N2400

Pneumatic Actuator Controller

User M anual

Pyramid Technical Consultants, Inc.

1050 Waltham Street Suite 200, Lexington MA 02421 USA

US: TEL: (781) 402 1700 ¢ FAX:(781) 402-1750 ¢ EMAIL: SUPPORT@PTCUSA.COM
Europe: TEL: +44 1273 493590




PSI System Controls and Diagnostics

1 Contents

1 (©10] 41 (= 1| €=U OPRRTRRPRRRRR

4 SCOPE Of SUPPIY wervieeiiereieie e e et ee e s e e se e e e e eneas

5 (@ 01410 g = I 1= 0 1SS
5.1 POWEI SUPPHIES ...coeiiiieieeeieeii ettt a e e e e aa s
5.2 Data Cables.......cooiiiiiiiiieiie e

LoTRC T 1 0 T=T 2o o) i Tol (o o] o S PRRURUR

6 Intended Use and Key FEatUreS........cccvvciieeii ittt
6.1 INtENAEA USE.....ciieeieeeeiiiiiiii e st s e e e e e e e ae e e e e e eeaeaeeseresenes

6.2 KeY FEALUIES ...ooeeiiiiiieitie et a e

7 IS o= o 1= o o 1SS

8 INSLAHTALION ...ttt
S 700 R Y o TH T ) (] o SRS
8.2 Grounding and POWET SUPPIY ...eeevereeeeeesiiemmeeeeeeeeeeesiieeeerer e e e e e e e
8.3 ConNection t0 QUIPMENT........uuueee s es et ses e s e e e e aeeaaeaeees

9 (T AT gL RS =T (= S

9.1.1  POWENNG UP terrreieieieeeeieieitnteeeereeessmmmmm ae s sssssenenaneesaeesssnsnnnsnnes
9.1.2 Manual control from the front panel .........ceeeeeeeeeieieeeneinnnnns
9.1.3 Remote control in ASCIH MOde.........cocuvrmcmrieieee e
10 Usingthe PSI DiagnosticG1 HOSt Program .........cccceveeveeeeeieeieeeeeneeenenenes

10.1  Installing the PSI Diagnostic Program ........ccccccuvvveviiiiiniiinieennnn.

N2400 User Manual N2400_UM_140606

................................................ 8.1

Page 2 of 56




PSI System Controls and Diagnostics

10.2  Establishing communication With the N2400 ... eeeeeeieiiiiiiieeee e e e e e 24
10.3 D=1 t= 1 =1 o TP 25
O Y= (U o I = oSSR 27
10.5 DTNV oS = o 27
11 Other Host COMPULEr SOfIWAN €.....eeiviceieiiieie ettt st st te s aaesrees e sraesbeestessaeseenaesreanne s 29
A o g g T="oi (o RS 32
12.1  REAI PANEl CONMMECIOIS ... .uuuiiitieieieee s s o2 e e e s e ssttaaeaeeneaeaeeaesssa s sssanaeaeaeeeees s snsssssnsnaneneaeeeesssnnnses 32
12.1.1 Actuator control and rEAADACK .............. e e e e e e e e e e e e e e e e eeeees 32
12.1.2 L0111 T o1 o U | SO 32
12.1.3 Fiber-optic COMMUNICALIONS .........ciii i ceeeee e e e e e e s eeeeees 32
12.1.4 (ST = 3 olo ] 1010 410 a1 T0= 11 o] 1N 32
12.1.5 RS-232 COMMUINICALIONS .....evuniiiiiett i e e e e e e s e e e ee e e eeeseaba e esseeesaan e eesessannaeeeeeereanss 33
12.2  Alternative actuator connections (N2400-D25 MOdel)..........ccoviiiiiriiiiiiiiiiiiiis e ee e eeeeaens 33
12.2.1 P aYos (U F= 1 (o] g et ] o1 (o] AP 33
12.2.2 Limit SWITCN FEAADACK ... .cevviiii i e b e e e e e e b e e e e e st e e esans 33
S o0 {0/ FSF=TaTo W aTo o=\ () (=TT 35
13.1  Front panel controls and INAICALOIS ..........cuuueiiiiiiiiiiiiiiire e e e e e e ee e e e e s e ererereeeeeeasanannnns 35
13.1.1 L7 L@ 10 | ALY} (o o N 35
13.1.2 PN UL 04\ F= T T L] (o o R 35
13.1.3 P YU (o I 1T [ [7=1 (o ] GO N 35
13.1.4 V=T T o T = o N 36
13.1.5 [T o [T0%= 1 (o] TR 36
13.1.6 (@101 T 0o [To7= 1 (0] (R 36
T S LT T o T= 11 B oo 1 o [ PP 36
13.2.1 1Y/ T LIS (] o IR 36
13.2.2 P Ao [0 [ (=TSR Y1 (o o IR 36
RS R B = (Y- T o =T =Y BT Vo o= 1 (] SO 36
13.3.1 011 =Y PO 36
13.3.2 D211 37
13.3.3 [ 03 VPSSR 37
13.3.4 ] =110 LR ORPPR 37
13.3.5 1 37

N2400 User Manual N2400_UM_140606 Page 3 of 56




PSI System Controls and Diagnostics

s o V= T U] o Fo =SSR 38
TS | = YA I (= o Lo o =TSSR 41
15.1  Safety relay interlOCK CIFCUIL...........oii i ceeee e rr e e e e e s s arar e e e e e e e e s annnnnns 41
T o ol Qo TU 1 A 1= To T o U | OSSO SPPP PPN 42.
16 ASCI COMMUINICALION ....iitiitiiiitietisiesie ettt sttt eesee e se e e e be b e se e beseeseebeseese e beseeseenbensese e benseseenbansenee e ansenean 43
16.1  ASCI ProtOCOI — SCPl......eiiiiiiiiiieie e s ettt ettt e ettt e e s ab e e e e skt e e e s s e e e e s e abbreeaeennnneeee s 43
16.1.1 Lo E S ST: Vo [ PSP UUPPPPPPPTTPPPPRPIN 43
16.1.2 S = L8 =T £ 1= PSS 44
16.1.3 HOSE COMIMANGS ....eeiiiiiiie et ettt e et e e e e ettt e o4 e ane e e e st eee e e e sbbbe e e e e sanbeeeeeaan 44
16.2  ASCII Protocol — TermiNal IMOUE...........cii ettt eeee e e e ettt e e e e e e e e sssbe e b e e e e e e e e e s e e s e nnbebeeeeees 48
A = 01 1 Vo [T T SRS 49
18 IMAINTENANCE ...ttt bbb bbb st bt eh b et E et e h e e eh e b eh e R e ae R et e h et Rt s Re R Rt ereneer e rerenene s 51
RS TS BT o] o] AP PSP SRR 52
PO = L AU 0] o] o= o [ SRS 53
A N I T o 01 SRS 54
22 Declaration of CONfOIMILY ....cciieiieie e e e s e e see st e e se e e enteseesaeneeseeseenseneeneanseneeennes 55
pZ2C T o= V7 Lo I T SRS 56

N2400 User Manual N2400_UM_140606 Page 4 of 56




PSI System Controls and Diagnostics

1.1 Table of figures

Figure 1.
Figure 2.
Figure 3.
Figure 4.
Figure 5.
Figure 6.
Figure 7.
Figure 8.
Figure 9.

Figure 10.
Figure 11.
Figure 12.
Figure 13.
Figure 14.
Figure 15.
Figure 16.
Figure 17.
Figure 18.
Figure 19.
Figure 20.

N2400 chassis rear and front panelsebsions mm.

N2400 chassis top and side views. D#ieas mm.

N2400-D25 chassis rear panel.

N2400 chassis front panel (early mgddmensions mm.
Schematic N2400 installation for reniaterfacing of pneumatic actuators
Actuator test lead. View on N2400 cartoe/ solder side of mating connector
RS232 connection cable from the N24@08 PC serial port (DB9).
Hyperterminal COM port setup.
Hyperterminal terminal settings

Example Hyperterminal session (terminadie)

PSI Diagnostic Search Utility — addintarget IP address and port

PSI Diagnostic Search Utility — deteetin progress

Data tab: A N2400 is connected via &A®controller, on loop 2 at address 4.

