate the results in the table below:

Test Engineer: ‘25‘ C)’\ &
Test Date: | j/ g, (ﬁ// !

Additional Comments:

Front panel LEDs [} Pass [ ]Fail
Step sizes [ JPass [ ]Fail
Speeds [_}Pass [ ]Fail
Qutput terminals [ Pass [ ] Fail
Overall picomotor driver testing: [»]1@3 [ ]Fail
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Figure 4: EtherCAT configuration
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: PLC Controls

Appendix B

Figure 5: Step 3 of PLC controls setup

Step 5 of PL.C controls setup

Figure 6
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D1100323-v1

Yecomotor controller chassis LIGO DCC#

D1100419-v3

SHONSTT

ItherCAT Adapters LIGO DCCH#

Controller Serial #

| Test Engineer: Z&C)’\ C7
27

! Test Date:

Overall picomotor chassis testing; [ JPASS [ JFAIL

Signature/Initials:

Reference:

https://awiki.ligo-wa.caltech.edu/aLIGO/Picomotor%20Controller

| Testing Schedule:

5 1. Front panel LEDs
2. Step sizes
| 3. Speeds
] 4, Temperature
= 5. Output terminals




System requirements

Hardware:

1 Picomotors (2}
Compatible models: Newport 8302

2 Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

3 LIGO standard 24V M-F-M DB3 power cable
4  EtherCAT adapter D1100419-v3 (1)
5  DB25F/M cables (2)

6 Hook-up wires
Brown, Green, White, Black, Grey, Purple

7 IDC 20-pin cable assemblies (2)
8  Beckhoff BtherCAT boxes (5)
EK1100, EL3102, EL1014, EL1872, EL2872
(Figure 4 in Appendix A)
9 24V power supply for Beckhoff boxes (1)
10 Ethernet cable (1)
11 Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)

Software:

1 MS Windows XP/7, 32-bit
2 Beckhoff TwinCAT software bundle, v2.11.1551
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Setting up

Steps for setting up the picomotor:

1.

Connect the EtherCAT adapter for controls to the left DB25 port on the rear pane! of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear pane]
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box '

Connect an Ethernet cable to the X1 IN port on the EK1100 Beckhoffbox

Connect the EK1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethernet cable to the PC through the realtime Ethernet
port

Connect the picomotor driver to 8 DC power source (24V) and turn the power switch
on
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Setting up

Steps for setting up the PL.C controls:
1. Open up the TwinCAT System Manager software and go to:

File > Open > Picomotor_test.tsm
2. Open up the TwinCAT PLC Control software and go to:

File > Open > pmtestcode.pro

3. Go to the system tray, click on the TwinCAT icon and in the menu that Pops up, 2O to:
(see Figure 5 in Appendix B for a screenshot)

System > Start

4. Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog:
"No program on the controlier! Download the new program?"

Online > Run (F5)

5. At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-click and open
"VIS_PICO", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:

in the "RAW" section, the "IDLE" indicator should be Iit
in the "USER" section, the status should read "DRIVER DISABLED®

On the controller front panel:

the "IDLE" LED should be Lit
the "Enable" LED should be off
the “ON” LED should be on
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L. Testing the front panel LEDs

After the picomotor and the PLC controls are set up:

[\%/ Check that the "ON" LED is lit if the power cable is connected and the powers¥itch
is on, and that it goes off when the power switch is off.

‘i/ Check that the “ON” indicator on the visualization also responds to the powersMiteh,

[ -’]/ Check that the "Remote" LED turns off if the EtherCAT adapter for controls is

disconnected.

[.J/ Before the next step, check that the fan (rear panel) is off.

[ /]/ Toggle the "ENABLE" button on the visualization screen and check that the folbwing

LED:s respond to the picomotor status according to Table 1:

Status Chassis Front Panel LEDs Software Readbacks
IDLE Enable | FauitX | FaultY ;{ IDLE | Enable | biwer
DRIVER DISABLED| on off of | of |[on | | e
STARTING UF... off on | flashes | flashes | off [ [,
|IREADY off on off of |, C[« o~ 6w
Checkifpassed:| [+ | ¥T | 11 | 1 | [ | X | W

Table 1: LED response to picomotor status

[/( Check thﬁt the “DUAL AXIS” indicator on the visualization lights up when the

/

picomotor is enabled.

[7] Check that the temperature readouts on the visualization, under the “RAW” section,
are positive values near room temperature if motor was previously off.
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E_nable the picomotor by pressing the "ENABLE" button on the visualization, wait unti! the
ficomotor status is "READY", then do the following:

[‘/Check that the fan is running and blowing air out of the box (rear panel).

k,}/ Check that the two LEDs for each output terminal are lit when that output terminal is
selected on the visualization (terminals 1-8 under the "USER" section):

Terminal i LED
Left Right

v 1
Y [?
[
GO
17 v

[;r( (17
[ [
4 11

VI ww] -
—

Select output terminal 1 and do the following:

[,/]/ Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respond o the

selected direction according to Table 2:

Direction LEDs
Drive X | DriveY | CWX CWY
DOWN off on * off on **
Up off on* off off
> on* off on ** off
< on ¥ off off off
Checkifpassed:| [T | [1 | [T | [+

Table 2: LED response to picomotor direction

* (while motor is running)
** (stays on after motor is finished running, until opposite direction is selected)
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4. Testing the temperature readout

i On the visualization screen, make sure the picomotor is enabled and that the status is “READY”, and
check that output terminal | is selected. Then under the “TEMPERATURE?” section, click tht "Reset
Values” button, then click the “Test” button, which will drive the motors continuously for 5 mitutes,
and read the temperature every minute for each axis (X and Y). Record the five temperaturesit the

j table below:

Time (minutes) Temperature B
X ("<"or">") Y ("UP" or "DOWN") |
24 Yo 25. 0D
25 1) QL.

201 22467
28 .\ L of .97

29. 9 L9 9O

| l Check if passed: L _ N

W || Wik -~

Check the “pass” box for each above if the temperature increases over time,
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5. Testing the output terminals

Make sure the picomotor is enabled and that the status is "READY". Connect the picomatorto one
if the 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50Hz)" under

SPEED". For each terminal, check that the motor runs on each axis (X and Y):

—

Terminal Axis

L X('<"or">" | Y("UP"or 'DOWN")
o K [+

2 | LT g

3 ] LY [

l4 [ [+

s cd [¥

6 ¥ (1

|7 [+ x

B 4 LY

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

Terminal Axis
X("<"or™>" | Y("UP"or 'DOWN") |

1 [v] T
2 1 (-
3 [+ a8
4 cd 17
5 [‘J/ 17
6 = (¥~
7 vd (A
8 — [+ (r
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Testing Summary

for each test, indicate the results in the table below:

{ ]Fail
[ ]Fail
[ ]Fail

[ ] Fail

Front panel LEDs [ Pass
Step sizes [JFass
Speeds [ ‘]’ﬁss
Qutput terminals [T Pass
Overall picomotor driver testing: [Ass

Test Engineer: 25 (/L\ G

Test Date: | //2 Y // /

Additional Comments:

[ ]Fail

12 of 15
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Figure 4: Ether CAT configuration

14 0of 15



PLC Controls

Appendix B

Figure 5: Step 3 of PLC controls setup

Figure 6: Step 5 of PLC controls setup
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Heomotor controller chassis LIGO DCC# D1100323-v1

ItherCAT Adapters LIGO DCC# D1100419-v3
Controller Serial # 6 ‘ (07 9(9%
Test Engineer: PA C}l’\ &
Test Date: WHg /1]
4 4
Overall picomotor chassis testing: [VASS [ 1FAIL
Signature/Initials:
Reference: .
https://awiki.ligo-wa.caltech.edu/aLIGO/Picomotor%20Controller
Testing Schedule:
1. Front panel LEDs
2. Step sizes
3. Speeds
4, Temperature

5. Output terminals
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System requirements

Hardware:

1

10
11

Software:

Picomotors (2)
Compatible models: Newport 8302

Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

LIGO standard 24V M-F-M DB3 power cable
EtherCAT adapter D1100419-v3 (1)
DB25 F/M cables (2)

Hook-up wires
Brown, Green, White, Black, Grey, Purple

IDC 20-pin cable assemblies (2)

Beckhoff EtherCAT boxes (5)

EK1100, EL3102, EL1014, EL1872, EL2872
(Figure 4 in Appendix A)

24V power supply for Beckhoff boxes (1)

Ethernet cable (1)
Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)

MS Windows XP/7, 32-bit
Beckhoff TwinCAT software bundle, v2.11.1551

Jofls
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Setting up

$teps for setting up the picomotor:

Connect the EtherCAT adapter for controls to the left DB25 port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear paniel
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box '

Connect an Ethernet cable to the X1 IN port on the EK1100 Beckhoff box

Connect the EK1100 Beckhoff box to & DC power source (24V)

Connect the other end of the Ethernet cable to the PC through the realtime Ethemet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on
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Setting up

Steps for setting up the PLC controls:

1.

Open up the TwinCAT System Manager software and go to:
File > Open > Picomotor_test.tsm
Open up the TwinCAT PLC Control software and go to:

File > Open > pmtestcode.pro

Go to the system tray, click on the TwinCAT icon and in the menu that pops up, go to:

 (see Figure 5 in Appendix B for a screenshot)

Systemn > Start
Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog: :
"No program on the controller! Download the new program?"

Online > Run (F5)

At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-click and open
"VIS_PICO", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:

.in the "RAW" section, the "[DLE" indicator should be lit
in the "USER" section, the status should read "DRIVER DISABLED®

On the controller front panel:
the "IDLE" LED should be lit

the "Enable" LED should be off
the “ON” LED should be on
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L. Testing the front panel LEDs

After the picomotor and the PLC controls are set up:

I

[ "]/Check that the "ON" LED is lit if the power cable is connected and the powers¥itch
is on, and that it goes off when the power switch is off.

[/]/\ Check that the “ON” indicator on the visualization also responds to the powersvitch,

[/]/ Check that the "Remote" LED turns off if the EtherCAT adapter for controls is

disconnected.

A
ol

Before the next step, check that the fan (rear panel) is off.

LEDs respond to the picomotor status according to Table 1:

Toggle the "ENABLE" button on the visualization screen and check that the folbwing

Status Chassis Front Panel LEDs Software Readbaeksq
IDLE | Enable | FeultX | FaultY | IDLE | Ensble | Power

DRIVER DISABLED| on of | off | of [on | A I |
STARTING UP... off on flashes | flashes @/@ =N N
[READY off on off of Lol | o~ | o
Checkifpassed:| [ | {1 T 47l +7 |00

Table 1: LED response to picomotor status

=

picomotor is enabled.

A

are positive values near room temperature if motor was previously off.

Check thht the “DUAL AXIS” indicator on the visualization lights up when the

Check that the temperature readouts on the visualization, under the “RAW” section,
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E'nable the picomotor by pressing the "ENABLE" button on the visualization, wait until the
ncomotor status is "READY", then do the following:

[‘T/ Check that the fan is running and blowing air out of the box (rear panel}.

