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EX1401

16-CHANNEL ISOLATED THERMOCOUPLE
AND VOLTAGE MEASUREMENT INSTRUMENT

FEATURES

e 16-channel isolated universal
thermocouple/voltage inputs

e 24-bit ADC per channel

o Typicul uccuracies of +0.20°C

e 500 V channel-ground isolation

¢ 1000 V chunhel-channel isolation

e 20K sumples/second/channel
sumple rate

o Dutd logyer acyuisition mode

e Power over Ethernet PoE
or 10-50 V DC input

e Built-in pardilel data streaming
¢ Full-feutured embedded
web interfuce
¢ | X| Ethernet interface
¢ 8-bit bunk isolated digital |/O
e Compuct 1U half-rack form factor

APPLICATIONS

e Buttery and fuel cell test

e Thermul duta acyuisition
o Gus furbine test

e HALT/HASS

¢ In-vehicle automotive test
e Electric motor test

¢ Wind tunnel evaludtion

o Rocket motor reliability

¢ Hedlth monitoring
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EX1401

EX1401

Precision Accuracy, Isolated Measurements

The AMETEK VTI Instruments EX1401 udds high common
mode meusurement capability to the EX1000 Series of
instruments, un udvunced, full-feutured dutau ucyuisition
fumily designed to ucqyuire precision dutu from temperature
und voltuge senhsors. The EX1401 delivers accurate and highly

repedtuble thermocouple (+0.20°C) und voltuge measurements by

implementing fully intfegrated sighal conditioniny, including independent Cold Junction Compensution (CJC).
With maximum programmable sumple rates at 20 kSa/s/channel, the EX1401 is well-suited for a wide range of
dpplicutions that require Muximum uccurucy und the recording of fust transient signals.

The EX1401 implements ergonomicdally friendly mini-TC connectors for input sighal termination simplifying the
installation and Maintenunce process. The Mini-TC input jacks are Cu-Cu dllowiny direct connection of any
thermocouple type. Thermocouple und voltage sensor signals ure electricdlly isolated, with 500 V isolatfion from
chunnel-fo-ground und 1000 V isolution from channel-to-channel making the EX1401 ideul for medsuring buttery
stucks mude up of numerous discrete cells or in environments where the presence of potentiully dumauying

voltuye levels muy be u concern.

Eight channels of digitdl input/output, isoluted from system ground, dare avdiluble ut the reur punel. These
chunnels cun be scunned us purt of the ucquisition sequence or used to puss ulurm or frigyer signuls for

usynchronous communicution between devices.

Scalable for High-Speed Synchronized Data Acquisition

In addition fo the core set of feutures, the EX1401 inteyrutes
Extended Functions us defined in the LXI specificutions to
provide box-to-box synchronization to precisely correlute
acyuired dutu us well us time-stumping of datau and LAN
Event Messuying that facilitute infermodule communicution
und flexible trigyering options over Ethernet, thereby
eliminuting overheud normally uttributed to applicution
soffwdre running on the host controller.

The EX1401 supports eusy inteyration und synchronization

of mulfiple devices through the IEEE-1588 v2 Precision

Time Protocol stundurd for synchronization, providing un
architecture that cun be sculed from 10s fo 1000s of channels.
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Multiple boxes cun be eusily distributed
extremely close to the meusurement
points of inferest reducing the run
length of unuloy cuble und mMinimiziny
errors induced by noisy environments.
Additiondlly, a Power Over Ethernet
(PoE) enubles u single cuble to be used
for both power und dutu cupture. All
Mmedusurement datd is returned with
IEEE-1588 fimestamp codes with typicdl
accuracies of <200nS ensuring that
ucyuired dutu is tightly correluted ucross
the test article.
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EX1401

Cold Junction Compensation (CJC)

The heuart of uny truly uccurute thermocouple meusurement system is the CJC implementution. The EX1401
is designed to meusure the uctudl cold junction tfemperature ut the point where the dissimilar metuls meet.
To further ensure the precision of the datu, each channel has its own dedicated CJC sensor to reduce errors
ussociuted with temperuture gradients ucross the box.

Self-Test

Manufacturing environments of today dre dynamic, dictating minimal downtime of test systems in order to

Mmeet increusing product throughput demands. Ensuring that acquired datu is reliuble und instrument calibration
cun be turned duround quickly ure keys to the success of uny production teum. VIl embeds intelligence into the
EX1401 to facilitate maximum system ‘uptime’ und increuse manufacturing efficiency.