Data tab: various states for channds 1

Device tab, showing firmware updatétyttontrols.
N2400 block schematic.

Actuator channel control and indicaioster
Selecting the hex file to load.

Firmware upload in progress.

Example safety circuit

N2400 User Manual N2400_UM_140606

Page 5 of 56

14
15
16
17
19
20
21
22
22
23
25
25
26
27
28
30
35
39
40
41




PSI System Controls and Diagnostics

2 Safety Information

This unit is designed for compliance with harmodieéectrical safety standard EN61010-
1:2000. It must be used in accordance with itgifipations and operating instructions.
Operators of the unit are expected to be qualgiedonnel who are aware of electrical safety
issues. The customer’s Responsible Body, as dkfinthe standard, must ensure that operators
are provided with the appropriate equipment anditrg.

The unit is designed to make measuremenideasur ement Category | as defined in the
standard.

The N2400 does not generate dangerous voltagess malesigned to measure directly such
voltages. However it is intended to control pneticnactuator systems which may present pinch
hazards. Appropriate precautions must be takemwlogking on the actuator assemblies. The
lock out / tag out protocol is recommended. Theise engineer should disconnect the cable
from the N2400 to the actuator, and lock and tagwer over the cable end. The engineer should
retain the key until the work is completed.

If an actuator is performing a safety-critical ftion, then a safety-rated hardware interlock
system should be placed in between the N2400 anddiuator.

The unit must not be operated unless correctlynaisksel in its case. Only Service Personnel, as
defined in EN61010-1, should attempt to work ondisassembled unit, and then only under
specific instruction from Pyramid Technical Conants, Inc. or their authorized distributors.

The unit is designed to operate from +24VDC powth a maximum current requirement of
1250mA. A suitably rated power supply module iaikable as an option.

The unit must be grounded by secure connectiorgtoanded conducting surface. If the unit is
mounted on an insulating surface, then one ofdhemhounting screws must be re-assigned as a
grounding connection.

Some of the following symbols may be displayedt@nunit, and have the indicated meanings.
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Direct current

Earth (ground) terminal

Protective conductor terminal

Frame or chassis terminal

Equipotentiality

Supply ON

Supply OFF

CAUTION - RISK OF ELECTRIC SHOCK

BP0 —+® -

CAUTION — RISK OF DANGER - REFER TO MANUAL
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3 Models
N2400 24-channel pneumatic actuator controller.
N2400-D25 N2400 with optional DSub 25-pin altermatiear panel connectors
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4 Scope of Supply

N2400 model as specified in your order.
PSU24-40-1 power supply
ADAP-D9F-MINIDIN Adaptor cable for RS-232 port

USB memory stick containing:
User manual
PSI diagnostic software files
USB drivers and utilities
Test results

Optional items as specified in your order.

Note: OEM customers may not receive all items.

N2400 User Manual N2400_UM_140606

Page 9 of 56




PSI System Controls and Diagnostics

5 Optional Items

5.1 Power supplies

PSU24-40-1. +24 VDC 40 W PSU (100-250 VAC, 50-60 HEC C14 3-pin plug receptacle)
with output lead terminated in 2.1mm threaded jack.

5.2 Data cables
CAB-ST-HCS-10-ST Fiber-optic cable, 200 um sili§d, terminated, 10'.

A pair of fibers is required to make up a poinptent connection.

5.3 Fiber-optic loop
A360 two-port fiber-optic loop controller / Ethetradaptor.

A500 intelligent real-time controller with Etherrniaterface.
A560 intelligent real-time controller with 10 fibeptic loop ports and Ethernet interface.
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6 Intended Use and Key Features

6.1 Intended Use

The N2400 is intended for 24 VDC solenoid valvetoomand limit switch readback from
pneumatic actuator motion systems. Up to 24 indéget channels can be controlled, each with
a single control output and two limit switch readke Control and monitoring will generally be
handled by a host computer system communicatiny thvé N2400 via one of its data interfaces.
However, any channel can also be put into manuatalby a front panel switch, and the
actuator position is then determined by the coordmg front panel position switch. The host
computer, if connected, is still able to read béeklimit switch state when manual control is
asserted.

The N2400 can control directly any actuator systeusngh are controlled by 24 VDC levels with
maximum current requirement in the on conditio®imA. A typical example is the SMC
SY300 series, which has a DC solenoid rating dd @4maximum. More complex actuators,
for example three position systems which are drlwetwo cylinders each with its own solenoid
valve, can also be controlled but now the hostasf system must implement the necessary
state machine, and handle any constraints.

The N2400 has design features which make it tolexbelectrically noisy environments, but the
place of use is otherwise assumed to be cleanteitbed, for example a laboratory or light
industrial environment. The unit may be used st@ode, or networked with other devices and
integrated into a larger system. Users are asstionael experienced in the general use of
precision electronic circuits for sensitive meameats, and to be aware of the dangers that can
arise in high-voltage circuits.

6.2 Key Features
24 independent channels.

Individual manual control can be selected for eg@mnel.
48 opto-isolated limit switch inputs, two per chahn
Can be operated in a fiber-optic serial commuracakbop with up to fifteen other devices.

100BaseT Ethernet interfacing to a host computailae through the A360, A500 and A560
loop controllers.
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7 Specification

Outputs

Number 24, independent, one per actuator channel

Voltage +24 VDC switched

Current 50 mA nominal per channel, 75 mA maximuthdatputs on)
Fuse rating 100 mA resetting thermal fuse on eadhud

Inputs

Number 24 pairs, independent, two per actuatormélan

Configuration

Opto-coupled, grounding input via tgeswitch closure
indicates limit reached.

24 VDC source voltage provided for each channelitéid by 5
kohm internal source resistor

Controls

Actuators (front panel)

Auto/manual mode rotarytstyi one per channel.
Manual control actuator in/out rotary switch, oree phannel.
Note: early models used toggle switches.

Communications (rear
panel)

10 position rotary switch for communication modkeston
16 position rotary switch for loop address selettio

Displays

Actuators (front panel)

Auto/manual indicator LEDsg pair per channel
Actuator in/out indicator LEDs, one pair per chdnne

Communications and statu

(rear panel)

5 Four LEDs (transmit, receive, status, link).
Three LEDs (fiber-optic / USB / RS-232)

Communications options

Fiber optic (10 Mbit/seEthernet connection through A360,
A500 or A560 loop controllers.

USB (3 Mbit/sec)
RS-232 (up to 115 kbit/sec)

Power input

+24 VDC (+/-2 V), 200 mA standby (nauators driven), 50 mA
additional typical per driven solenoid.

Input fuse rating 2.5 A.

N2400 User Manual
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Case

Stainless steel sheet, aluminium alloy franep

Case protection rating

The case is designed tog #843 (protected against solid
objects greater than 1mm in size, protected agapraling
water).

Weight

3.6 kg (8.0 Ib).

Operating environment

0 to 35 C (15 to 25 C reconued)
< 80% humidity, non-condensing
vibration < 0.2 g all axes, 1 to 100Hz

Shipping and storage
environment

-10 to 50C
< 80% humidity, non-condensing
vibration < 2 g all axes, 1 to 100 Hz

Dimensions

2U 19” chassis, 281 mm deep (see figueesd 2).

N2400 User Manual
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Figure 2. N2400 chassis top and side views. Dsi@as mm.
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OUTPUTS 1-12 INPUTS 7-12 INPUTS 1-6

OUTPUTS 13-24 INPUTS 19-24 INPUTS 13-18

®

O\ T O,

© 0000000000000
000000000009

Figure 3. N2400-D25 chassis rear panel (optioalérnative arrangement).
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Figure 4. N2400 chassis front panel with togglétches (early models only). Dimensions mm.

N2400 User Manual

N2400_UM_140606

482.6

[197]

Page 17 of 56




PSI System Controls and Diagnostics

8 Installation

8.1 Mounting

The N2400 should be mounted in a standard 19” sgstem. We recommend that you use
chassis supports rather than relying on the franepalone for mounting. The unit may be
simply placed on a level surface for initial tegtin

The rack depth position should be sufficient toomemodate connectors and cable bend radii.
Leave at least 100 mm clearance for the coolingdaxhaust into. The combined weight of a
full complement of cables to actuators is considlersso adequate support must be provided for
the cables to avoid excessive strain on the razglpa

Best performance will be achieved if the N240(ia itemperature-controlled environment.