{./I/ Check that the two LEDs for each output terminal are lit when that output terminal ig
selected on the visualization (terminals 1-8 under the "USER" section):

Terminal LED

Left Right
1 %
2 ¥ 7
3 S
4 Vi (7
5 Ly
6 1 M
7 1 1
8 l o

Select output terminal 1 and do the following:

[ ,}/ * Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respondto the

selected direction according to Table 2.

Direction LEDs
Drive X | DriveY | CWX CWY
DOWN off on* off on **
[9) 4 off on * off off
> on * off on ** off
< on * off off off
Check if passed:| [T (1T 1

Table 2: LED response to picomotor direction

* (while motor is running)
*¥ (stays on after motor is finished running, until opposite direction is selected)
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4. Testing the temperature readout

On the visualization screen, make sure the picomotor is enabled and that the status is “READY”, and
check that output terminal 1 is selected. Then under the “TEMPERATURE” section, click tht “Reset
Values” button, then click the “Test™ button, which will drive the motors continuously for 5 ptutes,
and read the temperature every minute for each axis (X and Y). Record the five temperaturesin the

table below:

Time (minutes) Temperature ]

X ("<" or ">") Y ("UP" or "DOWN")
5.5 o 19
206 N X 95
27 1o 29 O
28 82 36 4
AEERLY 3 gl
T

Check if passed: Cd

Wb W | e

Check the *“pass” box for each above if the temperature increases over time,
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5. Testing the output terminals

Wake sure the picomotor is enabled and that the status is "READY". Connect the picomatortc one
ifthe 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50Hz)" undes
SPEED". For each terminal, check that the motor runs on each axis (Xand Y):

|

Terminal 1’ Axis ]‘
'j X (<" ar">") LY (up o:l})WN") |
=4 [
JJ [:}; [4;
[ [
! 7 (7
'] v r

BEREIRENE

|
g

L
[

17

A~
cd

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

Terminal i Axis )
L | X(<o™) | Y(UP'or 'DOWNY) |
I | T [~

2 T 1

B [ (.

4 [;1; [ 44;

5 [ [

6 cd [ /

7 [+ ce

8 R e (1
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Testing Summary

Yor each test, indicate the results in the table below:

Test Engineer: Z,; L/L\. &
Test Date: H/z (J///

Additional Comments:

Front panel LEDs (s [ ]Fail
Sep sizes [ JPass [ ]Fail
Speeds [ }Fass [ ]Fail
Qutput terminals [ ,H'gss [ ]Fail
Overall picomotor driver testing: [1P/ass [ ] Fail
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Appendix A: Physical Components

Figure 2: Picomotor driver chassis front panel
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Figure 4: EtherCAT configuration
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: PLC Controls

Appendix B

Figure 5: Step 3 of PLC controls setup
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Yicomotor controller chassis LIGO DCC#
ItherCAT Adapters LIGO DCC#
Controlier Serial #

Test Engineer:

Test Date:

Overall picomotor chassis testing:

Slgnamreﬂniﬁals:

D1100323-v]

D1100419-v3

S107) 809

Lo 2

L/2¥A|

[v@s [ JFAIL

Reference:

Jesting Schedule:

1. Front panel LEDs
2. Step sizes

3. Speeds

4. Temperature

5. Output terminals

https://awiki.ligo-wa.caltech.edu/aLIGO/Picomotor%20Controller
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System requirements

Hardware:

1

Picomotors (2)
Compatible models: Newport 8302

Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

LIGO standard 24V M-F-M DB3 power cable
EtherCAT adapter D1100419-v3 (1)
DB25 F/M cables (2)

Hook-up wires
Brown, Green, White, Black, Grey, Purple

IDC 20-pin cable assemblies (2)

Beckhoff BtherCAT boxes (5)

EK1100, EL3102, EL1014, EL1872, EL2872
(Figure 4 in Appendix A)

24V power supply for Beckhoff hoxes (1)

Ethernet cable (1)
Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)

MS Windows XP/7, 32-bit
Beckhoff TwinCAT software bundle, v2.11.1551

Jofls




Setting up

$teps for setting up the picomotor:

1.

Connect the EtherCAT adapter for controls to the left DB25 port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear panel
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL2872
Beckhoff box

Using a ribbon cabile, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff' box '

Connect an Ethernet cable to the X1 IN port on the EK1100 Beckhoff box

Connect the EK1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethernet cable to the PC through the realtime Ethemet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on
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Connect REAL -TIME
Ethernet output to the
Beckhoff box via
standard CATS {or betters)
RJ45 networking cable.

Pleomator driver FRONT panel

To the (_:onl:ois,

EL1872 To the Readbacks.

D1100323
Picomotor driver test assembly.
Connection diagram. '

!

i
!

|
i
\

Figure 1a: A connection diagram of the picomotor setup.

Figur

elb:

A

conne

ction

diagr

am of

the

Beckh to power supply

off
setup
(dotte
d
black
line =
white)

.. 1
4/ 34
" ¥ |

to EtherCAT ads
.9 11 pier
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Setting up

Steps for setting up the PLC controls:

1. Open up the TwinCAT System Manager software and go to:
File > Open > Picomotor _test.tsm
2. Open up the TwinCAT PLC Control software and go to:

File > Open > pmtestcode.pro

3. Go to the system tray, click on the TwinCAT icon and in the menu that Pops up, go to:
(see Figure 5 in Appendix B for a screenshot)

System > Start

4. Go to the TwinCAT PLC Contro! window and go to:

Online > Login (F11)
Click "Yes" at the dialog; :
"No program on the controller! Download the new program?"

Online > Run (F5)

5. At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-click and open

"VIS_PICO", and a visualization window should appear.
(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:

in the "RAW" section, the "IDLE" indicator should be lit
in the "USER" section, the status should read "DRIVER DISABLED"

On the controller front panel:
the "IDLE" LED should be Lt

the "Enable" LED should be off
the “ON” LED should be on
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L. Testing the front panel LEDs

After the picomotor and the PLC controls are set up:

H/ Check that the "ON" LED is lit if the power cable is connected and the power svitch
is on, and that it goes off when the power switch is off.

[-/}/ Check that the “ON” indicator on the visualization also responds to the power svitch_

[

disconnected,

v
cd

Before the next step, check that the fan (rear panel) is off.

LEDs respond to the picomotor status according to Table 1:

Check that the "Remote” LED turns off if the EtherCAT adapter for controls is

Toggle the "ENABLE" button on the visualization screen and check that the folbwing

Status Chassis Front Panel LEDs Software R eadbacks
IDLE Enable | Fault X | FaultY | IDLE Enal;\le Power

DRIVER DISABLED| on off off of | e | ol [ om
STARTING UP... off on | flashes | flashes | ol [\ [gm
READY off on off off Cyﬁa SN G-V\
Checkifpassed:| |} | [ 0 | N1 -] B

Table 1: LED response to picomotor status

[+~ Check that the “DUAL AXIS” indicator on the visualization lights up when the
picomotor is enabled.

[/]/ Check that the temperature readouts on the visualization, under the “RAW” section,
are positive values near room temperature if motor was previously off.
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E'nable the picomotor by pressing the "ENABLE" button on the visualization, wait until the
ficomotor status 1s "READY", then do the following:

[L-]/Check that the fan is running and blowing air out of the box (rear panel).

M/ Check that the two LEDs for each output terminal are lit when that output terminal is
selected on the visualization (terminals 1-8 under the "USER" section):

i

|

;j Terminal LED

| Left | Right

| 1 A%
1 2 ST
I 3 CENCY

| 4 CONd

, 5 O

6 v ¥

7 CHANNTY

| 8 S V.|

Select output terminal 1 and do the following:
[u]/ Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz2)" under

l "SPEED" and then click each direction. Check that the following lights respond o the
| selected direction according to Table 2:

Direction LEDs

Drive X | DriveY | CWX | CWY

DOWN off on* off on **

UP off on* off off

> on* off on ** off

< on* | off off off

Check ifpassed:| [t | [3—| [T [+

Table 2: LED response to picomotor direction

| * (while motor is running)
%k

(stays on after motor is finished running, until opposite direction is selected)
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L. Testing the step sizes

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
theck that output terminal 1 is selected, then select "SPRINT (500Hz)" under "SPEED". Selecta

tep size and then a direction. Check that the motor runs for a longer time (the motor clicks and turng
vhen it runs) as you increase the step size for each axis (X and Y):

Step Size Axis
X ("<" or ">") Y ("UP" or "DOWN")
VERY SMALL (1) M M
MEDIUM (100) O td
MAGNUM (10000) | od ca
3. Testing the speeds

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
check that output terminal 1 is selected, then select "SMALL (10)" under "STEP SIZE". Selecta
speed and then a direction, Listening for the 10 clicks, check that the motor runs faster as you

increase the speed for each axis (X and Y):

Speed Axis

X (l!<ll or II>I'I) Y (IIU'PII or ﬂDOWNITJ
CRAWL (1Hz) [ [ ¢

JOG (50Hz)

cd cd
SPRINT (500Hz) o | v
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4. Testing the temperature readout

" On the visualization screen, make sure the picomotor is enabled and that the status is “READY”, and
check that output terminal | is selected. Then under the “TEMPERATURE” section, click the ‘Reset
Values” button, then click the “Test” button, which will drive the motors continuously for 5 minutes,
and read the temperature every minute for each axis (X and Y). Record the five temperatures it the

: table below:
Time (minutes) Temperature |
. X (<" or ">") Y ("UP" or "DOWN")
1 ! =5 00 ENRE
2 35 83 2547
; 3 2 . 54 - AT
g 4 27 (L 3L 16
¥ 5 3770 3. ¥
o Check if passed: 1 <+ |

r : Check the “pass™ box for each above if the temperature increases over time.
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5. Testing the output terminals

Make sure the picomotor is enabled and that the status is "READY". Connect the picomotorttdne
ifthe 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50Hz)" under
SPEED". For each terminal, check that the motor runs on each axis {(Xand Y):

! Pﬂrminal Axis
1 L X ("<" or ">") Y ("UP" or "DOWN")
' t [ [
! 2 [ [J
; 3 rtd cd
| |4 [+ (¥
| E d [+
f ' 6 [+ (3
| 7 [J cd
n |8 (1~ [+
g ; Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:
| Terminal | Axis
X ("<" or ">") | Y ("UP" or "DOWN")
1 Gl [+
2 - [+
3 e +r
4 [+ %
s [ 1
6 I
7 [ [
8 - 1~ zal
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Testing Summary

for each test, indicate the results in the table below:

Front panel LEDs [Fass [ ]Fail
Sep sizes [“1Pass [ ]Fail
Speeds [ JPass [ ]Fail
Qutput terminals [ FPass [ ] Fail

[ ]Fail

Overall picomotor driver testing:  [-]Pass

Test Engineer: 7‘~ C}\ Cp
Test Date: | //2 m

Additional Comments:
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Appendix A: Physical Components

Figure 2: Picomotor driver chassis front panel
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Figure 4: EtherCAT configuration
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PLC Controls

Step § of PLC controls setup

Figure 5: Step 3 of PLC controls setup

Appendix B

Figure 6
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Ycomotor controller chassis LIGO DCC#
ItherCAT Adapters LIGO DCC#
Controler Serial #

Test Engineer:

Test Date:

Overall picomotor chassis testing:

Signature/Initials:

D1100323-vi

D1100419-v3

SifoY 1O

Tecdn &

l l//,;q// !

