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ABSTRACT

Although General Atomics has attempted to complle the materlal contained in this issuance with accuracy, neither
it, its employees, nor its agents can make any warranty or representation, expressed or implied, with respect to
the accuracy or completeness of such information or assume any liablility with regard to the use of or for damages

resulting from the use of any information apparatus, method, or procedure described in this Issuance.

® Copyright General Atomics, 2014
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This document is based on information avallable at the time of its publication. While efforts have been made to
render accuracy to its content, the information contained herein does not purport to cover all details or variations
in hardware or software, or to provide for every possible contingency in connection with installation, operation,
and maintenance. Features may be described herein, which are not present in all hardware and software
systems. General Atomics assumes no obligation of notice to holders of this document with respect to changes

subsequently made.

General Atomics makes no representation or warranty, expressed, implied, or statutory with respect to, and
assumes no responsibility for the accuracy, completeness, sufficiency, or usefulness of the information contained

hereln.

TRIGA is a registered trademark of General Atomics.

All other trademarks and registered trademarks belong to their respective owners.
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NOTICE

Although GA has attempted to prepare the material contained in this manual with accuracy, no warranty or
representation is expressed or implied with respect to the accuracy or completeness of such information, and no
liability is assumed for any loss or damages resulting from the use of the equipment or any information contained
in this manual.

The following are used throughout the manual to draw your attention to items or procedures that require special
notice or care.

NOTE: Used to identify important information.

CAUTION
' Used to identify Information that may be useful

in preventing damage to equipment.

. WARNING
Used to identify information about situations that
may present a danger to the techniclan.
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1.0 GENERAL INFORMATION

1.0 GENERAL INFORMATION

1.1 INTRODUCTION

The NMP-1000 Is a microprocessor based wide-range linear power module which provides percent reactor power
indication and bi-stable trip circuits. The module Is packaged in a metal enclosure sultable for mounting in a
reactor control console. The NMP-1000 module processes current of 1E-11 to 1E-3 Amperes from any detsctor
producing current within input range, e.g. ion chamber or fission chamber. A compensating voltage power supply
is provided for use with compensated ion chambers. The input current is converted into 0 to 10V in 9 one-decade’
ranges. The appropriate decade is selected either automatically by software (auto mode) or by the user (manual

mode) via the touch screen display or a remote input

The NMP-1000 has two modes of operation, local or remote. In local mode, the module accepts commands via
the front panel touch screen or a remote display*. In remote mode, the module accepts commands via the
Ethernet port or the analog remote Interface connectors on the rear panel. A detailed list of the remote interface

pinouts is given in section 8 of this manual.

Three (3) bi-stable trips are used to alarm on low high voltage to the detector and two independently adjustable
levels of reactor power. Three relays are provided with two sets of normally open and normally closed contacts for

customer use. The relays are held energized in a fail-safe condition until an alarm de-energizes the coil.

The NMP-1000 has test modes to allow the user to test the proper performance of the electrometer and to ensure
the functionality of all trip circuits. Test modes Include HV, calibrate high, calibrate low, and manual current. The

HV and calibrate high test modes cause the bi-stable trips to alarm; current low gives fixed power indication in the
highest range; and manual test lets the user vary the current over all ranges with a front panel potentiometer. Test

modes can be enabled via the touch screen or a remote interface.

A photo of the NMP-1000 is provided in Figure 1-1.

* The remote display is available as an option. It is Identical to the front panel display and connects to the RS-232

port on the rear panel.

T3401000-1UM REVISION: B
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1.0 GENERAL INFORMATION

Figure 1-1 NMP-1000

This manual includes an overview of the NMP-1000 along with the following sections: the major subassemblies,

the specifications, and references. Also, control and operating instructions and maintenance details for the NMP-

1000 are included. The manual includes the following sections:

Section 1.0
Section 2.0
Section 3.0
Section 4.0
Section 5.0

Section 6.0

GENERAL INFORMATION

DESCRIPTION

OPERATING INSTRUCTIONS (MENUS AND DISPLAYS)
MAINTENANCE (CALIBRATION AND TEST PROCEDURES)
ENGINEERING DRAWINGS

SUMMARY OF REAR PANEL CONNECTIONS

T3401000-1UM REVISION: B
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1.0 GENERAL INFORMATION

1.2  SPECIFICATIONS

The following specifications are for the NMP-1000.