8.2 Grounding and power supply
A secure connection should be made via the grougndol local ground potential.

+24 VVDC power should be provided from a suitablgdapower supply with the following
minimum performance:

Output voltage +24 +/- 0.5 VDC

Output current 2000 mA minimum, 5000 mA maximum
Ripple and noise <100 mV pk-pk, 1 Hz to 1 MHz

Line regulation <240 mV

The N2400 includes an internal automatically reisgtPTC fuse rated at 2.5 A. The nominal
maximum load if 75 mA is being supplied to everfuator output is 2.0A. However the
external supply should in no circumstances be raigiger than the N2400 connector limit of 5
A, and a maximum of 3.0 A is recommended.

8.3 Connection to equipment

Figure 5 shows in schematic form a typical instadlato control and read a suite of pneumatic
actuators. Only one actuator is shown of a possitdximum of twenty-four. The N2400 front
panel has a blank area below each switch pair weerean affix system-specific identification
of the actuator connected to that channel.

A switched 24 VDC output from the N2400 energized@energizes the solenoid valve on the
actuator, which thus directs gas pressure to on¢her of its output ports, causing the actuator
to drive to the relevant physical limit. Microsahies or similar potential-free contact devices
fitted to the actuator assembly close to pull delaanN2400 opto-coupler limit switch inputs
when the actuator is at end of travel.
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The N2400 is shown on a fiber-optic communicatmopl, under control of one of the Pyramid
Technical Consultants, Inc. loop controllers A38600, A560 or other product with a fiber-
optic loop port). Software on the host computgrases the 1/0O provided by the N2400.

Pneumatic actuator

Z——————————\ Comp air in

( ) 24 VDC
solenoid valve

Fiber-optic comms

Other Othgr Limit switch
devices === k== devices

+24V in

Figure 5. Schematic N2400 installation for remiotierfacing of pneumatic actuators

The N2400 may be the only device on the commumindtiop, or one of up to fifteen devices.
As the number of devices is increased, the looplwatth has to be shared, so for fast control
you would generally keep the number of devicesamhdoop to the minimum. However the
N2400 has low bandwidth requirements, so thismsreor concern if the N2400 and similar
devices are the only devices on the loop.
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9 Getting Sarted

9.1.1 Powering up

Before installing the N2400 in its final locaticamd if it is the first time you have used a N2400,
we recommend that you familiarize yourself withatgeration on the bench. You can check the
unit powers up correctly, establish communications,the internal calibration procedure, and
read the internal calibration current.

Inspect the unit carefully to ensure there is ndewe of shipping damage. If there appears to
be damage, or you are in doubt, contact your seippéfore proceeding.

Connect 24 V DC power but no other connectionse fftint panel auto/manual LEDs will
illuminate according to the positions of the autarmal toggle switches. No limit switch
indicators should be lit. The rear panel deviegust LEDs should go through a startup sequence
when the power is applied. When the N2400 hasestaorrectly, the status LED on the rear
panel will be green, but the link LED will be offthis shows that the N2400 processor is
running, but that the N2400 is not yet establistieé communication loop nor is handling I/O.

9.1.2 Manual control from the front panel

At this stage you may wish to confirm that an atduaan be driven under manual control.
Make up a lead for the actuator as shown in figure

Rtn -
Solenoid
24 VVDC +
> 1 switched
00000
0000
o 5 l\ Switch
Rtn
Out limit / Switch
In limit

Figure 6. Actuator test lead. View on N2400 catore/ solder side of mating connector

CAUTION
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If you are bench testing a pneumatic actuator géth pressure applied, the mechanism will
move. Be sure that this is safe, and beware ofrapyor pinch hazards.

Turn the switch for the channel you are testintheomanual position. You should see the
manual mode indicator LED illuminate. The in/owitsh should now energize and de-energize
the solenoid. If the solenoid is part of a soldnailve, you can often hear the valve switching,
and there may be an indicator on the valve to contine switching. If the gas pressure is on,
and the actuator is correctly set up, then it midlve. Check the limit switch LEDs illuminate at
the ends of travel either by pressing the switchietly or allowing the motion to actuate them.

9.1.3 Remote control in ASCIl mode

The simplest way to establish communications framost computer for the first time is to use
the N2400 RS-232 serial port and the ASCIlI commatioas protocol. This way you can
establish remote control without needing to insaly new software on your PC, as a basic
terminal program such as Hyperterminal or puTT¥ufficient.

Make a connection to a PC serial port. A threewsad terminated in a six-pin mini-DIN male
connector (PS/2 mouse type) and a nine-pin D femalequired. Alternatively you can use a
standard 9-way serial cable plus the ADAP-D9F-MINN@adaptor. When the connector is
pushed home in the N2400, the “optical” LED shoeMtinguish and the “RS232” should
illuminate. Connecting to this port forces the RQ40 be a listening device.

6 pin mini-DIN male
Pins are shown looking at the face of the
9 pin D female N2400 connectors / solder side of cable
connectors.

X RX

|
05003620!
o0 o of

Figure 7. RS232 connection cable from the N240QDRC serial port (DB9).

GND

Set the address rotary switch to position “4” (&ddr4; this is an arbitrary example) and the
mode rotary switch to position “6” (ASCIl communiiza, 115 kbps).

Configure a terminal session to use COML1 (or o#tvailable port on your PC). The following
figures illustrate this using Windows Hyperterminal
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COM1 Properties 2|x
Fart Settings
Bits per second: |T1EZDD ﬂ
Data bits: |B ﬂ
Parity: |None L]
Stop bits: i'\ ﬂ
Flow control: |None L]
Restore Defaults

oK Cancel I Apply |

Figure 8. Hyperterminal COM port setup.

1400 test Properties 2] x|
ConnectTo Seftings
Function, arrow, and cirl keys actas
(& Terminal keys " Windows keys
; ?
- Backspace key sends 1 CEEl Ry Jﬂ
(" Cr+H (" Del & Cil+H Space, CtritH ASCI Sending
= [v Send line ends with line feeds
Emulation
Echo typed characters locall

V62 LJ Temminal Setup.. L HE !

Line delay: |0 milliseconds.
Telnett 11D; VT52 -

sl ] Characterdelay: |0 milliseconds.

Backscroll buffer lines ISDD :]
[~ Play sound when connecting or disconnecting ASCll Receiving —

[~ Append line feeds to incoming line ends

Input Translation... I ASCIl Setup J | Wocaonimdng Bl
v Wrap lines that exceed terminal width
0K Cancel ‘ 0K | Cancel

Figure 9. Hyperterminal terminal settings

Type “#?<CR>" to query the active listener. Yowshl get the response “4”. You are
communicating successfully with the N2400 at adgles|f you hear your computer’s bell sound
when you send the string, the N2400 did not undedsit, probably because there was a typing
error. If the N2400 does not echo correctly, eithe terminal settings or the N2400 switch
settings are likely to be wrong. Check them ariy ientil you see the characters echo correctly.
If you make any errors while typing, use the baekgpkey and re-type from the error.

Type “read?<CR>". The characters can be uppesweil case. The N2400 will return the state
of its digital inputs as four 24-bit numbers. Taese respectively the state of the front panel
Auto/Man switches, the state of the front paneéDuit/ switches, the state of the out limit inputs
and the state of the in limit inputs.
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If you have an actuator connected to channel 1jtaadafe to do so, change it to the energized
state by sending “switch 0 17, meaning set swit¢bf@® to 23 switches) to state 1 (energized).
Return it to the un-energized state be sendingttémid 0”. At each stage you can send “read?”
to see the response of the limit switches.

Type “*rst<CR>" to reset the N2400. Your unit isnctioning correctly and is ready to be
integrated into your system.

If you wish to explore the ASCIl communication chpigies of the N2400 more fully, refer to
the commands list in section 16.