[“] PASS [ ]FAIL

Reference;

Testing Schedule:

1. Front pane] LEDs
2. Step sizes

3. Speeds

4. Temperature

5. Output terminals

https://awiki.ligo-wa.caltech.eduw/aLIGO/Picomotor%20Controller
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System requirements

Hardware:

1

10
11

Software:

Picomotors (2)
Compatible models: Newport 8302

Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

LIGO standard 24V M-F-M DB3 power cable
EtherCAT adapter D1100419-v3 (1)
DB25 F/M cables (2)

Hook-up wires
Brown, Green, White, Black, Grey, Purple

IDC 20-pin cable assemblies (2)

Beckhoff EtherCAT boxes (5)

EK1100, EL3102, EL1014, EL1872, EL2872

(Figure 4 in Appendix A)

24V power supply for Beckhoff boxes (1)

Ethernet cable (D

Computer equipped with TwinCAT-Intel PCI Ethernet Adapter ( 100BASE-T)

MS Windows XP/7, 32-bit
Beckhoff TwinCAT software bundle, v2.11.1551

Jofis




Setting up

Steps for setting up the picomotor:

1.

Connect the EtherCAT adapter for controls to the left DB25 port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear panel
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box ' '

Connect an Ethernet cable to the X1 IN port on the EK1100 Beckhoffbox

Connect the EK1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethernet cable to the PC through the realtime Ethemet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on
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i : Cennec! REAL.-TIME

' Ethernat cutput to the Plcomoter Sriver BACK panst
Beckhoff box via g s =

standard CATS [or betler)
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Taths Con trols.

EL1872 - ~  Te the Readbecks.

D11 00323
Picomotor driver test assembly.
- Connection diagram.

J
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i
|
]
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S

Pizomotor driver FRONT pariel
Figure 1a: A connection diagram of the picomotor setup.
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Setting up

Steps for setting up the PLC controls:

I Open up the TwinCAT System Manager software and go to:

File > Open > Picomotor_test.tsm
2. Open up the TwinCAT PLC Control software and go to:
File > Open > pmtestcode.pro

3. Go to the system tray, click on the TwinCAT icon and in the menu that Pops up, O to:
(see Figure 5 in Appendix B for a screenshot)

System > Start
4. Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog:

. ! "No program on the controller! Download the new progtam?"
Online > Run (F5)

5. At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-click and open
"VIS_PICO", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:

in the "RAW" section, the "IDLE" indicator should be lit
in the "USER" section, the status should read "DRIVER DISABLED"

On the controller front panel:
the "IDLE" LED should be lit

the "Enable" LED should be off
the “ON” LED should be on
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[ Testing the front panel LEDs

After the picomotor and the PLC controls are set up:

M/ Check that the "ON" LED is lit if the power cable is connected and the powers¥itch
is on, and that it goes off when the power switch is off.

[ v]/ Check that the “ON” indicator on the visualization also responds to the powerswitch.,

[v}/ Check that the "Remote" LED turns off if the EtherCAT adapter for controls is

disconnected.

[./r Before the next step, check that the fan (rear panel) is off.

[ /{ Toggle the "ENABLE" button on the visualization screen and check that the following
LEDs respond to the picomotor status according to Table I:

Status Chassis Front Panel LEDs Software Readbacks
IDLE Enable | FaultX | FaultY | IDLE | Ensble | Power
DRIVER DISABLED| on off off off [ o€ |ow
STARTING UP... off on | flashes | flashes | (L | vy | On
|[READY off on off of |of- I
Checkifpassed:| [¢” | (4| 4+ | M| 1] ¥T |

Table 1: LED response to plcomotor status

[ q/Check that the “DUAL AXIS” indicator on the visualization lights up when the
picomotor is enabled.

[ -—]/ Check that the temperature readouts on the visualization, under the “RAW” section,
are positive values near room temperature if motor was previously off.
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E.nable the picomotor by pressing the "ENABLE" button on the visualization, wait until the
ficomotor status is "READY", then do the following:

f/ Check that the fan is running and blowing air out of the box (rear panel).

[“I/ Check that the two LEDs for each output terminal are lit when that output terminal ig
selected on the visualization (terminals 1-8 under the "USER" section):

Terminal * LED
Left Right

v

i

2 td [
3 SOt
4 - i+
5 L
6 Lr [
7 Ly I+
8

7 v

Select output terminal 1 and do the following:

Melect "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respondto the

selected direction according to Table 2:

Direction LEDs
DriveX | DriveY | CWX | CWY
DOWN off on* off on **
UP off on * off off
> on* off on ** off
I< on* off off off
Check ifpassed:| [+ | [1—| [+ [

Table 2: LED response to picomotor direction

* (while motor is running)
*x (stays on after motor is finished running, until opposite direction is selected)
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L. Testing the step sizes

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", angd
theck that output terminal 1 is selected, then select "SPRINT (500Hz)" under "SPEED". Select &
tep size and then a direction. Check that the motor runs for a longer time (the motor clicks 1d tarmng
vhen it runs) as you increase the step size for each axis (X and Y):

Step Size ‘ Axis
X('<"or™>" | Y("UP"or 'DOWN')
VERY SMALL (1) [ vd
MEDIUM (100) o 7
|MAGNUM (10000) | cd t
3. Testing the speeds

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
check that output terminal 1 is selected, then select "SMALL (10)" under "STEP SIZE". Selecta
speed and then a direction. Listening for the 10 clicks, check that the motor runs faster s you

increase the speed for each axis (X and Y):

Speed Axis

X("<"or™") | Y("UP"or"DOWN')
CRAWL (1Hz) [y~ [T
JOG (50Hz) (3 [(
SPRINT (500Hz) [+ (v

9of13




4. Testing the temperature readout

On the visualization screen, make sure the picomotor is enabled and that the status is “READY”, and
check that output terminal 1 is selected. Then under the “TEMPERATURE” section, click ti¢ "Reset
Values” button, then click the “Test" button, which will drive the motors continuously for 5 mitutes

and read the temperature every minute for each axis (X and Y). Record the five ternperaturesin the

table below:

Temperature 7
X ("<" or ">") i Y ("UP" or "DOWN")
I 25.93 95 .70
B ).\ 2 OO
n 29 44 29,
s 3039 SN2
Check if passed: H/ H/ J

Check the “pass” box for each above if the temperature increases over time.

Time (minutes)

1Defis




. Testing the output terminals

¥ake sure the picomotor is enabled and that the status is "READY", Connect the picomotorte dne
1fthe 8 terminals, then select "MEDIUM ( 100}" under "STEP SIZE" and "JOG (50Hz)" under
SPEED". For each terminal, check that the motor runs on each axis (X and Y):

?ermmal ! AXxis

L | X(<"ar™) | Y("UP"or 'DOWNY)
: i T

2 [ [

3 } cd 7

/% | Cd (r~

5 | [~ =

6 7‘ LT

8 1

B
7

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

Terminal Axis ]
L X('<"or™>) | Y(UP"or"DOWN") |
11 [ (T
2 1w (17
3 [ [+
4 cd (17
5 [jf r
6 [ [+
7 L [y
8 1 [+~
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Testing Summary

for each test, indicate the results in the table below:

Front panel LEDs
Sep sizes
Speeds

Gutput terminals

Mas
e
(TFas

[ ] Fail
[ ] Fail
[ ]Fail

[ ]Fail

Overall picomotor driver testing:

o

Test Engineer: Z&LC)\/\ &

Test Date: ,%Zc}// I

Additional Comments:

[ ] Fail

12 of 15
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Figure 4: EtherCAT configuration




Appendix B: PLC Controls

Figure 5: Step 3 of PLC controls setup

150f15




LASER INTERFEROMETER GRAVITATIONAL WAVE OBSERVATON

-LIGO-
CALIFORNIA INSTITUTE OF TECHNOLOGY
MASSACHUSETTS INSTITUTE OF TECHNOLOGY

Technical Note LIGO-T1100458-v1 08/26/11 B

Testing Procedure for the
Picomotor Driver for
Advanced LIGO

Maxim Factourovich, Daniel Sigg and Maggie Tse

This is an internal working note

of the LIGO Project.
California Institute of Technology Massachusetts Institute of Technology
LIGO Project — MS 51-33 LIGO Project, MIT NW22-295,
Pasadena CA 91125 185 Albany St.,Cambridge, MA 0219USA
. Phone (626) 395-2129 Phone (617) 253 4824
Fax (626) 304-9834 Fax (617)253 7014
E-mail: info@ligo.caltech.edu E-mail: info@ligo.mit.edu
Columbia University

Columbia Astrophysics Laboratory
Pupin Hall - MS 5247
New York NY 10027
Phone (212) 854-8209
Fax (212) 854-8121

E-mail: geco.cu@gmail.com

WWW: hitp://www.ligo.caltech.edu

1of 15




Yicomotor controller chassis LIGO DCC#
ItherCAT Adapters LIGO DCCH#
Controller Serial #

Test Engineer:

Test Date:

Overall picomotor chassis testing:

Signature/Initials:

D1100323-v1

D1100419-v3

S{e957 \

JAENE

1 23/

[Y4PASS [ TFAIL

e e 4 Lot AR e S i e £ TR S TS A b © T

Reference:

Testing Schedule:

1. Front panel LEDs
2. Step sizes

3. Speeds

4. Temperature

5. Output terminals

https://awiki.ligo-wa.caltech.edu/aL.IGO/Picomotor%20Controller
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System requirements

Hardware:

1 Picomotors (2)
Compatible models: Newport 8302

2 Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

3 LIGO standard 24V M-F-M DB3 power cable
4 EtherCAT adapter D1100419-v3 (1)
5 DB25 F/M cables (2)

6 Hook-up wires
Brown, Green, White, Black, Grey, Purple

7 IDC 20-pin cable assemblies (2)

8 Beckhoff EtherCAT boxes (5)
EK1100, EL3102, EL1014, EL1872, EL2872

(Figure 4 in Appendix A)
9 24V power supply for Beckhoff boxes (1)

10 Ethernet cable (1)

11 Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)

Software:
1 MS Windows XP/7, 32-bit
2 Beckhoff TwinCAT software bundle, v2.11.1551

Jofls




Setting up

‘ Steps for setting up the picomotor:

1. Connect the EtherCAT adapter for controls to the left DB25 port on the rear panel of
! the driver chassis

2. Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear panel
of the driver chassis

i
3 3. Using a ribbon cable, connect the EtherCAT adapter for controls to the EL2872
Beckhoff box

4, Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box '

| 5. Connect an Ethernet cable to the X1 IN port on the EK1100 Beckho ¥ box
i 6. Connect the EK1100 Beckhoff box to a DC power source (24V)

7. Connect the other end of the Ethernet cable to the PC through the realtime Fthemet
port

3. Connect the picomotor driver to a DC power source (24V) and turn the power switch
on

4pof 15
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Setting up

Steps for setting up the PLC controls:

1, Open up the TwinCAT System Manager software and go to;

File > Open > Picomotor_test.tsm

2. Open up the TwinCAT PLC Control software and go to:

File > Open > pmtestcode.pro

. 3. Go to the system tray, click on the TwinCAT icon and in the menu that pops up, £0 to:
U (see Figure 5 in Appendix B for a screenshot)

System > Start

Go to the TwinCAT PLC Control window and go to:

>

Online > Login (F11)

Click "Yes" at the dialog: :

‘- "No program on the controller! Download the new program?”
Online > Run (F5) _

‘5. At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-click and open
"VIS_PICO", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:

in the "RAW" section, the "IDLE" indicator should be lit
it the "USER" section, the status should read "DRIVER DISABLED"

On the controller front panel:

the "IDLE" LED should be lit
the "Enable" LED should be off
the “ON” LED should be on

6of'15




. Testing the front panel LEDs

After the picomotor and the PLC controls are set up:

[‘( Check that the "ON" LED is lit if the power cable is connected and the powers¥itch

is on, and that it goes off when the power switch is off.