Dmensims(Appmgimb)

Woelght (Approximats)

Temperature (Range)

Pressure

- Power

Outputs: Isolated:
Hignmllage:
Compenaatiqt

Bistable Trips High voltage trip
High power trip

Cafbrafion/Test

Maximam 4.6 inches (W) by 8.3 inches (H)
X 15.8 (16.7 with connectors and front
pmelpoterﬂomﬁr)hdres(D)

11 pounds

50 to 131°F (Design)

Atmospheric (Design)

117 Vac £ 10%, 50660 Hz @ 1.0 Amp

0-10Vor4—20mA,%Power

Two configurable outputs
. 0 to 1000 Vde at 3mA at max voltage

- T3401000-001: -30 to -200 Vdc
T3401000-002: -8 to -50 Vdc

T3401000-003: -23 to -150 Vdc

Low end drop-out voliage may vary skightly.
Al models provide 300pA at max voltage

Relay contacts (9 outputs)’

Adjustable, two Form C contacts
Adjustable, two Form C contacts
Adjustable, two Form C contacts

Two fixed cuarents for self-fest

One adjustable cumrent for muiti-range
function test and trip testing!.

1 When Test Mode is entered, the trips are placed in a failsafe condition (meaning the relays are actually tripped)
but the front panel LED and the Ethemet output do NOT indicate a trip since they are based on the measured
parameter exceeding a setpoint in the comparator circuit (the Trip Logic signal). As the front panel manual
current potentiometer is tumed and the trip sefpoint is crossed, the comparator flips state, the Trip Logic signal

T3401000-1UM -‘REVISION: B
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1.0 GENERAL INFORMATION

HYV trip test .
Test modes selected individually by touch
screen buttons

Temperature Coefficient- +0.15%/°C maximum in the range of 10 to
55°C .

Linearity

Input Range: 1E—11to1E-3'Ahnneonedemdéranges.

1.3 REFERENCE DOCUMENTS

densaembuﬂmspmvﬂedmswitch
ranges in manual mode
Automaticrargeswitdmg ) :
.Remoterangeswtdingcapabiliy

Table 1-1 fists applicable reference documents for this manual. -

Table 1-1 Reference Documents

Document Name

Document Namber

' TRIGA® Reactor Control System Operation And Maintenance ~ TSS900D100-10M

Manual

Acceptance Test Procedure (ATP), Muiti-Range Linear Module T3401000-1AT

NMP-1000

14 STANDARDS

The NMP- 1000wasdeve!opedandtastedmaooadamewﬂhANSlASMENQAA -2000, Quality Assurance
Reqmemmts_forNudearFacﬁtyApMom. Performance of these addifional quality assurance activities
should suppart use of the NMP-1000 as digital safety equipment.

mmmmmwmmmmmmwwmmmmmmm
indication, so turning the knob down afterwards will not exfinguish the LED.

T3401000-1UM REVISION: B -
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2.0 DESCRIPTION
2.0 DESCRIPTION
21 BLOCK DIAGRAM
Figure 2-1 is a block diagram for the NMP-1000 Module.
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Figure 2-1 NMP-1000 Block Diagram
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2.0 DESCRIPTION

2.2 MAJOR SUBASSEMBLIES

Table 2-1 identifies the monitor major subassemblies, which are further described in the following paragraphs.

Table 2-1 Major Subassemblies

Description Part Number
MULTI-RANGE LINEAR CHANNEL NMP-1000 T3401000-001
A1 PWA, NMP-1000 MOTHERBOARD T3400113-001

A2 PWA, ANALOG AMPLIFIER T3400133-001

A3 PWA, DIGITAL INTERFACE T3133303-001

A4 PWA, TRIP/ALARM T3301133-001

A5 PWA, ISOLATION AMPLIFIER T3133113-001

A6 DISPLAY, 3.8" LCD MODULE, TRANSFLECTIVE 304922

A7 PWA, FRONT PANEL T3400123-001

PS1 POWER SUPPLY 305855

PS2 COMPENSATION POWER SUPPLY T3401000-001: 306495

T3401000-002: 307127
T3401000-003: 307128

i

TR

Figure 2-2 Multi-range Linear Module NMP-1000, Board Layout
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2.0 DESCRIPTION

Elguré 2-3 Multi-rangé Linear Module NMP-1 Q0O, Interior View

' 2.2.1 ‘Mothetboard (T3400113-001)
Refer to schematic T3400111 for circuit details. -

The NMP.motherboard serves as the backplane for all NMP PWA's (daughter cards). It provides the power for all
daughter cards, HV power supply and compensation power supply. It contains some circuitry for monitoring
voltage levels and range indicators. Connections between all daughter cards and peripheral devices such as the

display or remote connectors are made via the motherboard.