Built-in self-test cun be invoked under softwaure control prior to euch critical test. A simple puss-fuil result will be
returned ufter completing system heulth diagnostics, including temperature und voltuge level meusurements
of the on-bourd processor und cun be used to prevent u test from running in the event of u fuilure.

Open Thermocouple Detection (OTD) circuitry is incorporated and gives continuous visudl indicution vida an
LED whenever u broken transducer link is detected. OTD conditions cun dlso be configured in the upplicution
through the supplied APl and cun be activated/deactivated on a per-channel busis.

LXI - The Industry Standard for Ethernet Instrumentation

Creuted in 2004 und udopted by the test und meusurement industry in 2005, LXI (LAN Extensions for
Instrumentation) defines u core set of cupubilities that ensure compliant devices interact consistently

in an instrumentation network. As un LXI-certified device, the EX1401 provides the convenience of LAN
communicutions und control with fedtures such s un embedded web puge for monitor and control und
u consistent medns of identification on the hetwork. Connect the device directly to your LAN hetwork using
industry standard cables with the assurance that it will be a trusted and proven “network citizen’.

Cu/Cu Mini TC Jack

Isolated Measurements

Chdllenging meusurement environments
such us ureus with a high level of electricul
noise or where transient power surges cun
occur require unigyue protection cupubilities

in order o sufeguurd uguinst common- nraR © oo = ~N~-~N~ N~ ~|
m Noi r ground | roblems. Power o 2 s . 5 s ; s
ode noise or ground loop problems Ser 60 ob o ob ob oh oD oo,

The EX1401 provides exceptionul input LEDs La__extaon
protection und isolution ucross U wide
range of operuting conditions, protectiny
the instrument from harmful voltuyes . Display IP Address/
while ensuring meusurement inteyrity. Auxlliory DC Power Inpul  Select  Staitus Display
The Ethernet communicutions interfuce

Open T/C Detect LED

und input power ure isoluted from the o
unuloy front end inputs. Digital
Input/
Output

LAN/Power Over Ethernet USB  External Clock/
Data Port  Trigger Inputs
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EX1401 ISOLATED THERMOCOUPLE & VOLTAGE MEASUREMENT

General Specifications

16 differentidl inputs, programmable type on
per-channel busis, isoluted

Analog

Channels

Digital
(Input/Output)

8 single-ended, 5 V TIL, bunk isoluted

Channel Types

Thermocouple inputs: J, K, T,E, S, R, B, N

Voltuge inputs: mV, V

Sampling Rate

Programmuble, 20 kSu/sec/ch mauximum
down to 1 Su/hour/ch (integer decimation)

Isolation, Channel-Ground | 500V
Analog Channel-Channel | 1000 V
Isolation, Channel-Ground | 250V
Digital Channel-Channel | N/A (BANK ISOLATED)
None (No Filter) Ruw dutu
(HF'I%‘ Performance | 4, 14 number of /2 stuges (Selectuble & Customizable)
Programmable | Low Latency (CIC)| /4 to /8192 (Selectuble)
Digital Filters Medium Latency
(CIC+CFIR) Low lutency CIC filter, followed by /4 FIR Filter (Customizuble)
Post Filter Blind
Divider 1 - 65536 (selectuble)
el +0.01V, +0.10V, 1.0V, 10.0 V.
Voltage oge
Input Range | Thermocouple