[ 9/ Check that the “ON” indicator on the visualization also responds 1o the powerswitch,

[ ’I/ Check that the "Remote" LED turns off if the EtherCAT adapter for controls is

[/{ Before the next step, check that the fan (rear panel) is off.

disconnected.

[7/ Toggle the "ENABLE" button on the visualization screen and check that the folowing

LEDs respond to the picomotor status according to Table 1:

Status Chassis Front Panel LEDs Software Readbacks:(
IDLE | Enable | FaultX | Fault Y | IDLE | Enable | Pwer
DRIVER DISABLED| on off off of (5N | olE |on
STARTING UP... off on | flashes | flashes | (5 ﬁ Own | SN
IREADY off on off of | Ll I | con
Check if passed:| /] (¥ | 11 | 17| &7

Table 1: LED response to picomotor status

[T Check that the “DUAL AXIS” indicator on the visualization lights up when the
picomotor is enabled.

=

[ ]  Check that the temperature readouts on the visualization, under the “RAW” section,

are positive values near room temperature if motor was previously off.

7of15




F.-nabie the picomotor by pressing the "ENABLE" button on the visualization, wait until the
ficomotor status is "READY", then do the following:

[ Check that the fan is running and blowing air out of the box (rear panel).

E-/I/Check that the two LEDs for each output terminal are lit when that ovtput termiral i
selected on the visualization (terminals 1-8 under the "USER" sectioxn):

Terminal LED
Lef | Right
! [+ /{
2 Ly 1T
| ; o
| 4 (r 1
| 5 x4
: 6 % T
7 <INt g
' 3 v 11 |

Select output terminal 1 and do the following:

i
[]  Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respond to the

selected direction according to Table 2:

1! Direction LEDs
! , DriveX | DriveY | CWX | CWY
DOWN off on ¥ off on **
up off on* off off
> on* off on ** off
: < on* off off off
Check if passed:} [T £1 [4~ (1

Table 2: LED response to picomotor direction

* (while motor is running)
*x (stays on after motor is finished running, until opposite direction is selected)

|
I
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L. Testing the step sizes

On the visualization screen, make sure the picomotor is enabled and that the status is "READY', ang
theck that output terminal 1 is selected, then select "SPRINT (500Hz)" under "SPEED". Selecta
fep size and then a direction. Check that the motor runs for a longer time (the metor clicks and turng

vhen it runs) as you increase the step size for each axis (X and Y):

Step Size | Axis

| X(<"ar™>") | Y('UP'or'DOWN')
VERYSMALL (1) | 4 ey
IMEDIUM (100) | cd | 1
[MAGNUM (10000) | o I

3. Testing the speeds

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
check that output terminal 1 is selected, then select "SMALL (10)" under "STEP SIZE". Selecta
speed and then a direction, Listening for the 10 clicks, check that the motor runs faster as yOou

increase the speed for each axis (X and Y):

Speed ’ Axis

X ("<" or ">") | Y("UP"or "DOWN?)
CRAWL (1Hz) 1 (¥
JOG (50Hz) [4/ H/ _
SPRINT (500Hz) LA (v

90of15




4. Testing the temperature readout

On the visualization screen, make sure the picomotor is enabled and that the status is “READY”, and
; check that output terminal | is selected. Then under the “TEMPERATURE?” section, click th “‘Reeset
: Values” button, then click the “Test” button, which will drive the motors continuously for 5 mitutes,
and read the temperature every minute for each axis (X and Y). Record the five temmperaturesin the

table below:

| Time (minutes) } Temperature
1 X (<" or ">") Y ("UP" or "DOWN")
I 22 LY
2 Q3 0 50 o

i: ’3 2515 1(51107

1] £ 20,75 25 21

| E 99.9% 2.2 -
T

| Check if passed: ¥ |

R Check the “pass” box for each above if the temperature increases over time.
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. Testing the output terminals

Wake sure the picomotor is enabled and that the status is "READY". Connect the picomatorte 0ne
'f the 8 terminals, then select "MEDIUM (100}" under "STEP SIZE" and "JOG (50Hz)" under
SPEED". For each terminal, check that the motor runs on each axis (X and Y):

?erminal !_ Axis |
| X(<a™>) | Y0P o "DOWN"ﬁ

1 | [ Z8

L2 ]] [ﬁ]; 17

3 [ 1

4 1 (7

5 L (17

6 - 7

17 [T [+

8 (1 (¥

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

Terminal { Axis
| X(<"or™") Y ("UP" or "DOWN") |

! | (7 (1 ]

2 W rd 1

3 (v (1

4 (1 [1

5 ] [ (¥

6 | [ [r

7 rd (4

8 (7 %8
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Testing Summary

for each test, indicate the results in the table below:

Front pane! LEDs [\J’éss [ ]Fail
Sep sizes [ J/Pgss [ ]Fail
Speeds [ XPass [ ]Fail
CGutput terminals [ APass [ ]Fail
Overall picomotor driver testing: | ’{Pass [ ]Fail

Test Engineer: Za()(\ C)
Test Date: H/Qq/ / \

Additional Comments:
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Appendix A: Physical Components

Figure 2; Picomotor driver chassis front panel
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Figure 4: EtherCAT configuration
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Appendix B: PLC Controls

Figure 5: Step 3 of PLC controls setup
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Yicomotor controller chassis LIGO DCC# D1100323-v]

ItherCAT Adapters LIGO DCC# D1100419-v3
Controller Serial # ‘S i lQ) 1 SN 2
Test Engineer: Z O'-f)YL G
]
1 Test Date: i / Qﬁ/ (|
| Overall picomotor chassis testing: [%S [ JFAIL
i
1 .
; [ ' Signature/Initials:

Reference:
https://awiki.ligo-wa.caltech.edu/aLIGO/Picomotor%20Controller

| Testing Schedule:

| 1. Front pane] LEDs
: 2. Step sizes

i 3. Speeds

i 4, Temperature

: 5. Output terminals




System requirements

Hardware:

1

Picomotors (2)
Compatible models: Newport 8302

Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

LIGO standard 24V M-F-M DB3 power cable
EtherCAT adapter D1100419-v3 (1)
DB25 F/M cables (2)

Hook-up wires
Brown, Green, White, Black, Grey, Purple

IDC 20-pin cable assemblies (2)

Beckhoff EtherCAT boxes (5)

EK1100, EL3102, EL1014, EL1872, EL2872

(Figure 4 in Appendix A)

24V power supply for Beckhoff boxes (1)

Ethernet ceble (1)

Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)

MS Windows XP/7, 32-bit
Beckhoff TwinCAT software bundle, v2.11.1551

Jof1s



Setting up

Steps for setting up the picomotor:

1.

Connect the EtherCAT adapter for controls to the left DB2S port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear panel
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for contrels to the EL2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box ‘

Connect an Ethernet cable to the X1 IN port on the EK1100 Beckhoff box
Connect the EK1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethernet cable to the PC through the realtime Ethemet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on
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Setting up

Steps for setting up the PLC controls:

1.

Open up the TwinCAT System Manager software and go to:
File > Open > Picomotor_test.tsm
Open up the TwinCAT PLC Control software and go to:

File > Open > pmtestcode.pro

Go to the system tray, click on the TwinCAT icon and in the menu that pops up, 2o to:
(see Figure 5 in Appendix B for a screenshot)

System > Start

Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog: :
"No program on the controller! Download the new program?"

Online > Run (F5)

At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-click and open
"VIS_PICO", and a visualization window should appear.
(See Figure 6 in Appendix B for a screenshot)
In the "VIS_PICO" visualization window:

in the "RAW" section, the "IDLE" indicator should be lit

in the "USER" section, the status should read "DRIVER DISABLED®

On the controller front panel:

the "IDLE" LED should be lit
the "Enable" LED should be off
the “ON” LED shouid be on

6of15
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. Testing the front panel LEDs

Atter the picomotor and the PLC controls are set up:

[‘1/ Check that the "ON" LED is lit if the power cable is connected and the powers¥itch
is on, and that it goes off when the power switch is off.

[v}/Check that the “ON" indicator on the visualization also responds 10 the powers¥itch.

[ ﬁ/Chcck that the "Remote” LED turns off if the EthchAT adapter for controls is

disconnected.

["’I/Before the next step, check that the fan (rear panel) is off,

[u]/ Toggle the "ENABLE" button on the visualization screen and check that the following
LEDs respond to the picomotor status according to Table 1:

Status Chassis Front Panel LEDs Software Readbacks
IDLE | Enable | FapltX | FaultY | IDLE | Emnable | Power
DRIVER DISABLED| on off of | off (e [oo@ | om
STARTING UP... off on | flashes | flashes | (o on | on
READY off on off | off Qﬂ: | O
Checkifpassed:| [4~ | [¥ | [¢7] [ [+ (1141

Table 1: LED response to picomotor status

[ u]/ Check thét the “DUAL AXIS” indicator on the visualization lights up when the

picomotor is enabled
[ ]é)ck that the temperature readouts on the visualization, under the “RAW?” section,
are positive values near room temperature if motor was previously off.
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.

E_nable the picomotor by pressing the "ENABLE" button on the visualization, wait until the
ficomotor status is "READY", then do the following:

H/Check that the fan is running and blowing air out of the box (rear panel).