#; N2400 mode6 - HyperTerminal _olx]
Fie Edit View Cal Transfer Help

D] 5(3| 0B =]

H?
&
read?
16777215,0,0,1
switch 8 1

0K

read?
16777215,0,1,0
switch B @ i
14

=]

read?
16777215,0,0,1
»rst

OK

Nl i

Connected 0:02:04 Auto detect 1115200 8-N-1

Figure 10. Example Hyperterminal session (termmalde)
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10 Using the PSI DiagnosticG1 Host Program

Usually you will use a custom application to commeate with the N2400, either one you write
yourself using the software interfaces availabdenfiPyramid Technical Consultants, Inc., or one
that is supplied by Pyramid. However you can ¢gtad immediately using the PSI
DiagnosticG1 host program that was supplied withryd2400. It is also available for free
download fromwww.ptcusa.com The PSI Diagnostic is a stand-alone program lwhlows

you to set and read the actuator states. For sppieations it may be adequate for all of your
needs.

It is useful to understand what you can do withRis# Diagnostic, because it exposes all of the
functions of the devices it connects to. Applicatprogrammers will find it useful to help
decide which functions to implement in their hasftware.

10.1 Installing the PSI Diagnostic Program

Your N2400 was shipped with a USB memory stick wiité installation files you need. We
recommend that you copy the files into a directmryyour host PC. Check the Pyramid
Technical Consultants, Inc. web sitenatw.ptcusa.confor the latest versions. If you have an
earlier installation of the PSI Diagnostic, you caudate to the latest version by replacing the
PTC_Controls.dll and version.xml files in the praxgr directory.

The program runs under the Microsoft Windows opegasystem with the 3.0 .NET framework
or later. This has to be installed before the Bi&gnostic. Most new PCs have .NET already
installed. It can be downloaded from the Microswdt site at no charge.

Install the PSI Diagnostic by running the PTCDiagficSetup.msi installer, and following the
screen prompts. Once the program has installed¢go run it at once. It will allow you to
connect to the N2400, and, depending upon youpsetultiple additional devices at the same
time.

The Diagnostic uses the concepts of ports and ltmpsganize the connected devices. A port is
a communications channel from your PC, such as lsl @@rt, a USB port or Ethernet port.
Each port can be a channel to one or more looplsgeach loop may contain up to 15 devices.

10.2 Establishing communication with the N2400

Start the PSI Diagnostic. It will search the aafalié ports on your computer and present a search
list in an autodetect utility window. Figure 11os¥s a case where the program found two serial
ports and a network adaptor. We’ll work througheaample where the connection to the N2400
is via an A500 at IP address 192.168.2.3. We ddrtlas specific address to the network search
to avoid the need to broadcast to the whole LANypyng the address followed by a colon and
the standard port number 100, as shown in thedjgurd clicking “Add IP”.
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RR;\A\-UD

Technical Consultants, Inc

PSI Diagnostic v3.26

Select Ports for Autodetect 3
Below

r COM3
r COM1
- LAN Broadcast

AddiP  |[19276823700
Figure 11. PSI Diagnostic Search Utility — addiagarget IP address and port

Check that the target port is checked for inclusiotne search and click the “Start” button. The
autodetection process will start (figure 10).

RR;\,\-UD

& Technical Consultants, Inc
PSl Diagnostic v3.26

Detecting Hardware O

~ COM3

~ COM1

v

~ LAN Broadcast

agdwe |
Cancel
Figure 12. PSI Diagnostic Search Utility — deteatin progress

After a few seconds the program should find the MRélus any other devices you have
connected). You should see the receive and tramgsiis illuminate on the N2400 rear panel.

10.3 Data tab

Clicking on the N2400 entry in the explorer listlvaipen the N2400 window (figure 13). The
basic interface is very simple. There are swit¢beset the digital output states, and LEDs which
show the digital input states.
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4 PS| Loop Diagnostic v3.26 I EI__>_<_|
Actions Window Help

||L%|H| 20 u

A& System __‘JE!EJ
=1 A500 192.168.2.3:100
=& [Loop 2]
2 N2400(4)
A N2400(4) : Address 4 on [Loop 2] on A500 192.168.2.3:100
. J Pending « | Error
Data
| Channel 1 || Channel 2 |‘ Channel 3 ‘| Channel 4 H Channel 5 H Channel 6 ‘| Channel 7 H Channel 8 ‘
In Auto In. Aytu In Auto In Auto _n _'_M_tﬂ n Auto I Auto _In Auto
o - 0| =(e]|e = e |e =i =0 o e o= e|@ = e
out " wan out L Man || out L Man |low ' Man || Out 5 man ||ow Man | out & out @ e
o (e |[o] ef|c (o= [ef=l [ef=] (@] (e @[e
[ cnannets /|| channetto ||[[ channel 11 ]||[ channet12 || channel13 ||| channel14 ||| Channel1s |[|[ Channel1e |
kG D I Ao ||l i I it | LG Auno (| pdlo) (En: Adio ki o
0] = [o] ||®] = (o] |[@] = [o] |[0] = [@ ([0 = (@] (@] = [0] (@] = [@] |[®] = (@]
o " wan low ' wam |low M [low ' wan |low ' wan |low 7 wam |ow ' M [low " wan
o (e el (el 5] [ef|[B] [ef =] [e] =] [ef (=] [e (5] [e]
| channet17 /|| channet1g || cChannelt9 ||| cChannet20 |[|[ Channel21 |||[ Channel22 ||| Channel2s |||[ Channei24 |
L Aol e Ao S| e Ao S| || L || o Aol I At i) £l
0] = [o] [0 = [0] @] = [0] |[0] = [0] |[®] = [o] (@] = [o] |[@] = [o] |[® = [
ow 7w flow 7w [low 7 wan [low ' wen |low ' wam [low  wan |low ' wen |low T man
o (e =] (el 5] (e |[=] (@ = (el (e |=] (e (= (el

Last Eror.

Figure 13. Data tab: A N2400 is connected via &Y@controller, on loop 2 at address 4.

If you have an actuator connected, and it is safotso, you can try the controls to see their
effect.

Toggle switches Toggle the switches to set thensodeoutputs. Setting a switch to the
down position energizes the relevant output to ¥R£. A connected
actuator should move to the “in” position and thendicator should then
light instead of the Out indicator. The physic&ls on the N2400 front
panel should also change over.

Auto / Man If the front panel switch for a chanoelthe N2400 is set to manual, thep
the indication on the PSI Diagnostic will changenfrAuto to Man, and
the toggle will be grayed out. The actuator posiis now controlled from
the N2400 front panel, but the limit switch statel still be shown on the
Diagnostic.

As an example, figure 14 shows that the channetdator has been switched to the in position
from the Diagnostic host. Channels 2 and 3 haea lb&erridden to manual control from the
N2400 front panel, and set to the in and out stagsectively.
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A PSI Loop Diagnostic v3.26 ol Elil
Actions Window Help
[BE] @ o

& System __JE!EJ
=1 A500 192.168.2.3:100
=& [Loop 2]
2 N2400(4)
A N2400(4) : Address 4 on [Loop 2] on A500 192.168.2.3:100
Comms [F -+ | # ) Connecled « | Pending «  Error
| Channel 1 || Channel 2 |‘ Channel 3 ‘| Channel 4 H Channel 5 H Channel 6 ‘| Channel 7 H Channel 8 ‘
In Auto In Auto In Auto In Auto In Auto In Auto _In Auto _In Auto
o]  [e]|[a] - [e] @ - (o] ([ = [e [ = (@ (@ = [0 e = [@ |[@ = (@]
ou | Man || oOu Man || out Man || out - s Man || out  man ||ow & Man || out O man [|ow Y man
o = (o |0 o[ [ef|[c] [e o] e =] [e|c] (el |o] el
[ cnannets /|| channetto ||[[ channel 11 ]||[ channet12 || channel13 ||| channel14 ||| Channel1s |[|[ Channel1e |
In Aiﬂu In A_utu in A{.Jto In gmo In _Autu In @_Au In gmo In Aiﬂa
@ = @] [0 = [@]|[0] = [@] |[e] = [@ [0 = @] |@] = [o] |@] = [@] |[@ — [o]
out @ v out L Man || Out @ Man || Out & Man || out ‘Man || out Man || out & Man || out @
o el (e |5l [e|=] (e |Gl e)o] [ef|B] [ef|[5 [e]
| channet17 /|| channet1g || cChannelt9 ||| cChannet20 |[|[ Channel21 |||[ Channel22 ||| Channel2s |||[ Channei24 |
L Aol e Ao S| e Ao S| || L || o Atsol || cero i £l
@ = [0 [0 5 [0] [0 = [0 |[® = [0 ([@ = [o] |[®] = [¢] |[®] 5 [@ ([® = [0
o 7w low 0 wan |low 7 wen flow ' wan [lom = wan |low 7 wam |low ' wan [low T wan
o ele e eE e B e [eE (e el

Last Eror.