The motherboard provi'des a numbsr of connectors where all daughter cards plug in. Connectors are keyed and of
different pin count, and in combination with card guides, only allow one type of.daughter card to be installed in a
particular slot. Additional connectors accept the cable connections to the rear panel remote connectors, as well as
connections to the display and front panel PWA. Incoming signal lines for control signals orlginéting' at the remote




2.0 DESCRIPTION

connector on the rear panel are protected by a resistor/diode network. Outgoing signals are generally Isolated via
relays, opto-Isolators, or another method.

Additional circuitry ties in with the trip/alarm PWA. If either the watch dog timer or operate signals are lost, thé
NMP will go out of operate and set all trips. While the NMP is in auto mode and also not in the highest range (e.g.
1E-3), the percent power signal is pulled low, essentially preventing a power trip from occurring. If the NMP is
taken out of auto mode, or the highest range has been reached, the percent power signal is released and the trip
circuits are enabled. Jumper settings let the user configure which current range is the highest range. The software

receives indication that the highest range has been reached via a feedback circuit.

Table 2-2 Jumpers (Motherboard — Highest Range)

Highest Range JP1 p JP2 Notes
1E-3 X 1-2 Factory Default
1E-4 1-2 | 23 Install FCO-673

(see appendix)
1E-5 2-3 2-3 Install FCO-674
(see appendix)

In the factory default condition, the Test Currents (see section 4.3.4) are in the appropriate range; Hi Test Current
can be adjusted from about 95% to 125% power, and Lo Test Current is hard-wired to about 18% power. If JP1
and JP2 must be repositioned to accommodate a different high range, the Test Currents will not change unless
the corresponding FCO, as listed in Table 2-2, is installed.

All relays that indicate the active power range to the user are located on the motherboard. The relays are

controlled by the microprocessor by the same signal that also sets the range on the analog ampilifier.

There are two jumpers on the motherboard that affect the start-up mode of the display. One jumper lets the user
set the program mode. When the program mode Is enabled, the display will accept programming to the flash. This
setting Is used only when it is necessary to reload the Display OS or when the code that was compiled has locked
up the display. The other jumper will start up the display in calibration mods. In normal use, the calibration mode
can be accessed via the About menu of the NMP. Changing this jumper should only be necessary if the display
brightness and contrast are very far out of calibration and calling the calibration routine from the screen is

impossible.

Table 2-3 Potentiometers (Motherboard — Startup Mode)

\

T3401000-1UM REVISION: B
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2.0 DESCRIPTION

Mode JP3 (prog) JP4 (cal)
Normal Use 2-3 2-3
Program/Calibrate 1-2 1-2

All analog +15 Vdc power for the NMP is generated by two linear power supplies on the motherboard.
Transformers step down the 117 Vac nominal input voltage which then gets rectified by bridge rectifiers and
filtered. Linear regulators convert the primary DC voltages into £15 Vdc. The transformers are sized to provide
sufficient voltage to the linear regulators with 90% AC line input. +15 Vdc is aiso routed to the rear panel
connector that is accessible to the customer for extemal auxiliary circuits. This external supply voltage is fused
with a 100mA, self-resetting fuse.

A 25W switching power supply on the motherboard generates +24 Vdc to provide power to the HV power supply
and digital circuitry. The input is fused with a 3A, slow acting glass fuse. +24 Vdc is also routed to the rear panel
connector that is accessible to the customer for external auxiliary circuits. This external supply is fused with a
250mA, self—resetting fuse.

2.2.2 Analog Amplifier Board (T3400133-001)
Refer to schematic T3400131 for circuit details.

The analog amplifier board measures the incoming current signal from the detector and converts it into a linear
analoé voltage in nine one-decade ranges. For every decade of current, the analog board retums a 0 to +10 Vdc
signal. Because the NMP is designed to measure power up to 120% of nominal reactor power, an output voltage
of +10 Vdc represents 1.2 x nominal current in every decade (e.g. 120nA or 1.2mA). In general, the NMP-1000
and detector should be setup such that 1mA equals 100% reactor power. This is accomplished by performing the
bench calibration in section 4.3, reinstalling the instrument, operating the reactor to determine actual power levels
(via other instrumentation), and then physically repositioning the detector so the NMP indicated power equals

actual power.

At the heart of the analog amplifier board is a high input impedance operational amplifier. For every decade of
current, a relay switches in the appropriate feedback resistor to generate the expected output signal. The 1E-11 is
the default range and always active. Other ranges are switched into the circuit in parallel as determined by the
microprocessor. Every range has an adjustment potentiometer that allows for calibration of the circuit. The high

impedance amplifier is followed by a buffer amplifier with an adjustable gain potentiometer.