+0.10 V for temperuture meusurement

Input Mode
Temperature Accuracy See Thermocouple Accurucy tuble
+10.0V 1.7 uv
Voltage +1.0V 150 nV
Resolution 0.1V 13.5nV
+0.01V 1.7 nV
100V Typicul: £ (0.020% + 10.3 uV); Mux: + (0.029% + 26.7 uV)
1.0V Typicul: £ (0.020% + 5.6 uV); Mux: + (0.030% + 8.3 uV)
0.1V Typicul: £ (0.020% + 5.5 uV); Mux: = (0.031% + 7.9 uV)
Voltage +0.01V Typicdl: £ (0.024% + 4.5 uV); Mux: = (0.042% + 7.8 uV)
Accuracy Temperature . o 5
(Fan ON) Typicul: £ (0.020% + 0.22°C); Mux: + (0.031% + 0.38°C)
I‘F*g:‘pg;‘;;“'e Typicdl: + (0.025% + 0.44°C); Maux: + (0.035% + 0.72°C)
+10.0V Typical: + (56 PPM/°C + 1.20 uV/°C); Max: + (9 PPM/°C + 2.7 uV/°C)
Voltage 1.0V Typicdl: + (5 PPM/°C + 0.13 uV/°C); Mux: + (8 PPM/°C + 0.27 uV/°C)
Offset 0.1V Typicdl: + (6 PPM/°C + 0.08 uV/°C); Max: + (10 PPM/°C +0.17 uV/°C)
R +0.01V Typical: + (9 PPM/°C + 0.07 uV/°C); Max: + (14 PPM/°C +0.16 uV/°C)
Temperature Typicdl: + (8 PPM/°C + 0.006°C/°C); Mux: + (14 PPM/°C + 0.012°C/°C)
;ﬂgﬁi Gain| (pe9® o +25 ppm/°C, typica
(all ranges)

Input Impedance (typical)

20 MQ differentiul (DC input)

1.7 MQ differentiul (60 Hz input)

180 kQ differentiul (1000 Hz input)

Input Bias Current

5 nA typicdl

Generul Specificutions continued on Puge 5
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EX1401 ISOLATED THERMOCOUPLE & VOLTAGE MEASUREMENT

General Specifications (continued from Puge 4)

Busic insulation, [EC 61010-1 (3rd): Pollution degree Il, Materidl llla,
Altitude < 5000 m, Overvoltuge Cutegory |, upplicuble for secondary
circuits derived from the Muins

Isolation - Input channel i .
Analog to Ground +500 V Peuk continuous working voltuye
Inputs Input channel +1000 V Peuk confinuous working voltuge
to channel between channels
Impedance

across barrier

100 pF || Gus Dischurge Tube ruted for 600 V

Common Mode Input Range

500 V peuk with respect to eurth yround

50/60 Hz 400 Hz 1000 Hz

Common Mode Rejection 10 mV range -130 dB -130 dB -120 dB
LEID e 100 mV range | -130 dB 130 B 120 0B
(typical) 1V range -130 dB -130 dB -120 dB

10 V range* -120 dB -120 dB -120 dB
Channel-to-Channel Crosstalk
(typical) -145dB < 1 kHz
Total 100 Hz full scale input
Harmonic 100 mV range -85 dB
Distortion
(THD) 1V range -87 dB
(typical) 10 V range -90 dB

Input Protection

100 V Normul mode protection

Host controller Connection

10/100 Buse-T INPUT CONNECTOR, RJ45

Input Power

Input voltage: 10 V to 50 V DC, must be isoluted to 1500 Vrms

Power (AUX): 12 W typical, 15 W mux

PoE+ Power: 12 W typicul, 156 W mux

Dimensions (XE "Dimensions")

1.68" H x 8.69" W x 10.00" D (ull dimenhsions ure in inches)

Weight

4.7 lbs (2.1 kg)

Specificutions subject to chanyge without hotice.

*The 10V input range will be reduced by increusing
common mode AC voltuyge beyond 100 Vpk/60 Hz

Synchronization Specifications

- y
g Clock Oscillatory +20 PPM
= Accuracy
é Synchronization Reports “Synchronized” When < +200 nS of the
'g Accuracy 1588 Muster Clock Timestamp
& Accuracy As good us tfime synchronization down to 50 nS resolution, 25 NS
Alarm Trigger Time Accuracy: As yood us time synchronization
IEEE 1588- Down to 50 uS Time to Trigyer Deluy 50 nS
B(_:sed Receive LAN Trigger Time Accuracy: As yood us time synchronization
I{lgger (0-7) Event Down to 50 S Time to Trigger Delay
iming
Future Timestamp 50 nS typicul pust/zero fimestamp 1 MS Mauximum
Hardware
Trigger ) . .
Timing Bus Time to trigger delay 75 nS Typicul
Digital I/0
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EX1401 ISOLATED THERMOCOUPLE & VOLTAGE MEASUREMENT