Figure 14. Data tab: various states for channel3.1

10.4 Setup tab
There are no setup parameters for the N2400, seetiap tab is blank .

10.5 Device tab

Click on the “Device” tab. You can check the conmeation link status, read the N2400
manufacturing serial number and verify the versiointhe hardware and firmware. On the right
is the firmware update utility. You can use tligibwnload firmware updates (.hex files)
downloaded from the Pyramid Technical Consultants,web site.
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£ N2400(4) : Address 4 on [Loop 2] on A500 192.168.2.3:100 O i]

Communication

~Messages Sent -
1631920
 Checksum Errors
R
Echo Errors
o
Timeouts

o |

| Reset Counters

SYSTem Properties Utilities
TR @ - Device Version - 0 ~Upload Application —
3.0 | Select .hex file
COMMTERM @ : -
- — g - FPGA Version
€ OMMCHECksum | @ 11.01 T Recet Device
tRtoueney “Hardware Version
60 Hz - 1
‘SERIALnumber 10 Input Length
0000000567 L 2
COMMTIMEout 10 Qutput Length
# 16

Last Emor

Figure 15. Device tab, showing firmware updatditytcontrols.

Communication

The counters show details of the camaoations between the N2400 an
its host. You can click the Reset Counters butbareset the fields to zerg

Comm:Term,
Comm:Checksum

These controls are used for ASCII communicatiorlg.offou can ignore
them when using the PSI Diagnostic.

Frequency

This parameter is not used by the N2400.

SerialNumber

This is the manufacturing serial nuntdfgrour device, and should be lef
unchanged.

t

Comm:Timeout

This field can be used to control ibevN2400 behaves if the

communication link to its host is lost. Enteringyanon-zero integer value

sets the number of seconds that the N2400 willicoatwhat it is doing if
communications are lost. After that it will goite defined safe state,
which is all outputs unenergized.

1Y

Select hex file

This button starts the N2400 firmevapdate process. It opens a file
selection dialog. When you select a hex file it start uploading to the
N2400 immediately. Upon completion the N2400 wnektart
automatically, and you will see the new Device Warsiumber displayed
See section 14 for more details.

Reset

This button causes a full warm reset of t408. All outputs will be set

back to off.
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11 Other Host Computer Software

The N2400 is supported by the Pyramid PTC Diago@&isoftware which is required by the
A360 and A560 loop controllers. This was suppisth your N2400, or can be downloaded at
www.ptcusa.com The user screens are similar to those showmeitteist section for the PSI
DiagnosticG1 software.

A convenient and widely-supported means of conngdt a large-scale system is to use the
EPICS protocollittp://www.aps.anl.gov/epic$/ The Pyramid IG2 software is available to
connect Pyramid devices to EPICS using the Chahem#ss Server method. Once the controls
and readbacks are exposed to EPICS via IG2, theicao use one of several freely-available
packages to deliver the data to a suitable softeav&conment, for example LabView ™,
Python, MatLab, C#, C++. Control System Studiariseasy to use interface development tool
that is s also available to downloddtp://controlsystemstudio.ory/
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Circuit overview

The N2400 circuitry is split over three types ohped circuit boards;
- main processor and communications board
- switch board (three, eight channels per board)

- connector board

The following block schematic shows one I/O chanfiéie 1/O components are repeated to give
the twenty-four channels.

Pwr status

Olp ctrl
I 1L
00000 ov DGnd
Auto/Man InfOut 424V
P09¢°? switch switch In/out
# o~Q <, 4,—/1_—,7 switch
5V v 33V " sense
oVv . S
Auto/Man
33V 717, DGnd  switch
;!7 sense
i ,l:,— J Ve
=K d DGnd
o4y Out limit
DGnd In limit

Figure 16. N2400 block schematic.

FPGA

DC-DC
™
P

DGnd |]—

!

Micro-
controller

L © Comms
@ port
| © LEDs
Serial/lUSB — USB 4“>
RSZ$2%“>
Fiber-optic
C: Status &
@ comms
5) LEDs

The power input and conversion is on the main hodite incoming 24 VDC power is split to

provide separately fused feeds to the switch baandsto the DC-DC converters that generate 5
V, 3.3V and 1.5 V rails for the main board. Tkeds to the switch boards are gated by a relay

which on power-up only closes when the FPGA omtleeessor board has started up, thus
preventing momentary random states of the outputs.
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The front panel auto/man switch selects betweenelag switched 24 V controlled by the FPGA
(and ultimately by the remote host) and 24 V cdtgdoby the front panel in/out switch. The 24
V output is protected by a automatically-resettimgrmal fuse. Signals back to the FPGA enable
the host software to sense if the channel has $&ohed to manual, and the state of the In/Out
switch, irrespective of whether the channel haslssétched to manual.

The limit switch inputs sense when the externalutris closed to 0V, thus drawing current from
the 24 V supply through the photodiodes and indickEDs. 5 kohm series resistors limit the
current that will flow through the remote switchiesabout 4.5mA.

The field programmable gate array (FPGA) handlesmpiit output and communications in
association with the microcontroller.
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12 Connectors

12.1 Rear panel connectors

12.1.1 Actuator control and readback
Twenty-four nine pin Dsub female.

Pin5 Pinl
Pin9 Pin 6
(External view on connector / solder side of maphgy)

1 Switched 24 VDC ol 6 24 V return (OV
2 n/c 7 Limit “In” opto input
3 24 V return (OV 8 n/c
4 n/c 9 Limit “Out” opto input
5 24V return (0V)

12.1.2 Power input
2.1 mm threaded jack. To mate with Switchcraft BZ6r equivalent

@: Center pin: +24VDC
Outer: 0V

12.1.3 Fiber-optic communications

ST bayonet. To mate with ST male terminated fdyic cable. Recommended cable types 1
mm plastic (such as Avago HFBR-EUS-500) or 200 plicagsuch as OCS BC03597-10 BL).
Signal: 650 nm light (red).

Light Gray Dark Gray

12.1.4 USB communications
USB type B female.
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=

12.1.5 RS-232 communications
Six pin mini-DIN socket (PS/2 mouse/keyboard type).
4.5,6: nlc N — Pin 3: Gnd

Pin 1: Tx
(External view on connector / solder side of maphgg)
The connector includes a sensor for cable connected

12.2 Alternative actuator connections (N2400-D25 mo

12.2.1 Actuator control
Two twenty-five pin Dsub female (J1, J2).

Pin 13 Pin 1
000000000000 @
|\ poooo000000Q | K

Pin 25 Pin 14

(External view on connector / solder side of maphg)

del)

1 Switched 24 VDC out 1 (13) 14 24 V rtn
2 Switched 24 VDC out 1 (1 15 | 24Vrtr

3 Switched 24 VDC out 1 (1 16 | 24Vrr

4 Switched 24 VDC out 1 (13) 17 24 V rtn
5 Switched 24 VDC out 1 (13) 18 24 V rtn
6 Switched 24 VDC out 1 (1 19 [ 24Vrr

7 Switched 24 VDC out 1 (1 20 | 24V rtr

8 Switched 24 VDC out 1 (13) 21 24 V rtn
9 Switched 24 VDC out 1 (1 22 |24V rtr
10 Switched 24 VDC out 1 (1 23 | 24Vrtn
11 Switched 24 VDC out 1 (13) 24 24 V rtn
12 Switched 24 VDC out 1 (13) 25 24 V rtn
13 Shielc

12.2.2 Limit switch readback
Four twenty-five pin Dsub female (J3-J6).
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Pin 13 Pin 1
@ ©OOO0OOOOOOOOC
J|\ 9ooo0000000q | K

Pin 25 Pin 14

(External view on connector / solder side of maphgy)

1 Limitin 1 (7, 13, 19 14 | 24Vrtr
2 Limit out 1 (7, 13, 1€ 15 | 24Vrir
3 Limit in 2 (8, 14, 20) 16 24 V rtn
4 Limit out 2 (8, 14, 20) 17 24V rtn
5 Limitin 3 (9, 15, 21 18 | 24Vrtr

6 Limit out 3 (9, 15, 21 19 | 24 Vrtr

7 Limit in 4 (10, 16, 22) 20 24V rin
8 Limit out 4 (10, 16, 22) 21 24 V rtn
9 Limitin 5 (11, 17, 23 22 | 24V rtr
10 | Limitout5 (11,17, 2¢ 23 |24V rtr
11 Limitin 6 (12, 18, 24) 24 24 V rtn
12 Limit out 6 (12, 18, 2¢ 25 | 24Vrtr
13 Shielc
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13 Controlsand Indicators

13.1 Front panel controls and indicators
Twenty-four identical control and indicator cluster

Auto
Limits \‘

®
1

Figure 17. Actuator channel control and indicatduster

13.1.1 In/Out switch

Rotary switch which is effective if the channelrismanual mode. Up position to energize the
relevant output, down position to de-energize thigpwt. The host software can read the position
of the In/Out switch irrespective of the statelsd Auto/Man switch.