H/ Check that the two LEDs for each output terminal are lit when that output terminal is
selected on the visualization (terminals 1-8 under the "USER" section):

Terminal g LED |
Left Right

1 O [

2 [‘1/ Ij//

3 (9 (

4 [+ t]/

5 M/ :4{

6 w

7 Sz

8 i ]

Select output terminal 1 and do the following:

{/{ Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respond lo the

selected direction according to Table 2:

| Direction LEDs
Drive X | DriveY | CWX CWYy
DOWN off on* off on **
uUP off on* off off
> on* off on ** off
< on* off off off
Check if passed: p]/ [q/ g 4 [_J/ g

Table 2: LED response to picomotor direction

* (while motor is running)
*¥ (stays on after motor is finished running, until opposite direction is selected)

8of 15
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4. Testing the temperature readout

On the visualization screen, make sure the picomotor is enabled and that the status is “READY”, ang
check that output terminal 1 is selected. Then under the “TEMPERATURE” section, click th¢ ‘Reset
Values” button, then click the “Test” button, which will drive the motors continuously for 5 mautes,
and read the temperature every minute for each axis (X and Y). Record the five ternperaturesin the

table below:
Time (minutes) Temperature
X ("<" or ">") Y ("UP" or "DOWN") |

1 ¥3. O 29219

2 0.5 2433

3 22- 11 25777

4 L 15 26 .9

5 .92 25 &7
M/

Check if passed:

("

Check the “pass™ box for each above if the temperature increases over time.

10ofl5
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. Testing the output terminals

Make sure the picomotor is enabled and that the status is "READY". Connect the picomotorto ¢ne

ifthe 8 terminals, then select "MEDIUM (100)"

under "STEP SIZE" and "JOG (50Hz)" under

SPEED". For each terminal, check that the motor runs on each axis (X and Y):

Terminal Axis
X ("<" or ™>") | Y ("UP" or "DOWN?)

i O [T

2 B [+ [T

E [~ 1

4 [+ (7

5 St [T

6 | [3 [+

17 | [+ gl

8 | P 2l

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

Terminal Axis
X ("<" or ">") I Y ("UP" or "DOWN"™) .

1 % [+

2 it (1T

3 L+ [T

4 [+ [+

5 | ] L+ [+

6 Lt [+

7 [T L1

8 LY LY

11of 15



Testing Summary

For each test, indicate the results in the table below:

Front pane] LEDs [Lﬁgss [ 1Fail
Sep sizes [ TPass [ ]Fal
Speeds [ A Pass [ ] Fail
Output terminals [ APass [ ]1Fail
Overall picomotor driver testing: [mss [ ]Fail

Test Engineer: Za QJ/\ C—/
Test Date: |/ / - 1// /

Additional Comments:
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Appendix A: Physical Components

Figure 2: Picomotor driver chassis front panei

13of 15



Figure 4: EtherCAT configuration
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: PLC Controls

Appendix B

Figure 6: Step 5 of PLC controls setup

Figure 5: Step 3 of PLC controls setup
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Yicomotor controller chassis LIGO DCC#
ItherCAT Adapters LIGO DCC#
Controller Serial #

Test Engineer:

Test Date:

Overall picomotor chassis testing;

Signature/Initials:

D1100323-v1

D11604]19-v3
SIos13
Lo &

\/29/1)

[*TPASS [ JFAIL

Reference:

Testing Schedule:

1. Front panel LEDs
2. Step sizes

3. Speeds

4. Temperature

5. Output terminals

https://awiki.ligo-wa.caltech.edu/aLIGO/Picomotor%20Controller
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System requirements

Hardware:

| Picomotors (2)
Compatible models: Newport 8302

2 Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

3 LIGO standard 24V M-F-M DB3 power cable
4 EtherCAT adapter D1100419-v3 (1)
5  DB25F/M cables (2)

6 Hook-up wires
Brown, Green, White, Black, Grey, Purple

7 IDC 20-pin cable assemblies (2)

8 Beckhoff EtherCAT boxes (5)
EK1100, EL3102, EL1014, EL1872, EL2872

(Figure 4 in Appendix A)
9 24V power supply for Beckhoff boxes (1)

10 Ethernet cable (1)
1 Computer equipped with TwinCAT-Inte! PCI Ethernet Adapter (100BASE-T)

Software:
1 MS Windows XP/7, 32-bit
2 Beckhoff TwinCAT software bundle, v2.11.1551




Setting up

Steps for setting up the picomotor:

1.

Connect the EtherCAT adapter for controls to the left DB25 port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the rear panel
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL.2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1§72
Beckhoff box ' '

Connect an Ethernet cable to the X1 IN port on the EK1100 Beckhoffbox

Connect the EK 1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethernet cable to the PC through the realtime Ethemet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on
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,f - Connection diagram. '
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Flgure 1a: A connection diagram of the picomotor setup.
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Setting up

Steps for setting up the PLC controls:

I.

Open up the TwinCAT System Manager software and go to:
File > Open > Picomotor_test.tsm
Open up the TwinCAT PLC Control software and go to:

File > Open > pmtestcode.pro

Go to the system tray, click on the TwinCAT icon and in the menu that POops up, £0 to:
(see Figure 5 in Appendix B for a screenshot)

System > Start

Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog: :
"No program on the controller! Download the new program?" |

Ouline > Run (F5) .
At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizetions" folder, double-click and open

"VIS_PICO", and a visualization window should appear.
(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:

-in the "RAW" section, the "IDLE" indicator should be lit
i the "USER" section, the status should read "DRIVER DISABLED"

On the controller front panel:

the "IDLE" LED should be lit
the "Enable" LED should be off
the “ON” LED should be on
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. Testing the front panel LEDs

After the picomotor and the PLC controls are set up:

[./j/ Check that the "ON" LED is lit if the power cable is connected and the powers¥itch
is on, and that it goes off when the power switch is off.

[*J/Check that the “ON” indicator on the visualization also responds 10 the powersvitch

[ *-}/ Check that the "Remote” LED turns off if the EtherCAT adapter for controls is
disconnected.

[ '1/ Before the next step, check that the fan (rear panel) is off.

[-/{ Toggle the "ENABLE" button on the visualization screen and check that the following
LEDs respond to the picomotor status according to Table 1:

Status Chassis Front Panel LEDs Software Readbacks
IDLE | Ensble | FaultX | FaultY | IDLE | Enable | Power
DRIVER DISABLED| on off off of o |6 | ~n |
STARTING UP... off on | flashes | flashes (DCC ™ :{“
READY off on | off off @LC oo o
Checkifpassed:| [+ | [T | (T | 1 | 1 | (1] 1]

Table 1: LED response to picomotor status

(7" Check that the “DUAL AXIS” indicator on the visualization lights up when the
picomotor is enabled.

[’{ Check that the temperature readouts on the visualization, under the “RAW” section,
are positive values near room temperature if motor was previously off.
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E_nable the picomotor by pressing the "ENABLE" button on the visualization, wait until the
jicomotor status is "READY", then do the following:

M/ Check that the fan is running and blowing air out of the box (rear panel).

[V}/ Check that the two LEDs for each output terminal are lit when that cutput terminal is
selected on the visualization (terminals 1-8 under the "USER" section):

]

Terminal | LED

Left Right
I M
2 CAN v
3 M/ [ b}/ B
4 v (]
5 -
6 (-
7 (v 1
8 1

Select output terminal 1 and do the following:

[ ]  Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respond o the

selected direction according to Table 2:

Direction LEDs
DriveX | DriveY | CWX | CWY
DOWN off on * off on **«
UP off on * off off
> on ¥ off on ** off
< on* | off | off off
Check if passed: = Y (4 =8

Table 2: LED response to picomotor direction

* {while motor is running)
**  (stays on after motor is finished running, until opposite direction is selected)
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! Testing the step sizes

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", angd
theck that output terminal | is selected, then select "SPRINT (500Hz)" under "SPEED". Sekcta

tep size and then a direction. Check that the motor runs for a longer time (the motor clicks and turng
vhen it runs) as you increase the step size for each axis (X and Y):

Step Size ‘ Axis
X ("<" or ">") Y ("UP" cor "DOWN")
VERY SMALL (1) Cd kgl
MEDIUM (100) e { (
MAGNUM (10000) | [+ i
3. Testing the speeds

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
check that output terminal 1 is selected, then select "SMALL (10)" under "STEP SIZE". Selecta
speed and then a direction. Listening for the 10 clicks, check that the motor runs faster as you
increase the speed for each axis (X and Y):

Speed Axis

X ("<" or ">") Y ("UP"or "DOWN")
CRAWL (1Hz) - ¥
JOG (50Hz) [T (1
SPRINT (500Hz) [+ =
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4. Testing the temperature readout

On the visualization screen, make sure the picomator is enabled and that the status is “READY”, ang
check that output terminal | is selected. Then under the “TEMPERATURE” section, click the "'Reset
Values™ button, then click the “Test” button, which will drive the motors continuously for 5 mMutes,
and read the temperature cvery minute for each axis (X and Y). Record the five temperaturesin the

teble below:

Time (minutes) Temperature ]
X ("<" or ">") Y ("UP" or "DOWN")

£ 25.85 2655
2 276 29 97
3 29 43 29 (1
4 n9. 2l Z0.27
s 30. 59 2 . O

- Check if passed: o . [q/

Check the “pass” box for each above if the temperature increases over time.
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3. Testing the output terminals

Wake sure the picomotor is enabled and that the status is "READY". Comnect the picomotoric dne
'fthe 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50Hz)" under

SPEED". For each terminal, check that the motor runs on each axis {

Xand Y):

—

Axis

Terminal [[ |
L | X(<"or™") | Y ("UP" or 'DOWN")
I | v s
2 | ] il
3 J [] (7
4 i [ (1
5 | vd (7
|6 ] (17 [+
17 | [ 1
8 I (7 (4

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

Terminal ] Axis 1
L X(<"or’>") | Y('UP"or"DOWNY) |
I e (7
2 18 (17"

3 | [+ (T

4 B [3— o
5 | [+ [+
6 | (1" (1
7 (T [

8 (4 (1
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[esting Summary

for each test, indicate the resuits in the table below:

Front panel LEDs M{ass
Step sizes [‘TQ
Speeds [fFass

Qutput terminals [ {Pass

[ ]Fail
[ ] Fail
[ ]Fail

[ ]Fail

Overall picomotor driver testing: [ f{ass

Test Engineer: Z&I)\ C/
TestDate:  {//.04 / [

Additional Comments:

[ ]Fail
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Appendix A: Physical Components

Figure 2: Picomotor driver chassis front panel
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Figure 4: EtherCAT configuration




PLC Controls

Figure 6: Step 5 of PLC controls setup

Appendix B
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-LIGO-
CALIFORNIA INSTITUTE OF TECHNOLOGY
MASSACHUSETTS INSTITUTE OF TECHNOLOGY

Technical Note  LIGO-T1100458-v1 08/26/11 j

Testing Procedure for the
Picomotor Driver for
‘Advanced LIGO

Maxim Factourovich, Daniel Sigg and Maggie Tse

This is an internal working note

of the LIGO Project.
California Institute of Technology Massachusetts Institute of Technolozy
LIGO Project - MS 51-33 LIGO Project, MTT NW22-295,
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Yicomotor controller chassis LIGO DCC# D1100323-v]

ItherCAT Adapters LIGO DCC# D1100419-v3

Controller Serial # S\IO‘-\ 6 '] L(

Test Engineer: /'kadf\ ¢’

Test Date: { (/Qfl[ ”

Overall picomotor chassis testing: rvﬂass [ JFAIL
Signature/Initials:

Reference: w

https://awiki.ligo-wa.caltech.edu/aLIGO/Picomotor%20Controller

Testing Schedule:

1. Front panel LEDs
2. Step sizes

3. Speeds

4. Temperature

5. Output terminals

20f15




System requirements

Hardware:

1 Picomotors (2)
Compatible models: Newport 8302

2 Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

3 LIGO standard 24V M-F-M DB3 power cable
4 EtherCAT adapter D1100419-v3 (1)

5 DB25 F/M cables (2)

6 Hook-up wires
! Brown, Green, White, Black, Grey, Purple

| 7 IDC 20-pin cabie assemblies (2)

‘ 8 Beckhoff EtherCAT boxes (5)
: EK1100, EL3102, EL1014, EL1872, EL2872 |

(Figure 4 in Appendix 4)

24V power supply for Beckhoff boxes (1)

Ethernet cable (1)

Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)

MS Windows XP/7, 32-bit

Beckhoff TwinCAT software bundle, v2.11.1551




Setting up

Steps for setting up the picomotor;

1.