DI/O Specificati

Number of DI/O Channels 8
Maximum Input Voltage -0.5V 1o 5.5V, ESD protected
Input Impedance Signul is pulled low by u 10k Ohm resistor
g Minimum Input Pulse Width 100 ps
B . ,
§ Minimum Output Pulse Width IOlO us, updgtedlsynchronously with the ADC sumpling,
] forior fo decimation
a
« vV, <08V
o}
2 v, >20V
3
o Vo, <055V @I10mA
\ >20V@10mA

| 10 MA mux per chunnel, 20 MA mux per bunk

Busic insulution, IEC 61010-1 (3rd): Pollution deyree |l, Materidl llla,
Alfitude < 5000 m, Overvoltuge Cuteyory I, upplicuble for secondury

o]

S circuits derived from the Muins

2

'c Input channel fo Ground +250 V Peuk continuous working voltuge

o

%’ Input channel to channel None, dll chunnels shure one ground pin

(7]

Impedunce ucross burrier 1000 pF Il 10 MQ Il Gus Dischurge Tube rated for 600 V

Connector 9-pin stundard D-Sub Female socket
Environmental Specifications
Temperature (Operating) 0°C TO +50°C
Humidity (Operating) 5% to 95% (hon-condensiny)
Altitude Up fo 4600 M
Shock
and Random Vibration 10 min per uxis, MIL-PRF-28800F Cluss 3
Vibration
Confi
o | s 5 fo 55 HZ resonance search per MIL-PRF-28800F Cluss 3, each axis
28800F shock 30 G/uxis, 11 MS hdllf sine pulse per MIL-PRF-28800F Cluss 3

AMETEK

AMETEK VTl Instruments
2031 Muin St

Irvine, CA 92614

+1 949-955-1894
vii.sules@umetek.com
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EX1401

Type Min  Max 100 300 500 700 900 1100 1400
YP€  (in'C) (in’C) (in'C) (in’C) (in°C) (in'C) (in’C) (in°C)

J 200 | 1200 | +0.25 | +0.20 | £0.20 | #0.25 | #0.30 | #0.30 | +0.35 | +0.45 —
K* 200 | 1372 | +0.25 | +0.20 | x0.20 | #0.20 | #0.35 | #0.35 | +0.45 | +0.55 | +0.50
™ -200 400 | x0.25 | £0.20 | #0.20 | #0.20 | +0.25 — — — —

E -200 900 | 025 | #0.20 | x0.20 | +0.20 | +0.25 | +0.30 | +0.35 = =

S -50 1768 — +1.00 | #0.75 | £0.65 | +0.65 | +0.65 | x0.70 | #0.70 | #0.75
R -50 1768 = +1.00 | #0.75 | £0.60 | +0.60 | +0.60 | +0.60 | £0.65 | +0.70
B 250 1820 — — — +1.65 | £1.10 | #0.80 | +0.70 | +0.65 | +0.65

N 200 | 1300 | +0.40 | +0.25 | +0.25 | #0.25 | #0.30 | +0.35 | +0.40 | +0.40 =

Conditions for Temperature Accuracy and Voltage Accuracy

e 30-minufe wurm-up ufter turn ON und TC pluy connected. Fun must be ON, 10 SPS ucyuisition rute, CIC Only filter
e 20°C to 30°C, one yeur from full cdlibration

e For temperatures, yuurunteed muximum limits ure two times (2x) the typicul values

e Typiculis defined us + 2*Siymu (95% confidence)

e Exclusive of externully induced hoise, Common Mode Voltuges (CMV), thermocouple und cuble lenyth errors

* 1400 uccurucy is for 1372°C
** 500 uccurucy is for 400°C

Temp (type T
Sample Rate 100 mV at 25fyc)

10,000 900 uVpp 14.0 uVpp 13.0 uVpp 0.34°C pp
1,000 200 uVpp 13 uVpp 3.0 uVpp 2.5 uVpp 0.08°C pp
100 60 uVpp 4 uVpp 1.0 uVpp 0.8 uVpp 0.04°C pp

10 20 uVpp 1.5 uVpp 0.5 uVpp 0.33 uVpp 0.03°C pp

Thurlby Thandar Instrument Distribution

Glebe Road, Huntingdon, PE29 7DR, UK '\METEK®
+44 (0) 1480 4..12 451 AMETEK VTI Instruments
sales@tt!d.co.uk THURLBY THANDAR 2081 Mo St
AR BT instrument distribution +1949-955-1894

vii.sules@umetek.com
www.Vtiinstruments.com
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