In early models of the N2400, this control wasggte switch.

13.1.2 Auto/Man switch

Rotary switch to put the relevant channel in auffgosition: software control from the host
computer) or manual (down position: control fromrfr panel) control. The host software can
read the position of the switch, and thus knowsthéreor not it can control the actuator
position.

In early models of the N2400, this control was&king toggle switch. Pull the locking sleeve
against the spring pressure to release the lock.

You should take care when switching between autionaanual mode, as the actuator may move,
depending upon the relative states of the hostalad the In/Out switch.

13.1.3 Auto indicator
Green LED. llluminates when the channel is in antmle.
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13.1.4 Man indicator
Red LED. Illuminates when the channel is in mamade.

13.1.5 In indicator

Orange LED. llluminates when the “in” digital infpg connected to OV by a remote limit
switch.

13.1.6 Out indicator

Orange LED. llluminates when the “out” digital untgs connected to OV by a remote limit
switch.

13.2 Rear panel controls

13.2.1 Mode switch
Communications mode.

Function

9 bit binary, 10 Mbps
8 bit binary, 3 Mbps

8 bit binary, 115.2 kbps
8 bit binary, 57.6 kbps
8 bit binary, 19.2 kbps
ASCII, 3 Mbps

ASCII, 115.2 kbps
ASCII, 57.6 kbps
ASCII, 19.2 kbps
(Reserved)

@CD\I@U'I-POONI-‘O&
=
>
(e}

13.2.2 Address switch

16 position rotary switch setting device addreShoice of address is arbitrary, but each device
in a fiber-optic loop system must have a uniqueaeskl

Setting Function
0 (Reserved to loop controller)
1-F (decimal 1 to 15) | Available address settings.

13.3 Rear panel indicators

13.3.1 Power
Green LED. On =24 VDCinput power is present
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13.3.2 Xmit

Green LED. On = N2400 is sending messages.

13.3.3 Rcv

Green LED. On = N2400 is receiving messages.

13.3.4 Status

Red/Green LED. This LED indicates a variety oemal states, as follows:

Alternating red/orange/green/off

Unit powering up

Off Unit idle (not measuring)

Orange Waiting for trigger; or resetting integrator
Green Measuring

Red Error

Alternating green/orange

INNN0E

Downloading program frawsth

13.3.5 Link

Red/Green LED. This LED indicates a variety of conmication states, as follows:

Alternating red/orange/green/off

Unit powering up

Off

No connection since last power-up.

Alternating green/off

Unconnected

Alternating orange/off

Unconnected; unit has ganthe safe state

Green

Connected

Red

Fatal communications error

Fast alternating green/orange

(LGN

Boot state (waitiag sommand or code
download)
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14 Softwar e updates

The N2400 has three embedded firmware releases.

Firmware Function

FPGA (.pof file) General logic, loop message passtih

PIC Boot (.hex file) Boot up, code upload

PIC Application (.hex file) | Main application; spatfunctions, SCPI instrument model.

The FPGA and PIC microcontroller boot code showtraquire updating. They require access
to the circuit board and dedicated programmingsté@lload new code. If either of these codes
need to be updated, your supplier will contact god make arrangements either to return the
unit for upgrade, or to have an engineer perforenuppgrade for you.

The PIC microcontroller application code may beatpd periodically to add new operating
features. New code releases will be provided hy gopplier, or can be downloaded from the
Pyramid Technical Consultants, Inc. website. Téefile can be loaded using the PSI
Diagnostic host without any need to access the drhie upload can be performed directly from
the PC host. On the Device tab, click the “Seleexk file” button and navigate to the relevant
file. The code will then load. The process taklesut 20 seconds, and the N2400 will start
running the new code immediately.

A future FPGA code revision may introduce uploaddf#PGA code. In this case, there will be a
.fhex file which will be loaded in a similar manrerthe PIC application code.
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& PSl Loop Diagnostic v4.01 Jilﬂ

Actions Window Help

2| o0 o

A System e |D| Xl

=& A500 192.168.100.22:100
=8 [Loop 2]
L NDANNIAN
& N2400(4) - Address 4 on [Loop 2] on A500 192.168.100.22:100

Comms [“fefffeffefefd |

#  Connected #  Pending #  Erjor
4 J v

Communication SYSTem Properties Utilities

~Messages Sent —— @ "Device V4er3ion —‘ "Upld Application —

16404 Select .hex file
[ cowmmw o

GA Version
[Checksum Brrors = | | ["commcHEGm | (FP
COMM CHECksum [ ] 11.01 ’—|
lf . :FREQuen i Rpset Device
4 Cy Gpent

~Echo Errors 60 Hz -

y ~SERIALnumber ————

~Timeouts —— 0000000912
0 ~COMMTIMEout ————

[ o

Lookin: |23 Firmware v e @ Er

Danfysk 2008-5-09
Danfysik updates 2008-05-29

| Reset Counters ‘

M10-PIC-3_1G.hex

Last Error:

PIC-BoOt-3_2_hex
[ $100-PIC-3_0H.hex

[n2400-PIC4_0Ahex

[PSI Device Firmware (*hex)

Figure 18. Selecting the hex file to load.
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Actions  Window Help

2| o0 o

A System

-|x|

=-gh A500 192.168.100.22:100
= [Loop 2]

. KIDANDIAY

& N2400(4) : Addre

ss 4 on [Loop 2] on A500 192.168.100.22:100

Comms [ |

Connected
A

# | Pendini
y ]

Communication

44070

~Messages Sent ——

[0

~Checksum Errors —

~Echo Errors

[

~ Timeouts

I

Reset Counters

SYSTem

SAFEstate [}
COMMTERM )
COMMCHECksum | @

Properties Utilities
Device Version — Upload Application —
‘ 4.0 ( e |
FPGA Version oXecamplets
( 11.041 Reset Device

[FREEttE Hardware Version
60 Hz - ( 1 T
~SERIALnumber 10 Input Length
0000000912 M
~-COMMTIMEout 10 Output Length
—— || e

+  Error
v

Last Error:

Figure 19. Firmware upload in progress.

N2400 User Manual

N2400_UM_140606

Page 40 of 56




PSI System Controls and Diagnostics

15 Safety Interlocks

15.1 Safety relay interlock circuit

The N2400 is not designed for sole use on crisaféty systems. Most safety standards require
simple hardware-only systems with special safetiyeraelays to handle critical safety interlocks.
This can be handled in a system based on the N2¢@iroducing a safety interlock circuit
between the N2400 and the actuator.

As an example, consider a safety requirement W@abttuators must be de-energized if 24 VDC
interlock signals are not present on two independiecuits. Figure 20 shows an example circuit
using safety relays. Two separate interlock sgaad required to be present before the actuator
control signal from the N2400 is allowed to pagstigh the circuit. Otherwise the control lines
are connected to N2400 0V so that the actuatordisabled. Zener diodes on the interlock
signal inputs ensure that those signals have thraalean “high” condition before the interlock
is seen as good.