Connect the EtherCAT adapter for controls to the left DB25 port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB2S5 port on the retr panel]
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL2877
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1§72
Beckhoff box S

Connect an Ethernet cable to the X1 IN port on the EK1100 Beckhoff box
Connect the EK1100 Beckhoff box to & DC power source (24V)

Connect the other end of the Ethernet cable to the PC through the realtime Ethemet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on

40f 15
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Connect REAL.TIME
Ethernat outpunt to the
Beckhoff box via
standard CATS {or tetier)
RJ45 networking cable.

Picomstor driver BACK panel

To ths Controls.

T¢ the Readbacks.

D1100323
I Picomotor driver test assembly.
i Connection diagram.

Picomﬁ driver FRONT panel
Figure 1a; A connection diagram of the picomotor setup.
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Setting up

Steps for setting up the PLC controls:

I. Open up the TwinCAT System Manager software and go to:
File > Open > Picomotor _test.tsm

2. Open up the TwinCAT PLC Control software and go to:
File > Open > pmtestcode.pro

3 Go to the system tray, click on the TwinCAT icon and in the menu that pops up, g0 to:
(see Figure 5 in Appendix B for a screenshot)

System > Start
4. Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog; :

"No program on the controller! Download the new program?”"
Online > Run (F5)

5. At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
“Visualizations” tab, and under the "Visualizations" folder, double-click and open
"VIS_PICO", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)
In the "VIS_PICO" visualization window;

in the "RAW" section, the "IDLE" indicator should be lit
in the "USER" section, the status should read "DRIVER DISABLED"

On the controller front panel;
the "IDLE" LED should be lit

the "Enable" LED should be off
the “ON” LED should be on
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. Testing the front panel LEDs

After the picomotor and the PLC controls are set up:

[\-—}/Check that the "ON" LED is lit if the power cable is connected and the powers¥itch
is on, and that it goes off when the power switch is off,

[ u]/ Check that the “ON” indicator on the visualization also responds 10 the powerswitch.

[u}/ Check that the "Remote" LED turns off if the EtherCAT adapter for controls is
disconnected.

[s/ Before the next step, check that the fan (rear panel) is off.

[VI/ Toggle the "ENABLE" button on the visualization screen and check that the following
LEDs respond to the picomotor status according to Table 1:

Status Chassis Front Panel LEDs Software Readbacks
IDLE Enable | FaultX | FaultY | IDLE | Ensble Powe%
DRIVER DISABLED| on off off off | on b@ o
STARTING UP... off on | flashes | flashes | o Qf ‘_,.,: o
READY off on off of ol o~ o~
Checkifpassed:| (4~ | (4 | (] ] [¥ i |

Table 1: LED response to picomotor status

[ b}/ Check thﬁt the “DUAL AXIS" indicator on the visualization lights up when the
picomotor is ensbied.

[ 'j/ Check that the temperature readouts on the visualization, under the “RAW” section,
are positive values near room temperature if motor was previously off.
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tnable the picomotor by pressing the "ENABLE" button on the visualization, wait until the

ficomotor status is "READY", then do the following;

[‘/Check that the fan is running and blowing air out of the box (rear panel).

[‘4}/ Check that the two LEDs for each output terminal are lit when that output terminal is

Terminal LED '
Left Right

1 S

2 Sy d

3 SNy

4 -

5 [ jj 7

6 [ (1

7 = 1

8 %] m/

Select output terminal 1 and do the following:

Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respondto the

selected direction according to Table 2:

(7

selected on the visualization (terminals 1-8 under the "USER" section):

Direction LEDs ]
Drive X | DriveY | CWX CWY
DOWN off on* off on **
UP off on* off off
> on* off on ** off
< on* off off off
Checkifpassed:\ [+~ | ¥T | 1 | 1

Table 2: LED response to picomotor direction

* (while motor is running)
* (stays on after motor is finished running, until opposite direction is selected)
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L. Testing the step sizes

On the visualization screen, make sure the picomotor is enabled and that the status is "READY"s ang
theck that output terminal 1 is selected, then select "SPRINT (500Hz)" under "SPEED". Seleta

tep size and then a direction. Check that the motor runs for a longer time (the motor clicks ed tarng
vhen it runs) as you increase the step size for each axis (X and Y):

Step Size ’ Axis
J X ("<" or ">") l Y ("UP" or "DOWN")
| VERY SMALL (1) | [~ (1
IMEDIUM (100) | v 8
[MAGNUM (10000) | [y~ 7 |
3. Testing the speeds

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
check that output terminal 1 is selected, then select "SMALL (10)" under "STEP SIZE". Selecta
speed and then a direction. Listening for the 10 clicks, check that the motor runs faster as you

increase the speed for each axis (X and Y):

Speed [ Axis T
| X(<"or™") | Y("UP"or"DOWN)

CRAWL (1Hz) ) . [T

JOG (50Hz) B (1 u]

SPRINT (500Hz) | 1 T
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P table below:

4. Testing the temperature readout

5 On the visualization screen, make sure the picomotor is enabled and that the status is “READY”, ang
| check that output terminal | is selected. Then under the “TEMPERATURE” section, click the ‘Reset
: Values” button, then click the “Test” button, which will drive the motors continuously for 5 mAutes,
and read the temperature every minute for each axis (X and Y). Record the five ternperaturesin the

Temperature N

X (H(il or ">ll)

Y ("UP" or "DOWN") _

Eime (minutes) |

2.5

22 .37

|2

73,59

25.95 |

W

29. %0

25 20

2510

2652

4
5

2L.90

2‘7&((%

=

T

|
Iy Check if passed:|
i

Inn Check the “pass” box for each above if the temperature increases over time.
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5. Testing the output terminals

Hake sure the picomotor is enabled and that the status is "READY". Connect the picomoatorto one
if the 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50Hz)" under
SPEED". For each terminal, check that the motor runs on each axis (X and Yi:

" I ‘Tcrminal I[ Axis -
| L | X(C<"or>) | Y("UP"or 'DOWNY)
{ LE Ti S o
| 2 [] [+
i B ] 7 (4
| 4 | e [+
n E N L [+
Iy o ! £ L
| , |7 | (7 7
| E J (17 Ly
| ! Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:
| Terminal Axis |
X ("<" or ">") | Y ("UP"or "DOWN®) ]
N 7
r (1
cd L+
(A [y
Ve [+
[+ [1
[ L]
L7 [
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Testing Summary

For each test, indicate the results in the table below:

Lo G

Test Engineer:

Test Date: (//Q Q/N

Additional Comments:

Front panel LEDs [} Pass [ ]Fail
Step sizes [ }/Pa/ss [ ]Fail
Speeds [ 7Pass [ ]Fail
CQutput terminals [ a}'{ass [ ]Fail
Overall picomotor driver testing: | i{ass [ ] Fail
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Appendix A: Physical Components

Kgure 2: Picomotor driver chassis front panel
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Figure 4: EtherCAT configuration
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PLC Controls

Appendix B

Figure S: Step 3 of PLC controls setup

Figure 6: Step 5 of PLC controls setup
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CALIFORNIA INSTITUTE OF TECHNOLOGY
MASSACHUSETTS INSTITUTE OF TECHNOLOGY

Technical Note LIGO-T1100458-v1 08/26/11 B

Testing Procedure for the
Picomotor Driver for
‘Advanced LIGO

Maxim Factourovich, Daniel Sigg and Maggie Tse

This is an internal working note

of the LIGO Project.
California Institute of Technology Massachusetts Institute of Technology
LIGO Project - MS 51-33 LIGO Project, MIT NW22-295,
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Yicomotor controller chassis LIGO DCC#
ItherCAT Adapters LIGO DCC#
Controller Serial #

Test Engineer:

Test Date:
Overall picomotor chassis testing:

Slgnature/Injtials:

D1100323-v1

D1100419-v3

SH0T 505

Zodn G
I!/BLC;///

V]{ss [ ]FAIL

Reference:

Testing Schedule:

1. Front panel LEDs
2. Step sizes

3. Speeds

4, Temperature

5. Output terminals

https://awiki.ligo-wa.caltech.edu/aLIGO/Picomotor%20Controller
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System requirements

Hardware:

1 Picomotors (2)
Compatible models: Newport 8302

2 Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

3 LIGO standard 24V M-F-M DB3 power cable
4 EtherCAT adapter D1100419-v3 (1)
5  DB25F/M cables (2)

6 Hook-up wires
Brown, Green, White, Black, Grey, Purple

7 IDC 20-pin cable assemblies (2)
8  Beckhoff BtherCAT boxes (5)
EK1100, EL3102, EL1014, EL1872, EL2872
(Figure 4 in Appendix A)
9 24V power supply for Beckhoff boxes (1)
10  Ethemnet cable (1)
11 Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)

Software:

1 MS Windows XP/7, 32-bit
2 Beckhoff TwinCAT software bundle, v2.11.1551
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Setting up

Steps for setting up the picomotor:

.

Connect the EtherCAT adapter for controls to the left DB25 port on the rear panel of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB2S5 port on the rear pane]
of the driver chassis

Using a ribbon cable, connect the EtherCAT adapter for controls to the EL2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the EL1872
Beckhoff box B

Connect an Ethernet cable to the X1 IN port on the EK1100 Beckhoff box
Connect the EK1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethemet cabie to the PC through the realtime Ethemet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on
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L S,

Picomotor driver FRONT panel

Connec! REAL-TIME Picomator deiver BACK panel

Ethernat outpud to the
Beckhoff box via
standard CATS [or better}
RJ45 networking cabile.

D1100323

Figure 1a: A connection diagram of the picomotor setup.
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f Picomotor driver test assembly.
, Connection diagram.