Table 2-4 Potentiometers (Analog Amplifier — Range Calibration)

T3401000-1UM REVISION: B
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Table 2-5 Poumometas(maogmnpﬁﬁer Offset) .

' . Potentiometer B Functlon
- | R49 Offset Compensation

Three self-test circuifs are located o the analog board: calibration low, calibration high and manual current. The
user can inffiate these tests via the touch screen or remote connectors. The calibration low circuit will generate a
current signal of approximately 0.2mA. It is not adjustable. The calibration high current can be adjusted by the
mamamedBuanﬂysdmﬂ1ﬂnA%mualeszﬁmMMm
, ﬂwﬁontpanelofﬂteNMP ﬂ:ec&uﬁtnsd&agnedtoge:mteawn’aﬂfmm om>12onvermemgeofme
Table 2-6 ‘Potentiometers (Analog Amplifier — Cal Hi)

Potentiometer Function
R37 ' | "Cal Hi Current Adjust

T3401000-1UM REVISION: B
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remote connector.

2.0 DESCRIPTION

223 Digital Interface Board (T3133303-001)
Refer to schematic T3133301 for circuit details.

The digital inferface board houses the microprocessor and circuitry that interfaces with the all the other boards. It
also contains power supplies for digital power, A/D cornverters, communications circuslry, and the watch dog timer.
The microprocessor is parf of the microprocessor assembly, a commerciatly available microprocessor with
integrated memory, Ethemet communication, and other peripherals. An 8-position DIP switch lets the user set the
Ethemet address and other parameters as described in the communications interface document.

The+24Vdc.g=enetaiedohﬂ1emoﬂ161board, iscawettedbytwosvﬁtchmgpowersmpﬁestoﬂ.m(dca'nd
+5 Vdc digital power. The +3.3 Vdc supply is mainly used to power the micmpmc&csorassemblywheteasﬂw
+5 Vdc is used to power the GPIO (General Purpose /O) circuitry and the display. '

Digital inputs otiginating at the remote connectors or other board assembiies. within the module are routed to the
digital interface board. The nominal input is +15 Vdc and zero. First, the incoming signals get level shifted to

+5 Vde, and then read by GPIO infegrated circuits. The GPIO ICs then communicate via an isolated SPI bus with.
the microprocessor board. Ouigoing signals are generated by the microprocessor, sent to the GPIO ICs via SP1
bus, and then level shifted to +15 Vdc. There are a fotal of 24 inputs and 24 outputs available.

R > Mcoming analog signals (+10 Vdc full scale)
are divided in half by op-amp circuitry and sent to the A/D converter. The A/D converter communicates with the
microprocessar via isofated SP1 bus. An additional | SREEEEEE] Stand-alone A/D converter communicates with
the microprocessor via parallel bus. it is intended to be used for reading fast pulsed signals. The input to this A/D
converter is designed to be +2.5 Vdc. Two op-amp circuits perform the input signal conditioning. One circuit can
be used to divide an incoming +10 Vdc signal by 4, the cther to muttiply a +1 Vdc signal by 2.5.

Table 2-7 Jumpers (Analog Ampliﬁer—DMdefMuItbly)

Jumper Divide by 4 Muttiply by 2.5
JP1 ' 1-2 : 2-3

. T3401000-1UM REVISION: B
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The microprocessor contains two Universal Asynchronous Receiver/Transmitter (UARTSs) that are used for
communication with the display and the remote display/maintenance port on the rear panel via RS-232. The

2.0 DESCRIPTION

remote display/maintenance port is isolated with its own power supply and digital isolator. The nominal isolation
voltage is >1,500 Vrms.

A watch dog timer (WDT) monitors the activity of the microprocessor. If the WDT receives no input from the
microprocessor for more than 1.6 seconds, the WDT sends an alarm and takes the module out of operate. When
a WDT alarm occurs, the heartbeat LED will stop blinking, the loss of communications will cause all trips to set,
and the console WDT Alarm will occur. AWDT alarm s latching in the Instrument and can only be reset by cycling
power (or, if the instrument cover is off and the instrument is in Test Mode, by pressing S2 on the Digital Interface
Board). The heartbeat LED indicates the activity of the microprocessor and will blink about once per second as
long as all software tasks are executing properly. A WDT alarm is expected to be an extremely rare event.

T3401000-1UM REVISION: B
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2.0 DESCRIPTION

2.2.3.1 Component Location

] D1
heartbeat

S2

Figure 2-4 Digital Interface Board

S1 NETBURNER (8 POS) DIP Switch
S2 RESET Switch (used for development and testing only)
D1 Heartbeat LED

2.2.3.2 Dipswitches on the Microprocessor Daughterboard
NOTE: For the S1 DIP switch, logic 1 is an OFF setting of the switch and logic
0 is an ON setting of the switch. The signal logic is active low.
Therefore, the printed legend on the DIP switches is backwards.