5k

¢ %
1% Pinl:  Switched 24V DC D 1
“H— Pin 3,5,6: N2400 Gnd
Safety FCP1 ¢ in7: imit switch "in
y Pin7 Limit switch “in" D,
control from ¢ Pin 9: Limit switch “out"
N2400 |
}
T
< —=
o9&t 9
| [
| MRS | NS
| |
| |
! |
o >
| |
o o) pal
—_— | 1
+24 VDC | — ! +24 VDC | — !
g LT L=~ 7, s
1 . ~
H— Safety relay 24V coil <1
L Panasonic SF2D-DC24V —4=<
Safety FCP2 pa ZE ZE —4=<
control from ¢
N2400 | 4
I
T
S —+=<
o9&t
9

Interlock 1

Interlock 2 ! Zener 18V — —
1k

e
N

Figure 20. Example safety circuit
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15.2 Lock out / Tag out

Lock out / tag out (LOTO) procedures should bedfekd if unexpected actuator movements
could cause hazard to service staff. The persakimgpon the actuator system must be able to
disable the drive with a suitable lock bearingdrifier name, and keep the key until the work is
completed.

Any service staff working on an actuator systemeuiddTO procedures should disconnect the
lead coming from the N2400 at the actuator itvelfere they can see that it is disconnected
while working. If this is not possible, the calleould be disconnected at the N2400 and the
cable end secured inside a lock box. As a fupphecaution, the pneumatic pressure could be
removed.

N2400 User Manual N2400_UM_140606 Page 42 of 56




PSI System Controls and Diagnostics

16 ASCI1 Communication

16.1 ASCII Protocol — SCPI

The PSI Diagnostic and most user host applicatimhsise the 9 bit binary communications
mode of the N2400, as this provides the highesopaance. However ASCII communications
may be needed by some users for better compatibilih existing systems. The N2400
supports ASCIl communications under the StandamifGands for Programmable Instruments
(“SCPI") protocol which is widely used for instrumtation.

SCPI is an extension of the IEEE 488.2 standalds Was originally developed by Hewlett-
Packard for the HP-IB (later GP-IB) interface befbeing adopted by the IEEE, and is widely
used by manufacturers of measurement equipmerea.NPA0OO implements the 1999.0 revision
of SCPI (© 1999 SCPI Consortium).

16.1.1 Messages

The first bit of every eight bit group in a messagthe start bit, followed by seven bits encoding
a character from the ASCII character set.

A full command from the host to the N2400 comprigesnany ASCII characters as needed to
form the message, terminated by the LF (Ox0A) attara The N2400 will not start to process a
command until the OXOA character is received. [i$tef valid commands is listed in the next
section. If the communications is being handled tarminal session, the terminal program
should send CR (0x0d) before the LF to get a legildplay. The CR is ignored by the
command interpreter in the N2400.

The N2400 generates a reply to every message frerhdst when it is the listener. The first

byte of its reply will always be a single non-pmgt character. The first character is ACK (0x06)
when the command has been successfully executbchwigrrors. Responses to host commands
with a “?” will then have the required data, terated with the CR,LF sequence. If the host is
not requesting data (no “?”), no other bytes wdllttansmitted after the ACK. If the N2400
generates an error when executing the host comntamid, transmit a single BELL (0x07) as its
response. A computer running a terminal prograthtixerefore “beep” when the N2400 cannot
execute a command, for example due to incorre¢agym more interactive “terminal mode”

can be selected which modifies this behavior toertak N2400 more user-friendly when it is
being driven from a terminal program.

Device addressing is performed using the specrahcand ‘#’. Addressing is only necessary for
devices linked by a fiber-optic loop, but a devkenade the “listener” when the host sends
#ADDRESS. For example, #4 will make the devicthvaiddress 4 the listener. You must
ensure that all devices on the same communicatioasnel have unique addresses. All
subsequent commands sent (without address) wiitamed and responded to by device 4 only.
The host message #? asks who the listener is# Thenmand can be sent as a compound
message, such as #3;*IDN?.
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16.1.2 Status registers

The N2400 implements the IEEE 488.2 status regmsethod. Each of the registers is masked
by a corresponding enable register. It is recontedrhat you set all the enable registers to all
1's. The host software should use the *STB? conthtanwatch for changes to the status of the
N2400, and then *ESR?, :STATus:OPERation:CONDRion
:STATus:QUESTIionable:CONDition? as appropriategtorer the details from the relevant
register.

16.1.3 Host Commands

The N2400 responds to the mandatory commands goreddsy SCPI and IEEE 488.2, plus
specific commands as required by the operatiohefievice. The commands are grouped with
a hierarchical structure, with the levels separatethe colon character. For example:

SYSTem:COMMunication:CHECKsum 1
This command sets the checksums for all repligs ttee N2400.

SCPI provides for a long and short form for eaamie@and. The short forms are indicated by the
capitalized part of the command. {} denotes aineggyl argument, [ ] denotes an optional
argument.

A number of commands are password protected taceethe chance of changing them
accidentally. The commands only effective afterdlevice has been rebooted if they have been
enabled by first sending

SYSTem::PASSword 12345

Sending any other number as the argument of tlmsyand disables the protected commands
again.

16.1.3.1 ADDRESSING DEVICES

SCPI does not provide specific commands for adargssultiple devices, because this was
handled by hardware in the original IEEE 488.1 gmation. The N2400 provides a simple
mechanism for making any device on the loop therisr. The device will remain the listener
until another device is selected.

# {address} /I Make device address (1 to h8)listener
#? /I Query which device is listener.

N2400 User Manual N2400_UM_140606 Page 44 of 56




PSI System Controls and Diagnostics

16.1.3.2

IEEE 488.2 MANDATORY COMMANDS

Commands which have a query equivalent for readbeeknarked with “(?)” in the following

table

Parameters are generally passed to the N2400 lathet version of the command, but no
parameters are passed for the query version. Xeonge,

00

re

*ESE 3 /I set the Event Status Enable regist@0@D011

*ESE? /I query the Event Status Enable register

*CLS Clear Status Command. Clear all event regisand the error queue

*ESE (?) | Program (query) the state of the EventuStBnable register. 8 bits. N2400 returns
decimal value.

*ESR? Standard Event Status Register Query. Qbergtate of the Event Status register. N24
returns decimal value.

*IDN? Identification Query. N2400 returns manufaer, model number, serial number, firmwa
version

*OPC (?) | Set (query) the Operation Complete bthian Standard Event Status Register after all
pending commands have been executed. Not currguplyorted.

*RST Reset Command. Return the device to the *R&&ult conditions.

*SRE (?) | Program (query) the Service Request Er&gjister. Not currently supported.

*STB? Read Status Byte Query. Query the Status Bggister. N2400 returns decimal value.

*TST? Self-Test Query. Perform a checksum tedROM and return the result. N2400 returns
<]1>,

*WAI Wait-to-Continue Command. Wait until all pieus commands are executed. Not
currently supported.

16.1.3.3 IEEE 488.2 OPTIONAL COMMANDS

*RCL Recall instrument state from EEPROM

*SAV Save present instrument state to

EEPROM
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16.1.3.4

N2400 COMMANDS
N2400 set commands which have a query equivalemeéalback are marked with “(?)” in the followirapte.

Command (?) = query command

Command arguments

Query returns

Meaning

FETCh?

Auto/Man switch setting
In/Out switch settings, ou
limits, in limits
(24 bit values)

5,Read digital inputs
t Auto/Man: FFFFFF = all channels in autg
In/Out: FFFFFF = all channels set to in
Out limits: FFFFFF = all out limits set
In limits: FFFFFF = all in limits set

READ?

Auto/Man switch settings
In/Out switch settings, ou
limits, in limits
(24 bit values)

,Read digital inputs
t Auto/Man: FFFFFF = all channels in autg
In/Out: FFFFFF = all channels set to in
Out limits: FFFFFF = all out limits set
In limits: FFFFFF = all in limits set

STATus

:OPERation

:CONDition?

Query operatiogister status condition bi

:ENABIle

?)

Set (query) operation registeristagnable
bit

[

‘EVENt?

Query operation register status ebént

:QUEStionable

:CONDition?

Query questionablgister status condition
bit

‘ENABIle

Set (query) questionable registerustat
enable bit

‘EVENt?

Query questionable register statusiebi

SWITch

Channel number (0-23),
output setting {0|1}

Set actuator output for relevant channel
0 = off
1=on

SWITch?