. §o EtherCAT adapter
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Setting up

Steps for setting up the PLC controls:

1. Open up the TwinCAT System Manager software and go to:
File > Open > Picomotor_test.tsm
2. Open up the TwinCAT PLC Control software and go to:

File > Open > pmtestcode.pro

3. Go to the system tray, click on the TwinCAT icon and in the menu that pops up, 2o to:
(see Figure 5 in Appendix B for a screenshot)

System > Start
4, Go to the TwinCAT PLC Control window and go to:
Online > Login (F11)

Click "Yes" at the dialog: :
"No program on the controller! Download the new program?"

Online > Run (F5)

5. At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double~click and open
"VIS_PICO", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:

'in the "RAW" section, the "IDLE" indicator should be lit
in the "USER" section, the status should read "DRIVER DISABLED"

On the controller front panel:

the "IDLE" LED should be lit
the "Enable" LED should be off
the “ON” LED should be on
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L. Testing the front panel LEDs

ARer the picomotor and the PLC controls are set up:

M/ Check that the "ON" LED is lit if the power cable is connected and the powersvitch
is on, and that it goes off when the power switch is off.

[\..}/ Check that the “ON" indicator on the visualization also responds 10 the powerstitch,

[J/ Check that the "Remote" LED turns off if the EtherCAT adapter for contols is

disconnected.

?ctbm the next step, check that the fan (rear panel) is off,
T

oggle the "ENABLE" button on the visualization screen and check that the folowing
LEDs respond to the picomotor status according to Table 1:

Status Chassis Front Panel LEDs Software R eadbads
IDLE | Ensble | FaultX | FaultY | IDLE | Ensble | ower
DRIVER DISABLED| on off off off | off On |
STARTING UP... off on | flashes | flashes | oL | on "
READY off on off of [off | o U
Checkifpassed:| " | [¥ | 4| B b7 [ 14 | [T |

Table 1: LED response to plcomator status

E/I/Check thﬁt the “DUAL AXIS” indicator on the visualization lights up when the

icomotor is enabled.
[ L/Zheck that the temperature readouts on the visualization, under the “RAW™ section,
are positive values near room temperature if motor was previously off.
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E_nab]e the picomotor by pressing the "ENABLE" button on the visualization, wait until the
iAcomotor status is "READY", then do the following:

[L}/Check that the fan is running and blowing air out of the box (rear panel).

M/Check that the two LEDs for each output terminal are lit when that output terminal is
selected on the visualization (terminals 1-8 under the "USER" section):

Terminal LED |
Left Right

I T

2 P

3 A

4 Y~ r

5 11

6 1 ¥

7 T

8 (¥ 7

Select output terminal 1 and do the following:

[]  Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respond fo the

selected direction according to Table 2:

Direction LEDs
Drive X | DriveY | CWX | CWY
DOWN off on * off on **
Up off on* off off
> on * off | on** off
< on* off off off
Check ifpassed:| [V [T | [4+ | #]

Table 2: LED response to picomotor direction

* {(while motor is running)
* ¥ (stays on after motor is finished running, until opposite direction is selected)
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4. Testing the temperature readout

On the visualization screen, make sure the picomotor is enabled and that the status is “READY”, and
check that output terminal 1 is selected. Then under the “TEMPERATURE?” sectjon, click the ‘Reset
Values” button, then click the “Test” button, which will drive the motors continuousty for 5 miﬂutes,
and read the temperature every minute for each axis (X and Y). Record the five terperaturesit the

table below:

Time (minutes)

Temperature

-

X (!|<l| or fl>l!)

I 'Y (IIUPII or HDOWNII)

as5Mf

23-90

6L S

25 .Y

|

2751

26 <[

29 o4

29.57

30. 64

7% . 57

Check if passed:

[y

"

Check the “pass” box for each above if the temperature increases over time.

ipoflS



5. Testing the output terminals

Make sure the picomotor is enabled and that the status is "‘READY". Connect the picomotortoone
if the 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "TOG (50Hz)" under
SPEED". For each terminal, check that the motor runs on each axis (X and Y):

| Terminal [[ Axis B
X ("<" or "™>") ' Y ("UP" or "DOWN")

i M [T

2 [ [+

3 M [

4 [+ [T

E ve [T

6 L1 o

7 Ly iaf

B [ (7

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

Terminal Axis |
X('<"or™") | Y('UP"or"DOWN") |

1 [T vd

2 1“7 M

3 (7 (17

4 [4 [T

5 [1 [ i’

6 [T [']

7 (7T 1

B 1 7
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lesting Summary

For each test, indicate the results in the table below:

Front panel LEDs [~TPass [ ] Fail
. v ,
Yep sizes [ ]Pass [ ] Fail
Speeds [ ]Pass [ ]Fail
Output terminals [ {Pass [ ] Fail
[ ] Fail

Overall picomotor driver testing: [’f Pass

Test Engineer: Za C_J’\- Cj
Test Date: ”/p??/ {{

Additional Comments:
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Appendix A: Physical Components
| “ _w Figure 2: Picomotor driver chassis front panel
i
il
"M

Rgure 3: Picomotor driver chassis rear panel
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Figure 4: EtherCAT configuration




Appendix B: PLC Controls

Figure 5: Step 3 of PLC controls setup
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Yicomotor controller chassis LIGO DCCH
ItherCAT Adapters LIGO DCCH#
Controller Serial #

Test Engineer:

Test Date:

Overall picomotor chassis testing:

Signature/Initials:

D1100323-v]

D1100419-v3

S5l %7576

Lacdn

War

[ 9PASS [ ]JFAIL

Reference:

Testing Schedule:

1. Front panel LEDs
2. Step sizes

| 3. Speeds
I‘ 4. Temperature
5. Output terminals

https://awiki.ligo-wa.caltech.edu/aLIGO/Picomotor%20Controller

20f15



System requirements

Hardware:

1

10

11

Picomotors (2)
Compatible models: Newport 8302

Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

LIGO standard 24V M-F-M DB3 power cable
EtherCAT adapter D1100419-v3 (1)
DB25 F/M cables (2)

Hook-up wires
Brown, Green, White, Black, Grey, Purple

IDC 20-pin cable assemblies (2)

Beckhoff EtherCAT boxes (5)

EK1100, EL3102, EL1014, EL1872, EL.2872
(Figure 4 in Appendix A)

24V power supply for Beckhoff boxes (1)

Ethernet cable (1)
Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)

MS Windows XP/7, 32-bit
Beckhoff TwinCAT software bundle, v2.11.1551
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Setting up

Steps for setting up the picomotor:

1

Connect the EtherCAT adapter for controls to the left DB25 port on the rear pane] of
the dniver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the 4r pane]
of the driver chassis

Using a ribbon cable, comnect the EtherCAT adapter for controls to the EL2872
Beckhoff box

Using a ribbon cable, connect the EtherCAT adapter for readbacks to the ELI872
Beckhoff box o

Connect an Ethemet cable to the X1 IN port on the EK1100-Beckhoff box
Connect the EK1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethernet cable to the PC through the realtime Ethernet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch
on '
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Connect REAL-TIME
Elhernat output to the
Beckhoff box via
standard CATS {or betler)
RJ4% networking cable.

Picomater driver BACK PR ned

B

 ELzET2

o the Reathicks.

| D1100323
Picomotor driver tast assembly.
. Connection diagram. '

PhﬂM&*ﬂNﬂFﬁdﬂpﬂﬂ
Figure 12: A connection diagram of the picometor setup.
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Setting up

Steps for setting up the PLC controls:

I Open up the TwinCAT S ystem Manager software and go to:

File > Open > Picomotor_test.tsm
2. Open up the TwinCAT PLC Control software and go to:

File > Open > pmtestcode.pro

3. Go to the system tray, click on the TwinCAT icon and in the menu that pops up, £0 to-
(see Figure 5 in Appendix B for a screenshot)

Systemn > Start
4, Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog; -
"No program on the controlier! Download the new prograrn?"

Online > Run (F5)

5. At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-click and open
"VIS_PICO", and a visualization window should appear.

(see Figure 6 in Appendix B for a screenshot)

In the "VIS_PICO" visualization window:

in the "RAW" section, the "IDLE" indicator should be it
in the "USER" section, the status should read "DRIVER DISABLED"

On the controller front panel:
the "IDLE" LED should be Lt

the "Enable" LED should be off
the “ON" LED should be on
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| Testing the front panel LEDs

Atter the picomotor and the PLC controls are set up:

[ Check that the "ON" LED is lit if the power cable is connected and the poaersWitch
18 on, and that it goes off when the power switch is off.

[+~ Check that the “ON" indicator on the visualization also responds 10 the powersWitch_

[ ﬁ/ Check that the "Remote" LED turns off if the EtherCAT adapter for controls i
disconnected.

[ /J/ Before the next step, check that the fan (rear panel) is off.

1 Toggle the "ENABLE" button on the visualization screen and check that the following
LEDs respond to the picomotor status according to Table 1:

Chassis Front Panel LEDs Software Readbsdcsj

Status ’

[ IDLE | Ensble | FaultX | FaultY | IDLE | Enable|iwer
[DRIVER DISABLED| on | off of | off [cyn | oCF lOn

|STARTING UP.. off | on | flashes | flashes |5 (L | vy |on

I READY ! ' on ] off of |5( Clov e

off :
Checkifpassed:| [+~ | [4 | T | V11 | (] 1+] 1+ ]

Table 1: LED response to picomotor status

[] Check thﬁt the “DUAL AXIS” indicator on the visualization li ghts up when the
picomotor is enabled.

Check that the temperature readouts on the visualization, under the “RAW” section,
are positive values near room temperature if motor was previously off.

]
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tnable the picomotor by pressing the "ENABLE" button on the visualization, wait untilthe
ncomotor status 1s "READY", then do the following

[*1’/ Check that the fan is running and blowing air out of the box (rear panel .