St
not in
view
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{ Locico ’ :
= switch in  LOGIC 1

- L]

> R = switch

j {)ositign= ‘ ¥ in “off
owards -
edge of ' e
PCB

The printed legend on the
dip switch is backwards

Figure 2-5 Digital Interface Board DIP switch S1
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The microprocessor daughterboard contains 1 DIP (labelled S1) with 8 switches, see Figure 2-5. These switches
have the following uses:

2.0 DESCRIPTION

Table 2-8 S1 Dip Switches (Microprocessor)

Dip Switch Purpose Default Setting
Static IP address selection (bit #0)
Static IP address selection (bit #1)
Static IP address selection (bit #2)
Watchdog test

Ethernet multiple connections enabled.
COM port control bit #0

COM port control bit #1

Test mode enabled

0 N OO s WN -
P P e R e R R

The module can be programmed to one of four different static IP address. Dip switches #1, #2, and #3 select one
of the seven possible IP addresses as follows:

Table 2-9 S1 Dip Switches LOGIC settings (Ethernet Addresses)

DipSw#3 DipSw#2 DipSw#1 Static IP Address
0 0 0 Ethernet access disabled

0 0 1 base address+6

0 1 0 base address+5

0 1 1 base address+4

1 0 0 base address+3

1 0 1 base address+2

1 1 0 base address+1

1 1 1 base address

The base address for the NMP-1000 is [

If dipswitch #5 is in the LOGIC 1 position (and dip switches #1, #2 and #3 are not all LOGIC 0), then the
microprocessor will support multiple connections over the Ethernet (at least two, maximum is dependent upon the
microprocessor). If dipswitch #5 is in the LOGIC 0 position (and dip switches #1, #2 and #3 are not all LOGIC 0),
then the microprocessor will support only a single connection on the TCP/IP socket.
NOTE: If dipswitches #1, #2 and #3 are all in the LOGIC 0 position ("000"),
then no Ethernet communications is possible.

T3401000-1UM REVISION: B
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Dip switches #6 and #7 control the communications ports as follows:

Table 2-10 S1 Dip Switches LOGIC settings (Com Ports)

Dip Sw # Dip Sw #6 COM port status
0 0 COMO disabled, COM1 drives LCD display in/out
1 WEe‘s;rved
1 0 ' COMO LCD infout, COM1 LCD in/out (independent operation)
1 1 COMQO is status/maintenance port, COM1 drives display

infout.

If dipswitch #8 is in the LOGIC 1 position, then the system will accept test commands over the Ethernet. This
dipswitch is only used during initial factory and site testing and is placed “OFF" at the conclusion of testing. When
dipswitch #8 is enabled, the instrument responds to a remote ‘Test’ command. When dipswitch #8 is disabled, a
remote ‘Test' command will result in an error signal.

2.2.4 Trip/Alarm Board (T3301133-001)

Refer to schematic T3301131 for circuit details.

The trip/alarm board contains six identical circuits to generate all trip and alarm indications. Every circuit is jumper
configurable for a rising or falling trip. A comparator monitors an incoming signal voltage and compares it to a
reference voltage. The reference voltage is user adjustable via a potentiometer. When the circuit is configured for
a rising trip, the comparator will switch states when the amplitude of the incoming signal exceeds the reference
signal. A falling trip works the opposite way; when the incoming signal amplitude falls below the reference voltage,
the comparator will switch states. Once a trip has occurred, the circuit latches in the tripped state. The only way to
unlatch the circuit is for the user to apply a reset signal, even if all signal levels return to nominal prior to the reset.

Every trip has a DPDT (Form C) relay that the user can connect to via the remote connectors. The relay is
controlled by the output of the comparator and the operate signal. Taking the NMP out of operate mode (such as
during a self-test) will immediately activate all trip relays. This is considered the failsafe condition - when all trips
are set and latched, but not necessarily indicated by the front panel LEDs or remotely.

The trip logic signal (comparator output) is only activated when the comparator input exceeds its setpoint. Simply
taking the NMP out of operate mode will not activate the trip logic signal. The front panel LEDs, opto-isolator
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outputs, and Ethernet indications are driven by the trip logic signal, and so will only indicate a trip when the

2.0 DESCRIPTION

comparator input exceeds the setpoint.
Because entering any self-test mode causes the loss of the operate signal and therefore activates the trip relay;
the user may, in some cases, choose to bypass the operate signal o<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>