Channel number (0-23)

Output setting{0|

Query actuator output for relevant channe

SYSTem

:COMMunication

:CHECKsum

Checksum enablé}0

Set appending checksum to all replies
(password protected)
0 = off
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1=o0n

(IDENTIFY?

Identify response

Sends chained filgcommand. Devices
in the loop combine to assemble the
response <number of devices in loop, addr
of first device, addr of second device, ....
addr of last device>

:TERMinal

*)

Terminal mode {0|1}

Terminal modetting

Set (query) terminal mode (password
protected)

0 = terminal mode off

1 = terminal mode on

In terminal mode, ACK and NACK are not
sent, and “OK” or error response is sent for
all valid commands that do not otherwise
generate a response.

‘TIMEout

?)

Timeout in seconds
{<timeout>}

Timeout in seconds

Set (query) timeout in secopdsgword
protected); O = timeout disabled. N2400
will go to unconnected state if no valid
message is received in the timeout period.

:ERRor?

Query the next error in the error ¢ven
queue.

‘FREQUENCY

Frequency in Hz {<Hz>}

Not used ttne N2400..

:PASSword

)

Password string {<pass

>} Passwtnidg

Set (query) the administrator password
<pass> to allow access to protected
functions. The default is <12345>.

:SAFEstate

?)

Safestate enable {0|1}

Safestadble setting

Set (query) whether the N2400 gt
safe state when unconnected.
0 = do not go to safe state
1 = go to safe state
Safe state is all outputs off.

:SERIALnumber

(?)

Serial number string
{<serial>}

Serial number string

Set (query) the serial numiserial> of the
N2400, max 10 alphanumeric characters.
Password protected.

:VERSion?

SCPI version string

Query the SCandard version
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16.2 ASCII Protocol — Terminal Mode

SCPIl is not ideal for a user trying to control M2400 from a terminal program. A more
interactive terminal mode can be turned on by senthe command
SYSTem:COMMunication:TERMinal 1

After this command is executed, the N2400 will pdeva response to every command. Valid
guery commands will get their normal reply. Otbemmands will generate an <OK> response
if they were interpreted without errors, or an eme@ssage if they could not be interpreted. The
non-printing ACK and BEL characters are not sent.
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17 Fault-finding

Symptom

Possible Cause

Confirmation

Solution

Actuator does not change
position when commanded

Channel is set to manual
control

Check N2400 front panel

Set switch correctly

Actuator solenoid incorrectly
polarized

Check wiring

Correct wiring as necessary

Pneumatic pressure low

Check gas pressure

Endequate gas pressure

Independent interlock circuit
is blocking the control signal

Check interlock status

Clear interlock conditions

Actuator is not connected to
that N2400 channel

Check cabling

Correct cabling as necessat

D

Limit switch indications do
not reflect actuator position

Switches are wired n/c instea
of n/o

dCheck switch wiring

Correct wiring as necessary|

Switch wiring swapped end
for end

Check switch wiring

Correct wiring as necessary

Actuator movement is the
opposite of expected

Pneumatic connections are
swapped

Check pneumatic connection

S

Correct pneumatics as
necessary

Multiple of four or eight
channels out of twenty-four d
not function.

Internal ribbon cable from
omain board to switch board o
connector board is
unconnected.

Check internal ribbon cables
rare in place

Connect ribbon cables as
necessary.

Unable to communicate with
device

Duplicate address setting

Check address against

expected address in host

Use correct switch setting.

Switches can be changed
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software. while the unit is operating.

Communication link timeout | Network LED not lit. Investigate and fix
communications issue. Use a
longer timeout setting if

necessary.
RX and TX cables cross Network LED not lit. Correct cabling.
connected somewhere in loop.
Fiber optics are damaged Inspect fibers, espgdiadl | Fit new fibers or re-terminate

connectors. Check light can | as necessary.
be seen through fiber.
Exchange fibers and retry

Incorrect setting of mode Use correct switch setting.
switch Switches can be changed
while the unit is operating.

RS-232 or USB connector is| Check connections to rear Remove cables for unused
inserted when trying to panel. interfaces
communicate on fiber optics

Device loop address not as | Address switch not at a valid| Move switch to another Ensure switch is correctly set
expected setting address and back to required
address
Communications interruptions  Other processes ohd¢3t Use a dedicated PC with
interfering with comms ports. simple configuration and
minimum number of processes
running.
PSI Diagnostic will not Two copies of program Run a single instance only
connect to devices running
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18 M aintenance

The N2400 does not require routine maintenancealdration. Every six months at minimum
you should confirm that the cooling fan is not led, and remove any accumulated dust.

The N2400 is fitted with a 2.5 A automatically resw positive temperature coefficient (PTC)
fuse in the 24 VDC input, and 100 mA fuses on esthator output. No user intervention is
required if the fuse operates due to overcurréihie fuse will reset when the overcurrent
condition ends.
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19 Support

Manual and software driver updates are availablédavnload from the Pyramid Technical
Consultants website atww.ptcusa.com. Technical support is available by email from
support@ptcusa.com Please provide the model number and seriabeuamf your unit, plus
relevant details of your application.
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20 Returns procedure

Damaged or faulty units cannot be returned unld®starns Material Authorization (RMA)
number has been issued by Pyramid Technical Camésjtinc. If you need to return a unit,
contact Pyramid Technical Consultants@pport@ ptcusa.cgmstating

- model
- serial number
- nature of fault
An RMA will be issued, including details of whiclkrsice center to return the unit to.
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21 Disposal

We hope that the N2400 gives you long and religbteice. The N2400 is manufactured to be
compliance with the European Union RoHS Directi@8295/EC, and as such should not
present any health hazard. Nevertheless, whendguice has reached the end of its working
life, you must dispose of it in accordance withdlo@gulations in force. If you are disposing of
the product in the European Union, this includesgiance with the Waste Electrical and
Electronic Equipment Directive (WEEE) 2002/96/ERlease contact Pyramid Technical
Consultants, Inc. for instructions when you wisldigpose of the device.
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22 Declaration of Confor mity

Declaration of Conformity

Issued by: Pyramid Technical Consultants, Inc.
1050 Waltham Street, Lexington MA 02421, USA

The undersigned hereby declares, on behalf of Pyramid Technical Consultants, Inc. that the
referenced product conforms to the provisions as listed. Refer to the document: Extension of
testing and analysis to the PTC product line, December 10, 2007 and the 1400 Technical
Construction File for detailed testing information.

Product: N2400 actuator controller
Year of initial manufacture: 2007
Applicable Directives: 73/23/EEC Low Voltage Directive:

Laws for electrical equipment within certain voltage limits

89/336/EEC — EMC Directive:
Laws relating to electromagnetic compatibility

Applicable Standards: IEC 610101:2002 (2"d Edition)
UL 61010-1:2004
EN 61326: 1997+A1:1998+A2:2001 -
EN 55011:1998, A2:2002
EN 61000-6-2:2001 — Electromagnetic Compatibility
Generic Standard, Immunity for Industrial Applications

Issuing Agencies: Safety: TUV Rheinland North America.
12 Commerce Rd, Newtown, CT 06470 USA

EMC: TUV Rheinland North America.
12 Commerce Rd, Newtown, CT 06470 USA

Applicable Markings: TUV, FCC, CE

Authorized by: 4[3 »ﬂ/ /? dam o
President’, Pyramid Technical Consultants, Inc.

Date: :R)(\,I ﬁ‘[/ Ao0 g

The Technical Construction File required by theses Directives are maintained at the offices of Pyramid Technical
Consultants, Inc, 1050 Waltham Street, Lexington MA 02421, USA

A copy of this file is available within the EU at the offices of Pyramid Technical Consultants Europe, Ltd, 2
Chanctonbury View, Henfield BN5 9TW, United Kingdom.
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23 Revision History

The release date of a Pyramid Technical Consultamdsuser manual can be determined from
the document file name, where it is encoded yymniet. example, B10_UM_080105 would be
a B10 manual released on 5 January 2008.

Version Changes

N2400_UM_081027 First general release

N2400 _UM 140606 Corrections
Add table of figures

Changes to cover revision 2 hardware includingtfpamel switch
changes and optional rear panel with D25 connectors

Add section of G2 Diagnostic and IG2/EPICS.
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