[ ‘-j/Check that the two LEDs for each output terminal are lit when that outputterminal g
selected on the visualization (terminals 1-8 under the "USER" section):

/'Termmal i LED ,
| | Let | Rig_ht |
I CE |
; 1 i
3 [T

4 e [] /
E 14

E | 11 =
|7 |1 []

8 ez

Select output terminal 1 and do the following:

[ ]  Select "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respond to the

selected direction according to Table 2:
Direction | LEDs
Drive X | DriveY | CWX CWY

LDOWN off on* off on ** ]
UP off on * off off

> on * off on ** off

{< on * off off off

Check if passed:| [}~ (1 [V | [ |

Table 2: LED response to picomotor direction

* (while motor is running)
e (stays on after motor is finished running, until opposite direction is selected)
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.. Testing the step sizes

On the visualization screen, make sure the picomotor is enabled and that the stafus i "READY ", apg
theck that output terminal 1 is selected, then select "SPRINT (500Hz)" under "SPEED". Select a
%ep size and then a direction. Check that the motor runs for a longer time (the motor clicks and turmng

vhen it runs) as you increase the step size for each axis (X and Y):

lf Step Size | Axis ]
] | X(<"or™) | Y('UP'or 'DOWN)
\VERY SMALL (1) | 4 %8
IMEDIUM (100) | 1 7
IMAGNUM (10000) | %4 vd

J. Testing the speeds

On the visualization screen, make sure the picomotor is enabled and that the status is "READY", and
check that output terminal 1 is selected, then select "SMALL (10)" under "STEP SIZE", Selecta
speed and then a direction. Listening for the 10 clicks, check that the motor runs faster as you

increase the speed for each axis (X and Y):

Speed } Axis ‘ I
[ | X(<"a™) | Y("UP"or"DOWNY) f
(CRAWL (1Hz) | 1 [ |
170G (50Hz) N (1 [T |
SPRINT (500Hz) | (7 [T |
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4. Testing the temperature readout

On the visualization Scfeen make sure the picomotor is enabled and that the status is “READY™, ang4
check that output terminal | is selected. Then under the “TEMPERATURE” section, click the “R eget
Values” button, then click the “Test” button, which will drive the motors continuously for 5 m-mutes
and read the temperature every minute for each axis (X and Y). Record the five temperaturesin the

table below:

| Temperature

f | X(<"a™) [ Y(UP'or "DOWN")

! | 236 | 217

2 | 24198 | A5 W ?{

| | fh-20 | S

4 O 7. X

E 29 45 [ 2430
Check if passed:| 1 J I j

Check the “pass” box for each above if the temperature increases over time.

iTime (minutes)

w
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5. Testing the output terminals

Make sure the picomotor is enabled and that the status is "READY". Connect the picomator to on e
'f the 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50Hz)* under
SPEED". For each terminal, check that the motor runs on each axis (Xand Y):

[’ Terminal B e

] | X (<o) | Y ("UP" o1 'DOWN')
1 | =8 (1

2 ;[ cd 1

3 J [“T/ [d/

F [ (1 [T

E 7 (1 [/{

E 7 [ { [{

L7 ‘ & d (1

s ] (1 1

Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:

(

|

X ("<" or !I>ﬂ)

| Y ("UP"or "DOWN")

i |

I | (1 (7

L% | o (1

LB ] [;f/ [/J/

4 [ [

s | 7 7

6 | (A (4

7 | [1 il

8 [ ¥ S
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lesting Summary

for each test, indicate the results in the table below:

front panel LEDs

Step sizes

Speeds

Cutput terminals

[ﬁass
[.4/Pass

/]/ Pass

[
[ 1/Pass

[ ]Fail
[ ]Fail
[ ]Fail

[ ]Fail

Overall picomotor driver testing:

 frus

Test Engineer: Z c (/%\ (/

Test Date: / 2%2 // ’

Additional Comments:

[ ] Fail
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| Components

Physica

Appendix A

Figure 2: Picomotor driver chassis front panel

Picomotor driver chassis rear panel

Fgure 3
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Figure 4: Ether CAT configuration




Appendix B: PLC Controls

Figure 5: Step 3 of PLC controls setup
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1
%5
[
i
[ Hicomotor controller chassis LIGO DCC# D1100323-v]
|
1 ItherCAT Adapters LIGO DCC# D1100419-v3
[
1 o
]f : Controller Serial # = oo W 7
!
1
; | lest Engineer: Z L/.L&,r v/\
I
&
¥ ,
f Test Date: J/QM [
| e
H Overall picomotor chassis testing: M’P(ASS [ ]FAIL
|
‘ i” Signature/Initials:
;"
» o s
f ’ ' Reference:
\I.I : https://awiki.ligo-wa.caltech.eduw/aLIGO/Picomotor%20Controller
8 '
i
|

Iesting Schedule:

1. Front panel LEDs
2. Step sizes

3. Speeds

4, Temperature

5. Output terminals
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System requirements

Hardware:

1

10

11

Picomotors (2)
Compatible models: Newport 8302

Picomotor driver D1100323-v2 (1)
(Figures 2 and 3 in Appendix A)

LIGO standard 24V M-F-M DB3 power cable
EtherCAT adapter D1100419-v3 (1)
DB25 F/M cables (2)

Hook-up wires
Brown, Green, White, Black, Grey, Purple

IDC 20-pin cable assemblies (2)

Beckhoff BtherCAT boxes (5)

EK1100, EL3102, EL1014, EL1872, EL2872
(Figure 4 in Appendix A)

24V power supply for Beckhoff boxes (1)

Ethernet cable (1)
Computer equipped with TwinCAT-Intel PCI Ethernet Adapter (100BASE-T)

MS Windows XP/7, 32-bit
Beckhoff TwinCAT software bundle, v2.11.1551
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Setting up

Steps for setting up the picomotor:

1.

Connect the EtherCAT adapter for controls to the left DB2S port on the rearpane] of
the driver chassis

Connect the EtherCAT adapter for readbacks to the right DB25 port on the ear pane]
of the driver chassis

Using & ribbon cable, connect the EtherCAT adapter for conirols to the EL2872
Beckhoff box

CAT adapter for readbacks to the ELI§72

Using a ribbon cable, connect the Ether
Beckhoff box '

Connect an Ethernet cable to the X1 IN port on the EK1100-Beckhoff box
Connect the EK1100 Beckhoff box to a DC power source (24V)

Connect the other end of the Ethernet cable to the PC through the realtime Eternet
port

Connect the picomotor driver to a DC power source (24V) and turn the power switch

on

4of15
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Setting up

Steps for setting up the PLC controls:

I

4.

5.

Open up the TwinCAT System Manager software and go to-
File > Open > Picomotor_test.tsm
Open up the TwinCAT PLC Control software and g0 to:

File > Open > pmtestcode.pro

Go to the system tray, click on the TwinCAT icon and in the menu that popsup, go to:

(see Figure 5 in Appendix B for a screenshot)

System > Start
Go to the TwinCAT PLC Control window and go to:

Online > Login (F11)
Click "Yes" at the dialog: :
"No program on the controller! Download the new progrern?”

Online > Run (F5) .
At the bottom of the left sidebar in the TwinCAT PLC Control window, click on the
"Visualizations" tab, and under the "Visualizations" folder, double-click and open
"VIS_PICO", and a visualization window should appear.
(see Figure 6 in Appendix B for a screenshot)

In the "VIS' PICO" visualization window:

ln the "RAW" section, the "IDLE" indicator should be lit
in the "USER" section, the status should read "DRIVER. DISABLED'

On the controiler front panel:

the "IDLE" LED should be lit
the "Enable" LED should be off
the “ON” LED should be on

6of 15




. Testing the front panel LEDs

After the picomotor and the PLC controls are set up

[ Check that the "ON" LED is lit if the power cable is connected and the powers¥itch
is on, and that it goes off when the power switch is off

[ ‘1/ Check that the “ON" indicator on the visualization also responds 10 the power SWiteh

[ T Check that the "Remote" LED turns off if the EtherCAT adapter for controls is
disconnected.

[ ‘j/ Before the next step, check that the fan (rear panel) is off,

[ 1 Toggle the "ENABLE" button on the visualization screen and check that the fillowing
LEDs respond to the picomotor status according to Table 1:

[Status L Chassis Front Panel LEDs { Software Readbacksj
j' IDLE ) Enable ! Fault X J Fault Y ,’ IDLE 'Enablc Piwer
[DRIVERDISABLED| on | off | of | off ooy |od oo
ISTART]NGUP... J off l on Iﬂashes lﬂashes lo% ,(‘p/, ! -
s 0 I 0 A Yl P
Check ifpassed:| [}~ | [ | [+ | [1 | E1 | E1 | 1|

Table 1: LED response to picomotor status

[ 1~ Check tHat the “DUAL AXIS” indicator on the visualization lights up when the
picomotor is enabled.
o

[ ]  Check that the temperature readouts on the visualization, under the “RAW” section,
are positive values near room temperature if motor was previously off.
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tnable the picomotor by pressing the "ENABLE" button on the visualization, wait untilthe
ficomotor status 1s "READY". then do the following:

[ £4—Check that the fan is running and blowing air out of the box (rear panel ).

[ ‘j‘ﬁeck that the two LEDs for each output terminal are lit when that qutputterminal jg
selected on the visualization (terminals 1-8 under the "USER" section):

—T

| Terminal | LED |
L | Left | Right |
I Bz
2 | T
3 |

4 Iz
E | ¥

7 g - ol
1 [

E JJ =}
|

Select output terminal 1 and do the following:

[ 'Selcc_t "MEDIUM (100)" under "STEP SIZE" and "SPRINT (500Hz)" under
"SPEED" and then click each direction. Check that the following lights respond to the

selected direction according to Table 2:

Direction l LEDs |

[ | DriveX | DriveY | CWX | CWY

]DOWN off on * off ' Gn

UP off on * off off

> on* off on ** off

< ] on* off J off of
Check if passed:‘ [+ [ ‘ [V J H—

Table 2: LED response to picomotor direction

» (while motor is running)
b (stays on after motor is finished running, until opposite direction is selected)
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4. Testing the temperature readout

On the visualization screen, make sure the picomotor is enabled and that the status is “READY™, ang
check that output terminal | is selected. Then under the “TEMPERATURE” section, click th¢ “R e get
Values” button, then click the “Test” button, which will drive the motors continuously for § miﬂutes,

and read the temperature every minute for each axis (X and Y). Record the five temperaturesin the

table below:

* Time (minutes) L Temperature
’ / X (II<FI OI' ”>") [ Y ("UP n OI' IFDO\V’N”)
! | B 55 AT
’2 { JS.cc | sk 1e
3 | o 32 | A6 9
4 [ Y. o | 2¢.18
s | 97 .54 | 215
Check if passed: | [— | [

Check the “pass” box for each above if the temperature increases over time.

1Dofl5




5. Testing the output terminals

Make sure the picomotor is enabled and that the status is "READY". Connect (he picemator to on e
'f the 8 terminals, then select "MEDIUM (100)" under "STEP SIZE" and "JOG (50Hz)" under
SPEED". For each terminal, check that the motor runs on each axis (X and Y):

?erminal L Axis
| X(<o™ | Y(UP" o1 'DOWN)
E | 1 (1
2 ] (1 9
3 | [ v
4 | [T L1
s | %8 [}
6 | [F (1
|7 ] (7 [
E ] (1 [T
Repeat the above, but connecting the picomotor(s) through the D-sub connectors instead:
| Terminal 1 Axis
L | X(<"or™) | Y('UP"or"DOWNY |
T
: [
[

i [y
| (7 Ly

| 4 (1
] %1 i

1 1 8
e v %

SEEEEEEE




lesting Summary

for each test, indicate the results in the table below

Front panel LEDs [ ¥Pass
Step sizes [ I/Pass
Speeds [ 1Pass
Qutput terminals [ A Pass

Overall picomotor driver testing: [ Pass

Test Engineer: - C}-/Zg
Test Date: /25/02/ / /

Additional Comments:
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Appendix A: Physical Components

Kgure 2: Picomotor driver chassis front panel
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Figure 4: Ether CAT configuration
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Appendix B: PLC Controls

Figure 5: Step 3 of PLC controis setup
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